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PREFACE
B

About this Manual

This User Manual for your Nova NanoLab is divided into the
following chapters:

1. SAFETY & HANDLING provides important information
required during operation and maintenance for product safety and
personal safety.

2. SYSTEM OVERVIEW gives the basics about your system’s
capabilities.

3. SYSTEM OPERATION gives procedures for several system
on/off modes, including Startup, Overnight Mode, and Emergency
Shutdown.

4. USER INTERFACE describes the interface that controls
system operation, giving the function of each Tool, Menu item and
Control Page.

5. WORKING WITH NOVA NANOLAB gives procedures of
how to use the system.

6. STAGES gives a full description of movement for each stage
and the software control.

7. MAINTENANCE step by step cleaning procedures.

8. HARD & SOFTWARE OPTIONS that are relevant options
integrated in or accessory to the Nova system.

9. ALIGNMENTS for the Electron and Ion columns that can be
performed by the Supervisor.
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PREFACE How to Use this Manual

How to Use this Manual

At the beginning is a main Contents, List of Figures and a List of
Tables covering the whole Manual. Each chapter has a Contents of the
subjects specific to that chapter. Included in some chapters are easy-
to-follow tables outlining task-oriented procedures. High-lighted text
can also be found in descriptive paragraphs to aid association of items
to graphics. On-line documentation is also available with the software
and can be activated from the Help menu or by clicking F1.

More explicit information on Safety issues can be found in
Chapter 1.

Conventions for Controls

References to specific knobs, buttons, labelled functions on the
system and in software are labelled in small capitals or highlighted
text. A sentence such as: “Click on the MEASUREMENT button to start
this function” refers to the software button itself.

Finding What You Need

This manual has been organized so you can find information in
several ways. You can read the manual from beginning to end (highly
recommended but rarely done). Be sure to read the safety section,
before operation, in Chapter 1.

Once your system is up and running, you can search for information
in the main contents or the individual contents proceeding each
chapter.

Major headings have been hung in the left column to help you scan for
the basics within a chapter. That column provides space for your own
notes as well.

Tables and Figures are numbered within each chapter and are listed
after the main Contents by chapter for the whole manual.
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SAFETY & HANDLING
1N

Site Requirements

Verify that the safety and environmental requirements of the
workstation site, which are the responsibility of the customer, are
satisfied. In particular, the pump exhaust requirements, the electrical
supply and grounding (earthing) requirements, floor loading, and any
local codes regarding earthquake safety are important safety issues.

Electron Column Precautions

The Whole system conforms to:

EN61010-1 for Safety requirements for electrical equipment for
measurement, control and laboratory use.

+ X-ray emission below 1 uSv/h at 10 cm distance from the surface.

1-1
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SAFETY & HANDLING Trained Service Personnel

Trained Service Personnel

A

User Maintenance

Before starting any service task on an FEI Company product, such as
an electron microscope or ion beam equipment, or any related
accessories or third party equipment, the service engineer concerned
must first have read and understood the relevant sections of the FEI
Service Safety Manual.

The FEI Service Safety Manual, order code number 4022 190 50058,
contains explicit instructions on safe working methods, descriptions
of the various warning symbols and labels used on FEI equipment,
and Material Safety Data Sheets for all toxic gases and materials
which may be present.

A hardcopy of the FEI Service Safety Manual is shipped with every
FEI Company electron microscope or ion beam instrument, and it is
also present in electronic form on the FEI Customer Service CD-
ROM.

WARNING! ONLY QUALIFIED FEI SERVICE ENGINEERS
SHOULD ATTEMPT TO PERFORM SERVICE
MAINTENANCE OR REPAIRS. OPENING ACCESS DOORS,
REMOVING SERVICE PANELS, AND OTHER
MAINTENANCE ACTIVITY CAN EXPOSE YOU TO
ELECTRICAL, CHEMICAL OR MECHANICAL HAZARDS,
COMPRESSED AIR, OR X-RAYS.

1-2

CAUTION! Never attempt maintenance or service of any
kind on the electron column, other than that described for
the Supervisor, in this User Manual.

Allow only trained personnel to perform maintenance procedures.

Always observe appropriate safety practices in dealing with electronic
circuitry. Read and understand the safety precautions in this chapter
and throughout the manual. Observe industry-approved safety
methods and procedures.

If you have any doubt regarding approved safety procedures, contact
safety personnel at your company, or representatives of your state,
territory or province, or federal government.
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Terms and Symbols

SAFETY & HANDLING Terms and Symbols

Symbols and messages

The following messages are used throughout FEI xT Nova manuals to
highlight information.

NOTE: Text of the note.....

A note emphasizes information requiring special attention.

CAUTION! Text of the caution....

A Caution message appears where special handling is required to
prevent product damage.

WARNING! TEXT OF THE WARNING...

A Warning message appears where special handling is required to
prevent personal injury or death.

DANGER! Text of the danger message....

A Danger message identifies an immediate personal risk of injury or
death and gives appropriate precautions.

The following signs may be visible on the instrumentation, avoid
contact with these points.

DANGER! High Voltage

Protective ground (earth) terminal

1-3
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SAFETY & HANDLING Voltages

Voltages

1-4

According to the American National Standards Institute (ANSI)
guidelines, a shock hazard exists when voltage levels are present
which are 30 V rms or 42.4 V peak. Use extreme caution whenever a
shock hazard is present. As a good safety precaution, always expect a
hazardous voltage in an unknown circuit before measuring.

WARNING! COMPONENTS MAY HAVE POTENTIALLY
HIGH VOLTAGES (UP TO 30kV).

Operators and service personnel must be trained on potential safety
hazards and safe techniques, and must observe all warnings and
cautions encountered on the system and in the manuals. No person
should perform any operations without prior training.

Interlocks

Components include safety interlocks to minimize high voltage
hazards. Safety interlock circuitry is provided to protect system users.
Overriding interlocks is dangerous and should never be done by
untrained personnel.

After completing procedures for which an interlock was disconnected,
always reset (or reconnect) and test the interlock before proceeding.
Cover interlocks reset automatically when the covers are replaced.

Line Voltage

Line voltage (120 to 240 V AC) may be present in various locations
within the system, even when the system or instrument is turned off.
Completely disconnect the unit from line voltage by disconnecting the
AC plug from the AC power source before performing service or
maintenance.

WARNING! SERVICE AND TROUBLESHOOTING IN

THESE AREAS IS PERFORMED ONLY BY TRAINED FEI
SERVICE ENGINEERS.

Cords/Cables

Never connect or disconnect any cables or connections while power is
applied to the system or components. Doing so is potentially
hazardous to service personnel and could cause damage to the system
or its components.

DC Cable Colour-Coding System

Internal DC power wiring in the main console is colour-coded
according to Table 1-1.
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SAFETY & HANDLING Voltages

TABLE 1-1 DC POWER WIRE CODING

Color Voltage
Blue 0
Yellow +5
Gray +15
Lavender -15

AC Cords

Plug the unit AC cords only into an approved power source. Use only
power cords that are in good condition. If replaced, use AC cords
rated to at least the rating of the original AC cord.

Each power cable is labelled with a destination and origin and are
colour-coded according to Table 1-2.

TABLE 1-2 AC CABLE CODING

North American International

Color Color Meaning

Solid Green Green with Yellow Ground
Stripe

Black Brown Line

White Blue Neutral

Miscellaneous Cables

Check cables periodically for possible wear, cracks, or breaks. If any
defects are found, contact service personnel.

Main Power

The system main power should only be plugged into the approved
power receptacle, as identified by system documentation.

Ground (Earth)

Some components must be grounded to operate safely. Do not defeat
grounding or use an ungrounded power source. In the event of loss of
a protective ground connection, all accessible conductive parts
(including knobs and controls that may appear as insulating) can
render an electric shock.

Cover/Panels

Do not operate or plug in any electrical unit without the protective
covers or panels installed. Only qualified persons aware of the
electrical hazards should perform maintenance or service operations.

1-5
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SAFETY & HANDLING Emergency Button

Emergency Button

Fuses

Only trained service personnel should replace fuses. Replace fuses
only with fuses of the same type, voltage rating, and current rating.

1-6

Emergency Off (EMO) Switches

In an emergency, press one of the large yellow and red EMO switches
to turn off all hazardous system voltages. The dry pump shuts down
and the specimen chamber vents, but the electron and ion columns
remain under vacuum.

CAUTION! A FEI Service Engineer or a Authorized
Supervisor must restart the system after an emergency
power off.

The EMO switches are latching. Once pushed in, they must be rotated
in the direction of the arrows to reset

FIGURE 1-1 EMO BUTTON

EN
Se=nChs

~
O

&

EMO switches are located on the back of the E2 Console

FIGURE 2 EMO BUTTON LOCATION
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Chemicals

SAFETY & HANDLING Chemicals

Before using any chemicals, obtain and read a Material Safety Data
Sheet relating to the substance. Be aware of hazards and how to avoid
them, before using or handling any chemical.

Solvents

Use solvents carefully and in sparing quantities. Before using any
solvent, read the Material Safety Data Sheet. Avoid hazards listed on
the Material Safety literature, and avoid spillage, skin contact, eye
contact, and vapour inhalation.

WARNING! VOLATILE AND CORROSIVE SUBSTANCES
CAN DIFFUSE THROUGH CONTACT LENSES DESPITE
REASONABLY WELL VENTILATED CONDITIONS.

Moreover, contact lenses are difficult to remove when an irritant
chemical enters the eye, making irrigation ineffective. Care must be
taken to address the issue of contact lens worn by those coming into
contact with such solvent fumes.

Nitrogen

Nitrogen may be used to vent the system. Nitrogen is not poisonous,
but is a potential asphyxiant.

WARNING! SUFFOCATION IS POSSIBLE IF NITROGEN
OR LIQUID NITROGEN IS RELEASED IN AN ENCLOSED
ROOM WITHOUT ADEQUATE VENTILATION.

Liquid Nitrogen
Liquid nitrogen, used in the EDX system, has the potential to cause
frostbite if direct contact with skin occurs.

On standing, liquid nitrogen picks up oxygen from the air and forms
liquid oxygen in solution. Treat any liquid nitrogen that is not fresh as
though it had all the hazards of liquid oxygen.
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SAFETY & HANDLING Miscellaneous Precautions

Miscellaneous Precautions

Electric Fans

Some instruments in the system may be air-cooled. Do not block the
air flow to or from the fans. Do not operate fans with the protective
covers or filters removed. Keep fingers, loose clothing, etc. away
from fans. Periodic filter maintenance may be required to prevent
overheating.

Pump Exhaust

Failure to provide proper exhaust filtering may discharge oil mist into
the environment. Such oil mist may be an environmental hazard as
well as a health hazard in an enclosed room.

Corrosion

Components are painted, plated, or otherwise treated to resist
corrosion. However, the components must be handled and stored
properly to prevent corrosion. Observe precautions carefully.
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SYSTEM OVERVIEW
2n

The Nova NanoLab integrates ion and electron beams for FIB and
SEM functionality in one machine. Users can switch between the two
beams for quick and accurate navigation and milling. Convergence of
the SEM and FIB at short working distance allows precision
“slice-and-view” cross-sectioning and analysis at high resolution.

The FIB is a Magnum™ ion column or Sidewinder™ ion column that
provides fast, precise milling and high-resolution images of the
sample surface.

The SEM column takes advantage of FEI’s most advanced
Hexalens™ design for ultimate image resolution at low beam
energies. It offers non destructive imaging capability at a working
distance optimized for ultra-high resolution and can produce images
magnified over 500 kx in mode 1 and greater than 2500 kx in mode 2.
Topographic data allows for monitoring of metal step coverage and
etch processes.

The xT Nova NanoLab 600 chamber, stage and wafer holder
accommodates wafers up to 6", or other devices, in a high-vacuum
environment. The high accuracy, five-axis stage provides computer
control and automation of all axes. The NanoLab 200 has a high
accuracy, five-axis stage, for smaller sample types, but also with
manual controls.

FETI’s Gas Injection Systems (GIS) use Enhanced Etch™ for fast
material removal with minimal redeposition, as well as metal
deposition and insulator deposition materials.

p |
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SYSTEM OVERVIEW

2-2

The xT Nova NanoLab was designed for:

Data storage

Process yield engineering

Etching

Lithography

Metal and other materials deposition

Fabrication of micro- and nanostructures

FIGURE 2-1 xT NOVA NANOLAB 200 SYSTEM
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FIB/SEM Capabilities

SYSTEM OVERVIEW FIB/SEM Capabilities

FIB/SEM workstations provide an expanded range of capabilities not
possible with separate FIB and SEM tools:

* Electron beam high-resolution images of FIB cross sections
without eroding the feature of interest

» Real-time cross-section images with the electron beam during FIB
milling

* Focused electron beam charge neutralization during FIB milling

* Focused ion beam charge neutralization during SEM imaging

* High resolution elemental microanalysis of defect cross sections

» Image sample surface with the electron beam during navigation
without erosion or gallium implantation from the ion beam

* TEM sample preparation with in situ conductive coating

Control of the Beams

FIB/SEM workstations ideally position the point of interest for
simultaneous ion beam cross-sectioning and electron beam viewing.
Separate scan generators for the two beams permit coupled or
independent scan patterns and magnifications. Imaging while milling
aids in defining milled features.

Immediate electron beam images of cross sections are possible
without stage motion or sample transfer. Immediate high-resolution
SEM imaging after FIB milling also prevents exposure of milled cross
sections to atmospheric contaminants.

Gas Deposition

Multiple gas injectors can be installed for material deposition in
conjunction with either electron or ion beam pattern definition.
Electron beam-induced deposition offers the advantage of not
sputtering the deposited material or implanting gallium
simultaneously.

Gas Enhanced Etch

The Gas Injection System (GIS) also provides enhanced etching
capability for high aspect ratio drilling with minimal redeposition,
preferential etching of cross-section surfaces prior to SEM imaging,
and rapid milling of TEM sections.

Up to five GIS beam chemistries can be installed on the workstation,
depending on system configuration. This self-contained apparatus
allows the precursor material to be contained entirely within the
vacuum system for simple, flexible, and safe operation.
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SYSTEM OVERVIEW FIB/SEM Capabilities

X-Ray Analysis Capability

Energy Dispersive X-ray (EDX) provides elemental analysis
capability for identification of surface and subsurface features.
Convergence of the SEM, FIB, and EDX at short working distance
allows precision “slice-and-view” cross-sectioning and chemical
analysis at high resolution. Various vendor options are compatible
with the workstation.

User Interface

The xT software interface integrates SEM and FIB functionality
within a Windows 2000™ operating environment.

The user interface consists of a single high-level user shell employing
applications programs with vector parameter files defining specific
instrument settings for particular applications ensuring reproducibility
of complex procedures.

An intermediate software layer, acting on instructions from the
application layer controls the column, detector(s), stage, EDX and
vacuum functions. This layer also provides management of image
capture, storage, and data output devices.

A Manual User Interface (MUI) offers additional flexibility for
controlling magnification, beam shift, focus, contrast and brightness,
and stigmation.

Computerized Stage

A computer-controlled, 5-axis stage offers fast, repeatable, and
precise sample manipulation. Two versions are available:

e 200 (50 x 50 mm)

* 600 (150 x 150 mm)

Optical Camera

A low-magnification optical image obtained with the Optical Camera
assists in overall spatial orientation on highly repetitive or extremely
irregular samples. It also aids in positioning gas injectors on packaged
IC parts or other non uniform samples.

Supervisor and User Log-on

The SUPERVISOR and all USER level accounts run under the same
Windows 2000 account, and are the only types of account available to
the customer under normal circumstances.

Refer to Chapter 3 for Start-up and Log-on/Log-off
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SYSTEM OVERVIEW NanoLab Options

A range of hardware and software are available as options for xT
Nova NanoLab workstations. This range will be extended when new
items become available.

Some of the options are:

Gas injectors

Detectors:

CDEM

STEM 1
FIB Software Options:
AutoFIB

Auto Slice & View
AutoTEM

Sample holders:

UMB (Universal Mounting Base) sample holder set
Vise Holder

Wafer Holders
EDX Software Options

Image Analysis

3D Reconstruction Software

Contact your FEI sales representative for more up-to-date information
on system options.
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SYSTEM OPERATION
R]

Nova NanolLab

Overview

FEI systems are started at the time of installation to obtain an
adequate high vacuum for the system and remain on unless there is a
power failure or some catastrophic event.

This chapter describes:

* System Status

* Log On/Log Off

* Leaving the system overnight

* Returning to operation

+ Standby Mode

+ Startup after Standby

* Complete System Shutdown

+ Startup from Complete System Shutdown
* Emergency power off (EMO)

NOTE:
Before starting the workstation, check for the presence of:

 FElectrical power
* Compressed air
* Cooling water

* Nitrogen for venting

With the exception of nitrogen, interlocks prevent the vacuum system
from operating if the others are not present.

3-1
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SYSTEM OPERATION System Status

System Status

Hardware System

There are three main vacuum sections: E-Source/Column, I-source/
Column and the Specimen Chamber. In High Vacuum mode, all
sections are under high vacuum. All valve operations are fully

automatic.
 Status Vacuum Status
Specimen current @ 981 nA In the Status module at the bottom of any page the actual vacuum
lon Bear Current : 80.74  né status is displayed with the coloured icon. This icon represents three
— vacuum sections schematically, each of which may have three
% Zrz @ M possible colours with the following meaning:

* Green: pumped to the desired vacuum mode
(HiVac, LowVac or ESEM)

* Orange: transition between two vacuum statuses
(pumping, venting or purging)

* Grey: vented

3-2
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Log-On / Log-Off

Supervisor and User Log-On/Log-Off

First log-on under Windows 2000 as SUPERVISOR or USER, allow the
server and Ul to load, then start the UI with a password. A default
password is allocated on installation to the Supervisor for the
Windows and UI Log-on.

When the status of the Ul is ‘waiting’ for a new USER only the Server
state is active and the Ul state non-active. Therefore changing the
USER does not require Log-Off / log-On at Windows 2000 level but
just Log-Off / Log-On at the UI level.

Launch Server level

When starting the Nova NanoLab operating program a progressive
dialog for Server and Ul is displayed. The Server needs to be
launched first followed by the Ul Press the Start server button.

FIGURE 3-1 START-UP DIALOG

s XT microscope Server il
Server state r C o dev
onsole devices
SERVER [STARTING %2 |oava MODULE
PROGRESS @ Motion < OPERATION
BAR - DISPLAY
Ul Ul State
PROGRESS [STOPPED %
BAR
Microscope
START St | sop. ¥ ol | STov
a op aridby
SERVER SERVER
sianul | [ S | Advncod
START
ul o STOP
—Administration Ul
Install directory IC:\F'rogram Filesifeiexel
Active configuration IFeiMicroscope LI
Autorun Ul v IFeiMicroscope LI
DISPLAY
AUTORUN - N <———— ADVANCED
- Halhation a| & Unknown
ua — | © halmationAya, @ Stopped PAGE
----- © HalMagnumFIBRegulatar @ Cotrested
----- © HalPUCGIST J @ crested
----- @ HalPUCGIS2 @ Connected
----- €@ HalPUCGIS4 € Sterted
""" @ Hallmaging & Initislized
----- @ HalOmniprohe .
_____ © HalLoadLock ¥ Follow Active
----- @ HalLoadLockRegulator
----- @ HalRetractableDetectar
----- @ MdiConsale
----- B Mdlvacuum -

4022 262 61641



SYSTEM OPERATION Log-On / Log-Off

Launch Ul Level

When the Server is fully launched the Start Ul button becomes active.
Click on the Start UI button and a Splash-screen appears during the Ul
loading. This is then replaced by the UI.

FIGURE 3-2 SPLASH SCREEN FOR NOVA NANOLAB

Minimized Server dialog

The start-up dialog can be minimized once the Ul is established by
clicking with the right mouse button in the top bar of the dialog. this
opens a further dialog that offers the chance to minimize the server to
the top bar of the UL

FIGURE 3-3 MINIMIZED SERVER DIALOG

I Stop Hide Ul stop Ul | x|

NOTE: The stage will need to be homed before full
operation of the Ul is possible. A dialog will display in the
screen center for this purpose after the Log-on dialog has
closed. If it is not homed at the first displayed dialog it can
be homed by selecting Home Stage from the Stage Menu
later.
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Leaving the System Overnight

—Wacuum
“ent

—System
Sleep -

—Caolurmn % -

Source
—®  Beam On —
High waoltage

Mj 20.00 kv

—Wacuum

“Want

—System
—®  iake up

— Caolumn
Source

High voltage

|:|j 000y

Overnight and weekends

If you don’t plan to use the workstation until the following day or
weekend, use the SLEEP button facility on the Beam Control page.
This switches off the ion column source, but leaves the electron
column filament current on. Returning to full operation takes only a
few minutes.

TABLE 3-1 LEAVING THE SYSTEM OVERNIGHT

Step Action

1 Click on the SLEEP button in the SYSTEM module to
switch off both beam simultaneously. The lon
column source switches off completely. This is seen
by reduction in the SOURCE progress bar in the
column module when the lon beam is selected.

System
’7 Sleep

Colurnn o
’7 Source @

Beam On e

The Electron column reduces to filament current on
only.

2 The Beam Control page will then indicate that the
system is ready to wake up via the WAKE UP button
in the SYSTEM module.

3 Click on sToP Ul in the Server bar. This action will
also act as Log-off current user. Switch off the
monitor.

CONEEEN| G | smp | SwrUl | Swepul ]
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SYSTEM OPERATION Returning to operation

Returning to operation

Operation

This procedure is almost the previous in reverse.

TABLE 3-2 RETURNING TO OPERATION

Step Action

1 Switch on the monitor. Click on the START Ul button
on the Server bar. The Ul splash dialog appears on
the screen followed by the UI.

N - | oo | statul | swpul | x|

2 Log-on the Ul

3 Click on the WAKE UP button in the SYSTEM module
to switch on the lon column sources completely.
This is seen by an increase in the SOURCE progress
bar in the column module when the lon beam is
selected.

4 The Beam Control page will then indicate that the
system is ready and only the SLEEP button in the
SYSTEM module is active.
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SYSTEM OPERATION Standby Mode

Pages

o (23 [ o [l [ 23 2

—%acuurm
Went L

—System
Wake Up 4—

—Column Q

SOlGE

@ —

High “altage

|:|j ooow -+

& xT microscope Server x|

Server state -
© Console devices
[sTOPPING X @~
@ Mation
LI @ maans
— Ul State
[STOPPED x

—Microscope
Start | I Stop Standby, |

satul | swpul | Advanced s> |
x|
g tat
srerstate © Console devices
[sTOPPED X @~
@ Mation
| ® Imaging
— LUl State
[STOPPED x
—Microscope
Start | Stop | I / Standby
satul | swpul | Advanced s> |
[Standby? i‘

Do you really want the system in Standby mode?
MWacuum and FES source remains Q)

Yes Mo |

Going into Standby Mode

Standby Mode is a system shutdown process used when the system
will not be used for several weeks or during service.

Standby mode is different from the system being completely turned
off and is used mostly by service personnel. In the standby mode, the
electronics racks are powerless except for the E-column source, E-
column, I column (IGP’s) vacuum pump and computer. All IGP’s are
still running but The TMP (Turbomolecular Pump) and roughing
pump shut down. The chamber is not vented by Nitrogen gas.

The system can be left in this state if utilities (water, air, nitrogen),
other than electrical, need to be disconnected.

TABLE 3-3 GOING INTO STANDBY MODE

Step  Action

1

In the Beam Control page, click the Sleep button to
switch off both beams. The Ebeam FEG source is
still running but the ion source and both HT’s will be
turned off.

Select tilt 0 (CtrlI+E) from the Stage menu..

Remove your sample if needed by the Load Lock.

4 Click Stop Ul to stop the xT Microscope User
Interface. Double Click the Blue progress bar.

CONEEN| G | =g | SwrUl | Swepul x|

5 Click Stop to stop the server, , Wait until the xT
microscope server stops, then click the Standby
button on the front panel of the system..

= S8=iin

B Stendby

6 Select YES in the dialog box, the system will go to
the Standby mode.

When Standby mode is selected, in order to recover from a failure, it
is better at that moment to restart the Microscope PC before restarting
the microscope.
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Startup After Standby

Startup

It is assumed here that all external supplies are present. The startup
procedure is fully automatic.

TABLE 3-4 STARTUP AFTER STANDBY

Step  Action

1

Press the Power ON/Standby button on the front
control panel of the microscope.

: XT microscope Server x|
Sener state © Console devices E__d4880n
[ STARTING X @~
@ Mation
’— ® Imaging
I B Stendby
— Ul State
[STOPPED x _ _
Open the microscope cabinet and press

~Microscope microscope computer power ON/OFF button to
Start Stop | Standby, | switch ON
gt UN | sopul | Advanced s> |
Li 2 Start the software by clicking on the

FeiSystemControl icon to display the xT
Microscope Server dialog..

T

Username: ISupewisor

Fasswaord: Iwﬂ

ok [|[Canes Click on the Start button. Click on the Advanced
button. Wait until the dialogue is fully functional (All
LEDs needs to be green).

Select Start Ul. Once the microscope server has
started the Splash screen appears followed by the
xT User Interface dialog. Log-on is requested. Input
a user name and password to activate the
Microscope User Interface. Once logged-on leave
the stage home dialogue box unselected.

4 Click Pump in the Beam control page to pump the
Specimen chamber.

“acuurmn
’7 FPump “ent
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TABLE 3-4 STARTUP AFTER STANDBY

Step  Action

5 Once the vacuum is ready, click Wake Up to start
the ion source if needed.

System
’7 Wake Up

6 Select Yes in the Home Stage dialogue to home
the stage.

xTm:

The stage cannot be moved, the Home Stage procedure
must be completed first.

Do you want to run it now?

v Home Stage with the rotation axis

Yes MNa

7 If a CDEM is installed in the system, go to the
Alignment page and select adjustment 29-Auto
Zero detectors to autocalibrate the CDEM.

8 The system is now ready to use.

NOTE: Wake Up not only starts the lon source and HT but
also switches on the Electron Beam HT. if this is not
immediately required then it can be switched off in the E-
Beam page.
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Complete System Shutdown

3-10

Shutdown

Complete shutdown should be performed only if absolutely necessary
and for the shortest possible time, so as to recover the column vacuum
without the necessity of a system pump. Normally, one would only
perform a complete shutdown for transportation of the system or for
service actions, like repair to essential electrical and air supplies. The
shutdown procedure brings the system to a non-powered state, where
the vacuum in the Electron and Ion column area is no longer
supported by running pumps and IGPs. All valves are closed and the
specimen chamber is vented. This procedure should only be carried
out by a Supervisor.

NOTE: Do not use this mode unless you are positive that
you want to turn off the E-Beam source.

The emission characteristics of the source are dependent on the shape
of the tip. When the source is turned off, it cools. Reheating the source
during startup changes the shape and emission characteristics
dramatically, requiring the column to be aligned. It also reduces the
lifetime of the source.

TABLE 3-5 COMPLETE SHUTDOWN PROCEDURE

Step  Action

1

Set the system to Standby mode as described
above, then press and hold the front panel On/
Standby button for 5 second, then release the
button. The system will now be shut down
completely.

B Stendby

Shut down the microscope computer by Windows
software.
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Startup from complete System Shutdown

: XT microscope Server x| Sta rtu p
Server state : The Startup procedure has to be followed when ever the system has
[STARTING x® g opecle devices been shutdown for service or due to a power failure. After startup has
@ Motion been initiated observe the system for the first 30 minutes to confirm
] @ maging that the IGPs show sufficient vacuum to continue and complete the
procedure
— LUl State
|sToRFED x TABLE 3-6 STARTUP FOR OPERATION
—Microscope .
Start Stop | Standby, | Step ACtlon
satul \|  Sopul | Advanced > | 1
Press the Power ON/Standby button on the front
control panel of the microscope.
*Tm: Log ©n il
. L1 0On
Usermame: ISUpBI’VISDI’
Fasswaord: Iwﬂ
B Stendby
oK I Cancel |
- Alignments Open the microscope cabinet and press the
|1DD—Vacuum. Start IGP's. j microscope computer power ON/OFF button to ON.
Finizh
. 2 Start the software by clicking on the
lstiueion: FeiSystemControl icon to display the xT
Wacuurm. Microscope Server dialog..

Start or Stop IGP's.

Stopping IGP's can cause the
FEG source to be switched off.

Stop FEG source before IGP's
are stoppped.

Cancelto exit Click on the Start button. Click on the Advanced
button. Wait until the dialogue is fully functional (All
—Step 1 of 1 LEDSs needs to be green).

lon and Electron Colurmn
ALL IGPs On Select Start Ul. Once the microscope server has
started the Splash screen appears followed by the

Electron Column - .
xT User Interface dialog. Log-on is requested. Input

IGPs On .
a user name and password to activate the
Join Cia Uit Microscope User Interface. Once logged-on leave
IGP On the stage home dialogue box unselected.
Feg Source 4

Once you logon to the user interface, you will find
Emitter Of that both the E Column IGP and | column IGP are
turned off and the pressures are unknown. To turn
on the IGPs, Go to the Alignment page, select 100-
Vacuum Start IGP’s, then follow the instructions.
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SYSTEM OPERATION Startup from complete System Shutdown

TABLE 3-6 STARTUP FOR OPERATION

Step  Action

5

First press the IGPs on button under Electron
Column, wait for the Electron column IGP to start,
then press IGPs On under lon Column to start the
ion column IGP. Once both the columns have
vacuum readings, click Finish to exit 100-Vacuum
Start IGP’s.

Click Pump in the Beam control page to pump the
Specimen chamber.

“acuurmn
’7 FPump “ent

7 Once the vacuum is ready, click Wake Up to start
the ion source if needed.

System
’7 Wake Up

8 Select Yes in the Home Stage dialogue to home the
stage.

xTm:

The stage cannot be moved, the Home Stage procedure
must be completed first.

Do you want to run it now?

v Home Stage with the rotation axis

Yes MNa

9 If a CDEM is installed in the system, go to the
Alignment page and select adjustment 29-Auto
Zero detectors to autocalibricate the CDEM.

NOTE: When vacuum pressures are too high at point 5 in
the procedure for system operation then a bakeout is
required. If this is the case a trained FEI Service Engineer
or a FEI trained Supervisor must restart the system.
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Emergency Power Off (EMO)

In an emergency, press one of the large yellow and red EMO switches
to turn off all system hazardous voltages. The system will be brought
into a safe state, and turn of completely.

The EMO switches are latching. Once pushed in, they must be rotated
in the direction of the arrows to reset.

FIGURE 3-4 EMO BUTTON

EN
Se=nChs

~
O

&

EMO switches are located on the back of the E2 Console.

FIGURE 5 EMO BUTTON ON BACK OF THE E2 CONSOLE

CAUTION! A trained FEI Service Engineer or Authorized
= Supervisor must restart the system after an emergency
power off.
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What Happens during Power Failures

3-14

The system has protection against power failures in the sense that the
different components of the system are not likely to be damaged.
However, a power failure is never good for the system. It might affect
the ultra-high vacuum levels of the columns and the overall stability
of the system. Take sufficient measures to avoid power failures as
much as possible.

If a power failure occurs during normal operation of the workstation,
the system powers down to a safe status and the following happens:

* The specimen chamber vents.

* The column valves close so the high vacuum in the columns is not
completely lost.

* The momentary adjustments of all the workstation parameters
(high voltage, magnification, etc.) are lost if they have not been
saved prior to the failure.

If the system was down less than 45 minutes it can be recovered
according to the Startup procedure by an authorized supervisor. If the
system has been off for a longer time a FEI trained service engineer
may have to bring the workstation back into operation.
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418

This chapter gives an overview of the xT Control software for the
Nova NanoLab and describes the functionality of each part of the user
interface. It takes you from the first main window and menu bar
through each item on the pulldown menus through to the pages.
Graphics illustrating most of the choices help you locate specific
features.

The software interface controls most system functions including
milling, patterning, detection and analysis, scanning and
magnification, image gathering, manipulation and output, stage and
vacuum.

For more detailed information about Windows 2000, refer to the
Microsoft® Windows™ Users’ Guide shipped with your system.

Other Software and Hardware

Call Customer Service for advice before installing software or
hardware that is not required for system operation. Other software,
such as screen savers, or hardware network cards may corrupt the
system control software under some circumstances and may
invalidate warranty.

User Access Privileges

Multiple levels of user access are defined in the software. The user
has full access to the instrument, except for any alignments. The
supervisor has access to a set of supervisor alignments.

The pages found in this manual are Supervisor/User pages where the
users are permitted to control general operation functions and but not
advanced technical maintenance. Most technical maintenance is taken
care of by a FEI SEM/FIB trained service engineer who has the rights
to enter the system via a Service access level similar to the Factory
level entry.
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Software Interface Elements

Icon
A small symbol indicating a specific software application. For

@ @ example, the software can be shrunk to an icon at the bottom of the
screen. An application shown as an icon is running in the background
of the computer memory. Double-click on the icon to restore the
program.

There are also icons in the Tool bar for selecting system functions
quickly (as seen on the left). Clicking on any of these will cause them
to press in, when deactivated by clicking again they spring out.

Pulldown Menus

Fl= Edit Detectors Scan E The microscope uses menu-oriented software; you perform functions
apen.. by choosing items from the Menu bar. The Menu bar selections
Senie Chrles contain pulldown menus that display group listings of available
S ds commands or settings. Some menu items are shown in gray and

cannot be selected. You might also get a beeping sound if you try to
Record Movie select unavailable functions.
Import r
Export > Selecting with the Mouse
Erint... Cirl+p To select a pulldown menu, click on the menu item in the Menu bar,
then drag the cursor down to the desired selection and release the left
Log Off Factory... mouse button.
Exit

Pulldown menu selections followed by points (...) indicate a dialog
box will display. Selections with a right arrow indicate an additional
submenu of choices will display.

If the selected setting is a parameter value, the new value is updated
immediately and a check mark appears in the pulldown menu. If the
selected setting is a command, a new popup menu or dialog box
appears.

Selecting with Keyboard Commands

To use keyboard commands for selecting top level menu items, press
ALT plus the underlined letter (for example, ALT + D for the Detector
menu), and then select from the choices with the left mouse button or
with the up or down arrow keys.

®xTm: Yacuum message

Dialog Boxes

& Please confirm specimen chamber vent A dialog box appears when the system needs more information from
you before it can carry out a command. You can input information

Wenting will take afew minutes. R .
using text boxes, option buttons and command buttons.

Areyou sure you want to continue ?
Some dialog boxes do not let you access other functions until you exit
ves [ Na ] the box. Other dialog boxes let you perform other tasks while they
remain onscreen and active. For example, the Preferences dialog
boxes can remain open while you do other tasks.
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& Define Mew User Units

[~ Couple Magnifications

Pump

Current Position  «
Pasition 1 -
Fasition 2
ﬁns?tinn? -
MName |‘\falue |
Application Si
* size 50.00pm
Y size 10.00prm
Z size 1.00pm
DwellTime 1.00ps

ScanDirection Bottam To Top
Rel. Int. Diam.(>) 0%

Beam lan ;l
TotalTime :02:34

USER INTERFACE Software Interface Elements

Radio Buttons

Use round option buttons to make selections. Within a group of
related option buttons, only one selection can be active at any time.

Check Boxes

Use square check boxes to make selections. Single or within a group
of check boxes, items can be switched on or off by clicking in the
individual boxes. A ‘tick’ means ‘ON’ or active and an empty box
means ‘OFF’ or inactive

Command Buttons

Rectangular command buttons carry out a function. They press in
when clicked on and some change colour to show activity. When
reversing the function the button springs out. Command buttons have
labels that describe the action. Examples: OK, CANCEL, APPLY, RESET

Click on oK to close the dialog box. The software updates all
information shown in the dialog box. Click on CANCEL to quit the
dialog box without updating the information. Click on APPLY to
introduce the change immediately, but not permanent. click on RESET
to restore default conditions.

List Boxes

List boxes contain available choices, such as Location settings. If a
list box is too small to show all the selections, click on the up or down
arrow in the vertical scroll bar or click and drag the slider to see more
of the list.

Property Editors

These are the same in structure as normal list boxes but text can be
entered in as part of the listing. The entry space is white and the
prohibited zones are shaded. The user should click in the VALUE side
of the relevant property editor and then either type in the new value or
select from the drop down list.
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Detectors

Contrast 522
| L} | | PI
Brightness : 479

|1| | PI

High “oltage
| +»|j E00 kY —|+
High “oltage
|H|j 5.00 kv | =]+

-l 10,00 kY | o

Len anonky it
30.00 kY = |

High “oltage 5.00 kv

|ﬂl-|<| | )I

Source tilt Source tilt
‘I
.I.I—
Ticked Unticked

Lens Alignment Source Tilt

|
‘ 1

v Coarse
bodulate  Fine

—Magnificati  Zero

Coupl
L _DUp Pf Clear Memary
Magnificatic ) H
1 AutoAignment |5

Continuous Control Adjusters

A continuous control adjuster allows you to change parameters, such
as contrast and brightness, in a continuous way by clicking and
dragging the middle slider or clicking in the gray bar.

« middle slider—for large or small adjustments. The further from
left the middle slider is pulled, the larger the change.

« gray bar—for large adjustments, single step increments.

« end arrow— fine step increments.

These adjusters always have a label in the upper left and right corners
for readout information.

Preset/Continuous Control Adjusters

This special control is used for values that have both a continuous
range and a list of presets, such as E-column HV. It is used on the
Beam Control page. The button on the left side of the adjuster
toggles between modes.

Two-Dimensional X-Y Controls

These two-dimensional continuous controls are represented by an X-
Y box. The position of the crosshair is related to the actual settings,
the full range of the parameters being represented by the perimeter of
the box.

Click and hold down the left mouse button in the grid to display a
crosshair in the image area. The cursor changes to a 4 axis cross and
can be moved in four directions that correspond to the X, Y screen
values. To fix the values, release the mouse button and the position of
the crosshair updates.The sensitivity of the X-Y control can depend
on the magnification chosen. At higher magnification, you may click
on the center square with the right mouse button to open a dialog
showing a choice of Coarse, Fine, Zero, Clear Memory and Auto
Alignment. Zero will bring the 2D control to the center.
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FEI User Management: Set password

User name : "hugo" (FEI Microscope Users )

New password ¢ I‘

Carfirr password : I

xTm: Autofunction Information

Busy performing

Auto Focus

Cancel

Stop Now I

USER INTERFACE Software Interface Elements

Text Boxes

Type information in a text box. This direct keyboard input is used to
produce text such as filenames, passwords, user labels in the data bar,
and specified values of certain parameters.

Progress dialogs

Progress dialogs indicate progress of a procedure over time by means
of a progress bar.

Tabbed Dialogs

Tabbed dialogs form either across the operating page or in a Quad
(lower right). These can be alternately opened by clicking on the label
along the top of the dialog area. Preferences and other conditions can
be changed and stored in these dialogs.

FIGURE 4-1 PREFERENCES TABS

Databar | Units | Presetsl Scanningl Generall Moviel Sensitivityl

Available : Selected :

rent >
Detector Mode —l DCrweell Time Akl
Detector Type < High voltage fifme LU |
Filter —l Hariz. Field Width £
Frame Time Warking Distance Mowve Down |
tagnification 33 |
Scan Rotation Bottom |
Stage XY <<
Tilt _l
Zoom Factor [v Lahel Lakel... |

[ Micronbar Add Bitmap ... |

Databar Preview

Apply
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Help Functions

IGP1: 0,12 pPa &

IGF2: 0,39 pPa

[GF3: 061 pPa

Specimen Chamber: 18.89 mPa

% 9

— Hep

—p»  Orline Documentation... F1

About XaUI,.,

Tool-Tips

The first line help is integrated in the software as Tool-Tips. These
are activated when the cursor is left over a item on the user interface
for 2 seconds. A short explanation of the item will appear until the
cursor is moved away from the item.

On-Line Documentation

The On-Line Documentation function can be switched on by the F1
key on the keyboard or from the Help menu. The Help dialog area is
defaulted to the bottom right Quad at startup, and can be expanded to
all Quads for more detailed help including diagrams and images. It
can also be dragged to any position on the available screen. The help
box function remembers the position and size that the user last defined
until defaulted on startup.

Hyperlinked Help

The opened Help pages have hyperlinks to subjects such as operation
procedures, Tips and other useful information.

FIGURE 4-2 ON-LINE DOCUMENTATION.

A« EE|& (- - WX
BB agRoBE|«» v| W
¢ #ok |- @|0ODE|S-
(e - R8T -L-B&|EEE G

Release Notes

Salect this farn for sovses i the completesst of avalable Rl
hotes, IF any.

Index ;I

) W A 10f1 ¥ M 8Ex11Mn O = a4

Display controls

The On-line window can be placed in any quad or any half screen as
well as full screen. This can be controlled from the listed buttons on
the top right of the On-line window. These are useful if it is important
to view the application at the same time. The On-line window can also
be dragged to size and placed anywhere on the screen. The position of
the window is remembered when the On-line window is recalled.
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xT Control Interface Elements

The xT Control Interface Elements make up some or all of the
application windows displayed when the xT Control software is
loaded.

This consists of the following items:

Main Window - displays all interface elements

Title Bar - labels the application and the owner/user
Menu Bar - contains all operation menus and submenus
Preferences dialogs - presetting of operating conditions
Tool Bar - contains all iconised button functions

Pages - contains all pages made up of one or more modules

Quad Image Windows - 4 image windows providing independent
image functionality modes

Main Image Window - full single image mode

Data Bar - contains all data information entered by preference for
storage/printout of the image.

Control of some or all of these items is made via the mouse, keyboard
or the Manual User Interface pad.

4-7
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The Main Window

The Main Window displays status and control features for the
Microscope Control, including the image window, application bar,
menu bar, tool bar, data bar and pages.

FIGURE 4-3 THE MAIN WINDOW
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USER INTERFACE The Main Window

Interface Elements

Some of the xT Control Interface main elements break down into
other sub-menus or modules.These consists of the following items:

1. The Title Bar - labels the application and the owner/user
2. The Menu Bar - contains all operation menus and submenus:
* The File Menu

* The Detector Menu

* The Scan Menu

* The Beam Menu

* The Patterning Menu

* The Stage Menu

* The Tools Menu

* The Window Menu

* The Help Menu

3. Preferences... - opens in 4th Quad for presetting of operating
conditions.

* DataBar

* Units

* Presets

* Scanning

* Beam

* Detector

* Movie

* Sensitivity

4. The Tool Bar - contains all iconised button functions

5. The Data Bar - contains all data information entered by preference
for storage/printout of the image.

6. Pages and Modules - contains all pages made up of one or more
modules:

* Beam Control Page
* Navigation Page

+ Patterning Page

* Processing Page

» Alignments Page

7. Hardware Interface Elements (not shown here)

* Mouse
+ Keyboard
* Mui (option)
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The Title Bar

The Title Bar displays the logged on user name that was entered to
log on Windows 2000 level.

FIGURE 4-4 THE TITLE BAR

H_ *T microscope Control

The Menu Bar

The Menu Bar displays pulldown menus across the top of the screen
below the Title Bar.

FIGURE 4-5 THE MENU BAR

File Edit Detectors Scan Beam Patterning Stage Tools  Window Help

Menu Bar Functions
The following menus are available:

TABLE 4-1 MENUS

Menu ltem Use

File Administrative functions.

Edit Edit Pattern(s) such as delete or select all.

Detector List of detectors.

Scan Scan condition functions for Electron and
Ion beams.

Beam Choice of Beam conditions; Electron, Ion
and Light, and controls.

Patterning Patterning and deposition functions.

Stage Stage navigation and corrective functions.

Tools Image Auto functions.

Window The image display functions.

Help About Strata Ul and On-line help.

Select pulldown menus from the menu bar by using either the left
mouse button or ALT + letter from the keyboard.

4-10
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USER INTERFACE File Menu

File Edit Detectors Scan E

Qper...
Save Cirl+5
Save As,

Record Maovie
Import
Export

Frint... Cirl+F

Log Off Factory...
Exit

Clicking on the File name in the Menu bar, with the left mouse button,
opens the File menu. This can also be achieved by pressing the Alt+F
keys.

Open

Clicking on Open, with the left mouse button, opens a dialog for
opening an image in the selected quad or a full screen. Images can be
opened in TIF (8, 16 and 24 bit col or depth), JPG and Bitmap
formats.

Save

Clicking on Save, with the left mouse button, saves the image with an
incremental label at a predetermined location. This is also used when
a restored image has been updated in any way, such as a LUT change
and is necessary to overwrite the original. This can also be achieved
by pressing the Crtl +S keys.

Save As...

Clicking on Save As, with the left mouse button, opens a dialog for
saving an image. This provides an opportunity to change the label and
save the same file, a new file, with a different label.

Record Movie

Clicking on Record Movie starts the recording of three videos, one
for each of the three image quads at the same moment. If a quad is
paused when starting the video, only the first image with a time stamp
is stored. The red dot icon on the Tool Bar represents the same
function When Record Movie is active the icon changes to a red
square. Pressed it stops the movie function.

Import / Export
Access can be made to certain files produced by the FEI xT system.
This in turn leads to an import / export dialog for selection.

STG files (Stage Positions), PTF files (Patterns), EPM files (End-
Point Monitor Graphs) and parameters are available to Import /
Export. When opening the file, parameters or data saved with it are

4-11
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restored.

FIGURE 4-6 FILE IMPORT / EXPORT MENU
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l;zl‘?: Off spervisar... Log Off supervisor... Pararmeters...

Print...

Clicking on Print, with the left mouse button, opens the printer dialog
so that choice of printer and conditions can be established ready to
print an image, or any other printable product from the microscope.
This can also be achieved by pressing the Ctrl + P keys. Pressing OK
in the printer dialog will activate the printer to print the job.

FIGURE 4-7 PRINTER DIALOG
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Exit

Clicking on Exit, with the left mouse button, will exit the Ul program
and leave one in the operating system environment with the Server
still running. This can also be achieved by pressing the Alt + X keys.
To activate the UI again one would have to click on Start UI in the
Server bar.
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USER INTERFACE Edit Menu

|Edit Detectors  Scan
Delete Del

Select Al Chrl+A

Clicking on the Edit name in the Menu bar, with the left mouse
button, opens the Edit menu. This can also be achieved by pressing
the AIt+E keys.

The Edit menu is for editing patterns such as deleting or selecting all.
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USER INTERFACE Detectors Menu

Defectors  Scan

—® v BT (SE)
TLD (BSE)
STEMI (A+E)
CDEM (SE)

cch

i[F4

Clicking on the Detector name in the Menu bar, with the left mouse
button, opens the Detector menu. This can also be achieved by
pressing the Alt + D keys.

Detector list

This list contains various detectors for E-Beam and I-Beam operation.
Depending on the beam mode in operation only the relevant detectors
will appear in black. All others will be grayed out. Only the selected
detector will show a tick next to it’s label.

Customizing or choosing preferences for different detectors can be
found on the Detector Page.
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USER INTERFACE Scan Menu

Scan Menu

Clicking with the left mouse button on the Scan name in the menu
bar, opens the scan menu. This can also be achieved by pressing the

s
Pauise Fe Alt + C keys.
Shapshot
—>
Fhoto F2 Pause
Wi F3 . . . .
EeoneRp Click on the Pause function to pause the image. Click once and the
—  Reduced Area F7 scan will stop immediately without finishing the frame. When Pause
v Eul Erame o is actlye clicking again will rc.el.ease the pause function and rgturn the
Spot scanning to the original condition prior to pause. The Pause icon
— Line button on the Tool bar has the same functionality. It can also be
Extermal activated by F6.
v B Blark Cirl+B
sam =an ’ Snapshot
Slow Scan CO+SAI+%"  Clicking on Snapshet at any time will activate a preset scan.The
Fast Scan Col+Shift+"  result can be stored on the harddrive automatically to a predetermined
Slowrer Scan cirl+", directory using the next available label/number (same as Save
FestEr S oan cirl+" destination). If the Save or Save As function is not set in Preferences
Mains Lock the image is only retained onscreen by the Pause function. Unpause to
, start scanning. Snapshot can also be activated from the Tool Bar.
Live
Average (8 frames ) Snapshot for the Electron beam can be activated by function key F4.
Integrate (1 frame ) Snapshot for the Ion beam can be activated by function key Crtl + F4.
Scan Rotation Shift+F12
Photo
FIEETENEES S0 Clicking on Photo at any time will activate a preset higher resolution
slow scan.The result can be stored on the harddrive with the Save
command, in the File menu, by using the next available label/number
in a predetermined folder. Save As can be used if the Folder and label
need to be changed prior to saving. Photo can also be activated by F2.
Videoscope
Videoscope toggles the display of the videoscope on or off, showing
the video intensity along the currently scanned horizontal line. It can
also be activated by F3.
Reduced area
When Reduced area is chosen, the reduced area appears with the
same dimensions and at the last known place on the screen. On
activation it restores the last used scan condition. Scan condition can
be changed if necessary. Can also be activated by F7.
Full Frame
Full Frame is the default scanning mode. This is the normal scanning
mode, typical for general navigation.
Spot
Clicking on Spot puts you in Spot mode and allows one to move the
beam around the screen with the left mouse button pressed. The spot
position is represented by a green cross.
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Snapshot
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USER INTERFACE Scan Menu

Line

When Line is selected from the Scan menu, the image freezes and a
green horizontal line displays on the screen. The beam scans along
this line, using the line time defined for the selected scan speed. When
you choose Line, the cursor changes to an arrow. Move the cursor to
the desired vertical position and click the left mouse button.

External

External is a switch to activate external control of the scanning
system, such as beam control from an EDX X-ray system.

Slow Scan

Clicking on Slow Scan will bring the scanning condition to the preset
value, held in the Preferences/Scan dialog.

Fast Scan

Clicking on Fast Scan will bring the scanning condition to the preset
value, held in the Preferences/Scan dialog.

Slower Scan

Clicking on Slower Scan will bring the scanning condition to the next
slower scan value held in the Preferences/Scan list dialog. This can be
also achieved by pressing Crtl + ,”.

Faster Scan

Clicking on Faster Scan will bring the scanning condition to the next
faster scan value held in the Preferences/Scan list dialog. This can be
also achieved by pressing Crtl + .”.

Mains Lock

Clicking On Mains Lock will synchronize the mains frequency to the
Scan system.

Live
With Live selected, the image remains unfiltered for collecting direct
images, mostly in LiveSSlow scan.

Average

Select Average to continuously average a specified number of
frames, selected from the list, resulting in a better signal-to-noise
ratio. This is used mostly in a fast scan mode to reduce noise in fast
scanned images. During averaging, the image is updated continuously
and actions such as focusing, moving the stage, etc. can still be
performed. The number of frames can be selected as a preset from the
Tool bar drop down list box associated with the Average function.

Integrate

The Integrate feature allows accumulative noise reduction by true
integration over a number of frames, selected from the list, and
freezes the final image. During and after image accumulation, you
cannot change the focus or perform other image-influencing actions.
The number of frames can be selected as a preset from the sub menu
or from the Tool bar drop down list box associated with the Integrate
function.
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Scan Rotation

Clicking on Scan Rotation activates the onscreen tool to rotate the
scan and align the image. It has no effect on the stage movements and
is solely a scan coil function but is used to orientate the image relative
to mechanical rotation and detector direction. It can also be activated
by Shift + F12.

Preferences...

Clicking on Preferences... opens the total preferences dialog. Scan
choices can be found under the tab labelled ‘Scan’.
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USER INTERFACE Beam Menu

Beam Patterming Stage Tools
¥ Electron Beam

Ion Bearn

Cpfical Beam

Wird

{Zouple Magnifications

SEM Aperture
SEM Mode

Degalss (Electron Beam) F3

Lens Alignment Shift+F4

Freferences. .. Cirl+C

Clicking on the Beam name in the Menu bar, with the left mouse
button, opens the Beam menu. This can also be achieved by pressing
the Alt button and the B key.

Electron Beam

Clicking on Electron Beam will make the Quad or single screen active to
the electron beam with respect to source, column, scanning, and detectors.

lon Beam

Clicking on Ion Beam will make the Quad or single screen active to the
ion beam with respect to source, column, milling, scanning, and detectors.

Optical Beam

Clicking on Optical Beam will make the Quad or single screen active
to the optical beam with respect to Source, and detector.

Couple Magnifications

Clicking on Couple Magnifications will allow the Electron and Ion
columns to be coupled together, so that when switching between columns
there is no difference in magnification. This is particularly useful when
milling with the lon Beam and viewing with the Electron Beam.

SEM Aperture

The SEM column final aperture can be selected by clicking on SEM
Aperture in the Beam menu. A secondary dropdown menu appears
with a selection of aperture sizes.

FIGURE 4-8 SEM APERTURE SELECTION

Beam Fatterning Stage
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Cpfical Beam

Couple Magnifications

SEM Apertre

SEM Mode » 30 m
40 pm

Freferences. ., 50 pm
100 prm
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USER INTERFACE Beam Menu

Beam Patterning Stage Tools  Wind

¥ Electron Beam
Ion Beam
Optical Beam

Colple Magnifications

SEM ApertLire

P~ oEn Mode

—®  Degauss (Flectron Beam) F8

Shift+F4

Freferences... Cirl+Q

SEM Mode

By clicking on SEM Mode the following two modes of image
resolution are available for use with the E-Beam:

Mode 1 (Field Free)
Mode 2 (Immersion)

Mode 3 (EDX)

FIGURE 4-9 SEM MODE SELECTION
Beam Patterning Stage Tools  Wind

¥ Blectron Beam
Ion Beam
Optical Beam

Colple Magnifications

SEM ApertLire v
SEM Mode

4 v Mode 1: Field-Free
[Made 25 T mersion
Mode 3; ECix

Degauss (Eleciron Beam) F8

Lens Alignment Shift+F4

Preferences.., Cirl+C

Either mode has its own E-Beam and magnification presets and are
editable in the Tool Bar dropdown list or the Preferences E-BEAM Tab.
Use the Tool Bar buttons to switch between modes.

Degauss (Electron Beam)

Degauss triggers the degauss procedure appropriate for the current
SEM Mode. The procedure puts all currently used electron lenses in a
normalized state by removing their hysteresis effects. For a few
seconds while the procedure is running all live images disappear or
turn fuzzy, and than returns back. Use this function with (almost)
focused image to obtain the most accurate Magnification, HFW and
Working Distance readouts.

Lens Alignment

This is dedicated to the electron column. Lens Alignment toggles lens
alignment mode on the Beam Page for the objective lens fine
alignment. The scanning condition changes to a fast scan, and the lens
modulator turns on, a green target cross appears in the center of all
SEM image Quads. Pressing and holding the left mouse button
activates a quad arrow ended cursor. Dragging the mouse aligns the
beam with respect to the objective lens with the purpose of reducing
the movement swing. This in turn eliminates or reduces the movement
during focusing.

Preferences...

Clicking on Preferences... opens the preferences dialog at the Beam
Tab.
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USER INTERFACE Patterning Menu

Patterning Stage Tools  Window

Start Patterning
Resef Patferming
lext Patters SHift+P
Mext Lime SHift

Sleep After Patterning

This is the menu for executing Patterning.

Start/Pause/Resume Patterning

This item in the Patterning Menu has three functions and changes
according to the function operating at the present time. It also follows
the trend of the Tool Bar buttons for patterning.

Click on Start Patterning to begin patterning with the pattern
selected on the Patterning Page.Click on Pause Patterning to
temporarily stop patterning and Resume Patterning to continue.

Reset Patterning

Click on Reset Patterning to reset patterning to the beginning of the
pattern procedure once again.

Next Pattern

Next pattern will be available if multiple patterns have been drawn.
Click on Next pattern to stop milling the current pattern and continue
with the next pattern.

Next Line

When the cleaning cross-section is used Next line will be enabled.
Click on next line to stop milling the current line and continue with
the next line.

Sleep after patterning

Applies the Sleep command (from Beam Control page) when
patterning process finishes.
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Stage Menu

Stage Tools Window Help

xT Align FeatLre
CompUcentric Rotation Fi2

Define User Lnits, .
ser Linits

Beam Shift Reset
Zero Beam Shift

Home Stage Shift+F3

Home Aperfures

Home Stage Without Rotation

Center Position Cirl+0
v Tolich Alarm Enabled

Urlink 2 fo FyvE:
Lirk 2 to FyWh Shif-+F2
v Enable Z-Tit map

Tit 0@ Cirl+E
Tit 52° Cirl+1

Sample Mavigation

Preferences. .. Cirl+0

Clicking on the Stage name in the Menu bar, with the left mouse
button, opens the Stage menu. This can also be achieved by pressing
the Alt + S keys.

xT Align Feature...

Clicking on xT Align Feature starts a procedure that helps one to
orientate a linear feature to either of the stage movement directions; X
orY.

Compucentric Rotation

Clicking on Compucentric Rotation in the Stage Menu places a
green circle in the active quad. By rotating the circle a different
viewing orientation of the sample area can be achieved. This is
compucentric stage rotation. It can also accessed by F12 or on the
Stage Page / Coordinates Tab.

Define User Units...

Clicking Define User Units on activates a series of dialogs that guide
the user to determine User Unit values for X and Y movements of the
stage. These are used in relative movements associated with stage
mapping of regular features, in particular in IC applications.

Offset Alignment

Offset Alignment is a shortcut that allows you to move to new points
relative to the existing alignment but at a new location, for example,
stepping between identical points on different dies quickly.

User Units

Clicking on User Units organises the stage software to recognise the
defined user units rather than the default metric measurements. The X
and Y coordinates now operate in User Units and is shown in the
Location module by the UU symbol.

Beam Shift Reset

Use this function to begin the Beam Shift Reset procedure to zero
beam shift and move the feature to the center of the field of view with
the stage.

Zero Beam Shift

When beam shift has reached maximum limits, choose Zero Beam
Shift to restore X and Y beam shifts to zero values. The computer
beeps when maximum limits are reached.
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xT Align FeatLre
CompUcentric Rotation

F1z

Define User Lnits, .
ser Linits

Beam Shift Reset
Zero Beam Shift

Home Stage
Home Apertures
Home Stage Without Rotation
Center Positon
v ToLch Alarm Enabled

Shift+F3

Cirl+0

Urlink 2 fo FyvE:
Lirk 2 to FyWh
v Enable Z-Tit map
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Tit 0@
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Preferences. ..
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USER INTERFACE Stage Menu

Home Stage

Clicking on Home Stage will open a dialog to define the influential
conditions, and by pressing YES the Stage will home. When the stage
is homing the Stage Active dialog box flashes onscreen. When the
stage is homed correctly, the end position will be the last Reference
position stored.

Z = preset long working distance relative to stage type.

It can also accessed by Shift + F3 keys.

Home Apertures

Home Apertures sends the steppermotors of the FIB Aperture
Mechanism back to its home position.

Home Stage Without Rotation

This function is to perform Home Stage function without rotating of
the stage. When the stage is homed without rotation, the stage
reference for Rotation is greyed out. This is useful when a large
specimen is inserted and stage rotation could cause a collision with
equipment inside the chamber. By default the function is enabled and
automatically reverts back to the enabled status after every venting /
pumping cycle.

Center Position

Moves the stage to coordinates X =0, Y = 0, which is the central
position.

Touch Alarm Enabled

This function automatically stops the stage movement and displays
Touch Alarm warning dialogue whenever the stage or a conductive
specimen touches the Immersion lens or any other equipment
conductively connected to the chamber.

UnLink Z to FWD

Clicking on Unlink to FWD will display height (z) as a value
corresponding with the distance from the z home position.

Link Z to FWD

Sets the Z coordinate value to actual Free Working Distance (FWD)
value. This allows accurate movement between the known height of
the sample and the end of the Immersion lens.

NOTE: The related toolbar icon image changes according to
the Z-coordinate status.

FIGURE 4-10 ICONS FOR LINKING Z TO FWD

A E & A

Greyed icon: the function is disabled because either the stage has not
been homed or the HV is switched off (so there is no SEM image), or
the Ion Beam is selected.
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Stage Tool Window Help
*T Align FeatLire
Compucentric Rotaton F1z

Define User Units. ..
ser Linits

Beam Shift Reset
Zera Beam Shift

Home Stage Shift+F3

Home Aperfures

Home Stage Without Rotation

Center Position Cirl+0
v Touch Alarm Enabled

Urlink: 2 o FyvE
Limk Z fio FYWD Shift+F2
v Enable Z-Tit map

Tit 0 Cirl+E
Tit 52¢ Cirl+I

Sample Mavigaton

Freferences... Cirl+Q

Red question mark: the function is enabled and the link between Z
and FWD is unknown. Use the function as soon as possible, after
properly focusing the image.

Red circle: Z is roughly linked to FWD, but it needs correction. The
function is enabled. It happens e.g. after: changing the specimen,
focusing and linking Z to FWD at a long Working Distance and then
moving the stage to a short WD. Focus image carefully at a WD
around 5 mm and use this function again.

Green double-ended arrow: Z is properly linked to FWD. Now it
should be safe to change the Working Distance by setting a Z
coordinate in the Stage module. The function is still enabled to allow
further corrections of the Z-coordinate.

Enable Z Tilt map

Some movements of the stage are illegal because of possible collision
with the end lens. In a z-tilt map, a number of z-tilt value pairs
indicate the maximum tilt angle for a certain z when coupled. A legal
move of the tilt axis depends on the position of the z axis. The relation
between the extreme positions of tilt and z indicate the extreme
allowed positions. This relation is called the z-tilt map and can be
used to guarantee safe usage of the stage.

Tilt 0° (Ctrl + E)
Tilt 52° (Ctrl + 1)

Sets stage tilt to 0° / 52°, perpendicular to Electron / lon Beam
respectively.

Sample Navigation

Toggles on / off function that enables to navigate live SEM images
(scan field) towards desired places on a specimen using either paused
or loaded image of that specimen (usually taken at much lower
magnification).

The Sample Navigation can be selected independently for any Quad,
regardless of its current content and status. A tick next to the menu
item indicates that the function is selected for the active Quad. As
soon as this Quad is paused, the Sample Navigation indicator appears
in the upper right corner of the Quad. The indicator is green as long as
the paused image can be used to navigate the live images, otherwise
turns read (e.g. when the stage rotation or tilt changes).

(See Chapter 5 for a detailed description.)

NOTE: To make sure this function working properly, the stage
rotation value for captured image and corresponding live
images are the same.

Preferences...
Clicking on Preferences... opens the preferences dialog.
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Tools Menu

_>

Tools  Window  Help
Imagz Regisiration

Ao Comtrast Brightess

AL FocUs

Al Lens ', Stigmatar Alignment

F11

Digplay Saturation

Shift+F 11

Lab Motes,

FEI Movie Creator...

Application Status. ..

Prefe-ences

Image Registration

Select point 1 in the reference image

Cirl+0

Clicking on the Tools label in the Menu bar, with the left mouse
button, opens the Tools menu. This can also be achieved by pressing
the Alt + o keys.

Image Registration

With user-specified alignment points, the user can transform one
image spatially to correspond to another image, then mill on that new
image as if it were an image of the sample. The transformed image
could include one taken with the optical microscope that corresponds
to the real sample, or several taken at various depths of focus. This is
also called image-to-image registration and image alignment.

Click on Image Registration and follow the prompts in the dialog
box that appears. The user first selects the quad with the reference
image and then the quad with the target image (this is the one that will
be transformed). After this a single or multipoint alignment can be
applied by selecting similar points in both the reference and target
image. Register will apply the transformation after 1, 2 or 3 pairs of
points have been selected. See TABLE 6-7 (Alignment Type
Difference) for a description of when to apply each time of alignment.

Register will re-apply the registration on any new or restored image
in the same or a different quad. When Show is selected from the
overlay panel a copy of the registered target image will be shown on
the reference image which shows the quality of the registration and to
allow information from both images to be used in placing patterns.
The overlay can be shown in red, green or blue. The Threshold value
(0 to 255) determines which gray levels of the target image are shown
in the overlay.

After registration the micron bar and magnification of the target
image take on the same values of the reference image. Any operation
that is applicable to an acquired FIB/SEM image can be applied to a
transformed image, including creating and milling patterns and saving
to a file.

Tips on Using Image Registration
Additional considerations include the following:

» Use images of similar magnification. In general, magnification
needs to be as high as possible, with obvious limits for images
taken with the optical microscope.

* Select Quad-Image mode before beginning.

+ Image alignment, particularly 3-pt, is error-sensitive. Use care in
selecting the corresponding features as precisely as possible.

» Use the crosshairs to make selections.

* Change to Single-Image mode for maximum enlargement while
selecting the features for alignment.

+ Use alignment points as far apart as possible, such as at the outer
edges of the image.

» If possible, use points that are equidistant and orthogonal.

Owerlay
HEE T Show "m
Threzhald 100
¥ Show Edges Only
Heaiater, | Start Again I
e | Close |
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Image Registration
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USER INTERFACE Tools Menu

» After alignment, mill or deposit on the imported image or on the
composite overlay image. Alternately, mill cross patterns briefly to
mark the positions of buried structures so they are readily apparent
during imaging.

Auto Contrast Brightness

Click on Auto Contrast Brightness to activate the automatic contrast
and brightness routine. Can also be activated by pressing F9, or the
Icon button on the Tool Bar.

Autofocus

Click on Autofocus to activate the automatic focus routine. Can also
be activated by pressing F11, or the Icon button on the Tool Bar.

Auto Lens \ Stigmator Alignment

Click on Auto lens\Stigmator Alignment to activate the automatic
Lens \ Stigmator correction routine.

Display Saturation

Click on Display Saturation to view the saturation status of the image.
Oversaturated areas of the image (white areas) are shown in blue and
undersaturated areas (black areas) are shown in yellow. Can also be
activated by pressing Shift + F11

Lab Notes

Opens the Windows NotePad application above Quad 4 for the user to
make immediate notes and remarks. After entry of a note the file can
be stored as a text file ((.TXT). Any previous note can also be opened
in Lab Notes.

FEI Movie Creator

Provides a tabbed dialogue above Quad 4 for setting up a collection of
sequenced TIF images, and sequencing them into an AVI movie. See
Chapter 5 for a detailed description. This utility is installed also on the
support computer, which enables to create a movie without
influencing the microscope controller operation.

Application Status

Clicking on Application Status opens a dialog in the 4th Quad
displaying a continuously updating status of the system.

Preferences..
Clicking on Preferences.. displays the preferences dialog.
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Window Menu

Window  Help

—>

Center Cross Shift+F5
Aligniment Rectangle Shift+F&
ZCO 5 mm Marker

CCD Axis Marker

Crosshair Cursor

Redo digital zoom 1x

Single/Ouad-Image Mode FS

oW
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Clicking on the Window name in the Menu bar, with the left mouse
button, opens the Window menu. This can also be achieved by
pressing the Alt+W keys.

Center Cross

Clicking on Center Cross places a cross in the center of either the
single screen or each quad depending on the display mode selected.
This can also be achieved by pressing Shift+F5 keys. This function is
used in the Adjustment procedures to aid centering of features.

Alignment rectangle

Clicking on Alignment rectangle places a staggered rectangle in the
center of either the single screen or each quad depending on the
display mode selected. This can also be achieved by pressing
Shift+F6 keys. This function is used in the Adjustment procedures to
aid controlling illumination.

CCD 5 mm Marker

This places a short horizontal lines with arrow onto the optical beam
quad. This is to indicate the 15 mm FWD position in relation to the Z
distance of the sample. The position of this marker can be changed by
double-clicking with the left mouse button on the desired position.

CCD Axis marker
Displays x, y, and z axis in the CCD quad.

CrossHair cursor

Clicking on Crosshair cursor changes the mouse cursor into a
crosshair cursor. The crosshair cursor is useful for aligning patterns or
features.

Redo digital zoom 1x, 2x, 4x, 8x

Digital zoom can be set from the Measurement and Annotation
Page by increasing or decreasing the magnification for the active
image/Quad. Redo digital zoom retains the last magnification factor
set by Digital zoom and when clicked on will set the magnification
factor in the active Quad to that stored.

Undo digital zoom

When the Redo digital zoom has been activated the label in the
Window menu reverts to Undo digital zoom. Clicking in Undo
digital zoom brings the image back to normal magnification by
negating the factor created by Digital zoom.

Single-lImage / Quad-Image Mode

Single-Image / Quad-Image mode toggles the image display area
from a single screen to a quad screen and vice-versa. It can also be
activated by pressing F5.

In Single-image mode the quad list is selectable to be displayed
individually in the single image mode. When you switch from Quad-
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USER INTERFACE Window Menu

Image mode to Single-Image mode, the active quadrant is the one that
becomes full screen.

Quad-Image mode is useful for comparing images of the same sample
area setup with different beams, detectors or scan properties.

Quads 1to 4

A Quad (1 - 4) can be selected from the Window menu by ticking the
respective number. All Quads can contain live images. Quad 1 is top
left and Quad 4 is bottom right with the others running horizontally.
The Status of the Quad is also defined by the Beam type and whether
it is paused or not. The active Quad also displays the beam icon with a
light square background.

Only one image window has focus at any time, although the others
can have live images. Quads can contain frozen or restored images.

Quad 4 is dedicated to various specific uses such as the CCD camera,
Preferences and Online Help, but can contain an active image
otherwise.

NOTE. The exception of detector in compatibilities, for
example, BSD being incompatible with CCD will be the only
restriction of the system of Beam/Detector per Quad.

4-29
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The Help Menu

IT = Clicking on the Help name in the Menu bar, with the left mouse
I ep _ : button, opens the Help menu. This can also be achieved by pressing
g OUINE DTAUMEREER.,, [FL the Alt button and the H key.

» About XL,

Online documentation...

Clicking on Online Documentation displays in the right-lower
quadrant the paging for the On-line function. This can also be
activated by pressing F1 in the function key area of the keyboard.

About xTUI...

When clicked on this item displays the software version and date of
release.

4-30
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USER INTERFACE Setting Preferences...

The preferences dialog can be activated by selecting Preferences... at
the end of any of the following menus: Scan, Beam, Stage and Tools.

The exception to this is the Preferences attached to the Detector menu
which handles individual choices of Detectors with direct dialog.

The Preferences Dialogs

The background settings for day to day operation can be made by
changing characteristic in any of the tabbed dialogs found in the
Preferences... at the end of the above menus.

It will depend on the opened menu where Preferences... is chosen that
dictates the tab opened on entry to the Preferences dialog. Once the
Preferences dialog is opened any of the tabs can be chosen. Only one
tab can be opened at any time.

TABLE 4-2 TABBED PREFERENCES

Tab | Settings
DataBar Selection of items for entry on the Databar.
Units Selection of Units for Size, Temperature,

Pressure, etc.

Presets Entry for default lists of Magnification and High
Voltage.
Scanning Selection of presets for the scan speed defaults

found on the Tool Bar.

Beam Selection of beam operating conditions.

General Setting of the user interface behaviour

Movie Set-up dialog for making movies.

Sensitivity Fine adjustments for the Manual User Interface
(MUI)
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x|
! |

[¥ Quad1 [~ Quad2
OK |

[~ Quad3 [ Quad4 Cancel |

DataBar Tab

The DataBar Tab contains two lists, one labelled AVAILABLE and the
other SELECTED. Items in the Available list can be added individually
or as a whole to the Selected list. The Selected list, when completed,
contains all items that will be displayed in the DataBar at the base of
the imaging screen or screens. The order of the items in the Selected
list can be moved up or down due to priority or preference. This will
in turn change the order of the displayed items in the DataBar. Items
can be removed from the Selected list singularly or in total back to the
Available list.

The MICRON BAR will scale to the magnification but also will change
size to accommodate other items added to the DataBar. It can be
chosen also from the Available list.

The LABEL (area) expands or contracts depending on the other items
on the Databar. It can be chosen also from the Available list.

The label is edited another way. By clicking on the LABEL button a
choice dialog appears to edit and copy the label to any of the other
quads.

Clicking on the BITMAP button will open a dialog to load a bitmap into
the databar.

The limit for entries is displayed in the dialog as it is updated.

FIGURE 4-11 DATABAR PREFERENCES
5

Databar |Um|5 | Preaelal Scanﬂiﬂgl Gemerall Muvwel Semsmwlyl

Awailable Selected

Detector Mode

Working Distance

Mave Down
Bottom

Magnification >

Stage Xy’ <

A

[v Label

Label...
Addl Bitrnag ...

[¥ Micronbar

QK | Cancel | Aaaly |

Click on the OK button to bring the new settings into operation, or
CANCEL to return to the original setting. Either of these will close the
Preferences dialog.

Click on APPLY to suspend the closing of the Preferences dialog but
save the settings if one needs to move to other Tabbed dialogs to
change further settings. When finished click on the OK button.

The Items chosen from the Preferences Tab dialog for the working
DataBar will remain with the operating system until changed.
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Units Tab

The Units Tab displays the capability to change the units for pressure,
temperature and measure. The xT system will from time to time need
to display values of PRESSURE. Units of Pascal, Torr, or Bar can be
selected to suit. By clicking on the list arrow a selection can be made
for the respective unit of pressure.

The UNITS OF MEASURE can be selected from the list by clicking on
the list arrow and choosing the unit. The list contains meter and
millimetre.

FIGURE 4-12 UNITS PREFERENCES

Databar  Units |Presets| Scanningl Generall Moviel Sensitivityl

Unitz of Measure Imillimeter [mim] 'l

Pressure

QK I Cancel | Apply |

Click on the OK button to bring the new settings into operation, or
CANCEL to return to the original setting. Either of these will close the
Preferences dialog.

Click on APPLY to suspend the closing of the Preferences dialog but
save the settings if one needs to move to other Tabbed dialogs to
change further settings. When finished click on the OK button.

The Items chosen from the Preferences Tab dialog Units will remain
with the operating system until changed.
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Presets Tab

The Presets tab displays the capability to change values in the High
Voltage and Magnification ranges either the Electron or lon column.
Either single or numerous values can be inserted in the lists. Changing
values can be accomplished by entering values in the edit box just
below the respective title.

FIGURE 4-13 PRESETS PREFERENCES

HTm: Preferences

Databarl Units ~ Pressts | Scanningl Generall Moviel Sensitivityl
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QK I Cancel | Apply |

The HIGH VOLTAGE list can be changed to span any values from 200V
to 30kV. As the values are displayed in Volts the entry value in the
edit box can be specific in value.

The MAGNIFICATION list can be changed to hold regular used values or
general values. Magnification values that are in the list but do not
apply because of the Working distance condition will be grayed out in
the Magnification menu on the Menu Bar. Magnification range is
from 10x to 300,000x.

Click on the OK button to bring the new settings into operation, or
Cancel to return to the original setting. Either of these will close the
Preferences dialog.

Click on APPLY to suspend the closing of the Preferences dialog but
save the settings if one needs to move to other Tabbed dialogs to
change further settings. When finished click on the OK button.

The Items chosen from the Preferences Tab dialog Presets will remain
with the operating system until changed.
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Scanning Tab

The Scan tab displays the capability to change scan times and make
presets to the slow and fast scan buttons on the Tool bar for the beam
selected. On the left of the dialog box there is a SCAN SELECTION list.
There are two icons which correspond to the ‘Fast’ and ‘Slow’ preset
button. The list of dwell times has a fixed number of entries. By
selecting a scan icon the dwell time can be changed or edited in
the DWELL TIME property editor for that scan function. The Fast
and Slow icons indicate which value corresponds to the preset Icon
buttons on the Tool Bar.

Scan Selection

The Fast or Slow icons in the Scan Selection module can be dragged
to a new value to select that value, the Tool Bar updates on release of
the icon and the Scan Preset module will display the list of Property
Editors for that scan icon. The Flash Camera and the normal Camera
icons in the list indicate the preset for the SNAPSHOT and PHOTO
functions. These can be moved in the same way as the two scan icons,
but these are dedicated to capturing images at selected scan
conditions, where as the Fast or Slow icons are for scan speeds only.
The DEFAULT button restores the default list and icon positions.

FIGURE 4-14 SCANNING PREFERENCES

Databarl Units I Presetz  Scanning | Generall Moviel Sensitivityl

&

50.0ns I Preset? j
100.0ns
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1.0ps Dwell Time 30.0ps
20us 0, Fi.esolgtion 512n442
10.0us Line Time 17.0ms

Frame Time 7.8
Refresh Rate 127.47mHz

Default |
QK I Cancel | Apply

Scan Preset:

Select from the main dropdown the scan (displayed at the top) and
then change details in the property editor lists below. Property editor
details update to the current condition in their top box. If Details are
not relevant to the scan then they show grayed out, and cannot be
edited.

Scan Operators

The Fast icon = Fast Scan in the Scan Preset dropdown list.

The Slow icon = Slow Scan in the Scan Preset dropdown list.
The Flash Camera = Snapshot in the Scan Preset dropdown list.
The normal Camera = Photo in the Scan Preset dropdown list.
User Preset = Can be chosen by the user from the dropdown list.

Each of these scan operators has it’s own list of property editors
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below the main dropdown top box so that changes can be made.

Property Editors:
* Dwell Time - The full range of dwell times indicated in the Scan
Selection module. Editable.

* Resolution - The range of resolutions indicated on the Tool Bar.
Non-Editable.

* Line Time - The full range of line times. Non-Editable.

* Frame Time - Indicates frame time as a result of dwell and line
time selected. Non-Editable.

+ Filter - Displays the choice of Average, Integrate and Live. All are
available to the Fast and Slow Scan conditions, but only Integrate
and Live are available to the Snapshot and Photo. Average in these
cases is grayed out. Non-Editable.

* No. Of Frames - A list of frames from 1 to 256 in steps. 1, 2, 4, 8,
16, 32, 64, 128, 256. Non-Editable

FIGURE 4-15 ARCHIVE OPTION FOR SNAPSHOT AND PHOTO

Databarl Units I Presetz  Scanning | Generall Moviel Sensitivityl
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10.0us Line Time 17.0ms
Frame Time 7.8
Refresh Rate 127.47mHz

Default |
QK I Cancel | Apply

+ Archive Option - Displays a choice of Save, Save As... and None.
Selection here determines the result of either Snapshot or Photo,
and whether the image is saved with a known label, to a pre-
location (Save) or the user is prompted for a name and the location
(Save As...). With None selected the image only remains on the
screen. Non-Editable.

 File format - A list of useable image formats. Selection should be
made prior to capturing the image so that it is stored in the correct
format. Non-Editable

APPLY should make the chosen conditions work immediately without
updating the old conditions. They will work until the scan is changed
or switched off.

OK will update the system with changes made in this dialog till the
dialog is opened and the conditions are changed again.

CANCEL returns to the original conditions.

lon Beam Preferences

Ion Scanning Preferences are the same as Electron except perhaps
some Scan Preset parameters.
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The General Tab

allows setting user interface various behaviour. Clicking on any value
field causes combo button to appear, which lists available values and
allows the user to choose one. In the pull down menu it can be divided
into:

All
Ul appearance only
Image and Graphics

Microscope Operation

FIGURE 4-16 GENERAL PREFERENCES

HTm: Preferences

Databarl Units I Presetsl Scanning General | Moviel Sensitivityl

HTm: Preferences

Databarl Units I Presetsl Scanning General | Moviel Sensitivityl

Cocooy [ ~ oy [ =]
MName [value [«] MName Ul Appearance
Icon style Mova _I lcon style | IMmage and Graphics
Toolbar spinner style Left-Fight Toolbar spinn Il\déﬁrlgscope Dperation Ler-nigrn
Toolbar beam current control Current Toolbar beam current control Current
Frame active quad Mo Frame active quad Mo
Enable zooming on mouse click-and-drag e Enable zooming on mouse click-and-drag e

Switch zample tracking on mouse wheel click. | Yes

Switch zample tracking on mouse wheel click. | Yes

Fiestart Average Filter when magnification chan | Both Beam
Fiestart Average Filter when scan rotation char| Both Beam
Fiestart Average Filter when beam shift change:| Both Beam

Dizplay beam icon in databar es
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Fiestart Average Filter when magnification chan | Both Beam
Fiestart Average Filter when scan rotation char| Both Beam
Fiestart Average Filter when beam shift change:| Both Beam
Dizplay beam icon in databar es

[ NP T R ST [V

Ad|

QK I Cancel | Apply

o]

Cancel |

Apply |

Description and possible Values are:

Pause Icon Behaviour (Stop at end of frame / Stop immediately)
The scanning will stop immediately after pressing the Pause icon or
after finishing the frame.

Movie User Message Timeout

(Don't display / 1 second / 2 seconds / 5 seconds / 30 seconds)
specifies how long the information about the currently playing
movie remains on-screen.

Toolbar Combobox Style (Reduced / Standard)
specifies the type of combo boxes in the toolbar.

Toolbar Spinner Style (Left-Right / Up-Down)
specifies the type of Dwell time spinner in the toolbar.

E Magnification Before pump (don't change/Set to 100x/set to 200x)
The magnification of the electron beam will be set to a predefined
magnification before pump down.

I Magnification Before pump (don't change/Set to 100x/set to 200x)
The magnification of the ion beam will be set to a predefined
magnification before pump down.

CCD automatic switch off timeout
(None/1 minute/10 minutes/30 minutes...)
The CCD Camera will switch off after timeout.

Pause E-Beam quads when E-Beam HV Off (No/Yes)
When the Electron beam High voltage is switched off scanning will
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* Pause [-Beam quads when I-Beam HV off (No/Yes)
When the Ion beam High voltage is switched off scanning will be
paused.

 Blinking pause icon during pausing the quad (No/Yes)
During pause scanning the pause button will blink.

* Rotation on-screen tools time out
(None/10 seconds/30 seconds/60 seconds)
The Scanrotation on-screen tool will be switched off after time-out.

Movie Tab

The Movie tab provides two groups one to choose set-up conditions
for timing labelled Timer, and the other to set-up save conditions for
the resultant movie labelled File.

FIGURE 4-17 THE MOVIE TAB DIALOGUE

Databarl Units I Presetsl Scanningl General Movie |Sensitivity|
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QK | Cancel | Apply |

A wider explanation of the Movie tab is found in the section ‘Movie
(multiple image capture)’.
Sensitivity Tab

The Sensitivity tab has the preset sliders for controlling the sensitivity
of the Manual User Interface (MUI).

FIGURE 4-18 THE SENSITIVITY TAB DIALOGUE

5
Dalabarl Units | Prese(sl Sl:ammngl Gemerall Movie SEHSNWWl

bl
Contrast 0o Coarse Focus 0o
reER | [ ]
Brightness ik} Fine Focus 0o

4 bI 4 DI
Stigmator 0o Beam Shift 0o

4 » 4 »

Default
QK I Cancel | Aaaly |

All controls of the MUI are represented here except Magnification.
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The Tool Bar, displayed below the Menu bar and lets you select
system functions by their icons.

FIGURE 4-19 THE TOOL BAR
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Rest the cursor on the icon for two seconds without clicking on it to
see its highlighted caption (Tool-tips). Tool-tips will display the use
of the tool.

Whenever you select a function the corresponding icon is highlighted.
Icons that activate an automated procedure are not highlighted.

The tool bar can be different in content or arrangement depending on
the system or user preferences.

Beams

This section of the Tool bar contains the Beams functions. These are
Electron Beam, lon Beam and Light Beam. Only one is active at any
time, but can be operated independently for each Quad image area.
When the Light Beam is active all the remainder of the Tool Bar is
inactive.

Column Setting

Magnification/kV/Beam Current/Lens Alignment

These dropdown list boxes can be active for either Electron or lon
beam depending on the beam switched. The value ranges are different
for either beam. Clicking the text box allows the list to open for
selection of the Magnification, kV or Beam Current. Clicking on the
value required will set it in the top window of the dropdown box and
at the same time change the column condition to that value. Go to
Preferences / PRESETS tab to change values in any of the lists.

Lens Alignment

Toggles lens alignment mode for the objective fine alignment. This is
dedicated to the electron column. The scanning condition changes to a
fast scan, and the lens modulator turns on, a green target cross appears
in the center of all SEM image Quads. Pressing and holding the left
mouse button activates a quad arrow ended cursor, and dragging the
mouse aligns the beam with respect to the objective lens.

Additional Scan Functions

This section of the Tool bar contains functions such as a Videoscope
for correcting contrast and brightness, and a Reduced Area for
specific focus and astigmatism correction. Clicking any of these items
will change the image display to suit the function.
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Lens and Scan Functions

Z to FWD
The Z to FWD button has 4 conditions:

Greyed icon: the function is disabled because either the stage has not
been homed or the HV is switched off (so there is no SEM image), or
the Ion Beam is selected.

Red question mark: the function is enabled and the link between Z
and FWD is unknown. Use the function as soon as possible, after
properly focusing the image.

Red circle: Z is roughly linked to FWD, but it needs correction. The
function is enabled. It happens e.g. after: changing the specimen,
focusing and linking Z to FWD at a long Working Distance and then
moving the stage to a short WD. Focus image carefully at a WD
around 5 mm and use this function again.

Green double-ended arrow: Z is properly linked to FWD. Now it
should be safe to change the Working Distance by setting a Z
coordinate in the Stage module. The function is still enabled to allow
further corrections of the Z-coordinate.

Auto Functions

This section of the Tool bar contains functions such as Auto contrast
and Brightness and Auto focus. Clicking either of these items will
start a procedure of automatic correction.

Scan Speeds

This section of the Tool bar contains a number of functions to provide
slow or fast scanning capabilities at the click of the tool icon. The left
Slow icon is the predefined slowscan and the right Fast icon is the
predefined fastscan that has been setup via the Preferences dialog
labelled... Scanning. These can be selected for direct access to the
preset value.

The center spin-wheel is for changing to the next preset scan speed
position in the list. Down Arrow is for increasing the scan speed and
the Up Arrow is for decreasing the scan speed. When either the two
presets are active or chosen the respective icon is highlighted.
Clicking any of these items to operate will invoke a change to the scan
speed.

Pixel Resolution Per Beam

This section of the Tool bar displays a dropdown list box that contains
the Pixel Resolutions possible for viewing or recording an image.
Clicking on the arrow to the right will drop the list so that all
resolutions can be seen. Clicking further on one of these resolutions
will invoke the Quad or Full Screen to update to that resolution.

Image capture with Snapshot

The Snapshot icon button is represented as a camera with a fast time
disc on the Tool Bar. When an image is required at any time one can
click on Snapshot and a single scan (preset scan setting) will be
activated which pauses at the end of the frame. The result can be
automatically saved on the harddrive to a predetermined file location
using the next available label/number if set in the Scan Preferences.

4022 262 61641



-

(NE |

v Live
Average (4 frames )
Integrate ( 25& frames )

Mumber of Frames s

A~

Live
v Pverage (1 frame )
Integrate ( 1 frame )

Mumber of Frames

USER INTERFACE The Tool Bar

Snapshot can also be activated from the Scan menu.

Image Capture with Photo

Selecting the Photo label in the Scan menu will allow a preset high
quality, high resolution image to be taken of the milled area. This
function also relies on preset conditions in the Scan Preferences.

Pause

The Icon button is 2 vertical bars. Clicking once on Pause will stop
the scan immediately without continuing to the end of frame. The 2
vertical bars stay black with the button pressed in. When the scan has
stopped the button remains pressed in.

When Pause is pressed two vertical green bars surrounded by a green
box appear, in the top left corner, of the full screen or quad that is
focused on at the time.

To release Pause click once on the pressed in button, the button will
pop out and the bars remain black.

Filtering

This section contains 4 items related by conditions of filtering of the
raw scanned image. The Icon button when clicked on passes from one
function to the next, and so on. When the down arrow is clicked on the
selection dialog opens so that the Average and Integrate functions
can be loaded with frame values.

The functions are as follows:

* The first 3 bricks(frames) represent Live imaging as one frame
follows the other. Therefore there is no filtering and this is the raw
scanned image.

* The second ascending 6 bricks(frames) denote an improving image
with successive Average of 2 or more frames. This process will
continue until stopped by change of scanning condition or by
freezing the result.

* The third stairway 6 bricks (frames) shows an increasing number of
frames that Integrate to an end value. This process will continue
until the predefined number of frames is reached, and then stop and
freeze automatically.

If you select 1 of these 3 options from a frozen (paused) image state,
the imaging will start automatically without the need to unpause it,
using the selected filter mode.

Number of Frames

The dropdown list box contains the type of filter and the number of
frames for each value of Average or Integrate. Live is always one
frame. Clicking on the arrow in the NUMBER OF FRAMES section to the
right will drop the list so that all filter values can be seen. Clicking
further on one of these values will invoke the display to update to that
condition. Frame values for average and Integrate are independent of
each other, and of scan speeds, so values can be preset for particular
scan, beam and Quad conditions. A filter should be set per quad, per
beam. So live and filtered images of a beam can be seen at the same
time and if the a new beam is chosen it reverts to the preferred setting
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Modes 1,2 or 3

The Mode icon displays one of three modes, either Mode 1 (Field
Free), Mode 2 (Immersion) or Mode 3 for EDX. Mode 1 is a Field
Free mode setting of the lenses for the column to allow low
magnification searching of the samples or sample area. Mode 1 is also
for x-ray analysis or magnetic samples, selection can be made in the
Preferences dialog Tab labelled BEAM. Mode 2 (Immersion) is a
higher resolution mode for the viewing of the sample at higher
magnification. Mode 3 is used for EDX operation where the lens is
used as the magnetic trap for EDX analysis.

Patterning

A 4 in 1 Patterning Icon button is used to Start/Pause/Resume
Patterning. When the Start/Stop/Pause/Resume Patterning button is
active it changes to the Start symbol in black.

When the Start/Stop/Pause/Resume Patterning button is active it
changes to the Stop symbol in black.

When the Start/Pause/Resume Patterning button is active it changes
to the Pause symbol in black.

When the Start/Pause/Resume Patterning button is active it changes
to the Resume symbol in black and depressed.

The Reset Icon button is gray when non-active and black when active.

NOTE: While E-beam Snapshot is running, pressing Stop
will pause the pattern so that it is in Resume mode and
therefore the pattern can be continued when Snapshot has
finish.

Record Movie

The RED dot is the start command button that starts the recording of
three videos, one for each of the three image quads at the same
moment. If a quad is paused when starting the video, only the first
image with a time stamp is stored. When the red dot, representing
“Start’, is pressed it turns to a RED box, representing ‘Stop’.

A RED dot and timer appears on each quad.The timer starts and
updates as the recording proceeds to the timing set in the Movie
Preferences Tab. The Recordings will automatically stop at the time
entered in the Movie Preferences Tab, otherwise when pressed, the
RED square then stops the recording of the video of all three quads
and closes the files. The two red bars indicate that the record is
running but the data from this quad is will not be stored automatically.

4022 262 61641



USER INTERFACE The Data Bar

The Data Bar

Data Bar

The Data Bar displays Instrument, Image and labelling information,
presented by preset choice via the Preferences dialog tabbed Databar.
This can be a combination of, for instance, kV, Detector, X and Y
coordinates etc. They can be placed in any order and will expand or
contract to fit. There is also a micron bar above the user’s label area.

FIGURE 4-20 THE DATA BAR

R

Data Bar Colour coding
The following table defines the status conditions of the DataBar.:

TABLE 4-3 DATABAR STATUS

Quad Status Scan Condition Background Colour | Text Colour
Selected Live Blue White Text
Not Selected Live Gray White Text
Selected Pause Blue White Text
Not Selected Pause Gray Black Text
Selected Patterning Light Green White Text
Not Selected Patterning Dark Green White Text
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USER INTERFACE Pages and Modules

Pages and Modules

Pages
8 MmN Yy The control icons above the page area on the right side of the screen
" %a;@ are organized into Pages. Several pages are divided into smaller
modules that hold specific functions. The most frequently used
controls appear as modules on more than one page. Select the page
required by clicking on the Icon. Allowing the cursor to dwell for a
few seconds over the icon will display a Tool-Tip giving the name for
the page. The page can also be selected from the drop down menu
below the word Pages on the Menu Bar.

v Beam Control
Mavigation
Fatterming
Frocessing
Detector
Sample Frep

Alignments TABLE 4-4 PAGES

Icon Buttons | Page | Modules

Beam Control | Vacuum
System

‘ Column
Tuning
Magnification
Beam
Rotation
Detectors
Status

Navigation Stage

Retractable STEM
Load Lock
Detectors

Status

4:1.

Patterning Pattern

Progress
| o]

Omniprobe

Gas Injection

End Point Monitor
Status

Processing Measurement / Annotation
B Digital Zoom
Enhanced Image

Detectors
Status

Detector Detector Settings
Charge Neutralizer

<
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TABLE 4-4 PAGES

USER INTERFACE Pages and Modules

Icon Buttons l Page

| Modules

Sample Prep

=

Pattern
Progress
Omniprobe
Gas Injection
Scan Rotation
Stage

Alignments

Alignment
Instructions
Steps
Status
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Beam Control Page
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The Beam Control Page is divided into modules:

* Vacuum

¢ System

e Column

* Tuning

* Magnification
* Beam

* Rotation

* Detectors

¢ Status

The Beam Control Page is a User level page. It contains the essential
components such as the vacuum control to pump and vent the system
and the beam and column modules to control either the Electron or the
Ion columns.

Column Type

The column control type will be displayed by the icon logo
representing either the Electron column or the Ion column. These can
be switched for operating in individual Quads from the two Icon
buttons on the Tool Bar.

FIGURE 4-21 COLUMN ICON LOGOS

ELECTRON BEAM IoN BEAM

On all pages the Status module is found at the base of the page.

Vacuum

The Vacuum module is used during specimen exchange or to change
the instrument status in the and around the final lens pole.

Pump

The PUMP button starts the pumpdown procedure for the specimen
chamber. For Turbomolecular Pump (TMP) systems evacuating the
specimen chamber is immediately through this pump. When the
chamber is evacuated, the system allows High Voltage to be switched
on when the pressure in the chamber and the column are ready for
operation.
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USER INTERFACE Beam Control Page

Vent

Pressing the VENT button initiates the following sequences for the

respective columns and GIS system:

* FElectron column: Switches High Voltage off and closes the
Column Isolation Valve (CIV).

* Jon column: Beam is blanked and closes the Column Isolation
Valve (CIV).

» The GISs close and retract, the GIS heaters are turned off.

System

The System module contains the WAKE UP and the SLEEP buttons.

Wake Up

Both beams can be started by clicking on the WAKE UP button. The
High voltages and lon Source (including heating if necessary) are
started with WAKE UP.

Sleep

Both beams can be stopped by clicking on the SLEEP button. The High
voltages and lon Source are stopped with SLEEP.

Column

The Column module contains the same controls for the Electron beam
or the Ion beam. These are:

Beam On
Pressing the BEAM ON button initiates the following sequences for the
respective columns:

* FElectron column: Switches High Voltage On/off and opens/closes
the Column Isolation Valve (CIV).

* [on column: Opens/closes the CIV, selects the last used aperture,
selects the highest High Voltage (30 kV) and turns the ion source
on, if it was not running.

When activated, the BEAM ON button changes from gray to yellow. If
you click the BEAM ON button when it is yellow, the button changes
back to gray. The Icon logo for the beam in active operation is
displayed at the right side of the module.

High Voltage

The High voltage slider can be adjusted to give the required voltage.
Both columns can be adjusted in this way.

The Electron column ranges from 200V to 30kV.
The Ion column ranges from 2kV to 30kV

Source

This is a progress indicator for the Electron and Ion source startup
from SLEEP.
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Tuning

The functions in this module are dedicated to the Electron beam only.

Lens Alignment

The LENS ALIGNMENT X-Y control moves the beam relative to the
Final Aperture to remove shift during focus. This may have to be used
during daily operation and can be easily corrected in conjuction with
the Lens Modulator.

Modulator

The MODULATOR button switches on an automatic modulation of the
focus. From the actual focus setting, it generates a focus range with a
minimum and a maximum focus. The range is dependent on the
applied magnification. This is only effective with the E-Beam.

Click with the left mouse button on the LENS ALIGNMENT area. The
four-way arrow cursor is shown on the full screen. Move the cursor
leftfight and updown, to control the lens align X and Y. The actual
position of lens align is always shown by the position of the crosshair
in the X-Y control.

Use this function at a fast scanning rate to view the immediate
response of the system with the modulator on. If the system is well
aligned, the rotation center is at the center of the image (at low
magnification, 200X). At higher magnification (>20,000X), the image
does not move from the rotation center during modulation of the focus
or during normal focusing actions. If out of center the X,Y controls of
the Lens Align are use to center the rotating modulation.

Clicking on the right mouse button while over the 2D box area will
show a small dialog to ‘Zero’ the control or to select it’s operating
function, linear or logarithmic. This is the same for all 2D controls on
this page.

Source Tilt

The SOURCE TILT X-Y control indicates the actual setting of the
electronic gun tilt with respect to its extreme settings. Source Tilt
changes the effective angle of illumination of the beam coming from
the source area of the electron column. Use it to manually center the
illumination (maximize beam brightness) on the Beam Defining
Aperture (BDA) in the crossover mode. This adjuster is a temporary
override of the setting predefined in the alignment procedure.

Click with the left mouse button on the SOURCE TILT area. The four-
way arrow cursor is shown on the full screen. Move the cursor left/
right and updown, to control the Source Tilt X and Y. The actual
position of Source Tilt is always shown by the position of the
crosshair in the X-Y control.

The Electron beam Icon logo is displayed at the right side of the
module.
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USER INTERFACE Beam Control Page

Crossover

The CROSSOVER button is available only when the System and
Column modules are in operation.

Crossover allows imaging of the source and is useful during the
alignment procedure. Also, if the column aperture is severely
misaligned, the image of the crossover can be very helpful. The
crossover is visible in a slow scanning mode, and as a help, the center
of the screen is marked with a cross. The crossover should be in close
vicinity to the cross. It can be set to the correct position by
manipulation of the aperture. If, in this condition, the crossover mode
is switched off, an image will appear on the screen.

Magnification

The Magnification module gives access to coupling the magnification
of both beams. The magnification is set with the slider and then
locked by ticking the box labelled COUPLE MAGNIFICATIONS. The Icon
logo for the beam in active operation is displayed at the right side of
the module.

Beam

The Beam module displays controls that are used by both Electron
and Ion beams.

Stigmator

The STIGMATOR is a two-dimensional X-Y control that allows you to
change the stigmator setting. The crosshair indicates the actual setting
of the stigmator. Click the left mouse button in the X-Y control. The
hand-cursor appears onscreen. Move the mouse left to right to modify
the X-stigmator. Move the mouse up and down to change the Y-
stigmator. Note that the stigmator range is coupled with the
magnification. When the stigmator has been adjusted correctly,
release the left mouse button. The position of the cross in the reserved
adjustment area updates. You can also use the SHIFT + right mouse
button for stigmation.

Beam Shift

The BEAM SHIFT is a two-dimensional X-Y control that allows you to
change the Beam Shift setting. The crosshair indicates the actual
setting of the Beam Shift. Click the left mouse button in the X-Y
control. The hand-cursor appears onscreen. Move the mouse left to
right to modify the X-direction. Move the mouse up and down to
change the Y-direction.

The Icon logo for the beam in active operation is displayed at the right
side of the module.
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Rotation

The SCAN ROTATION adjuster is a Preset/continuous control adjuster to
give access to set rotation angles as well as a variable angle values.

Detectors

Contrast
Use this adjuster to control the contrast of the active detector.

Brightness
Use this adjuster to control the brightness of the active detector.
The end arrows give a finer control. The mini sliders below the main

sliders give a linear control, while the large slider gives logaritmic
control.

Status

The Status area is used for the feedback of parameter conditions as the
system is being operated. These parameters may change due to the
application being monitored at any time. It is found at the base of all

pages.
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USER INTERFACE Navigation Page
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Overview
The Navigation Page is divided into modules:

« Stage
« Detectors
- Status

The Navigation Page is a User level page. It contains the essential
components for navigation.

Stage

The Stage page is divided into three tabs — (1) the Bulk stage; (2) the
flipstage (Strata 400 only), and (3) Tilt correction.

Bulk

The Bulk stage module allows control of the stage for positioning,
location store/recall, and mapping of coordinates. Stage coordinates
and stage map are the two major functions of the Bulk stage control.

The stage COORDINATES display numerical information about a
particular position. Position values can be entered to drive the stage to
a set position and a tick indicator occurs in the box to the left of the (to
be moved) parameter to indicate Target position. Coordinates can be
Actual, Target or Relative. Any or all movements can be locked. The
stage lock for any of the axes is graphically displayed in the Status
area as an open or closed lock.

The stage MAP displays the location of positions on the stage in a
visual map form and in a list for selection. Clicking within the stage
map area drives the stage to the position selected. Positions can be
stored in a file and contribute to a map of locations that can be
reintroduced at a later date for re-investigation of the same sample.
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Tilt correction

— Stage
Elu?k | Fig Tt Comection | To correct features to the tilted image when these are ticked in the
$ b boxes they become active.
[ Dynamic Focus Dynamic Focus
[ Tilt Correction Click in the checkbox to switch DYNAMIC FOCUS on or off. When
it is on, the scan slowly proceeds from top to bottom and the focus
rTilt Angle point is automatically changed according to the positive tilt of the
[v Automatic specimen. The focus should be sharpest in the middle of the
Manual oo e image. DYNAMIC FOCUS can only be used with scan rotation at
m ﬂ zero. You must enter SPECIMEN PRE-TILT for the calculations to
be accurate. DYNAMIC FOCUS can be used for a strongly tilted
Spec. Pre-Tilt oo *® specimen (either by the specimen surface itself or by stage tilt), when
| h | | 4 I the depth of focus is not sufficient. It results in an image with overall

sharpness.The DYNAMIC FOCUS is usually used usually at low
magnification.

Tilt Correction

Because the image is a two-dimensional representation of a three-
dimensional object, certain projection distortions occur. The more
highly tilted the specimen is, the more foreshortened its image will be.
Applying a tilt correction will compensate for foreshortening in one
direction on a flat specimen at a known tilt angle (80° range) and
when the tilt axis is parallel to the scan line.

TILT CORRECTION can only be used with scan rotation at zero.
You must enter SPECIMEN PRE-TILT for the calculations to be
accurate. For example, a square grid image will appear rectangular
when you tilt the specimen. Applying TILT CORRECTION will
correct the aspect ratio and restore the square appearance.

Tilt Angle

TILT angle gives a choice of selecting Manual or Automatic
operation of the DYNAMIC FOCUS and, or TILT CORRECTION
when ticked.

Detectors

Contrast
Use this adjuster to control the contrast of the active detector.

Brightness
Use this adjuster to control the brightness of the active detector.
The end arrows give a finer control. The mini sliders below the main

sliders give a linear control, while the large slider gives logaritmic
control.

Status

The Status area is used for the feedback of parameter conditions as the
system is being operated. These parameters may change due to the
application being monitored at any time. It is found at the base of all

pages.
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USER INTERFACE Patterning Page
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The Patterning Page is divided into modules:
« Pattern

» Progress

«  Omniprobe

« Gas Injection

« End Point Monitor

« Status

The Patterning Page is a User level page. It contains the essential
components to perform Patterning.

Pattern

Pattern shapes can be selected and drawn, their data entered and
displayed with this module.

A shape can be selected by clicking on the PATTERN SELECTOR and
the details filled in the pattern details list. The pattern is allocated a
number relative to that shape and is displayed in the PATTERN LIST.
When the PATTERN SELECTOR displays a yellow shape, that shape can
be drawn in the selected quad with the small cross cursor. The pattern
CONTROL CURSOR allows for selection between the drawn patterns in
a quad.

FIGURE 4-22 PATTERN SELECTION CONTROLS

HIDE

SERIAL

DELETE OR PARALLEL
PATTERN
SELECTOR
- HDE ==
CURRENT
SELECTED Rectangle > -
PATTERN\ Cleaning Cross Section
| v Regular Cross Section LI

Circle Advanced |

Line [*alue |
Falygon an

Bitmap Oprm

Stream File Opm
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USER INTERFACE Patterning Page

The pattern displayed via the PATTERN SELECTOR on the Patterning

—Pattern . . . .
Page responds to the pattern highlighted in the working quad.
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USER INTERFACE Patterning Page

Gas Injection

The Gas Injection modules provides the capability to select the type of
gas deposition or etch.

Overview Tab

On the OVERVIEW tab the checkbox to the left of the Gas Injector,
labelled 1N, is the toggle for in or out activation of the injector. The
gas type is the gas assignment to the port. The HEAT status is a toggle
between cold or hot, and the FLOW status is a toggle between closed or
open.

FIGURE 4-24 GAS INJECTOR OVERVIEW / DETAILS

Graphs | Options | Scalingl
171

[nA]

¥
16.1 g b 10
] f#ime

J56.8

—Gas Injection —Gas Injection

Owerview |Detai|s| Overviey  Details |
In Gas tvpe Heat  Flow Selected GIS IA Fort LI
COA Part Cold  Closed Mame [Value [«
D08 Port Cold  Closed Fosition Retracted

Heater O

Heat state Cold

Gas flow Clased j
Details Tab

Clicking on the DETAIL tab will display the characteristics of the
active Gas Injector. The characteristics can be changed by entering
the details to configure the injector.

End Point Monitor (EPM)

The End Point Monitor gives visual feedback to the progress of a
milling process. This device can be activated to start when patterning
starts, stop when patterning is paused and restart when patterning is
continued.

Graphs

The GRAPHS tab illustrates in live time the cutting depth progress
monitored by specimen current. This means the milling progress can
be observed as a colored graphical display, showing the specimen
current profile over the progressively milled area.

Options

The OPTIONS tab allows selection of any number of milling processes
being monitored to be graphically displayed. The ACTIVELIVE#
selected will be active until changed.

ACTIVELIVE# = Quad# The IC pattern started in Quad 1, ACTIVELIVEI
appears if set to display.
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'—End-point Manitor

FIGURE 4-25 EPM Options

— End-point Monitar
Graphs Options | Sealing |

Activelived
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rActivelivel
Activelive2
Activelived

Add To History

Delete

|

Scaling

The SCALING tab can be set via X UNITS to Time or Depth. This will

_ correspond to how the progress is observed.
Graphsl Options  Scaling |
# units ITime j
FIGURE 4-26 EPM SCALING
Method IAutn-zUDm j
. |~ End-point Manitor —End-point Monitar
® axis flin T , . : .
Graphsl Options  Sealing | Graphsl Options  Scaling |
I~ log |D |19903 | =
 units Tirme Aounits Time -
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M iog 0 [98359 Method | ' Method ”‘”” _______________________ ;
X axis Xaxis  [Eieedanom :
I~ log |u |19903 Il log Auto-pan_
Y axis Y oaxs
I~ log |0 [38353 oy |0 [38353
The operating METHOD can be selected from Auto-zoom, Fixed-zoom
or Auto-pan.
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USER INTERFACE Processing Page
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The Processing Page is divided into modules:

e Measurement / Annotation
+ Digital Zoom

+ Enhanced Image

+ Detectors

« Status

Measurement / Annotation

This module combines the functions for measuring and making
annotations in all images. A measurement tool, an annotation shape or
a text label can be selected from the first three icons on top of the
module, and then drawn in a image Quad. All objects are sequentially
indexed and displayed in list box below the icons.

FIGURE 4-27 MEASUREMENT FUNCTION ACTIVE

MEASUREMENT SHAPES , ANNOTATION
FUNCTION TeEXT
FUNCTION
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T!It Correction | Nane _ | AcTIVE
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Font Color =
Line \Width 1 LI
MEASUREMENTIDETAILS /
ENTERED AND DISPLAYED

Measurement

Measurement allows the user to draw various shapes on the Full
screen or the active Quad for purposes of displaying measurement of
linear distances, diameters, angles or areas of the image. Numerical
values are updated while drawing and display alongside or within the
finished measured item. Selection of individual properties can be
made in the property editor, some of these operating dropdown
choices, such as Color.
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— Digital Zoom

Annotation

Annotations allow the user to draw on the Full screen or the active
Quad for purposes of highlighting features by displaying linear
distances, circles, areas or text. Selection of individual properties can
be made in the property editor, some of these operating dropdown
choices, such as Color.

FIGURE 4-28 ANNOTATION FUNCTION ACTIVE
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The Measurement / Annotation module icons have the following
functions:

* Select Measurement / Annotation type. Selects (highlighted) /
deselects an measurement / annotation shape.

» Text. selects (highlighted) / deselects a text annotation. If no
measurement tool nor any shape or text label is selected, the
existing objects can be moved, resized or rotated using the mouse.

* Delete selected objects (Trash can) the objects list box enables to
select an existing measurement tool or annotation. Parameters of
the selected object are displayed and can be modified in the
property editor below.

NOTE: The Measurement tools have their physical dimensions
which scale with the image - when changing magnification, the
displayed tools change their size accordingly. On the contrary,
the Annotation shapes and texts have their sizes fixed relatively
to the Quad.

Digital zoom

The function can be used on live images, still images for the electron
beam, ion beam as well as the CCD Image. Using this function, it can

* Increase/decrease zoom factor
* Pan zoomed image
» Undo digital zoom or redo digital zoom (whatever is applicable).

The digital zoom factor can be displayed on the data bar. The zoom
icon is displayed on the zoomed image.
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USER INTERFACE Processing Page

Enhanced Image
Consists of functions for digital image enhancement and mixing.

The digital processing does not influence the original (raw) image
stored in the image memory, and therefore can any time be modified
or switched off (undone) completely. The digital image enhancement
can be applied to any detector image, including CCD, and also to
paused or loaded images. In contrary to Detector Contrast and
Brightness functions, the image enhancement functions are applied
only the active Quad, independently from other Quads settings.

Lut Tab

Contains tools for monitoring and modifying greylevels distribution
(histogram) of a greyscale image. The digital image processing
defined in this section is the first one applied to the image (possibly
after integration / averaging).

Presets List Box

Enables to select the Digital Contrast / Brightness / Gamma values at
once using a pre-defined or custom preset.

Digital Contrast Continuous Adjuster

enables contrast to be set in range from -10 to +10 (negative values
lead to an inverse imaging)

Digital Brightness Continuous Adjuster
Enables brightness to be set in range from -2.0 to 2.0

Gamma Continuous Adjuster
corrects image brightness non-linearly in range from -10 to +10

Graph Window - The Histogram Button

Switches on/off the greylevel histogram corresponding to the active
Quad image. Left / right side of the histogram corresponds to black /
white pixels in the original image, and the height of each red line is
proportional to the number of pixels with the corresponding gray
value.

FIGURE 4-29 ENHANCED IMAGE MIX FUNCTIONS

—Enhanced Image
LuT Mix 3 | i 4|

—Enhanced Image
LUT | Mix 3 Mic4 |

[Gray 8 bit = =1
Source 1

CESERC R
.Inv.l_C].Inv.l_C]
jrce
DInv.I_C]

— Source 2 —

2 Al 12
C]Inv.l_ DD Inv.l_D

— Select source: Source 3 — Select source:
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Graph Window - Save Button

Saves the current Digital Contrast, Brightness and Gamma settings.

Mix 3 / Mix 4 Tabs

Quad 1 is the top left and Quad 4 is bottom right, with the others
running horizontally. All quads can contain live images with Electron,
Ion or Optical beam. The Status of the Quad is also defined by the
Beam type (displayed by the beam icon) and whether it is paused or
not (displayed by the pause icon). Only one image window has focus
at any time (recognizable by a light blue data bar instead of a grey
one), although the others can have live images.

In Mix detectors mode, Quad 3 can display a mixed image from quad
1 and 2 images and Quad 4 can display a mixed image from quad 1, 2
and 3 images.

Source 1 - 3 Linear Continuous Adjusters

Enables to tune the mixing ratio of Quad 1 - 3 images. The value of
each adjuster (0 - 100%) says how big part of the resulting image
composes the corresponding source image. Changing one Source
value results in automatic change of the other (two) values so that the
sum of all Source values is always 100%

Invert Check Boxes

Inverts the corresponding Source image spectra. It has the same effect
as exchanging the left and right colours selection.

Mix 3 (1 + 2) / Mix 4 (1 + 2) Buttons

are useful for mixing into Mix 3 and Mix 4 respectively. They
switches between two mixing modes available in Quad 3 (Quad 1 +
Quad 2) or three mixing mode into Quad 4 (Quad 1 + Quad 2 + Quad
3). In Quad 3 (Mix 3), the Source 3 controls are disabled
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USER INTERFACE Detector Page

|~ Detector Settings

Detector: [ETD LI

hode: [l

250 %

M N o

Grid Yoltage

Default Grid “oltage |

— Charge neutralizer

Beam on

Filarment current

KN i

Grid voltage 5.0
KN *
Beam energy 28 e

KN i

—Bearm current

The Detector Page is divided into modules:

* Detector settings

* Charge Neutralizer

Detector settings

The Detector Page is a User level page. It contains essential
components for selecting a detector, change its settings, and also
contains an option function for controlling the charge neutralizer.

The selectable detectors for Electron beam and Ion beam operation
are listed in the Detector list box. Clicking on the list box arrow will
show the available detectors for either the Electron beam or the Ion
beam. It also will activate the mode selection for imaging. Depending
on the beam mode in operation only the relevant detectors and mode
will appear in the list. The default setting for both Electron beam and
ion beam is the ETD detector.

Customizing settings

Customizing a detector can be done by selecting from the drop down
list. All the default operating modes are with the selected detector and
mode. The customized value will be reset when another detector
mode is selected. It is possible to mix 1st and 2nd (and 3rd) Quad
detector signal in 3rd or 4th Quad by choosing Mix in the Detector
menu for Quad 3 (4). It will also activate the function of the Mix 3 or
Mix 4 in the Processing page / Enhanced Image module. The active
detector in a Quad can also be selected from the Detector menu
located on the Menu Bar.

Charge Neutralizer

The FEI Charge Neutralizer uses a low energy electron beam to
control charging induced by the ion beam. This allows imaging of
nonconductive materials and reduces electrostatic discharge-related
sample damage. The functions are:

* Beam On: Turns on filament.

* Unblank: Blank and unblank electron beam.
* Filament current: from 0 to 1.43 A

» Grid voltage: from -5 vto+5v

* Beam energy: from 28 eV to 200 eV

* Beam current: Display total beam current: changes in response to
beam and grid voltages.

You can adjust the Filament current, Grid voltage, and Beam energy
even while the beam is off.
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Sample Preparation Page

" —Pattem

]~ ‘m]]‘ HDE -

“ 4 > M

! =l

Basic |Advanced|

MName |‘\falue |
Application

* size Opm

' size Oprn

Z size Opm

DCwell Time 0s
ScanDirection Bottam To Top
Fel. Int. Diarn.(>) 0%

Bearmn Electron
TotalTime 0s

—Progress

Total Time : O

Overall Progress
Current Progress

Select All

— Dmniprobe
[~ Insert Omniprobe

—Gas Injection
Owerview | Details |

Heat Flow
Cold  Closed

In Gas Type
OEFt dep

— Ratation $ —

Scan Rotation

This page is the combination of a part of Patterning page and a part
of Navigation page. It is a dedicated page to control sample
preparation, especially for TEM specimen preparations. The functions
of each item are the same as described in the Patterning and
Navigation pages. To use this page, it can reduce numbers of mouse
clicks.

The Sample Preparation Page is divided into modules:
+ Pattern

+ Progress

+  Omniprobe

* Gas Injection

« Rotation
- Stage
Pattern

Pattern shapes can be selected and drawn, their data entered and
displayed with this module.

A shape can be selected by clicking on the PATTERN SELECTOR and
the details filled in the pattern details list. The pattern is allocated a
number relative to that shape and is displayed in the PATTERN LIST.
When the PATTERN SELECTOR displays a yellow shape, that shape can
be drawn in the selected quad with the small cross cursor. The pattern
CONTROL CURSOR allows for selection between the drawn patterns in
a quad. The pattern displayed via the PATTERN SELECTOR on the
Patterning Page responds to the pattern highlighted in the working
quad.

o[ o0+ 4

— stage

IActuaI vl

[T ® |-3D.?841 mm &l
[ v |11.3851 rrm

[z +g519530  mm 4@
T [0.1 > °
[T R |2.5 *4d

[T Compucentric Rotation

FIGURE 4-30 PATTERN SELECTION CONTROLS

HIDE
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DELETE OR PARALLEL
PATTERN
SELECTOR
Pattern
cwee TN 25 v
SELECTED Rectangle > "
PATTERN\ Cleaning Cross Section
| v Regular Cross Section ll
Circle Advanced |
Line |‘\falue |
Fabygon an
Bitrnap Opm
Siream File Oprn
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FIGURE 4-31 PATTERN PROPERTIES CONTROL

BACKWARD PATTERN
FORWARD Bl [N LIST
CONTROL
ll PATTERN
e~ Basic | Advanced | PROPERTIES
SELECTE |
PATTERN Name [Value 4T
Application
A size Opirn
IP:ROPERTIES ¥ sive ourr
EVEL £ size Opirn |
DwelTime 0s PATTERN
scanDirection Bottam fo Taop DETAILS
Fel. Int. Diam.(32) 0% ENTERED
Beam El AND
PROGRESS TotalTime Os DISPLAYED
BARS 1 -Progress
Total Tiva 0 SELECT
W ALL
Current Progress
Select Al /
Progress

This module displays the overall and current progress (over time) of
the active Patterning.

Omniprobe

The Omniprobe micro manipulator allows you to extract a TEM
sample in situ. By selecting or deselecting the checkbox the
Omniprobe needle can be inserted or retracted.

Gas Injection
The Gas Injection modules provides the capability to select the type of
gas deposition or etch.

FIGURE 4-32 GAS INJECTOR OVERVIEW / DETAILS

—Gas Injection —Gas Injection
Orverview |Detai|s | Owerview Details |
In Gas type Heat  Flow Selected GIS IA Fort LI
LA Port Cold  Closed Mame [value [«
L8 Port Cold  Closed Fositian Retracted
Heater O
Heat state Cald
Gas flow Closed LI

Overview Tab

On the OVERVIEW tab the checkbox to the left of the Gas Injector,
labelled IN, is the toggle for in or out activation of the injector. The
gas type is the gas assigned to the port. The HEAT status is a toggle
between cold/hot, and the FLOW status is a toggle between open/
closed.
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Details Tab
Clicking on the DETAIL tab will display the characteristics of the
active Gas Injector. The characteristics can be changed by entering

the details to configure the injector.
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USER INTERFACE Alignments Page

—Alignments

[

5 - Ernitter Startup

10-Saurce Tilt and Shift

11 - Autormated Source Alignment
13 - Stigrmator Alignment

17 - Stage Rotation Centre

29 - Auto Zero detectors
44-1UHR Lens Alignment

42 - UHR Stigmatar Alignment

43 - UHR Image Shift Correction

45 - HR Image Shift Correction
100 -%acuum. Start IGF's.
210 - lan Colurmn Alignment
253 - Supervizor: lon Beam

254 - Supervizor, GIS.

The Alignments Page is divided into modules:

e Alignment
¢ Instructions
* No Step

» Status (not seen here)

The Alignments Page is used to align the columns and determine fine
tuning for the electromagnetic system. The software stores column
parameters such as Gun Tilt X, Y, Gun Shift X, Y, and other data that
ensures minimum image shift when focusing and stigmating images.
When you click on the list box arrow, various available adjustments
are displayed.

Alignments
Displays the list of Alignments available to the Supervisor.

Instructions

Displays key procedural information for the alignment Step in
operation.

No Step

Steps range from O - # and indicate the actual step position during a
alignment procedure.

Alignment allocation

The Alignments are not in procedural order, please refer to the
Alignment Chapter for correct order of use.

Alignments allocated to Users:
* 13 Stigmator alignment

» 17 Stage rotation centre

Alignments allocated to Supervisors:
the User alignments are available, plus:
* 5 Emitter Startup

* 10 Source Tilt and Shift Alignment
* 11 Automatic Source Alignment

* 29 Auto Zero detectors

* 42 UHR Stigmator Alignments

* 43 UHR Image Shift Correction

* 44 UHR Lens Alignment

* 45 HR Image Shift Correction

* 100 Vacuum: Start IGP’s

* 210 Ion Column Alignment

* 253 Supervisor: lon Beam

* 254 Supervisor: GIS
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Status

-~ Status Status Module

Specimen current © 351 pA

lon Bearn Current © 8074 na This module can be found at the bottom of the most pages displaying

important current system parameters and animated icons. These

% b @ chivc parameters may change due to the application being monitored at any
= time.

* Specimen Current shows the total current absorbed by a
specimen.

* Ion Beam Current shows the primary lon Beam current. The read
out is only meaningful if the ion beam is blanked.

« Chamber Pressure shows pressures in the FEG IGP, E
Column IGP, I Column IGP and specimen chamber. The
vacuum status is also displayed with color icon, i.e., Green:
pumped to the desired vacuum mode; Orange: transition between
two vacuum statuses; Grey: vented.

TABLE 4-5 STATUS ICON FUNCTIONS

Icon Function

Dual column and Chamber vacuum.

Green columns and dark chamber = operating
vacuum in columns but chamber is to
atmosphere.

Dual column and Chamber vacuum.

Green columns and orange chamber = operating
vacuum in columns and chamber pumping
down.

Dual column and Chamber vacuum.

Green columns and chamber = operating
vacuum reached in all sections.

Stage axes lock.

Closed lock indicates any or all axes locked.

B | | = | K

Dynamic Focus.

Displays when Dynamic focus is on.

Q0

Scan rotation.

Displays when Scan Rotation is not zero.

&)

External.

O‘an Displays when the External scan mode is
operating.
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SpdFEG IGP:

1.24e7 Pa

lon|E Column IGP: 3.8%e-7 Pa

Chamber:

| Colurmn IGP: 1.9%5e-6 Pa

0.85e-56 Pa

=J

USER INTERFACE Status

* Tool Tips — Placing the cursor over the Status area will display the

tool tip giving more precise information.
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Entering Commands

Select 1 Focus
ron=1 10| |+shift=
Beam .

Wheel Up & Down T

Wheel Press ©

4-68

Using the Mouse

The mouse buttons control imaging correction, selecting functions,
scrolling magnification up/down and moving the stage in X and Y
with TRACK mode. Mouse buttons are activated by a click or double-
click or in conjuction with a key on the keyboard.

TABLE 4-6 MOUSE BUTTON FUNCTIONS

Button Function

Left Control Areas: Makes selection in control areas
(single arrow cursor)

Left Quad Areas/Full Screen: Double click activates
the GET function and moves the stage position
clicked-on to the center of the field of view.
(single arrow cursor)

Ctrl + Left Activates Beam Shift (quad ended arrow cursor)

Right Focuses image (double ended arrow cursor)

Shift Key + Activates stigmator control (quad ended arrow

Right cursor)

Shift Key + Fine Control. Moving the wheel up increases

Wheel Up/ the magnification. Moving it down decreases

Down magnification.

Crtl Key + Coarse Control. Moving the wheel up increases

Wheel Up/ the magnification. Moving it down decreases

Down magnification.

Wheel Press | Pressing the wheel like a button activates the
TRACK mode for joystick -like movement over
the sample surface, viewed fullscreen or in
Quads 1-3 mode.

In Quad 4 (CCD mode) the same function
activates the Z movement. With the wheel
pressed, moving the mouse up will move the Z
up and moving the mouse down will move the Z
down. This activity can be seen live in the CCD
Quad 4 window.

To focus with the mouse, press the right mouse button and move the
mouse to the left or right. Release the button to set the focus.

To Stigmate the image, press the Shift key and the right mouse button
and move the mouse to the left or right, or up or down to correct.
Release the buttons to finish.
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Using the Keyboard

Dedicated Windows keys

Some keys are dedicated Windows keys:

TABLE 4-7 DEDICATED WINDOWS kEYS

Key Function

ENTER Equivalent of oK in a dialog box.

ESC Equivalent for the CANCEL button.

TAB Step key to highlight items in a dialog box.

ARROWS Use to select between items in a group when in
an edit box.

ALT Use ALT in combination with a character
(underlined characters in the menu items) to open
the pulldown menu in the active application.
For example, pressing ALT and M at the same time
brings up the Magnification pulldown menu.

ALT-TAB Use these keys to show the last used program.

(simulta- Continue to press the TAB key (while holding

neously) down the ALT key) and applications that are
resident are shown one by one. When the
application you want is shown, release the ALT
key and it becomes active again.

ALT-F4 Exit Application software and Windows.

(simulta-

neously

DEL Deletes an item in an edit box.
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Function Key Short-cuts

Function Keys can be found at the top of the Keyboard and work
either on their own, and with Shift or Ctrl keys.

TABLE 4-8 FUNCTION KEY SHORTCUTS

Function
F1 On-Line Help (only switches ON)
F2 Photo
F3 Toggle Videoscope
Shift F3 Home Stage
F4 Electron Snapshot
Shift F4 Modulator
Ctrl F4 Ion Snapshot
F5 Toggle Quad Screen / Full Screen
Shift F5 Toggle Center Cross
Fé6 Toggle Pause / UnPause
Shift F6 Frame in Quad/Screen
F7 Toggle Reduced area On / Off
F9 Auto Contrast and Brightness
Shift F9 Link Z to FWD
F11 Auto Focus
Shift F11 Display Saturation
F12 Compucentric Rotation
Shift F12 Scan Rotation
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Specific short-cuts on the Keyboard
These are Keyboard short-cuts for specific functions.

TABLE 4-9 SPECIFIC KEY SHORTCUTS

Key Function

Ctrl + 0 centers X and Y stage axes to 0,0

Ctrl + F Sets FWD to Eucentric height (5 mm)
Shift + N Next Line (Ion Beam skips to next line)
Ctrl+ O Preferences dialog

Ctrl+P Prints to selected device

Ctrl + S Save

Ctrl+ T Active beam toggle

Tab Steps between controls

Ctrl + Tab Steps between Quads

Ctrl +, Slower Scan

Ctrl +. Faster Scan

Shift + P Next pattern

Shift + N Next line

-+ Increases magnification

- Decreases magnification

w Rounds off magnification to nearest whole
number.

Arrows Move one field (80%) of view in the direction of
the arrow.
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Hardware Interface Elements

LCD Monitors

The control software facilities and data are displayed graphically on
one of the LCD monitors and are superimposed around and on the
image. The other LCD monitor is used for optional or related programs.

The System Computer

The system computer activates the Start-up conditions of the Strata
from a software base. Users Log-on to Strata from the Windows 2000
base. Start-up and Shutdown of the Hardware are restricted to the FEI
Service Engineer or an Authorized Supervisor, with the exception of
the EMO buttons. See: User Manual, Chapter 3, System Operation.

Stage Controls

The Nova NanoLab stage is software/hardware controlled for five
axes: X,Y, Z, Rotation and Tilt. See: User Manual, Chapter 6,
Navigation.

Manual User Interface

The Manual User Interface (MUI) provides knobs to perform
functions that can also be performed with the software:

* Imaging: Brightness and Contrast control

» Stigmator: X and Y control

» Magnification: continuous control of magnification up or down.
+ Shift: X and Y Image shift control

* Focus: Coarse and fine control

TABLE 4-10 MUI SOFTWARE CONTROL EQUIVALENTS

MUI | Software Equivalent

IMAGE CONTRAST Contrast and brightness adjusters on pages, or Auto
BRIGHTNESS Contrast and Brightness Icon button on Tool bar.
STIGMATOR Shift + right mouse button

MAGNIFICATION +/- keys on numeric keypad.

Shift + Mouse wheel for fine control.
Ctrl + Mouse wheel for coarse control.

SHIFT Ctrl + Left mouse button

FOCUS Right mouse button

Control Sensitivity

Sensitivity can be adjusted for all controls except Magnification by
presetting the various sliders via the Preferences, Sensitivity Tab.
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5 . WORKING WITH NOVA NANOLAB

This chapter describes the essential parts of the system from a How-
to-Use oriented point of view for Supervisors and Users. These
procedures assume you have at least read and are familiar with
Chapters 3 (System Operation) and 4 (The xT User Interface).

It begins with default set-up conditions to check before using the
system and includes procedures for the following:

Starting your session

Ending your session

Preparing the sample
Exchanging the sample
Obtaining and optimizing images
Recording images

Printing

Save, Save As, Open, Import/Export
Use of Detectors

Use of Beam conditions

Use of Preferences
Patterning/Milling/Sections

Use of the GIS

Use of the EPM

Use of Measurements

Use of Annotations

For Administrators there is a management software for organising
Supervisors and Users. This is described at the end of this chapter
under the title:

FEI User Management Software

5-1
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Starting the xT-Ul

Click on START UI in the Server Dialog to start the User interface.

The xT splash screen displays while the software is loading:

FIGURE 5-1 STARTUP XT SPLASH SCREEN

After the UI has loaded, Log-on as Supervisor or User.

A dialog for loading your conditions will display and then the User
can proceed to start the sources and operate the Strata.
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Default Conditions at xT Start-up

The following system defaults apply upon first startup of the Server,
not when a new user logs in.

The system starts up with the E-Beam selected.

TABLE 5-1 XT STARTUP CONDITIONS

Sirion Sidewinder
Parameter Electron Column lon Column
Resolution mode Mode 1 N/A
Magnification 100 X 250 X
Working distance 5.0 mm 16.5 mm
Focus Eucentric height Eucentric height
Spotsize 3 1 pA aperture
kV 5 kV accelerating voltage 30 kV beam voltage
Filter Slow: Integrate 1, Average 4 Average 2

Fast: Integrate 64, Average 4

Detector SED CDEM

Column Apertures 30um (manual change) Drives to normal
imaging aperture
position to protect the
sample

Page Beam Control Beam Control
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Guide to System Settings

Operations Checklist

Follow these general guidelines until you become more familiar with
system operation. Later, you can customize these settings to meet
your sample needs.

TABLE 5-2 NOVA NANOLAB SETUP CONDITIONS

Adjustment Location E- Beam Setting lon-Beam Setting
Cursor focus Click on Quad Any Quad or Screen E-Beam Any Quad or Screen
required functions. [-Beam functions.
kV Beam Control page Select kV relative to sample type: 30 kV for fast
low kV for nonconductors milling
high kV for conductors 5kV for cleaning

Example: IC sample = 5 kV

Spotsize E-Beam dropdown Spot 3 100 pA 30 kV
Scan Toolbar button or Medium resolution Medium resolution
Scan menu Fast scan Fast scan
Magnification Magn menu or 20 X 200 X
MUI
Eucentric Height | Navigation Page/ 5 mm 16.5 mm
Stage
Averaging Toolbar button No Averaging or Average 4. No Averaging or
Average 4
Contrast and Detector Adjusters With Contrast at zero value adjust Same as E-Beam
Brightness or MUI Brightness to just show a change in

intensity to the screen. Increase the
Contrast to produce a reasonable
image on screen. Increases in
Brightness and decreases in Contrast
produces softer images. The reverse
produces sharper images.
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Beginning Your Session

—%acuum
“ent
—System
Wake Up Sleep
—Column % —
High “oltage
o]~ 10.00 kv =|+
—Tuning —
Lens Alignment Source Tilt
T -|r
Modulator Crossover

Usually, the Strata remains on (with the electron column emitter on)
but with the ion column LMIS off. High voltage (HV) is typically off
for both columns.

Follow the steps in TABLE 5-3 below when beginning the first work
session of the day. Throughout the day, the Strata stays on from
session to session.

TABLE 5-3 BEGINNING YOUR SESSION

—Magnification————— % =
[T Couple Magnifications

Magnification 1000 x
| 1 | | 4 I
—Beam =

Stigmator Beam Shift

| |

— Rotation % —

Scan Rotation

o] oo 4]

—Detectors
Contrast 526
| L} | | 3 I
Brightness ) 51.4
| L} | | 3 I
— Status

Specimen Current @ .0.34  na&
lon Beam Current © -2.41  pA

\aNo

Step Action

1

Enter your name and password in the Login dialog box for
Windows 2000 accessed at startup. Start the application.

Click open the Beam Control page. Check and set the
conditions recommended in the Strata Setup Conditions,
previous table.

If a sample is not already in the sample chamber, insert one
according to the directions for loading samples (found later
in this chapter).

Click WAKE UP if the System module indicates it is in SLEEP
mode.This typically take Sminutes.

This process will start the High Voltage on both columns
and open both isolation valves.

The Beam that is primary is indicated by the logo in the
column module (in this case Electron). The High Voltage
slider can be adjusted to that required for the primary
Electron beam. By switching beams on the Tool bar the
Beam Control page will revert to the other beam (in this
case lon) for adjustment to be made.

Focus the cursor on Quad 4 and turn on the CCD camera.
This is to monitor the positioning of the sample relative to
other items in the chamber.

Focus the cursor on Quad 1 and click UNPAUSE on the tool
bar to release Quad 1 to the scanning of the E-Beam. Click
on AUTO-CONTRAST AND BRIGHTNESS in the Tools menu,
or control the CONTRAST and BRIGHTNESS from the
DETECTOR module found on most pages.

Focus and stigmate the image using the mouse or MUI.
Click on the Z-FWD icon in the tool bar to calibrate the
physical position of the sample.

5-5

4022 262 61641
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TABLE 5-3 BEGINNING YOUR SESSION

Step Action

8 Go to the Navigation page and set the Z value to 5 mm and
click on the GOTO button. A fairly flat sample should now
be at the eucentric height. To check this for more
topographical samples, rock the tilt control by 3° either
way over zero (-3 to +3) by entering the values in the T box
and clicking on GOTO. Adjust the mechanical Z on the stage
to correct any small offset due to varying height on the
sample surface.

9 Focus the cursor on Quad 2 and click UNPAUSE on the tool
bar to release Quad 2 to the scanning of the [-Beam.
Control the CONTRAST and BRIGHTNESS from the
DETECTOR module found on most pages. Focus and
stigmate the image via the mouse or the MUI.

10 Focus back on Quad 1 and unpause the SEM scanning.
While observing the electron beam image in quad 1 set the
tilt control to 52° by entering the value in the T box (STAGE
module) and clicking on GOTO. Save the stage condition in
the LOCATION list in the STAGE module.

At this point you will be able to image the Electron Beam image in
Quad 1 and the Ion Beam image in Quad 2 at the eucentric height, 52°
tilt, and ready to search the area of interest necessary for lon Beam
milling or patterning.

Importance of Beam Coincidence

The Electron and Ion columns are mounted as illustrated in the
following figure, which shows the stage tilted to 52°. Coincidence of
the beams occur at the eucentric tilt axis.

FIGURE 5-2 RELATIONSHIP OF THE TWO COLUMNS

lon column

a

Electron column

16.5 mm

(Not to Scale)
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WORKING WITH NOVA NANOLAB Ending Your Session

When you are done with your session, log out, leaving the system
ready for the next operator.

TABLE 5-4 ENDING YOUR SESSION

—%acuurm
“ent
—System
Sleep
— Column @—
Source
Beam On @ e
High “oltage
Lo~ 000 kY —|+
— Tuning =
Lens Alignment Source Tilt

(]
_|.

—L

—Magnification
[~ Couple Magnifications
Magnification

|<| | PI

Step Action

1

Click off the BEAM ON buttons (for the electron and ion
beams).

If the system will not be used any more that a day, click the
SLEEP button to turn off the ion column SOURCE. (The
buttons should turn gray while the Wake up button
becomes active.)

For Supervisors only: Go to the Navigation page, unlock
or lock any stage conditions depending whether the stage is
to move on vent or not. Vent the chamber via the VENT
button on the Beam Control page and remove your
sample. The Vent cycle includes an automatic safety
positioning of the stage, unless the stage is locked. Pump
the system down by clicking on the PUMP button on the
Beam Control page.

Log Off the xT User Interface by selecting Log Off from
the File Menu.

—Beam @—
Stigmator Beam Shift
I I
—Raotation =

Scan Rotation

o]

—Detectors
Contrast 931
| L} | | 3 I
J—
Brightness 50.0
| L} | | 3 I
— Status

Specimen Current @ 3915 nA
lon Beam Current © 214 nA
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Preparing the Sample

5-8

Needed Tools and Supplies
You will need the following tools and supplies:

* Various Allen and Torx wrenches
* Class 100 clean room gloves
» Sample stubs or wafer holders

* Prepared sample

NOTE: Always wear lint-free clean room gloves when
reaching into the specimen chamber or loadlock to prevent
leaving oils, dust, or other contaminants inside the
loadlock.

Preparing the Sample

The sample material must be able to withstand a high vacuum
environment without outgassing. It must be clean. Oil, dust or other
materials may cause sample charging or contaminate the chamber,
which could hinder or even prevent evacuation.

Mounting the Sample on the Holder

If you are using a wafer piece or other sample, attach it to the sample
holder using any suitable SEM vacuum-quality adhesive — liquid
silver, carbon or double-sided tape. The sample must be electrically
grounded to the sample holder to minimize sample charging. If using
double-sided tape, make sure the sample is attached to the holder in
some way for grounding.

NOTE: The sample holder is not directly grounded to the
chamber ground because it is connected to the BNC feed
through on the chamber door. This is to allow
measurement of sample current.

If the sample is nonconductive (plastic, fiber, polymer, or other
substance with an electrical resistance greater than 1010 ohms), the
sample may be coated with a 200-300 angstrom layer of carbon.
Rough surfaced samples must be evenly coated from every direction.
This conductive layer minimizes sample charging, increases beam
stability and improves image quality.

Maximum Sample Dimensions

Maximum Sample Dimensions
The xT Nova NanoLab can accommodate up to 6" wafers.

CAUTION! Store samples and sample holders in a dry
nitrogen storage cabinet. Dust on samples can get drawn
into the electron column, degrading imaging and requiring
an FEI Customer Service call to correct the problem.
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Exchanging samples

To exchange samples loaded onto the standard holder or Sample Vise
proceed with the steps in the following table.

TABLE 5-5 EXCHANGING A SAMPLE

Step Action

1 Click off the BEAM ON button on the Beam Control page.
Go to the Navigation page, unlock all stage conditions if
necessary.

2 Vent the chamber via the VENT button on the Beam
Control page.

The Nova 200 stage remains at the set Z position.
The Nova 600 stage moves to it’s lowest Z position.

3 Open the door and exchange the sample. On the Nova 200
stage check that the height of the new sample does not
exceed that of the previous sample by way of the Sample
Height Adjuster Tool. If the sample height is higher then
turn down the mechanical Z to suit the Adjuster Tool.

I— Smm I—lmm\

| m— N E—

On the Nova 600 stage use the CCD live image to check if
sample height is OK. The stage moved to the lowest
position when vented; adjust stubholder height if
necessary.

4 Close the door and pump the system down by clicking on
the PUMP button on the Beam Control page.

When the vacuum is correct follow the steps referred to in
‘Beginning Your Session’.

5-9
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TEM Grid sample handling (option)

Loading TEM grids

A rowholder containing TEM grids or pre-thinned samples mounted
on ‘C’ shaped grids can be mounted in the Sample Vise.

NOTE: Use gloves whenever handling vacuum parts, work
clean preferably in the laminar flow cabinet. To make work
easier, the mounting base can be placed under an optical
microscope in the flow cabinet.

FIGURE 5-3 REQUIRED MATERIALS

1) Specimen table
or Mounting Base

2) Hand clamp
3) Row holder
4) TEM sample

5) Pair of tweezers

1. Pickup the row-holder, and hold over the slot in the mounting base.
Line up the location to be loaded (the tip of the leaf spring finger)
with the central loading region on the mounting base. When the
position is lined up, the row-holder will slide down over the pin in
the slot of the mounting base (there are holes through the row
holder under each leaf spring finger that the pin slides through).

2. Clamp the row-holder on the mounting base using the thumbwheel
screw. The spring of the row-holder will now open.

FIGURE 5-4 CLAMP THE ROW HOLDER ON THE TABLE

. - . &- 4 W — |,
el B el il el Bl ey
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CAUTION: There is no need to tighten the thumbwheel
screw too hard. It is only used to make sure the row-holder
is held against the bottom of the slot, so the pin lifts the leaf
spring finger far enough to allow sample loading.

3. Locate the TEM sample or grid to be loaded and put it on the
mounting base, using either mechanical or vacuum tweezers.

NOTE: On either side of the central dark loading region, the
slot edge of the mounting base is cut away to allow
tweezer access from the side.

4. Manoeuvre the sample under the clamping spring of the center
position of the row-holder.

5. Gently release the clamping screw. The specimen is now clamped
by the row-holder itself.

FIGURE 5-5 TEM SAMPLE / TEM SAMPLE MOUNTED

6. Remove the row-holder from the mounting base by grasping both
ends with the hand clamp or a gloved hand and lifting.

FIGURE 5-6 USE OF THE HAND CLAMP
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7. Using either the hand clamp provided or a gloved hand, place the
row-holder into the Sample Vise.

Sample Vise
On a Nova NanoLab use the Sample Vise, to hold the sample mounts.

FIGURE 6 SAMPLE VISE

The Vise fits directly onto the rotation table of the NanoLab stage.
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WORKING WITH NOVA NANOLAB Obtaining an Image

How an Image is Produced

All scanning beam microscopes produce images with the same
fundamental technique: the primary beam is scanned across the
sample surface in a regular pattern called a raster. Normally, this
raster consists of a series of lines in the horizontal (X) axis, shifted
slightly from one another in the vertical (Y) axis. Simultaneously, a
spot of controllable brightness is scanned over the display area of a
monitor in the same pattern.

The signal, emitted by the sample surface as it is illuminated with the
primary beam, is collected by the chosen detector, amplified, and used
to adjust the brightness of the spot.

Relationship Sample to Image

The spot must be scanned across the screen very rapidly so that the
human eye sees it as a continuous image and not a moving spot.
Because most beam scanning takes place at rates too slow to provide
the illusion, the slowly gathered image is loaded into computer
memory. This stored image is displayed at a fast scan rate, but
updated only at the beam scan rate.

The raster consists of many (typically one million) individual
locations (pixels) that the beam visits. As the beam is scanned, the
signal emitted by the sample at each beam position is measured and
stored in the appropriate digital memory location. At any time after
the beam scan, the computer can access the data and process it to
change its properties, or use it to generate a display. Because of this
direct correspondence, the image displayed on the monitor is directly
related to the sample surface. The sample surface is rotated 180° with
respect to the front of the loadlock.

FIGURE 6-7 RELATION BETWEEN VIEWED IMAGE AND STAGE

+Y
+X
+X

Monitor +Y
Front of / Loadlock or
System Wafer Handler

When you move the stage in the +Y (up) direction
on the monitor, it is physically moving toward you.

This drawing is also an indication of reference for the wafer map.

5-13
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Set up for Imaging

— . . .
AE The following assumes that the source is already on and is set to
Vent operate when the BEAM ON button is pressed. Use the following
— System procedure to obtain an image of the specimen with either beam:
Wwake U =l
e - TABLE 6-1 OBTAINING AN IMAGE
—Column % —
Step | Action
i) Al 1 On the Beam Control page for the active beam, click
Mj 10.00 kY T on the BEAM ON button, found in the COLUMN module,
~Tuning ~ to ramp up the high voltage.
Lens Alignment Source Tit 2 Focus the cursor on Quad 1, 2 or 3 and click UNPAUSE
| on the tool bar to release the chosen Quad. An image
d 4 will appear in the focused Quad (1,2 or 3). Focus the
T T image with the mouse or MUL
Modulator Crossover 3 Click on the Z to FWD icon button on the Tool Bar.
—Magnification————— % =
[~ Couple Magnifications 4 Click on AUTO-CONTRAST AND BRIGHTNESS in the
bagnification 1000 x Tools menu, or control the CONTRAST and BRIGHTNESS
| 1 | | » | from the DETECTOR module found on most pages, or
2 from the MUL.
—Beam % =
Stigmator Eeam Shift 5 Adjust to a suitable magnification via the Tool bar
MAGNIFICATION list box, or the keyboard plus and
. ; minus keys, or from the MUI. Correct the focus and
T T astigmatism.

— Rotation % —

Scan Rotation

o] oo 4]

—Detectors
Contrast 526
| L} | | 3 I
Brightness ) 51.4
| L} | | 3 I
— Status

Specimen Current @ .0.34  na&
lon Beam Current © -2.41  pA

\aNo
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Detectors for Nova NanolLab

Detectors Scan Imaging Detectors (general)

v ETD (5E) The Detector menu shows the imaging detector(s) installed on your
TLD (BSE) system for imaging. A tick marks the active detector.
STEMI (A+B) . - o
CDEM (SE) The I-Beam has one active mode for milling and imaging, whereas the

E-Beam has Mode 1 for low magnification ‘Search’ conditions, Mode

cep 2 for ‘High Resolution’ imaging and Mode 3 for ‘Analytical” work.
I¥i Detector selections are tied to the choice of the active beam. The

system always reverts to the last detector used for that beam.

e TLD-S can be used with either Beam in Mode 1 or 2.

+ TLD-B, TLD-C, and TLD-D are E-Beam specific for Mode 2 with
magnifications greater than x1000.

* The SED is only used with either beam in Mode 1 or Mode 3.
* CDEMH-I is used with the I-Beam and CDEM-E can be used with

Detert . :

Cgemer;;trs £33 either beam. (Optional).

| 14 | | 4 I e The STEM is used with the E-Beam in Mode 1, 2 or 3.
Brightness 473 When you select a detector, the contrast and brightness adjusters
| 1 | | 4 I default to the settings last used for that detector.

TABLE 6-2 DETECTOR MODES

Detector Detection
Type Mode Default range
Thru-the-Lens TLD-S Mode 1,2 0r3 | S=+150V (Mode 1 or 3)
Detector TLD-B } S=+50V (Mode 2)
TLD-C v Mode 2 B=-150V
TLD-D C=0V
D=+150V
Secondary ETD Mode 1 S=-150to +300 V
Electron Mode 3
Detector
Continuous CDEM-I Secondary-ion | Bias Grid =+300 to -300
Dynode Front End Voltage = +300
Electron CDEM-E | Secondary- to -2500
Multiplier electron
(Optional)
Scanning STEM 1 Transmitted segment A
Transmission Electrons segment B
Electron Mode 1,2 0r3 | segment A plus B
Detector A minus B
(Optional) segment A minus

5-15
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5-16

Changing Detectors or Custom mode

All detectors, when active, show live-time operation except while
Patterning is in operation. Therefore when changing detectors or
changing conditions, such as on the Detector Page for the Custom
modes, the active detector(s) will show the changes in live-time.

Beam indicators

On the Detector Page a similar dialog module will appear for each
detector. At the time the dialog opens a beam indicator icon will be
present in the dialog to show the beam in use.These change in the
Detector Page module automatically as different Quads are chosen to
display different detector images

FIGURE 6-8 BEAM INDICATORS
ELECTRON %
BEAM

ION

BEAM @

On hold changes when Patterning

During the patterning process the Detector Menu is still in use, but
setting changes will not become active until Patterning has stopped or
been interrupted. The Custom modes in the Detector Page are still
available. Typical times when changes may need to be made to a
detector while patterning is when Snapshot or Grab Frame will be
used during a patterning session. These facilities can be setup in
advance. When patterning has stopped the last scan detector and scan
conditions will be active.
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Standard Imaging Detectors

Defectors  Scan

v ETD (SE)
TLD: (BSE)
STEMI (A+B)
CDEM (SE)

cch

i[F4

" Detectar Settings

Detectar: (ETD

Grid Waoltage 2ol
K I
¥

Default Grid Yoltage |

ETD

The Everhart Thornley (ETD) is a scintillator type detector
monitoring secondary electrons generated for collection outside of the
lens. It is mounted in the chamber above and to one side of the
sample. It is a photo-multiplier detector and only works in Mode 1
and Mode 3.

The ETD detector can be used by default as a SE or BSE detector. The
ETD switches off during venting of the specimen chamber. The
normal secondary electron operating setting for imaging is +300 V
and -150V for backscatter electron collection. These settings are
ordinarily preset at the factory but you may need to adjust the Custom
condition for optimum imaging on individual specimens

FIGURE 6-9 ETD DETECTION CHOICE

Mode:lSecnndary Electrans LI

Grid Woltag| Backscatt

| | Custom

I

‘ Default Grid antagel

ETD Custom settings

Clicking on the dropdown list arrow will reveal the Custom mode at
the end of the list. Clicking on the Custom mode will activate the
adjuster(s). These are to vary the custom mode of the detector. When
grid bias is negative, secondary electrons are repelled from the ETD
detector and only backscattered electrons are detected. The biasing
capability is from -150V for only backscattered electrons to +300V
for secondary collection.

FIGURE 6-10 ETD CUSTOM MODE

— Detector Settings—————— —

|« | 3%

Detectar: IETD

hode: ICustDm

Grid Yoltage

L]

[

Default Grid “oltage |

: =
=2 L

Selecting any ETD mode will set that mode label in the ETD position
in the Detector menu. All changes made are visualised in live-time
(except while Patterning), the detector responds immediately.
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Defectors  Scan

ETD (SE)

v TLD (BSE)
STEMI (A+B)
CDEM (SE)

cch

i[F4

| —Detector Settings

Detectar: |TLD LI

suction Tube Yoliage 10

Kl I

Default Suction Tube Valtage |

TLD

You can choose up to four defaulted modes and one custom mode
from Thru-the-Lens (TLD) detector on the Detectors menu. The
current choice is displayed next to the TLD label in the Detector
menu. The TLD detector works in Modes 1, 2 and 3.

Mode 1 and 3

In Mode 1 and 3 the TLD will only show Secondary and Backscatter
Electrons as the choice. Custom is also available to work with a grid

voltage between the two conditions of electron collection. To vary the
grid voltage for this detector first click on custom mode and this will
activate a variable control for the detector.

FIGURE 6-11 MODE I & 3 TLD CHOICES

Mode: ISecnndary Electrans _I

condary Electrons
5rid Yaoltag|Backscatter Electrons

| | Custom

I

Default Grid oltage |

Mode 2

In Mode 2 the TLD shows all four defaulted collection choices
including a custom mode.

FIGURE 6-12 MODE 2 TLD CHOICES

Mode: ISecnndary Electrans _I

SUCtion TutBacksctter Electrnns

| | Charge Reduction
Down-hole visibility

Custom

Default Suction Tube oltage

TLD Custom settings

Clicking on TLD Custom while in either Mode 1,2 or 3 will display
an adjuster to vary the custom mode of the detector. For Mode 1 and 3
this will be labelled ‘Grid Voltage’, and for Mode 2 ‘Suction Tube
Voltage’. The TLD detector can have the voltage changed within the
lens to give custom variations of electron collection. When grid
voltage is negative, low energy secondary electrons are repelled from
the TLD detector and only backscattered electrons are detected. When
grid voltage is positive, low energy secondary electrons are collected
by the TLD detector. The biasing capability is from -150V for
backscattered electrons to +150V for secondary collection.
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Optional Imaging Detectors

Deftectors  Scan

ETD (SE)

TLD: (BSE)

STEMI (A+B)
v CDEM (SE)

cch

i[F4

—Detector Settings % =

Detector: ICDEM j

Mode: ISecnndary Electrons j

Erid 2400
[ »l
Bias 250
[ »l
El. Gain

1.78
4 b || Default |

CDEM (Option)

The Continuous Dynode Electron Multiplier (CDEM) is a charged
particle detector mounted near the end of the ion column. The CDEM
and pre amplifier collect and convert secondary electrons or ions to
form a imaging signal.

FIGURE 6-13 CDEM DETECTION CHOICE

|~ Detector Settings

Detectar: ICDEM LI

ondary Electrans LI

Mode: "

(Grid

| l Secnndary lons

Custom
Bias 250
|1| PI

CDEM Custom settings

Clicking on Custom mode will display the sliders for adjusting Grid,
Bias and Electrical Gain to vary the custom mode of the detector.

The Electron beam and Ion beam modes have their separate Detector
modules distiguished by the beam indicator for Electron or Ion.

All changes made can be visualised in live-time (except while
Patterning), the detector responds immediately. Changing aperture or
spotsize using the menus or custom controls affects the contrast of the
secondary particle detectors. Contrast is reduced automatically when
you change the aperture to a larger beam current.

TABLE 6-3 CDEM DETECTOR SETUP GUIDELINES

Sec. lons Sec. Electrons Corresponding
Adjuster Voltage Range Voltage Range Hardware
Grid Bias 0to-150V 0to+250V Collector
Front End 0 to -2500 V 0to+150 V Front end voltage

Custom effect on Beam Shift

Large changes to the custom conditions on biased detectors such as
the TLD, ETD and the CDEM could cause beam shift, which in turn
will affect the coincidence of the two beams. Therefore it is not
advisable to change custom conditions during a patterning session. If
coincidence is affected then re-calibration will be necessary before
starting to pattern.
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STEM 1 (Option)

The STEM 1 detector is a two segment solid-state device mounted
underneath a Grid holder assembly. Since the STEM 1 Detector is
mounted on the stage it can be used at any available working distance
preferably close to the lens for high resolution or at the eucentric
position for simultaneous use of EDX. The mounting pin below the
detector locates into the standard conical single stub mount provided
with each stage. The locking screw should be tightened to stop
unnecessary rotation of the detector. The plug located at the end of the
cable from the detector is connected to the solid state amplifier
(usually on the back right port).

The STEM holder has 8 positions for sample grids. Two of these
positions are specifically for Darkfield observation and are marked
accordingly (1D, 5D). For Darkfield observation the chosen sample
grids should be loaded in these 2 positions when loading the entire
holder prior to closing the specimen chamber.

The two detector segments, left (A) and right (B) can be switched
independently, enabling the possibility of Brightfield contrast mode
(positions 2,3,4,6,7,8), or Darkfield contrast mode (positions 1D and
5D). Operation is fully integrated in the main software.

The STEM detector uses slowscan rates for normal imaging.

Materials or hard samples should also be prepared as for the TEM by
Ion beam thinning techniques.

FIGURE 6-14 THE STEM DETECTOR

Sample Grid positions for BF/DF

By loading the Stem holder with a sample (tem grid) in one of the
appropriate positions provided, Brightfield and or Darkfield imaging
can be achieved. The following table refers to the numbering of the
positions and their related capabilities.
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ETD (SE)
TLD (BSE)

v STEMI (A+E)
CDEM (SE)

WORKING WITH NOVA NANOLAB Optional Imaging Detectors

TABLE 6-4 STEM DETECTOR POSITIONS

Grid Position

Observation and Diode switching

6,7,8 Brightfield observation - use A segment switch only.
2,34 Brightfield observation - use B segment switch only.
D1 and D5 Darkfield/Brightfield observation - If the object for

observation is left of the segment separator then A
switching will give Brightfield and B switching will give
Darkfield observation. The opposite applies if the object
is right of the segment separator.

cch

[

| —Detectar Settings

Detectar: ISTEM |

Mode: | A+B

ﬁ_
=l
=l

User interface

The STEM detector like other detectors is selectable from the
Detector menu within the xXTUIL. The mode function can be chosen
from the Detector Page. The A+B condition (default) is used first setup
so that the total detector is working. To switch BF/DF choose A or B
from the dropdown list. This will switch either side of the detector
diode.

The Left segment represents the positions 6,7 and 8 and therefore to
activate switch A diode.

The Right segment represents the positions 2,3 and 4 and therefore to
activate switch B diode.

Choosing A-B from the dropdown list will give a negative image that
although will not be used frequently may highlight features by
contrast not otherwise easily seen.

FIGURE 6-15 STEM DETECTOR CHOICES

ﬁ_

| —Detectar Settings

Detectar: ISTEM | LI
Mode: | A+B |
A
5]
A-B

Loading samples

The STEM holder part of the detector can either be loaded with
samples while outside the SEM or when it is mounted and fixed to the
stage movement.

It is more convenient to load the holder before attaching to the stage.

The central screw on the top of the holder can be loosened and the top
removed. This exposes the 8 grid positions as recessed round holes

5-21
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with tweezers slots on the base plate. Positions 2, 3, 4, 6, 7 and 8 will
provide only Brightfield imaging whereas positions D1 and D5 will
give both Brightfield and Darkfield imaging. Load the TEM Grids
(samples) sample face-up in the grid holes. The holder top has raised
rings to press down in the grid holes to hold the TEM grids firmly in
place. The numbers on the top should overlay the same numbers on
the base plate when replacing the holder top. Replace the holder top
carefully and tighten down the central screw. The detector and sample
holder is now primed for use.

The removal of sample grids is in the reverse order.

Free Working Distance position.

When vacuum is obtained in the system switch on the high voltage for
the electron column at 20kV, spot 3. Using a fast scan focus on the top
of the STEM holder surface with the SE detector. Click on the
Z<>FWD button on the Tool bar and bring the focused surface to 5
mm FWD by changing the Z value on the Stage Control Page. Move
to the appropriate sample position and refocus on the grid bars of the
TEM grid. The FWD and Z position has now lengthened and re-
selection of 5 mm in the Z value on the Stage Control Page is
necessary. This procedure is necessary to prevent inadvertently
bringing the detector in contact with the final lens. The minimum safe
distance to the sample surface for FWD is 3 mm, be aware that the
holder surface is now closer to the lens than the sample.

By moving off the grid bars and fine focusing on the sample most
correction of image rotation and astigmatism can be performed in the
SE or TLD Mode 1. Move to Mode 2 to obtain high resolution
imaging, perhaps with further correction of astigmatism.

Obtaining a Brightfield (BF) image.
The STEM detector like the BSE detector is solid state it must be
operated at slow scan rates for the best imaging.

Choose the STEM detector from the Detector Menu and select the
correct diode operation, from the Detector Page, depending on the
sample position in the holder. An image should be visible of the
transmission sample at low magnification.

Change the kV to suit the contrast necessary through the sample. For
example light element materials such as poly-silicon or silicon oxide
samples which may work better with 5 - 10 kV to create contrast,
whereas dense materials such as metals may require 10 - 20 kV or
higher. Finally increase the magnification to that required, fine focus
and stigmate the image.

If either lens alignment or aperture adjustment is required,
temporarily switching to ETD or TLD mode is recommended.
Adjustment using secondary electron detection is easier because fast
scan speeds can be used.

Obtaining a Darkfield (DF) image.
The samples that reside in the D1 and D5 positions can be observed in
Darkfield mode.

The separator line of the two diodes crosses vertically the positions of
D1 and D5 so that an area of interest on the left side of the line can be
observed with the right-hand diode for Darkfield and with the left-
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hand diode for Brightfield observation. The opposite is true for
sample on the right side of the line.

Dark Field observation may require higher kV to create a suitable
image as the angle subtended to the detection diode can be wide.
Choosing 2x the value used for Brightfield is a good guide level.

EDX analysis with STEM.

If the Strata has a EDX system attached, operate this in Mode 3 using
the TLD detector mode for reference only, but back to STEM detector
for EDX analysis.

Set the sample surface to 5 mm FWD.

Select the area of interest in the STEM mode and perform X-ray
analysis, Mapping or Linescans as appropriate.

Because the samples are not bulk in nature the beam spread normally
associated with SEM samples will be greatly reduced and therefore
higher spatial resolution can be obtained in the STEM mode. This also
provides less background in the spectrum and allows better separation
of peaks as well as more accurate lower count rate mapping.

The kV chosen for analysis will still depend mainly on the
composition of the sample.
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Optimizing the Image

Detectors

Contrast 022
|<| | )I
Brightness ; 479
|<| | )I

Improve the image by changing scan speeds, contrast/brightness,
focusing, stigmating, adjusting beam current, or magnification.

Changing Scan Speeds

To produce the highest quality image at low beam currents, use slow
scan rates.

If an image is noisy with No Averaging selected, changing the scan
speed to a slower scan improves the image quality by increasing the
signal-to-noise ratio. You can also improve image quality by using
Averaging.

Contrast and Brightness

This Detector module contains 2 logarithmic and 2 linear adjusters
which allow you to change contrast and brightness by clicking and
dragging the middle slider on the large bar, or the same on the pointer
in the small bar. The functionality is as follows:

TABLE 6-5 C & B OPERATION

Item Function

middle For large or small adjustments, depending

slider where you release it. The further from the
centre that the middle slider is pulled, the larger
the change. This is Logarithmic.

gray bar For larger adjustments, single step increments.

end arrow For finer adjustments, single step increments.

small slider For Linear adjustment, continuous.

These adjusters always have a label in the upper left and value in the
right corner as a readout value.
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Correcting Contrast and Brightness

The contrast and brightness settings can be set manually either by
using the MUI or by adjusting the CONTRAST and BRIGHTNESS
controls in the DETECTOR module found on several pages. The
following description will work for both methods.

TABLE 6-6 CORRECTING C &B

Step | Action

1 Select a medium speed scan in an active Quad

2 Reduce the contrast to zero and adjust the brightness to
a level so that the last gray level can be seen, by eye,
before the screen goes black.

3 Increase the contrast so that the signal level shows an
image.

4 If necessary, adjust the brightness level to improve the
image.

Auto Contrast and Brightness

Auto Contrast and Brightness can be activated by pressing the Auto
C&B icon button on the Tool bar or the item in the Tools menu. The
system will attempt a correcting of the contrast and brightness levels
to suit the sample so that the majority of graylevels are displayed.
When activated the following dialog appears to show the progress of
the function. It can also be activated by pressing function key F9.

FIGURE 6-16 ACB DIALOG BOX

Auto Contrast Brightness E X|

Busy performing

Auto Contrast Brightness

Stop Mow I Cancel |

The function can be interrupted by clicking on the STOP NOW button.
This will leave the image at the stage of progress at stopping. clicking
CANCEL before the function ends will return the image back to it’s
original status.
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Correcting Focus

The easiest way to focus is to find a feature of interest on a sample
with distinct edges. Use a combination of contrast, brightness,
magnification, and stigmation adjustments to maximize the image
quality.

To avoid scanning too long with the ion beam and milling away the
sample before you take the final image, move away from the feature
of interest with the X and Y stage controls, and focus until the image
is sharp on a adjacent area.

Focusing at 2 X to 3 X the magnification needed for the final result
makes the lower magnification sharper. For example, for high
resolution output, set the magnification level at 2000 X and focus at
4000 X to 8000 X.

Focusing with the MUI

You can also use the MUI COARSE and FINE focus knobs to focus the
image. The image immediately responds to the MUI without a cursor
on-screen.

Focusing with the Mouse

Press CRTL right-click simultaneously while moving the mouse from
side to side to focus the image, then release.

TABLE 6-7 CORRECTING FOCUS WITH THE MOUSE

Step | Action

1 Hold down the right mouse button while the cursor is
in the active Quad

2 The focus cursor, which is a double ended arrow will
appear. Move the focus cursor from side to side until
the image is sharp.

3 When engaged, the focus cursor is active over the
whole screen but will not interfere with other controls

4 Move the specimen to a desired area with the X and Y
stage controls and refocus until the image is sharp.

5 If this is the first time focusing the new specimen then
click on the Z to FWD icon button on the Tool Bar to
confirm focal distance to the Z value on the
NAVIGATION page.
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Using Reduced area for Focus

When Reduced area is chosen, the small green area frame appears in
the middle of the screen. This can be used as a Focus aid as the scan
speed is faster in the smaller area. It can be activated from the SCAN
menu, the REDUCED AREA button on the Tool bar, or by F7. The first
time after defaulting of the program it will appear in the center of the
Quad or Screen, after setting to preference it will pop-up where it last
resided.

Moving the Reduced Area

Click and hold the left mouse button in the selected area. The cursor
changes to a 4 ended arrow. This will take time, depending on the
actual scan speed. Now drag the selected area to the desired position
and release the mouse button.

Changing the Size of the Reduced Area

Click and hold the left mouse button at the edge of the selected area.
The cursor changes to a 2 ended arrow, either horizontal or vertical.
Now drag the selected area out or in to the desired size and release the
mouse button.

Making a new Reduced Area

Place the cursor outside of the selected area and make sure Get or
Shift are not activated. The cursor should be the normal arrow
symbol. Move the cursor to where you want the left upper corner of
the selected area to be. Click the left mouse button and drag the cursor
until the rectangle onscreen includes the area you want to select.
Release the left mouse button.

When the Reduced area frame is being manipulated it turns yellow
until released, then it reverts to green.

Auto Focus

Auto Focus can be activated by pressing the Auto focus icon button
on the Tool bar or the item in the Tools menu. The system will
attempt to correct the focus independent of the working distance or
focus set. When activated the following dialogue appears to show the
progress of the function. The function can be interrupted by clicking
on the STOP NOW button. This will leave the image at the stage of
progress at stopping. Clicking CANCEL before the function ends will
return the image back to it’s original status.

FIGURE 6-17 AUTO FOCUS DIALOGUE BOX

xTm: Autofunction Information X|

Busy performing

Auto Focus

Stop Mow I Cancel
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Correcting Astigmatism

Stigmating with the Mouse

It is necessary to correct astigmatism of the image (also known as
“stigmate”) when you change apertures, samples or working distance.
Astigmatism in the image is usually only visible at higher
magnifications (3000X or more). If astigmatism is present, the result
is a directional distortion change of 90° between the two out-of-focus
conditions.

TABLE 6-8 MOUSE CORRECTED ASTIGMATISM

Step | Action

1 Focus the image as well as possible using the mouse.

2 Bring the image just slightly out of focus in one
direction to see any astigmatic distortion.

3 Defocus in the other direction to observe a different
astigmatic distortion.

4 Bring the focus to the midpoint between the two
distortions.
5 Press shift and the right mouse button down while in

the active Quad. This will result in a 4 arrowed cross
appearing on the screen with the cursor position at its
center. Still holding the right mouse button down,
move the center of the cross around the screen to
achieve astigmatism correction (when the image is at
its sharpest).

6 When you are satisfied with the image, release the right
mouse button.

7 If astigmatism is severe and the cross is close to the
edge of the screen when nearing correction, release the
right mouse button, and reposition the cross in the
center of the screen. Then repeat the procedure above
to perform further astigmatism correction.
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Stigmating with the MUI
The following describes how you can stigmate with the MUI.

TABLE 6-9 STIGMATING WITH THE MUI

Step Action

1 Using the MUI Focus knobs, bring the image just slightly
out of focus in one direction to see any astigmatic
distortion.

2 Defocus in the other direction to observe a different
astigmatic distortion.

3 Bring the focus to the midpoint between the two
distortions.

4 Adjust image sharpness with the stigmator x and Y knobs
until the best image is achieved. The computer beeps when
the stigmation limits are reached.

5 Repeat steps 1-4 as necessary.

Tools  Window  Help

Imaga Registration

Lo Contrast Brightmess

ALIG FOGLE

Lo Lems & Stgmator Aligrment

Fa
11

Display Saturation Shift+F11

Lab Motes...
FE] IVovie Creator. ..

Applicaton Status. ..

Freferences... Cirl+0

Auto Lens \ Stigmator Alignment

The Auto Lens \ Stig Alignment is a combination of an auto lens align
and auto stigmator. This can be activated by clicking Auto Lens \
Stigmator Alignment in the Tools menu. The system will attempt to
correct the stigmator independent of the working distance or focus set.
When activated the following dialogue appears to show the progress
of the function. The function can be interrupted by clicking on the
STOP NOW button. This will leave the image at the stage of progress at
stopping. clicking CANCEL before the function ends will return the
image back to it’s original status.

FIGURE 6-18 AUTO STIGMATOR DIALOGUE BOX
X

®Tm: Autofunction Informatiol

Busy performing

Auto Stigmatar

Stop Mow I

Cancel
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Selecting Beam Conditions

.IS.DkﬁJ ET

High Voltage and Beam Current

The choice of High Voltage and Beam Current display in the editable
dropdown list boxes on the Tool Bar will depend on the type of beam
that is active, either Electron or Ion.

The High Voltage and Beam Current are related in that any selected
HV will provide an individual set of beam current values for that HV.
Changing HV will change the beam current values to suit. Both the
Electron and Ion beam have calculated values of beam current related
to the HV values. The examples given here show two set conditions of
HV selected and the same beam current, but the accending values
have changed to suit the selected HV in each case.

FIGURE 6-19 HV RELATED BEAM CURRENT VALUES

[fow [Erm oke  foopa
& A
20 EA
320 pA 1279 pA
1279 pA 5116 pA
5116 pA 20466 pA
20466 pA $1362 pA

For each ascending high voltage, the range of beam currents increases
in value accordingly. When the aperture for the Electron column is
changed this also influences the calculated range of beam currents for
all HV’s. Likewise for the lon column apertures.

Changing High Voltage

Click on the text box and the list of voltages will be available. Click on
the required voltage and it will appear in the text box. The dropdown
list will automatically close. This can be done while the beam for the
column is on, in which case the change will be immediate.

Default values can be set in the list box from the Preferences dialog
tab labelled BEAM. Any other HV value can be set with the use of the
High Voltage slider placed in the Beam page.

Changing Beam Current

Click on the dropdown arrow to the right of the text box and the list of
currents will be available. Click on the required current and it will
appear in the text box. The dropdown list will automatically close.
This can be done while the beam for the column is on, in which case
the change will be immediate.

For the Electron beam, deciding which beam current is correct for a
particular magnification can be determined when you achieve good
focus and astigmatism correction easily at the chosen magnification.

Choosing the correct beam current for Ion beam use is determined by
the application.
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E-Beam Aperture Strip

The E-Beam Aperture strip contains five sized heated apertures, with
steps between each hole in the X direction. The following table gives

the factory default five aperture sizes and their suggested uses

TABLE 6-10 DEFAULT FACTORY APERTURE SIZES

Aperture Use

100pm (Preset 1) High beam current applications

S50pm (Preset 2) X-ray dot maps

40 pm (Preset 3) X-ray mapping of low-Z elements at low kV
30 pm (Preset 4) For general use and high resolution imaging
30pm (Preset 5) For general use and high resolution imaging

Aperture Loading Guidelines

The aperture holder rod is heated while in operation to keep the
apertures in a clean state. In addition the aperture strip is mounted
within a module that can be attached to the rod by a single screw.The
aperture strip and module is supplied as a complete unit for ease of
mounting. The aperture strips come in two types:

* 5hole 30, 30, 50, 30, 30 um
* 5 hole 30, 30, 40, 50, 100 um (factory default)

FIGURE 6-20 THE HEATED APERTURE HOLDER MODULE
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Selecting E-Beam Apertures

Users can select a different aperture by turning the mechanical
aperture control on the SEM column to the preset position number
required. It has a click-stop mechanism.This ranges from 1 to 5 for
apertures, where as positions 6 and 7 are blank. This procedure should
only be attempted when the system is not being used for milling.

Whenever a different aperture is selected it is recommended to use
Mode 1 30 kV spot 3, with the specimen at a 5 mm working distance.
After selecting a different aperture mechanically the correct software
tables has to be set for the selected aperture. This can be done from
the menu Beam / SEM Aperture.

Strip Aperture Alignment Procedure

Before you align the column, be sure that the final lens aperture is
correctly aligned. If the final lens aperture has to be aligned, choose
the smallest for the best results. It is recommended to use 30 kV and
spot 3, Mode 1, with the specimen at a 5 mm working distance, the
eucentric working distance in the xT FIB/SEM.

When the aperture is well aligned, the image does not rotate at low
magnification or move at high magnification during focusing. The
position of the final aperture should remain constant and should not be
changed further during the alignment procedures.

TABLE 6-11 ALIGNING THE FINAL LENS APERTURE

Step | Action

1 Go to Mode 1 at 5 mm WD.
Select Zero Beam Shift from the Stage menu.

2 Make an image at a magnification of about 10,000X. Select
a fast scan rate from the Scan Speed control and Average 4
from the Filter control on the Tool bar.

3 Move the stage to find a good area of interest, and focus as
best one can.

4 center a feature with the Get function.

5 Click in the Modulator check box in the Tuning module of
the Beam Control page, a cross appears in the center of the
screen and the image rotates about a point on the screen.

High “altage Adjust the position using two mechanical aperture knobs so
| -+ I j 500 kY =]+ that the center of the rotation is over the cross.
= Tuning 7 6 Increase the magnification to 20 000x and realign. If
Lens Alignment Source Tilt necessary, repeat at 40 000x. At higher magnification the
| | image may move very slightly in a certain direction.
L I
hModulatar Crossover
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TABLE 6-11 ALIGNING THE FINAL LENS APERTURE

Step | Action

7 When corrected, switch off the Modulator.
There should be no image shift when the focus control is
used in either Mode 1 or Mode 2.

8 Finally, open the Beam menu and click on the same
aperture value from the SEM Aperture sub-menu.

|-Beam Apertures

In general, use a smaller aperture for high resolution and a larger one
for large scale or faster milling.

Optimal I-Beam Currents

Use the following suggestions for choosing optimal I-Beam currents:

TABLE 6-12 GENERAL OPTIMAL I-BEAM CURRENTS

Beam Current Best Use

1-10 pA High resolution
30-50 pA Standard imaging
>100 pA Milling

For more specific applications, see the table below.

TABLE 6-13 SPECIFIC OPTIMAL I-BEAM CURRENTS

Beam Current Best Use

1pA *  Very high-resolution imaging

* High aspect ratio holes
* High-resolution imaging
* Ptvia filling

10 pA *  Quick imaging
» Fast Pt via filling

30, 50 pA * Navigation imaging
*  Milling submicron holes

* Final milling on cross sections

100 pA * Milling micron-sized holes

* Intermediate/final milling on cross
sections

*  Short Pt strap deposition
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TABLE 6-13 SPECIFIC OPTIMAL I-BEAM CURRENTS

Beam Current Best Use

300, 500 pA » Milling micron sized holes
*  Medium Pt strap deposition

* Intermediate milling on cross sections

1000 pA * Initial milling for small cross sections
* Long Pt strap deposition

3000 pA * Initial milling for medium cross
sections

» Longer Pt strap deposition

5000 pA - 7000 pA |  Initial milling for medium-large cross
sections

* Pt probe pad deposition
(40 um x 40 pm)

11500 pA - 20 nA * Initial milling for large cross sections

» Pt bond pad deposition
(50 pm x 50 pum)

[-Beam Aperture Alignment

For a complete alignment procedure for lon beam apertures refer to
Alignment 210 in the section ‘lon Beam Alignment’ of chapter 9.
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Working with magnification
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Principle

Magnification is the ratio of the viewing area on the monitor screen to
the scanned area on the sample.

FIGURE 6-21 MAGNIFICATION PRINCIPLE.

Viewed Area

MAGNIFICATION = —MM———
Scanned Area

If the size of the raster on the sample is made smaller while the raster
on the monitor remains constant in size, the magnification of the
image increases. At low magnification, you will see a large field of
view. At medium magnification, you see a portion of the original
scanned area. At high magnification, you are zoomed in on only a
small portion of the original total scanned area.

Changing Magnification

Use the Magnification settings from the dropdown list to select from
predefined values. If the current value is in the list, it is indicated with
a coloured background. Click on the text box and the list of
magnifications will be available. Click on the required magnification
and it will appear in the text box. The dropdown list will
automatically close. This can be done while the beam for the column
is on, in which case the change will be immediate. A magnification
value can be entered into the text box and this will replace the nearest
magnification value in the list by pressing the keyboard ENTER key. It
will also become the current magnification value.

Magnification

The Magnification module gives access to coupling the magnification
of both beams at a particular magnification. The magnification is set
with the slider and then locked by ticking the box labelled COUPLE
MAGNIFICATIONS. The Icon logo for the beam in active operation is
displayed at the right side of the module.This feature can also be
accessed via the Beam menu as Couple Magnification.

Keypad +/- keys

Magnification can also be changed with the Keypad +/- keys. The
Plus button (+) increases the magnification 2x, and the Minus (-)
button decrease the magnification 0.5x.

Selecting a different magnification results in a change of
magnification on the screen during live imaging.
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5-36

Using the Mouse Wheel

Alternatively, the mouse wheel can be used for changing
magnification. Moving the wheel up decreases the magnification and
moving the wheel down increases the magnification. Coarse and fine
control can be operated with Ctrl or Shift keys from the keyboard.

TABLE 6-14 USING MOUSE WHEEL MAGNIFICATION

Key Function
Wheel up + Ctrl Decreases magnification. Coarse control
Wheel up + Shift Decreases magnification. Fine control

Wheel down + Ctrl | Increases magnification. Coarse control

Wheel down+Shift Increases magnification. Fine control

Magnification Normalised

The Star (*) key on the Keypad can be use to round off the
magnification value before storing the image in case the value is odd
e.g. 10,063x would become 10,000. The condition also takes into
account the image size by zooming and the micron bar scaling.
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Choosing a Final Lens Mode

The following 3 Final Lens modes are used by the E-column final lens
to be optimized for different tasks. Use the Tool Bar buttons or the
SEM Mode in the Beam Menu to switch between modes.

Mode 1 |=

This is the default survey mode. This mode is essentially for
navigating and reviewing sites at lower magnifications. In Mode 1 the
immersion lens is switched off and the default detector is the ETD in
Secondary Electron operation.

Mode 2 |=

Mode 2 is used for most imaging operations at magnifications greater
than 2,000 x. In this mode the immersion lens is switched on, and the
default detector is the TLD in Secondary Electron operation. This
mode is used to form ultra-high resolution electron images of the
sample.

If I-Beam imaging is selected in Mode 2, the final lens is switched off
to allow I-Beam imaging to take place with the last selected [-Beam
detector.

Selecting Mode 2 also has it’s own Beam menu presets.

Mode 3 |77

Mode 3 is used for analytical work such as EDX where the Immersion
Lens is not so powerful as Mode 2 but can act as a electron trap to
improve X-ray collection. This mode can be used with the I or E
Beam. Selecting Mode 3 also has it’s own Beam menu presets.
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Taking a Snapshot

Snapshot Setup

The Snapshot Tool Bar button is provided to take a fast snapshot of
the milled position during a milling process.

The result will depend on the setup in Preferences/Scanning. This
involves selecting several parameters, such as Dwell Time and
Resolution. These can be selected from the property editor once the
snapshot icon either from the list above, or from the graphical list on
the left has been chosen.

If the properties are not to be changed, only dwell time, then the
Snapshot icon in the graphical area can be dragged to a new value of
Dwell Time with the left mouse button. Once released the new values
update in the property editor.

FIGURE 6-22 SNAPSHOT SETUP

A
DROPDOWN LIST Databarl Units | Presets Scanning |General| Moviel Sensitivityl
50.0ns IPresetA LI
100.0ns
® 300.0ns Mame |Value |
SCAN SELECTION DCrweell Time 3.0ps
Fesolution 1024x884
Line Time 3.3ms
Frame Time 3.0s
30.0pis RefreshRate |335.82mHz
100.0ps
@ 300.0ps
500.0ps
1.0ms
CHOICES IN THE /
PROPERTY EDITOR
oK | Cancel | Apply |

To set-up Snapshot Preference for E and | beams
Make the destination of the to-be-saved files available to the save
routine in the File menu, by opening a folder and saving a test file

to it.

Open the Preferences for Scanning. Select the Snapshot scan
preset from the dropdown list at the top of property editor.

Select a suitable dwell time from the Scan Selection in Scan
Preferences by dragging the Snapshot camera icon to the required
value, or by selecting from the DWELL TIME property editor of the

Scan Presets.

Select a pixel resolution from the RESOLUTION property editor of
the Scan Presets.

Enter the number of frames in the INTEGRATE property editor of the

Scan Presets.
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+ Select the ACTION property for either Save, Save As or None.

Save - Prompts the Save dialog and displays the next increment
with the last set-up or used folder location.

Save As... - Prompts the Save As... dialog for the user to choose
the file name and location.

None - No save function just a screen image.

How to Use Snapshot

The Snapshot icon button is represented as a camera (with a short
time dial) on the Tool Bar. When an image is required at any time one
can click on Snapshot and a single scan (preset scan setting) will be
activated which pauses at the end of the scan time. The result can be
just for viewing to check against the patterning condition, or for
saving on the harddrive.

Saving can be automatic to a predetermined file location using the
next available label/number or user defined.

TABLE 6-15 USING SNAPSHOT FOR IMAGE CAPTURE

Step

Action

Select a quad to make a snapshot with the beam which
is selected in that quad (during fib-milling: select e-
quad and then hit snapshot).

Click on the Snapshot button on the Tool Bar. The
beam will start to scan the area.

The scan will make the snapshot scan or scans
(filtered) and pause.

If Save is the ACTION then the image is saved to a
predetermined directory on the hard drive. If Save
As... is the ACTION then the Save As... dialog will
prompt the user for a destination on the hard drive.
With ‘None’ selected in ACTION the activity will stop
at point 3.

After the image is saved the scan can be released by
clicking once on the Pause/Start Scanning button on
the Tool Bar.
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Taking a Photo

Scan Beam Patterning Stage  Tools

Average (B frames )
Integrate ( 1 frame )

¥ Fallse Fe

Snapshot
—®  FPhoto F2

Yideoscope F3
Reduced Area F7

v Full Frame Cirl+mM
Spot
Lire
External

v Beam Blank Crl+B
Slow Scan Cirl+Shift+","
Fast Scan Cirl+Shift+"."
Slower Scan cil+","
Faster Scan Cirl+""
Mains Lok,

¥ Live

Photo Setup

This facility, like Snapshot, can also be preset in Preferences/
Scanning. Slower scan rates will be most generally used with this
image capture method.

To Set-up Photo for | and E beams

* Make the destination of the to-be-saved files available to the Save
routine in the File menu, by opening a folder and saving a test file
to it.

* Open the Preferences for Scanning. Select the Photo scan preset
from the dropdown list at the top of property editor.
Make adjustment to the Property Editors:

» Select a suitable long dwell time from the Scan Selection in Scan
Preferences by dragging the Photo camera icon to the required
value, or by selecting from the DWELL TIME property editor of the
Scan Presets.

* Select a high pixel resolution from the RESOLUTION property editor
of the Scan Presets.

» Select the ACTION property for either Save or Save As.

Save - Prompts the Save dialog and displays the next increment
with the last set-up or used folder location.

=can Rotation SHMt+F 12 Save As... - Prompts the Save As... dialog for the user to choose
Preferences... Crl+0 the file name and location.
How to use Photo
Clicking once on the PHOTO item in the Scan menu, or pressing F2 on
the keyboard will allow a preset high quality, high resolution image to
be taken.
TABLE 6-16 USING PHOTO FOR IMAGE CAPTURE
Step Action
1 Set the required Magnification.
2 Increase the magnification at least 2x. Focus and
Stigmate using the reduced area. Return the
magnification and scan to their original settings.
3 Set Contrast and Brightness correct.
4 Click once on PHOTO in the Scan menu or F2 to take
an image.
5 The image will now be saved via Save or Save As...
6 Click on Pause/Start Scanning button on the Tool
Bar to start scanning.
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Single Images Saving / Opening
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Save

The Save function can be used to save and update to the original
stored image and therefore is a direct command without confirmation
if the label remains the same. This is usually require for a restored
image from the archive. Click on Save in the File menu and the file
will be saved automatically to it’s existing label and the original file
will be overwritten. The function also operates by clicking on the Ctrl
and the S key.

The Save method is also employed in the Snapshot/Photo function
under Archive Option but the image capture routine increments the
label and therefore adds to the listed images instead of overwriting the
last image.The image is given the last known label including a
number that is incremental with successive images, i.e. Label 001.tif,
Label 002.tif, etc.

Save As...

Clicking on Save As, with the left mouse button, opens a dialog for
saving an image, which provides an opportunity to change the file
name and location. The Save As...method is also employed in the
Snapshot/Photo function under Archive Option but the image capture
routine prompts the Save As... dialog.

FIGURE 6-23 SAVE AS... DIALOG

savens 2x|

x| Bk Er

Sava in; I@ Mova Images

Bl quadlimage_004
Bl quadiimage_005
Bl quadiimage_00&
Bl quadiimage_007

Sawve as type: Itif Image files (*tif) LI Cancel |

¥ Save image with Databar

v Sawve image with overlayed graphics

4

The dialogue displays, by default, the location last used to save or
open files from xTUI and the name last used in the current Quad. You
can choose different location and/or (base of) name, select different
image format (Save as type), and also choose whether to Save the
image with / without Databar and with / without overlayed
graphics by checking / unchecking appropriate check box. The
settings is remebered per Quad and used for the subsequent Save
actions.

5-41

4022 262 61641



WORKING WITH NOVA NANOLAB Single Images Saving / Opening

File Edit Detectors Scan E

Open,..
Save Cirl+5
Save As...

Record Movie

An image can be saved (and opened - see further) in TIF (8, 16, and
24 bit colordepth), JPG or BMP formats. Overlayed graphics can be
written into the image either in greyscale (8 or 16 bit) or in color (24
bit).

Open...

Pre-select the quad for the image to open in and then select the image
from the Open function. Clicking on Open..., with the left mouse
button, opens a dialog for opening an image to a particular quad. The
dialog displays, by default, the last used location of saved files
associated to the imaging function e.g. image file location used by
Snapshot or Photo. After image selection is made clicking on the

Import open button will open the image to the quad that has been selected.
Export Images can be opened in any combination of quads.
Print... Cl+P OPEN... DIALOG
o3 CFactony
open 7| X
Exit 2 - 21|
Laak in: I@test j - =5 Elv
130420740 _Voll
B Tvs.4f
B Tve.tf
B xT_Test.tif
File name: I
Save astype: |18 Image files (1) =] Cancel |
4
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Movie (multiple image capture)
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Image capture with Movie

This feature provides the of making digital video files (AVI) for
dynamic experiments performed within the microscope.

Up to 3 quads can be recorded at the same time with synchronized
start and the possibility to switch between quad and full screen while
the video is recording. Movie has the following embedded features:

* Resolution at 512 x 422 or 1024 x 884

» Databar image optionally included in the video

» Average or Integration changeable during recording

» Scan speed changeable during recording

* Reduced area pauses Quad for focus or C and B change

+ Time remaining indicator

* Single frame Tif images recordable during video sequence
 File format compressed AVI (*.avi)

+ Start, Stop and Pause onscreen indicators

» Preferences set-up dialogue

The Preferences Dialogue

The Preferences dialogue can be found at the end of some of the
menus. The Preferences dialogue consists of tabbed sections. By
clicking on the required tab a section will open to allow changes and
presetting of conditions for the function chosen.

The Movie tab provides two groups one to choose set-up conditions
for timing labelled Timer, and the other to set-up save conditions for
the resultant movie labelled File.

FIGURE 6-24 THE MOVIE TAB DIALOGUE

®Tm: Preferences ﬂ

Databarl Units | Presetsl Scanningl General Movie |Sensitivity|

—Timer

v Movie v TIF
Delay ID.Z VI 5 |5 VI 5
Btill(s) /= 1 TIF / 25 movie stills
—File

|

Save in ICZ\ LI Browse... |
MNumetric Seed I 2 Yideo File Size I 650 WB

File Type IAVI video compress BLE (*.awi) LI
[v Record Databar

oK I Cancel | Al |
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Timer

The parameters in this section can be changed when the digital video
is inactive, for set-up purposes, but are disabled during the digital
video recording.

The digital video is timed asynchronously with the scanning. The
recording is controlled by two timers:

1. AVI timer. After video delay time the acquisition buffer of each
unpaused quad is stored as a new frame in the video stream. The
frame optionally includes image of the databar and a time stamp.

2. TIF timer. After TIF delay time the system will wait until the
running scan in unpaused quads is finished and saves a complete
image in the TIF format including the databar data for xT Docu. The
first image is saved immediately when its scanning is completed.

The Tif delay must be always longer than or equal to the Video delay.

Check box AVI

This is a check box to determine that the movie should be stored.
Check it to store the movie at the end of a recording session. The
dropdown combo box lists the choice of delay times for the AVI
function. These are represented in seconds. Click on a delay time
value and it will be highlighted below the check box.

Check box TIF

This is a check box to determine that the Tif files should be stored.
Check it to store the Tif files at the end of a recording session. The
dropdown combo box lists the choice of delay times for the Tif
function. These are represented in seconds. Click on a delay time
value and it will be highlighted below the check box.

If the delay time is shorter than what the system can achieve for the
current setting, the recording runs as fast as possible.

If both AVI and TIF are recorded, the Tif delay must be longer than or
equal to the AVI delay. If this is not true the system reduces the movie
delay timing after pressing OK or Apply.

At all times one of these checkboxes remains checked. If the TIF
checkbox is unchecked the delay box for TIF is disabled. Equally, if
the AVI checkbox is unchecked the delay box for AVI is disabled.

Information field

This read only area is found below the AVI and TIF combo boxes and
contains additional information for the user about the number of
frames per time unit (seconds, minutes) and further movie data stored
to the completed files. This data is calculated from the image
resolution valid when the preference dialogue was opened.
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File
All parameters in this section can not be changed for the currently

running video. Changes made are only valid for the next video
recording.

Digital video can be stored in *.avi files from the quads 1 to 3. The
video name contains: generic filename, quad name and a numeric
seed.

For example: myvideo (Quadl) 001. avi

The filename and the numeric seed are set by the user. The numeric
seed is automatically incremented, after the recording has stopped.

Optionally the *.tif files can be stored besides the *.avi. Name of the
tif files contains: generic filename, quad name, numeric seed and
number of the image in the series.

For example: myvideo (Quad2) 003 - 00123.tif. The series number
has always 5 digits filled by zeros on the left; the first Tif file has
number 00001.

File name

Enter here a generic file name valid for the next video recording. A
suitable file name must be entered here, if this field is not filled the
Movie dialogue can not be closed.

Save in

Enter a suitable path to the directory. If this field is not filled the
Movie dialogue can not be closed. If the path is long and cannot be
read in the field space the Tool tip can be used to give full
information.

Numeric Seed

Enter any number 1 to 999 which is converted to the three digit form
with zeros on the left, if necessary.

Video file size

This value specifies the maximal size of video file in MB. Enter a size
value lower than 2000 MB. After reaching this size, the video is saved
and a recording is started. If this field is not filled the Movie dialogue
can not be closed. A dialogue warning appears if there is a Out of
Memory condition with the Hard drive.

File type
List box with types of supported digital movie formats. Only
compressed formats are used.

Record databar

This checkbox allows the databar to be included in the video when
checked. The databar in the video is updated every second.
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Movie Procedure

5-46

Start, Pause and Stop

The RED dot is the start command button that starts the recording of
three videos, one for each of the three image quads at the same
moment.

If a quad is paused when starting the video, only the first image with a
time stamp is stored. When the quad is paused during the video
recording, storing of the video frames is interrupted but the video
streams keep synchronization for the next unpausing. After reaching
the maximal file size, the video is paused, saved and a new video is
started with the same name and incremented numeric seed.

When the Red dot, representing ‘Start’, is pressed it turns to a Black
square, representing ‘Stop’. When pressed the Black square then
stops the recording of the video of all three quads and closes the files.

Recording a Movie
The following procedure describes how to set-up and record a movie.

TABLE 6-17 SET-UP AND RECORDING A MOVIE

Step I Action

1 Select Preferences at the base of the Scan menu.
Click on the Movie tab. In the Timer section check
the AVI check box and select from the Delay time
combo box the desired time. Select the TIF function
by checking the TIF check box if required and select
from the TIF combo box the desired time.

2 In the File section fill in the File name and give the
‘Save in’ directory path. Fill in the Numeric seed
value and the Video file size. Select the File type and
choose whether the Databar need be recorded with the
Record databar check box. Choose Apply to change
temporary to the new values or OK for permanent
fixing of the values entered or Cancel to return to the
original values at opening of Preferences.

3 Choose which quads will NOT be active during
recording by clicking on the quads in turn and pressing
the Pause button on the button bar. This applies only
toquads 1 - 3.
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; _ TABLE 6-17 SET-UP AND RECORDING A MOVIE
File Edit DCefectors Scan E

Cper... Step | Action

Save Cirl+S

mave As.. 4 Set up the imaging in the live quad and press the RED

Record Movie dot on the button bar or Record Movie in the File

Import ’ menu.The first frame with a time stamp of all quads is

Export v recorded. Next the recording starts and the duration is
. dependant on the set-up in the Preferences. When the

Frint... Cr+P video is started and the scan resolution is higher

Log Off Factory... than 1024 the following dialogue occurs:

Exit

®Tm: Incorrect video resolution x|

Fleaze zelect a rezolution that iz compatible with video recording.

Fesolution: I 512 » 422 "I

512 % 422
1024 » 554 |

5 Choose either of the resolution values and click on
OK. The Movie continues to record at the selected
resolution.

6 The Movie will stop when the Black square button is

pressed on the button bar. The stop command stops
recording of the video of up to all three quads and
closes the files.

Quad Indicators
A Red dot indicates that recording is active in this quad. It is
. displayed in the top right hand corner below the timer display.

A Red ball with the Pause symbol indicates that the record is running
but the data from this quad is not stored. It is displayed in the top right
hand corner below the timer display.

An estimation of the time remaining till the end of the video is
displayed in the upper right corner. The time is displayed in the

format hh:mm:ss. The time is calculated from the average disk space
consumption and the free space on the disk.
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FEI Movie Creator

FEI Movie Creator

Start the FEI Movie Creator as the separate executable software
from the C:\Program Files\fei\exe\Moviecreator2.exe to activate the
tabbed dialogues for creating a movie from a sequence of TIF images.

File (tab)

The File tab contains the set-up facilities for creating a movie from a
captured sequence of TIF images made while using the Movie
facility.

FIGURE 6-25 FEIMOVIE CREATOR TAB: FILE

x|
File |Datahar| F'reviewl
‘C:\Movie
Mame Prefix: |mh2 {Quad 1) 010 I:I
Tirme Period: FI 1000 s € TIF Time
Frarm: I 1 To: I 2
Save in: IC:\Movie LI |
il (e Imh2 [Quad 1) 010 avi
s | [T e
1.0 mm
Status:
Create Maovie | Stop | Cloze |
Name Prefix:

Enter here the prefix label for the sequence of TIF images. Click on
the dotted button to the right of the dialogue box to browse directories
and files for the TIF sequence prefix.

FIGURE 6-26 BROWSE DIALOGUE

Open 2T
Look in: I@Movie ﬂ - ok -

@ mh1 (Quad 1) 003 - 00056 tif & mh2
[ mh1 (Quad 1) 009 - 00057 tif [& mh2
[ mh1 (Quad 1) 009 - 00058 tif [& mh2
[=mh2 (Quad 1) 010 - 00001 tif ek
& mh2 (Quad 1) 010 - 00002 tif [& mh2
B mh2 (Quad 13010 - 00003 4F B mh2 (Quad 1010 - 00011 f B mh2 (Quad 1
Bl mh2 (Quad 1) 010 - 00004 tif B mh2 (Quad 1) 010 - 000126 & mh2 (Quad 1
Bl mh2 (Quad 1) 010 - 000056 B mh2 (Quad 1) 010 - 00013.6f B mh2 (Quad 1

4 | »
File narne: |mh2 (Cuad 13 010 - 00007 tif
Files of type: ITIFFfiIes (frarn Maowie) (*tif) LI Cancel |

010 - 00006.4if | mh2 (Quad 1
010 - 00007 4if [@ mh2 (Quad 1
010 - 00008 4 [&@ mh2 (Quad 1
010 - 000094 [&@ mh2 (Quad 1

Quad 1 (
(
E

010- 00010.6F Bl mh2 (Quad 1
(
(
(

Quad 1
Quad 1
Quad 1
Quad 1

v

5-48

4022 262 61641



WORKING WITH NOVA NANOLAB FEI Movie Creator

Time Period:

Either select a custom time for the playback of the movie by clicking
on the millisecond radio button, or on the TIF time radio button to
select real time (acquisition = playback). To find the best custom
timing one may need to create the movie a few times. Unless the AVI
file name is changed the next created AVI file will overwrite the last
one made.

From: (Frame numbering)

Enter here the numbers of the starting frame and the ending frame.
These will represent the sequence beginning to end.

Save in: (Path)

Enter here the path where the AVI file should be saved. Click on the
dotted button to the right of the dialogue box to browse the directories
for the path needed.

File Name:

Enter here the file name for the AVI file to be saved. If this is not
filled in the default prefix (first image) will be used, and is filled
automatically.

Databar Preview:

This displays the databar chosen from settings made in the Databar
tag dialogue. Changes can be made by clicking on the Databar tab and
reorganising the databar components.

Status:
This displays the progress of creation of the movie.

Create Movie

Clicking on the CREATE MOVIE button starts the creation process of
the TIF files to a single AVI file.

Stop
The STOP button stops the creation process.

Close
The CLOSE button closes down the whole dialogue.
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Databar (tab)

The DataBar Tab contains two lists, one labelled Available and the
other Selected. Items in the Available list can be added individually
or as a whole to the Selected list. The Selected list when completed
contains all items that will be displayed in the DataBar at the base of
the movie display. The order of the items in the Selected list can be
moved up or down due to priority or preference. This will in turn
change the order of the displayed items in the DataBar. Items can be
removed from the Selected list singularly or in total back to the
Auvailable list. This facility does not affect the Quad and Full screen
Databar and is only dedicated to the Movie Creator.

FIGURE 6-27 MOVIE CREATOR TAB:DATABAR

i Movie Creator 2 il

File ~ Databar | F'reviewl

Available: Selected:

MicronBar
AdAL| [ohore D
<< Hermove |
Dt
Sig Rermove All |

Mode
HFWY

Srot LI

Databar Preview:

Status:

Create fovie | Stop | Cloze |

Available / Selected

Two lists, Available for all the items that can be entered in the
Databar and Selected for all items that will be present in the Databar.

Add
Add one item from the Available list to the Selected list.

Add All
Add all items from the Available list to the Selected list.

Remove
Remove one item from the Available list to the Selected list.

Remove All
Remove all items from the Available list to the Selected list.

Move Up / Move Down
Move an item up or down in the Selected list.
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Preview (tab)

Once the movie is created opening the Preview tab will automatically
display the first image of the movie sequence. By clicking on the Play
button the movie will start to play and the progress slider below the
movie will move from left to right at a speed depending on the play
timing of the movie.

FIGURE 6-28 MOVIE CREATOR TAB: PREVIEW

i Movie Creator 2 il

File Databar Preview

Start / Pause / Stop buttons

Click on these buttons to Start, Pause or Stop the movie. By holding
the slider one can run forward or backwards through the movie.

Create Movie

Clicking on the CREATE MOVIE button will bring one back to the File
tab dialogue and starts the creation process of the TIF files to a single
AVl file.

Close
The CLOSE button closes down the whole dialogue.

Playing a Movie

The AVI file movie can be played on the Windows Multimedia player
installed on the system or exported to another Windows PC with more
advanced movie editing programs. Programs used to play the movie
need to recognise the *.avi file type.
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Image Printing

File Edit Detectors

Cpen...
Save
Save As..,

Scan E

Cirl+s

Record Maovie
Import
Export

Print...

Cirl+P

Log Off Factory...
Exit
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Print...

Clicking on PRINT... in the File menu, with the left mouse button,
opens the printer setup dialog so that choice of printer and conditions
can be established ready to print an image, or any other printable
product from the microscope. The Print... word in the menu will only
be highlighted when the active Quad is on Pause. Pressing OK in the
printer dialog will activate the printer to print the job.

FIGURE 6-29 PRINTER SETUP DIALOG

Print Setup EHE
i~ Frinter
Hame: 7 Propeties |

Statug: Ready
Type: HPF Laser)et 4000 Series PCL 6
‘where:  nlapappl

Comment;

— Paper Orientation
Size: I.M j &% Partrait
Source: I.t’-‘n.uto Select j " Landscape

Metwark.... | QK. I Cancel

.The following Table explains the print procedure.

TABLE 6-18 IMAGE PRINTING PROCEDURE

Step Action

1 Select a Quad. optimize the image conditions in that
Quad.

2 Photo the image or open an existing image from
memory into the Quad.

3 Click on Print... in the File menu or via the keyboard
by Ctrl + P. A print dialog appears.

4 Satisfy the Print setup and click on OK.

5 The image set in the selected quad now goes to the
printer.

6 NOTE: For higher resolutions the printer may need a
larger memory buffer.
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File Detectors Scan Beam Patterning Stage Tools b

ISD.D kv ID.ZB na

Open...

Save Ctrl+5
Save As..

Record Movie

E:pirk

3

Print...

Ctrl+P

Log OFf Factary. ..
Ezxit

Stage Positions

Patterns

End-Point Manitor Graphs
[Mavigation Image:

File Detectors Scan Beam Patterning Stage Tools %

Qpen...
Save
Save As. ..

Chrl+s

ISD.D Ky ID.28 n& ‘

Record Movie
Irnpotk

Export

Prink. ..

ChriP

Log OFF Factory...
Exit

Stage Positions

Patterns

End-Paint Monitor Graphs
Annokations
Measurements

The Strata can Import and Export vital files for stage positions and
EPM graphs. Other facilities will become available as the software

progresses.

Import

Click on the File menu and IMPORT to display the sub-menu choice.
Choose the subject to import from the sub-menu and a OPEN dialog

box displays dedicated to the subject chosen.

FIGURE 6-30 IMPORT OPEN DIALOG

Loaok in: I@ My Docurments

x| « & ckEr

2|x

=My Pictures

File name: ||

Files of type: IEnd—PDint Maonitor Graphs (*.epm)

LI Cancel
e | )

Choose the file to be imported and click on the OPEN button. The file

will be imported and all dialogs disappear.

Export

Click on the File menu and EXPORT to display the sub-menu choice.
Choose the subject to export from the sub-menu and a SAVE AS...
dialog box displays dedicated to the subject chosen.

FIGURE 6-31 EXPORT SAVE AS...DIALOG

Sawve in: I@ My Docurments

x| « & ckEr

2|x

[ =My Pictures

File name: ||

Sawve

Sawve as type: IStage Fositions (*.stg)

LI Cancel |/

4

Enter the file name to be exported, locate the destination and click on
the SAVE button. The file will be exported and all dialogs disappear.
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Patterning

Patterning is the process of milling, depositing, or etching a pattern
into the sample surface with the beam. During patterning, the selected
beam unblanks automatically and uses digital beam placement to
vector scan over a pattern. While patterning can be done with either
beam, the electron beam is generally used for imaging and sometimes
for deposition with patterns.

The ion beam is used to cut cross sections and tracks, drill vias, and
deposit new material. In general, patterns need to be cut as quickly as
possible, while maintaining sufficient edge resolution and preventing
potentially damaging charge buildup.

During deposition, the beam is unblanked and a Gas Injection Valve
is opened to begin deposition.

Multiple Gas Injection Systems (GIS) may be installed on your
system. You select between milling, Pt deposition, Enhanced Etch,
etc., by selecting an application file for a given pattern. You must
define a pattern before an application file can be selected. A given
application file will automatically select the appropriate GIS check
box, calculate the proper dose, and set the dwell and overlap
appropriate to the beam chemistry.

The GIS check boxes can be selected manually, but note that overlap
and dwell should be set carefully with particular gasses in mind to
avoid disappointing results.

Serial milling or deposition will always begin with the first pattern
defined in the current image window and continue through patterns 2,
3, etc.

In Serial mode, a series of patterns could even be a combination of
some to be milled and some to be deposited, but in general this is not
recommended.
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Patterning Tools

At the top of the Patterning Page is a selection of tools for creating,
moving, sizing and deleting patterns.

TABLE 6-19 PATTERN TOOL FUNCTIONS

| —Pattem

Icon Button | Function
Pattern Selector.
Click on arrow to activate the dropdown list.
b When selection is made the blank area displays
the relative Icon as follows:
|:| Rectangle
M Cleaning Cross Section
I‘Lil Regular Cross Section
_L,l':,;),_,. Circle
/ Line
ﬁ Bitmap (import) or Stream File

Gray background = Inactive
Yellow background = Active

Trash Can (Delete).

When pressed in displays a black staggered line
surrounding the icon and deletes the present
selected pattern.

Hide function.

Cverall Progress
Current Progress

E R_ECtangle 1 =l When pressed in displays a black staggered line
Basic |"3‘d“a”°‘Ed | HIDE surrounding the icon and hides the present
Mame |Value | selected pattern.

Application Si
Ksize 56.27)m Patterning Sequence.

Y size 14.87pm . . . . .

Z size 1.00pm — Serial: mills each pattern at a time in sequential
DwellTime 1.00s order.

ScanDirection | Bottom To Top Parallel: mills all patterns at the same time.
Fel. Int. Diam.(%) | 0% .[:} o _
Beam lan When pressed in displays a black staggered line
TotalTime - surrounding the icon.

—Progress

Total Time : -

Select All

Bitmap Pattern

From the patterning page a pattern is available that allows you to import
bitmaps as a pattern. A bitmap file must be saved as a 24 bits bitmap.
Each pixels consists of a red, green and blue component (RGB).

The Red component is currently not used. The Green component
determines if the beam is blanked. Any other value then 0 will unblank
the beam. The Blue determines the dwell time per pixel. If blue is set
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to 0 the dwell time of a pixel will be 100 ns. If blue is set to 255 the
maximum Ul dwell time is used. The dwell time for the pixels in
between these values is linearly interpolated based on the blue
component value between the 100ns and the maximum UI value and
than rounded to the value from a (fixed) dwell time table with 124
entries.

When drawing a bitmap it is recommended to use black (0,0,0) for
none milling points and blue for milling points.

TABLE 6-20 COLOR SETTINGS

Colour Result

RGB 0/0/0—-black Beam is blanked
RGB0/1/0 Beam is on, 100ns min dwell
RGB0/1/255 Beam is on, Maximum dwell time

RGB 255 /255 /255 — white Beam is on, Maximum dwell time

Milling a bitmap procedure
1. Select patterning page control

2. Select the bitmap shape on the bottom of the pattern selection
dropdown menu.

3. Drag a square on the screen that represents the area of patterning.
The position of the square can be changed by dragging.

4. Select File in the properties menu and load the bitmap using the
open dialog. The bitmap should appear in the imaging quad.

5. Modify Aspect ratio to Free or Fixed depending if it is required to
stretch the bitmap.

6. Optimize other properties such as applications file, depth, leading
edge etc.

7. Start patterning.

Stream File Pattern

A stream file, created as an ASCII text or binary file that addresses the
patterning DAC directly, produces custom pattern files. Because a 12-
bit DAC is used, the patterning field of view is divided into 4096
steps. The range in X is 0-4095, but in Y is approximately 280-3816.
Y values outside of this range will be off the image area and may not
scan correctly.

The following example scans 25 points in a 5 by 5 array, repeating 40
times. The dwell time is 9.6 us for each point. The file must begin
with an "s," indicating a stream file. The second line defines the
number of loops the pattern mills, where one loop has the beam
visiting each of the 25 pixels one time. The third line indicates the
total number of X, Y coordinates, in this case 25.

The 96 figure represents dwell time in units of 0.1 microseconds. The
range of dwell time is 0.1 us to 4.6 ms, with 124 values distributed
approximately logarithmically within this range.
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Stream files are for users who write their own programs for specific

applications. Stream files cannot be created directly from xT.

s

40

25

96 1229 2867
96 1639 2867
96 2048 2867
96 2457 2867

96 2867 2867
96 1229 2457
96 1639 2457
96 2048 2457
96 2457 2457
96 2867 2457
96 1229 2048

96 1639 2048
96 2048 2048
96 2457 2048
96 2867 2048
96 1229 1639
96 1639 1639
96 2048 1639

96 2457 1639
96 2867 1639
96 1229 1229
96 1639 1229
96 2048 1229
96 2457 1229
96 2867 1229

...............

Magnification and Patterns

If your magnification is too high, milling certain patterns can use too
much memory. If it is too low, the pattern corners become round and
the edges get jaggy. A good rule of thumb is to pick a magnification

where your pattern fills 35-50% of the screen.

Selecting a Pattern

You must define a pattern before an application file can be selected.
Select one of the patterns from the Patterning page with the PATTERN
SELECTOR CURSOR. Once selected, the cursor is ready to draw a
pattern onscreen. This will only be possible in the Quad or the Single
screen whichever is active. Draw a suitable pattern size with the draw
cursor in the Quad or Single screen. Use the PATTERN CONTROL
CURSOR to move and resize the pattern by dragging it with the mouse.

When clicking on a new image window in Quad mode with the cursor
that creates patterns, a slight mouse movement might produce a small
unwanted pattern. If you create a small pattern accidentally, delete it
by clicking on the DELETE button while the pattern is active.

FIGURE 6-32 PATTERN SELECTION

____§

Rectangle ” > [

Clearing Cross Section
v Regular Cross Section ll

Circle A dvanced |

Line [*/alue |

Fabygon an

Bitmap Opim

Stream Fie Opm

Editing Patterns

Once a pattern has been drawn, it can be modified. The following
pages tell you how to control patterns by:

* Focus On
* Moving

* Resizing
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Focus On Patterns

A Focused On pattern is denoted by the addition of resizing handles to
the pattern outline.

FIGURE 6-33 RESIZING HANDLES / PATTERNING CURSORS

Resizing
Handles

Arrow Move Resize
___________ T T cursor cursor cursor
The default Appears over Appears over
: cursor; used anh object to object handles;
"""""" LB for selecting move the object. can be horizontal,
patterns. vertical, or
diagonal.

Remaining Time : 568m

Cwerall progress |
Current progress |

Moving Patterns

Make sure the cursor is inside the boundary of the pattern and hold the
left mouse button while dragging the pattern.

Resizing Patterns

Hold the left mouse button and drag the pattern edge until the desired
size is reached. Also achieved by entering values in dropdown list.

Cursor Used with Patterns

Arrow cursors can be used for selecting, moving, resizing, and
rotating patterns.

Select the ARROW toolbar button after defining a pattern to exit that
pattern mode.

Serial Patterning

When you select serial patterning, from the Patterning Page, all
patterns defined on the screen are milled consecutively; milling is
completed on one pattern before moving to the next. Serial patterning
is always used with cleaning cross sections.

Parallel Patterning

When you choose parallel patterning, from the Patterning Page, all
patterns defined on the screen are milled concurrently. For example, if
three lines are defined as milling patterns, one pass of the beam will
be made on one, then the next, the third, back to the first, and so on
until all three lines are milled to the depth selected for the first line.

With parallel patterning, the mill time is recalculated to include all the
patterns that are displayed in the image window. Parallel patterning is
typically used for regular cross section milling and to avoid
redeposition of material on adjacent areas. Onscreen information is
updated as the milling progresses.

Patterning Progress

A patterning progress module, on the Patterning Page, displays the
remaining pattern time in a progress window.
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Milling Order of Patterns

Patterns are normally milled in the order they are created on the screen.
The order can be changed by focusing on the pattern you wish to
change to a particular position in the order and click on the single arrow
in either direction to come to the order number required. To place a
pattern at number one position click on the left double arrow while
focus is on the pattern. This will bring it to number one position. For
the last position click on the right double arrow in the same manner and
the pattern will be made the last in order. The remaining patterns mill in
the order in which they were created. You can also reorder the entire set
by clicking on the patterns in the order you want them to mill.

FIGURE 6-34 REORDERING PATTERNS

il

1

—
@ .

.
]

%] I ] HNAHES
| | = | B | = | =3 |
LI 4 - Rectanglel LI
1 - Rectanglel 1- R.ectangle1
2 - Rectanglel 2- Linel
3 - Circlel 3 - Circlel
PATTERNS ARE IN CURRENT ORDER PATTERNS ARE REORDERED BY

CLICKING ON THE ARROW BUTTONS
WHILE FOCUSSING ON A PATTERN

Numbers display in the upper left corner of the rectangular patterns,
left side for lines and center for circles to indicate the current pattern
order.
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Application Files

Application files are files that are used with gas types for particular
patterning and each one can assigned to a GIS. With multiple GIS’s
installed on your system you can select between milling, Pt
deposition, Enhanced Etch, etc., by selecting a Application file for a
given pattern. Milling on specific materials without gas can also be
done more efficiently with the appropriate scanning conditions using
the dedicated Application file for that material.

Choosing an Application File

Application files are found in the PROPERTIES list under APPLICATION
on the Pattern page. Clicking on the right of the application entry will
promote a dropdown arrow. Click on the arrow and a list of
applications for the GIS system will be displayed. Click on the one
required and it will reside in the APPLICATION slot in the PROPERTIES
list. This is now the active application file for the GIS. The appropriate
application file should be use with the gas type it was written for.

FIGURE 6-35 APPLICATION FILES CHOICE

|1 - Regular cross section LI

Name |'value |«
Application  [pt [
Wyidth
Length
Depth
Postion
Position v
Rotation
Enabled
Total time
GasType

The non-gas assisted application file

For the Silicon Application file the following patterning properties are
defined:

TABLE 6-21 SILICON APPLICATION FILE (NON-GAS)

Properties | Si-XML | Description

Beam Type | Ion

Dwell Time | 1.0¢®s The time the beam spends on a single pixel per pass.

Overlap 50% Sets the beam diameter overlap.

Volume per | 0,15¢” Describes the amount of volume of material removed

Dose m>/s per charge. This used to be called sputter rate in
previous dualbeam tools.
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The parameters above are used for non-gas assisted milling. In this
case and if the overlap is positive the mill time can be calculated
based on the volume per dose parameter and beam current.

volume cublcticro ns cublcticro ns
Vealumeperdose = = = :
charge  nanocoulom b beam current *time
Therefore:
- cubictmicro ns
il time =

beamn cutrent * Fofumeperdose

For example, create a filled box pattern 5 pm x 5 pm x 2 pm as X, Y,
and Z values (the desired volume of material to be milled: 50 cubic
um) and choose 500 pA (0.5 nA) which is 0.5 nanocoulombs per
second.

Therefore:

maill fine = SO cubiciicrons = G60.8 sec, = 11 wiin, 0 zec.

0.5 nanocioumbs per second * 015

If you change the Z depth from 2 to 4 microns, the desired volume
would be twice larger and the milling time displays 22 min. 13 sec.
Doubling the beam current cuts milling time in half.

The gas-assisted application file

For the Platinum Application file the following patterning properties
are defined:

TABLE 6-22 SILICON APPLICATION FILE (GAS)

Properties | Pt Dep | Description

Beam Type | Ion

Dwell Time | 1.0¢®s The time the beam spends on a single pixel per
pass.

Overlap 0% Sets the beam diameter overlap.

Volume per 0,5¢ m3/s Describes the amount of volume of material

Dose removed per charge. This used to be called sputter

rate in previous dualbeam tools.

Refresh 0 Is used to add additional waiting time between
Time each pattern pass.
Blur 0 Will defocus the beam to increase deposition for

large depositions.

Relative 150% Adds additional pitch width to increase
Interaction deposition rate. A 150% rel. int. diameter results
Diameter in a pitch of 2,5 times the spotdiameter.
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The dwelltime, volume per dose and interaction diameter are material
and beam specific.

Refresh time and blur can be added if required for certain applications.
L.e. blur for depositing large area’s. Refresh time for filling via’s.

The relative interaction diameter induces a pitch between two spots. A
relative interaction diameter of 0% and 0% overlapx results in a pitch
of 1 time the beam diameter. A relative interaction diameter of 100%
and 0% overlapx results in a pitch of 2 times the beam diameter.

TABLE 6-23 MATERIAL SPUTTER RATES AT 30 kV

Volume per Dose Volume per Dose
Material (um3/nC) (um3/nC)
C 0.18 Au 1.50
Si 0.27 MgO 0.15
Al 0.30 SiO, 0.24
Ti 0.37 Al,O4 0.08
Cr 0.10 TiO 0.15
Fe 0.29 SisNy 0.20
Ni 0.14 TiN 0.15
Cu 0.25 Fe,03 0.25
Mo 0.12 GaAs 0.61
Ta 0.32 Pt 0.23
w 0.12 PMMA 0.40

Editing Application Files

If a milling depth of a certain application file is insufficient an additional
application file can be created or the current application file can be edited.

For example when using the Si. XML file for milling a GaAs substrate
will result in much deeper Z then defined. The following procedure
shows how you can edit the application file.

» XT Application files are located in : C:\Program
Files\Fei\data\patterning application files (*.xml extension)

* XML files can be edited in Windows Notepad®.
* Make a copy of the Si.XML file
* The required parameters can be modified to user requirements.

*  When the actual milling depth is different from the desired milling
depth the volume per dose should be modified to a value that
matches the required depth. In case of the Si.xml mill on GaAs the
depth can be measured to define a new volume per dose value.
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In the XML file the volume per dose variable can be found at:

<VolumePerDose xmlns:dt="urn:schemas-microsoft-com:datatypes" dt:dt="r8">

0.15e™®
</VolumePerDose>

The 0.15¢™ variable for Si can be changed to 0.61¢™ for GaAs.

* For easy recognition the comment lines can be changed.

<!-- Application file for milling silicon (Si) without any gas -->

* If etching or deposition application files are changed it is recommended
to make a copy of the original gas injector application file.

* Dependant on use of the etch/deposition application file one can
choose to edit beam type, dwell time, volume per dose, refresh
time, blur or interaction diameter.

A list of common volume per dose values (or sputter-rates) for various
materials can be found in Table 5-29. These are all values for 30 kV.
A total list of patterning file properties can be found in the following
Tables.

TABLE 6-24 PATTERNING FILE BASIC PROPERTIES

Properties | Description

Application Name of the application. This will set the material, beam and gas
properties.

X /Y /Zsize Set the dimension of the finished structure.

Dwell Time The time the beam spends on a single pixel per pass.

Relative interaction
diameter

The interaction diameter for an infinitely small beam relative to the beam
diameter.

Beam

The beam used for patterning

Total Time

The total time required to pattern this shape.

TABLE 6-25 PATTERNING FILE ADVANCED PROPERTIES

Position X /Y Position of the pattern relative to the origin.

Rotation Pattern rotation angle. Positive direction is counter-clockwise.

Enabled If a shape is disabled then it is not included in patterning.

Gas Type The name of the gas that must be used to pattern this shape (or ‘none’ if no
gas is to be used).
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TABLE 6-25 PATTERNING FILE ADVANCED PROPERTIES

Properties Description

Overlap X /Y Sets the beam diameter overlap
Pitch X /Y Sets the pitch between two spots.
Scandirection Determines the final edge the pattern will scan towards when

patterning.

Volume per dose

The volume of material that is removed per charge.

Saturation sputter rate

The maximum linear sputter rate for a given gas. Currently not used.

Refresh Time The minimum loop time that must at least elapse before the next pass, so
that the adsorbed gas can be refreshed.

Loop time Time required for a single pass.

Area The surface area of the pattern.

Scan Type Scanning strategy used while patterning. This is either raster of serpentine
scan.

Fill Style For box and circular patterns one can choose either to mill a solid or only
the frame.

Passes The number of passes that the beam scans over the pattern.

Defocus The defocus of the beam (WD change). This influences the Beam
diameter and area.

Blur Like Defocus, but specifying the (additional) diameter of the blurred spot.

Interaction diameter

The interaction diameter for an infinitely small beam. Influences the Total
diameter.

Total Diameter

The combination of the beam diameter and interaction diameter. This
influences the Overlap and pitch values.

Maximum dose per area

This describes the adsorbed gas layer, allowing a certain dose to be
deposited at a higher rate than the saturation current density, allowing a
temporary higher rate. (Currently not used).

Saturation current
density

The current at which 63% of the saturation sputter rate is reached.
(Currently not used).

Total Volume
Sputterrate

The speed at which material is removed or deposited. (Currently not
used).
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The Gas Injection System (GIS)

Gas Injection

The Gas Injection modules provides the capability to select the type of
gas deposition or etch material.

Overview Tab

On the OVERVIEW tab the tick box to the left of the Gas Injector, labelled
IN, is the toggle for in or out activation of the injector. The gas type is
the gas assignment to the port. The HEAT status is a toggle between cold
or hot, and the FLOW status is a toggle between closed or open.

Details Tab

Clicking on the detail tab will display the characteristics of the active
Gas Injector. The characteristics can be changed by entering the
details to configure the injector.

FIGURE 6-36 GAS INJECTOR OVERVIEW / DETAILS

—Gas Injection

Owerviewe Details |

—Gas Injection
Owerview | Details |

In Gas tvpe Heat Flow

selected GIS IA Fort LI WEFlatinum “Warm Closed
Mame |Va|ue |A OODelineation Etch Cald  Closed
Position Retracted
Heater Ot o
Heat state Cold
Gas flow Closed LI

Gas Types

Gas types are used to deposit on or etch away material surfaces. A gas
type will be allocated to each Gas Injector, and up to 5 gas injectors
can be mounted on the system in total. If an OmniProbe is mounted
then up to 4 GIS’s can be mounted.

Choosing a Gas Type

The Gas Type files are found in the PROPERTIES list under GAS TYPE on the
Pattern page. Clicking on the right of the entry will promote a dropdown
arrow. Click on the arrow and a list of allocated gas types for the GIS
system will be displayed up to the number of GIS’s installed. Click on the
one required and it will reside in the GAS TYPE slot in the PROPERTIES list.
This has now allocated the GIS to be used with it’s gas type.

When choosing from the list on the GIS module only the gas type GIS
chosen in the Pattern PROPERTY EDITOR will be ready for active use.

Setting up the GIS

The GIS to be used should be setup before patterning is started. It can
be held heated and inserted but not open until it is necessary to use.

When not in use the GIS should be closed, cold and retracted. Leaving
it closed, heated but retracted is also an option if it is to be used over
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several patterns so that reheating is not necessary.

TABLE 6-26 SETTING UP THE GIS

Step Action

1 Open the OVERVIEW tab in the Gas Injector module.

—Gas Injection
Ovenview | Details |
In Gas tvpe Heat Flow

WEFlatinum “Warm Closed
OODelineation Etch Cald  Closed

Either:

Double click on the word COLD below the column HEAT
for the GIS you need to use.

or

By clicking the right mouse button over the GIS module

will open a dialog list where the word HEATER is
highlighted. Click on HEATER.

2 The word COLD is replaced by a progress bar, which in
turn is replace by the word WARM when the GIS is fully
heated.

3 Tick the IN box at the start of the GIS chosen. A dialog

appears asking for confirmation of insertion of the GIS.

. Yes wo |

Confirm the insertion if you know there is nothing
obstructing its travel.

4 Either:

Double click on the word CLOSED below the column
FLOW for the GIS you need to use. That GIS will open.
or

Clicking the right mouse button over the GIS module

will open a dialog list where the word FLOW is
highlighted. Click on FLOW and the GIS will open.

In normal operation, the GIS will be opened
automatically when the patterning is started, if an
application file with a gas type is chosen.

5 The GIS is now in operation and is either depositing or
etching depending on the GAS TYPE chosen from the
Pattern PROPERTY EDITOR.
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The End Point Monitor (EPM)

— End-point Monitar
Graphs |Optinns| Scalingl
1542 8
[pA]
0.0
0 Depth 0

—End Paint Maonitor

Graphs Options | Sealing |
Activelived j
Mame |Va|ue |A
Mame ActiveLived
Line Color 000500020
Line Type DashDot
Yisible Yes
4 md Tiemm E— LI
Add To History

'—End-poirt Monitaor

Graphsl Options  Scaling |

# units ITime LI
MWlethod IAuto—zonm LI
¥ axis hin Mlax
™oy |0 [13503
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The EPM

The End Point Monitor gives visual feedback as to the progress of a
milling process. This device can be activated to start when patterning
starts, stop when patterning is paused and restart when patterning is

continued.

Graphs

The GRAPHS tab illustrates in live time the cutting depth progress
monitored by specimen current. This means the milling progress can
be observed as a colored graphical display.

Options

The OPTIONS tab allows selection of any number of milling processes
being monitored to be graphically displayed.

FIGURE 6-37

EPM OPTIONS

— End-point Monitar
Graphs Options | Sealing |

Activelived LI

rActivelivel ]
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Lived
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=]

Add To History Delete

Scaling

The SCALING tab can be set via X UNITS to Time or Depth. This will
correspond to how the progress is observed.

FIGURE 6-38 EPM SCALING

' —End-point Manitor

Fixed-zoom

Auto-pan
T

—End-paoint Manitar

Graphsl Options  =caling | Graphsl Options  Scaling |
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ime E Method
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¥ axis hin Mlas ® axis
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Filog [0 [3354 M iog 0

|98359

The operating METHOD can be selected from Auto-zoom, Fixed-zoom

or Auto-pan.
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Setting up the EPM for monitoring

To set up the EPM for use before patterning use the following
procedure.

TABLE 6-27 SETTING UP THE EPM

Step  Action

1 Select the ACTIVE LIVE# option from the dropdown list in
the Options tab.
2 Select the required conditions in the property editor in

the Options tab, such as LINE TYPE and LINE COLOR.

3 Open the Scaling tab and select either TIME or DEPTH,
from the X UNITS dropdown list, as the progress criteria.

4 Select either AUTO-ZOOM, FIXED-ZOOM or AUTO-PAN
from the method dropdown list as the viewing range.

AUTO-ZOOM will scale the entire progress to the viewing
window.

FIXED ZOOM can be setup by entering threshold max/min
values for time (seconds) in the X AXIS, and max/min
values for current (nA) in the Y AXIS.

AUTO-PAN will keep the present milling position
progressing in the viewing window while the past
progress moves off screen.

5 Select the Graph tab to view the progress.

6 The EPM will continue with a baseline in the Graph
display until patterning has started.

7 Start patterning.

5-68

4022 262 61641



Beam Coincidence

WORKING WITH NOVA NANOLAB Beam Coincidence

Beam Coincidence for the Electron and lon
Columns

The Electron and Ion columns are mounted as illustrated in the
following figure, which shows the stage tilted to 52°. Coincidence of
the beams occur at the eucentric tilt axis.

FIGURE 6-39 BEAM COINCIDENCE

lon column

>

Electron column

16.5 mm

(Not to Scale)

Correcting Beam coincidence

Having completed the procedure in ‘Beginning your Session’, focus
on a Quad with the Electron beam operating. Select an obvious
feature on the sample and then switch to the lon beam, from the Tool
Bar, to see the same feature. Use the I-beam shift control to correct
any offset in the coincidence of the two visualized features. The
accuracy should be within 5 pm.

Test Pattern

A test pattern can be made with a simple pattern using the Ion beam
and after observing it with the Electron beam to see that it has correct
coincidence of beams.
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Milling a Pattern

Start a Milling Pattern

When the procedure in ‘Beginning Your Session’ is satisfied then you
can start to mill a pattern on the sample material. The procedure is as

follows.

TABLE 6-28 MILLING A PATTERN

Step  Action

1

Select a pattern from the PATTERN SELECTOR on the
Patterning Page, and draw a pattern in the active Quad.

Select a beam for patterning from the Tool Bar.

Enter a value in pms as the DEPTH in the PROPERTY
EDITOR.

Select the milling aperture.

Focus and stigmate the beam on the area adjacent to the
pattern.

If necessary, use the MUI SHIFT X and Y knobs or resize
the pattern to correct positioning.

Snapshot a single frame to confirm the pattern position.

Click START PATTERNING on the Patterning menu or click
on the START PATTERNING button on the Tool Bar to
begin milling.

The EPM automatically switches on.

Click PAUSE PATTERNING on the Patterning menu or click
on the PAUSE PATTERNING button on the Tool Bar to
pause milling.

Click RESUME PATTERNING on the Patterning menu or
click on the RESUME PATTERNING button on the Tool Bar
to resume milling.

Click on the STOP PATTERNING button on the Tool Bar
to stop milling.
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Stopping and Restarting

If at any time during milling or deposition you wish to stop in
progress, click on the PAUSE PATTERNING icon on the Tool Bar.

When you stop and restart patterning, the software continues the
patterning process where it left off. If patterning is restarted after
patterns are modified, added, or deleted, patterning starts from the
first pattern and all patterning completed clocks are reset to zero.

Fine Tuning Patterns

Use the MUI SHIFT X and Y knobs to fine-tune the image. Beam shifts
are used in many applications, such as fine milling of cross sections to
give a clean, vertical face to the section. Use Shift also to adjust for
drift or charge effects. Grab-a-frame to monitor the change in mill
position.

Beam Current/Milling Times

The appropriate beam current value depends on the sample to be
milled and your experience with the sample material. Lower beam
currents are less destructive and take longer to mill. The following are
guidelines only. Specific parameters depend on your sample material
and objectives.

TABLE 6-29 BEAM CURRENTS/MILLING TIMES BY
APPLICATION

Suggested Beam Current/Milling

Milling Application Time

Typical cross sections | Try for a total time of 5-15 minutes,
(<20 pm wide) using 2-5 nA of current. Larger
currents cause more damage around
the recess and less vertical walls.

Large cross sections Raise milling time to 15-20 minutes or
(very wide or deep more (beware of drifts).
ones)

Cleaning cross section | Use a value no less than one quarter to
one half of the main current.

Drilling vias or A drilling time from 1-4 minutes is
cutting tracks adequate. The main limitations of short
drilling times are difficulty in doing
End Point Detection and the possibility
of doing charge damage.
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Milling in Spot Mode

Select SPOT from the Scan menu to place a single spot directly in the

Scan  Beam Patterming Stage  Tools g
center of the screen. The cursor becomes an open green cross in the

v . o .
Zauseh ; ke center of the screen. If the cursor is not moved the milling process will
PE?ES © - take place in the center of the screen. Click anywhere on the image to

move the green cross to another position for spot milling.
Videoscope = ove the green cross to another position for spo g
Reduced Area F7 TABLE 6-30 MILLING A SPOT
¥ Full Frame Cirl+m .
| Spot Step  Action
Lire
1 Move your feature to the center of the screen.
External
¥ Beam Blark Cirl+B .
2 Select SPOT from the Scan menu. A open green cross is
Slow Scan Cirl+Shift+"," displayed in the center of the screen. Move the cursor
Fast Scan Ctrl+Shift+"." over the spot required for milling.
Slower Scan Cirl+","
Faster Scan Crl+"" 3 Click on the START PATTERNING button in the Tool Bar.
Mains Lock. .
4 To grab a frame, click on SNAPSHOT.
¥ Live
Average (8 frames ) 5 Click PAUSE once to resume SPOT mode scanning.
Integrate ( 1 frame )
_ _ 6 To exit SPOT mode, chose FULL FRAME.
Scan Rotation Shift+F12
Preferences... Col+o
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Creating Cross Sections

A Typical Cross Section

Cross sections are cut in a stair step fashion to allow the exposed
layers to be seen when the stage is tilted to 52°.

Mill a typical cross section in two or three stages.

1. The first stage is regular cross section with five superimposed box
patterns sharing three common edges.

2. Optionally, use either filled box or cleaning cross section at a
reduced current. (If the cross section is large, a second cleaning
may be required at a lower current.)

3. Finally, use cleaning cross section.

The following figure shows the relationship of these pattern areas and
their relative size.

A typical cross section is 10-20 um wide by 7-15 um tall with the
dimensions and depth appropriate to the size of the target area of
interest.

FIGURE 6-40 A TYPICAL CROSS SECTION

Trailing edge

Leading edge
<0.5 pm ~—

/T

7-15 pm

Cleaning cross
section (Step 3)

Contact Edge

(Closest to Area of Interest)

-=— Filled box or cleaning
cross section (step 2

option), 1-2 pm

-«—— Regular cross section
(step 1)

| (Not to Scale)

10-20 pm

Use caution in positioning boxes if you are sectioning a very specific
point. Use fine milling to expose the exact area of interest. For
example, a 2 um offset should be more than enough at 3 nA of
current.

Calculate the outline as the height of the box relative to the depth to be
milled. If you intend to view at 52° and see details 3 um from the
surface, then the original box should be at least 3 pm tall.

Making the Cross Section

Mill a regular cross section with five superimposed box patterns
sharing three common edges.
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TABLE 6-31 MAKING THE FIRST CROSS SECTION

Step  Action

1 Select a Quad by clicking in it, and the E-Beam icon
from the Tool Bar and begin scanning.

2 Move the stage to where you want to mill the cross section.
3 Find the eucentric position.

4 Tilt the stage to 52°.

5 Save this position in the LOCATION list in the STAGE

module. This is as far as the instructions take you in the
section ‘Beginning your session’.

6 Align both beams by correcting the coincidence found in
the section ‘Beam Coincidence’.

7 Optimize the I-Beam image.
8 Restore the stage position you stored in Step 5.
9 From the Tool Bar:

Select the I-Beam icon. Set the I-Beam current to 150-
5000 pA, depending on the size of the cross section.

10 Image briefly on the area to set the magnification and position.

11 Click SNAPSHOT to grab a [-Beam frame.

12 Open the Patterning page and do the following:

Select REGULAR CROSS SECTION from the pattern tools
menu on the Patterning page. Bring the cursor to the
image area and draw a rectangular box about 2 pm from
the area of interest.

13 While still on the Patterning page, within the property
editor set the APPLICATION to ‘si” and enter the value for
the DEPTH as needed. Press ENTER to update.

14 Click SNAPSHOT to grab a [-Beam frame.
15 Click on the START PATTERNING icon in the Tool Bar.
16 Use SNAPSHOT to update your image as desired by

grabbing a frame from the lon-Beam or E-Beam.

Use CLEANING CROSS SECTION from the pattern tools menu at a
reduced current for this step.
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TABLE 6-32 MAKING THE SECOND CUT (OPTIONAL)

Step  Action

1

From the Tool Bar:

Set the I-Beam current to approximately Y4 of the beam
current used for the first cut.

Click SNAPSHOT to grab a I-Beam frame.

Click CLEANING CROSS SECTION. Bring the cursor to the image
area and draw a rectangular box. Adjust its size so that its
leading face is approximately 0.2 um from the target area and
the trailing edge extends just beyond the rough cut.

Remember to fill in the depth of your cross section in the
property editor on the Patterning page.

Snapshot another [-Beam frame to check alignment of the
pattern to the feature.

Click on the START PATTERNING icon in the Tool Bar.

Select a new Quad by clicking in it, and the E-Beam icon
from the Tool Bar and begin scanning. Click SNAPSHOT to
grab a frame to view the E-Beam image.

Use CLEANING CROSS SECTION from the pattern tools menu for this
final cut.

TABLE 6-33 MAKING THE FINAL CUT

Step  Action

1 If the cut is too rough, change the Ion beam current to
300 - 1000 pA. Adjust focus as needed.

2 In the patterning Quad click SNAPSHOT to grab an [-Beam frame.

3 Click CLEANING CROSS SECTION. Bring the cursor to the
image area and draw a rectangular box. Adjust its size so that
its leading face crosses the target area and the trailing edge
extends just beyond the rough cut.
Remember to fill in the depth of your cross section in the
property editor on the Patterning page.

4 Click SNAPSHOT to grab a [-Beam frame.

5 Click on the START PATTERNING icon in the Tool Bar.

6 Select a new Quad by clicking in it, and the E-Beam icon

from the Tool Bar and begin scanning. Click SNAPSHOT to
grab a frame to view the E-Beam image.
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Viewing the Cross Section

5-76

After cutting the cross section, switch to SEM imaging and acquire an
overview image of the cross section without the need to mode the
stage. The following figure shows examples of some typical milling
views of a cross section.

FIGURE 6-41 CROSS SECTION VIEWS

Perspective view of the cross
section milled on the edge of a
sample

Top view of the cross section

Cross-section view. This view was
done to show the geometry of the
cross section.

The following figure shows the relationship of the columns and stage
to the face of the cross section during milling and how this is viewed
onscreen, depending on whether you image with the electron or ion
beam.
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FIGURE 6-42 CROSS SECTION VIEWING DURING MILLING

Electron column
lon column

T

@
6@03

52° stage tilt

/

Cross-section face

Viewing with I-Beam Viewing with E-Beam

Cross-section face Cross-section face

Onscreen views

Not
visible

Completely visible

(Not to Scale)
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The following figure shows the onscreen view with the stage at 0° tilt,
with both the electron and ion beam imaging views.

FIGURE 6-43 CROSS SECTION VIEWING AT 0° TILT

T

Viewing with I-Beam

Cross-section face —»

Cross-section face

N

Not
visible

Tilted View into shallow
end of cross section

Electron column
lon column

Onscreen views

Shallow end

0° stage tilt

Viewing with E-Beam

Cross-section face

“

Not
visible

(Not to Scale)
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The following figure shows the onscreen views with the stage still at
0° tilt, but with both stage and scan rotation at 180°.

FIGURE 6-44 VIEWING AT 0° TILT ROTATED 180°

Electron column

lon column
\
\
Stage
<— Cross-section face
0° stage tilt, 180° rotation
scan rotation 180°
Viewing with |-Beam Viewing with E-Beam

Tilted view into

cross section Cross-section face
Onscreen views Not
visible

Completely visible

(Not to Scale)
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Using the Measurement functions
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The MEASUREMENT functions found on the Measurement and
Annotations page give the user many capabilities to measure
distances, angles, diameters and areas etc.

Clicking on the appropriate symbol button at the top of the
MEASUREMENT module will open a properties list where items such as
Color, Font, line width, measurement type and text position etc. can
be defined.

The graphic chosen can then be drawn on screen with that symbol
cursor. Once the graphic is drawn, the ARROW symbol button can be
clicked on to change the graphic in size or shape. If there are more
graphics on screen the arrow button can also be used to focus on one
in particular by clicking on the graphic when using the ARROW
symbol.

FIGURE 6-45 CONTROLS FOR MEASUREMENT

MEASUREMENT
FUNCTION DELETE
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MEASUREMENTDETAILS

ENTERED AND DISPLAYED
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Use of Measurement

Measurement can be used to gain statistical information about a
milled area by overlaying the shape with a measurement graphic to
outline sizes within the area. The following procedure descibes how
to use the Measurement functions.

TABLE 6-34 USING MEASUREMENT FUNCTIONS

Step Action

1 Open the Measurement and Annotations Page.

Click on the MEASUREMENT graphic symbol suitable for the
milled item you need to gain measurements from i.e.
rectangle for a standard rectangular patterned milled area.

2 Bring the cursor to the quad or screen area and draw the
graphic over the milled area, to represent the milled shape.
This can be done by dragging the cursor from the top left
corner to the right lower corner of the shape.

3 When the graphic is drawn it can be sized and positioned
by clicking on the ARROW symbol button and bringing the
cursor back to the on screen graphic.

4 Click on the graphic to size and position the graphic
correctly over the milled area.

5 Although there is a value already in the center or alongside
the graphic, this is only one of a number of statistics
available. These can be found in the PROPERTIES list for
that graphic.

6 When there are more than one graphic the ARROW cursor
can be used to gain information from each in turn. The
ARROW cursor is only active on screen and changes
automatically to the command cursor when over the UL

7 Graphics that can be drawn with MEASUREMENT.

4
M 785485 nm?
o

23 ,
E 1.028)m*

T
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Using the Annotations functions
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The ANNOTATIONS functions found on the Measurement and
Annotations page give the user many capabilities to locate and label
items that are of significant interest on the sample area.

Clicking on the appropriate symbol button at the top of the
ANNOTATIONS module will open a properties list where items such as
Color, Font, line width and text position etc. can be defined.

The graphic chosen can then be drawn on screen with that symbol
cursor. Once the graphic is drawn, the ARROW symbol button can be
clicked on to change the graphic in size or shape. If there are more
graphics on screen the arrow button can also be used to focus on one
in particular by clicking on the graphic when using the ARROW
symbol.

FIGURE 6-46 CONTROLS FOR ANNOTATIONS
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Use of Annotations

Annotations can be used to graphically label items of interest. Text
can also be used to add further information about the points of
interest. The following procedure descibes how to use the Annotations
functions.

TABLE 6-35 USING ANNOTATIONS FUNCTIONS

Step Action

1

Open the Measurement and Annotations Page.
Click on the ANNOTATION symbol required.

Bring the cursor to the quad or screen area and draw the
graphic, if it was a annotation graphic symbol you chose.
This can be done by dragging the cursor from the top left
corner to the right lower corner of the shape. If you chose
the TEXT symbol then just click once where you require text
and a text box opens. Type the text into the text item in the
PROPERTIES list. Click on the text with the left mouse
button or press enter and the text will appear on the screen
in the area of the box.

When the graphic is drawn it can be sized and positiond by
clicking on the ARROW symbol button and bringing the
cursor back to the on screen graphic.

Click on the graphic to size and position the graphic
correctly over the sample area.

Condition in the PROPERTIES list can be changed to effect
changes onscreen for text especially but also graphics for
color etc.

The ARROW cursor is only active on screen and changes
automatically to the command cursor when over the UL

Graphics that can be drawn with ANNOTATIONS.

il
K % Markers O

Rectangle

] o B s
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5-84

Editing Measurements / Annotations

Once a measurement or Annotations symbol has been drawn, it can be
modified. The following tell you how to control graphics by:

» Selecting
* Moving

* Resizing

Selecting Graphics

A selected measurement graphic is denoted by the addition of resizing
handles to the outline.

FIGURE 6-47 RESIZING HANDLES / GRAPHIC CURSORS

Resizing
Handles

'T 1.028pm? LJiJ

Arrow Move Resize

y?, _ ] — JT_‘ cursor cursor cursor

The default Appears over Appears over
cursor; used an object to object handles;
for selecting move the object. can be horizontal,
yJ} _ T — 4|JJ graphics. vertical, or
diagonal.

Moving Measurement Graphics

Make sure the cursor is inside the boundary of the graphic and hold
the left mouse button while dragging the graphic.

Resizing Graphics

Hold the left mouse button and drag the graphic edge until the desired
size is reached. Also achieved by entering values in the PROPERTIES
list.

Cursors Used with Graphics

Arrow cursors can be used for selecting, moving and resizing
graphics. Select the ARROW toolbar button after defining a
measurement graphic to exit that graphic mode.

Using the Properties List

Whether to gain statistical information or to change a property of a
measurement or annotation you can enter the PROPERTIES list for the
graphic or text you have selected.

Some properties have a dropdown list so a choice can be made which
will update on screen for the selected graphic.

Numerical values can be entered in text editors, with some properties,
to effect the outcome of the graphic on screen. These will show a text
cursor in the edit area when clicked on.

Delete buttons
The individual DELETE button, for either module, deletes only the item
selected.

The DELETE ALL button, for either module, deletes all items on screen
made only in either MEASUREMENT or ANNOTATIONS.
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FEI User Management Software

L #f

FEI
Wlanagement

The FEI User management software allows FEI Account
Administrators, FEI Supervisors and FEI Microscope Users to
organise users and accounts. It allows the creation and removal of
user accounts, the setting of user passwords and group membership,
as well as the copying and removal of user data.

You can start the software by clicking the desktop icon
(Start\Programs\FEICompany\UserTools\FEIUsermanagement.exe).
This brings up the Log On dialogue box, containing Username and
Password text fields, for entering the User Management software.

Control possibilities

Context menu

You can reach some context options by clicking the right mouse
button. The use of these options is the same as described below.

Drag and Drop actions

Instead of using menu options, you can sometimes simply drag and
drop items from one icon to another (set user group).

FEI Account Administrators

As the highest account level, FEI Account Administrators have rights
that allow them to create and delete users and change their properties
over the following user groups (in order of significance):

* FEI Account Administrator

» FEI Supervisor Users

* FEI Microscope Users

* FEI Non-active Users

Each of these accounts has its own opportunity to operate the

xT microscope Server and Control software. The first FEI Account
Administrator is created during the system installation.

FIGURE 6-48 FEI ACCOUNT ADMINISTRATORS OVERVIEW

» Factory - FEI User Management = |EI Iil
Fle Account Userdata Help
----- F FEI Non-active Users

=4

¢ FEI Supervisor Users
@ supervisor  ( Microscope Adminisrator )
% FEI Account Administrators

=€ FEI Service Users

80 support  ( Customer Support Liser for adjusting microscope )
= FEI Factory Users

------ 3 factory  (Factory user for adjusting microscope )

|User: Factory ¢ FEI Factory Users ) [Buffer: supervisor ( FEI Supervisor Users )
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Log @n
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Set pazzword
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Properties Al-Enter
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- iR
Password |
Caonfitm passward I
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Full name |
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FEI User Management: Delete x|
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FEI User Management: Set password il

User name : "hugo" ( FEI Microscope Users )

Mew password I‘

Confinm password I

FEI User Management: Set user group x|

Username

"supemisor { FEl Supenisor Users )

Set group

The File Menu

contains the following items:

* Login: click to log in (active when user is logged out).

» Logout: click to log off (active when user is logged on).
Refresh (F5): click to refresh the user tree.

» Exit: click to exit the FEI User management program.

The Account Menu

contains the following items, which are accessible only for FEI
Account administrators (with the exception of set password
function).

* Create (Ins): click to add a new user or supervisor.

* Remove (Del): click to remove an existing user. The user must be
highlighted first.

If an FEI Microscope User has user data, the account administator is
warned that user data will be removed also. If any additional user is to
be removed, that additional user’s data is removed without warnings.

» Set password: click to make a password for the user. The user
must first be highlighted in the tree.
An FEI Account Administrator can change the password for any
user from a lower level account. The password has to be confirmed
twice.

* Set user group: click to set the group for the user. The user must
first be highlighted in the tree. When confirmed, the user is moved
to selected group. When moving a user from the FEI Microscope
Users group to the FEI Non-active Users group, his user data will
be removed. A warning is displayed in this case.
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* Properties (Alt + Enter): click to see and change the properties
for that user. The user must first be highlighted in the tree.

The Userdata menu

contains the following items.

* Copy (Ctrl + C): click to copy user data from a user of the same or
a lower level group.

* Paste (Ctrl + V): click to paste user data into your own account or
into the accounts of a lower group level. It is not possible to copy
user data inside the FEI Supervisors User group.

* Remove: click to delete user data from a selected account of equal
or lower group level.

The Help Menu

contains the following items:

* Legend: clicking provides an explanation of icons used in the tree.

* About: displays the User Management software version and
copyright.

Account Logging

This accounting utility monitors user, log on / off actions, session
time, filament lifetime and the Ul status. It works with two log files
located in c:\Program Files\FEI\data\accounting\:

* accounting.tmp is a temporary running file during use of the
equipment at each user session, updated every 15 seconds so that
any power down or windows crash situation can be time logged.

+ accounting.log is permanent file to which the previous data are
sent when a new session is started. This file is only readable by the
FEI Supervisor User or higher level.

These files can only be deleted at factory or service level, each one is
a text - CSV file so it can be loaded into Microsoft Excel for
processing.
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ol

This chapter covers the following stages:

* NanoLab 200, 50 x 50 mm Motor 5 axes. (+ Manual Overrides)
* NanoLab 600, 150 x 150 mm Motor 5 axes
The software control for the stage is an integrated part of the overall

control software.The Navigation Page layout remains the same so that
it is easily recognised by users of either stage system.
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NanoLab 200 Stage

FIGURE 6-1 NANOLAB 200 STAGE MANUAL CONTROLS

Tilt Control
(motorized)

Y-Control

X-Control

Specimen
Current
Monitor
Point

Z-Control

Rotation
Control

Stage movement

The motorised movements of the stage can be operated under
software control for more advanced mapping and location. A live
image area can be repositioned with either stage movement (manual
or software) or beam shift.

NOTE: When you move the stage or tilt the specimen, you
may need to lower the magnification so you do not lose the
feature of interest on the screen.

Software controls for movement include the Shift, Get and Track and
the Navigation Page functionality. You can access the Navigation
Page by Clicking on the appropriate icon above the pages. The stage
can be tilted 90° total. The tilt axis always intersects the electron
optical axis of the column at the same height (5 mm FWD) for
eucentric tilt. When the specimen is positioned at this height, the
specimen can be tilted in the eucentric plane.
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FIGURE 6-2 NANOLAB 200 STAGE MOVEMENT

t+

———— e i — . — — — —

Legend

Z=25mm(iny =\ ~—------------ '
+ 25 mm (ext)

X =50 mm

Y =50 mm

T=-15to +75°

R = 360°

(continuous)

Stage door

NOTE: By default, negative tilt is disabled by software
interlock, as this may cause a conflict with insertion of gas
injectors. To override the software interlock, contact your
service engineer.

6-3
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Using Z (height) adjustment

With the standard specimen holder it is possible to change the
specimen height inside the chamber, to bring the sample to a eucentric
position and have flexibility to then move Z from outside the chamber
to another position if required. The internal Z range is 25 mm of
movement, and the external Z range (5) is also 25 mm. This allows a
flexibility to load large or different height specimens onto the stage by
reducing the internal Z but still be able to manipulate the difference in
height from outside.

FIGURE 6-3 NANOLAB 200 EUCENTRIC ADJUSTER

I— Smm I—lmm\

| m— N E—

To set the specimen height to the eucentric position, and at the same
time prevent any possibility that the specimen should touch the lens
pole if the Z is increased, can be done as follows:

* Load a specimen onto the specimen holder.

» With the stage still open adjust the external Z (5) to the highest
position.

* Set the Eucentric Height Adjuster on the stage base.

* Bring the highest specimen or point on the specimen to the 2 mm
position on the Height Adjuster by turning the internal screw of the
specimen holder. Lock the position with the locking cone.

* Reduce the Z so that the specimen now coincides to the Eucentric
position on the Height Adjuster by use of the external Z control (5).
* Close the chamber, and pump down.

* When the beam is switched on focus the sample and click on the
Z<->FWD button icon on the Tool bar. The FWD will be
recognized by the system as the value of Z in the Coordinates tab of
the Navigation page.

@

Now the Z can be changed from the external Z control(5) around the
eucentric position and further, but for safety, not less than 2 mm from
the lens.
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Standard Sample Holders

The NanoLab 200 stage has 1 standard holder and an interface piece
for clamp holders such as the UMB Holder (option).

The 200 and 600 stages have eucentricity and therefore need to have a
Z prime position at a set height from the stage rotation head surface to
bring the sample surface to a eucentric condition.

The eucentric holder is screwed into the center of the rotation head of
the stage. When the stub with specimen is fitted, by tilting the stage,
the position of tilt should be at the plane of the specimen. The
specimen should not be of excessive height as this will not work. The
specimen should be within 1 to 2 mm thick.

FIGURE 6-4 200 STANDARD SAMPLE HOLDERS

Standard Single Sample Holder Stage interface piece for UMB
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NanolLab 600 Stage

FIGURE 6-5 NANOLAB 600 STAGE

Stage movement

The stage can be tilted over 70°. The stage movement is motorized
and is under software control.

Software controls for movement include the Shift, Get, Track and the
Navigation Page functionality. You can access the Navigation Page
by clicking on the appropriate icon above the pages.
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FIGURE 6-6 NANOLAB 600 STAGE MOVEMENT
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Legend
Z=10 mm

X =150 mm

Y =150 mm
T=-10 to +60°
R = 360°

(continuous)

Stage door

NOTE: By default, negative tilt is disabled by software
interlock, as this may cause a conflict with insertion of gas
injectors. To override the software interlock, contact your
service engineer.

Using Z (height) adjustment

To set the specimen height and at the same time prevent any
possibility that the specimen should touch the lens pole if the Z is
increased can be done as follows:

* Load a specimen onto the specimen holder.

* Adjust the Z, so that the specimen is approximately 5 mm below
the lens.

* Close the chamber, and pump down.

* When the beam is switched on focus the sample and click on the
Z<->FWD button icon on the Tool bar. The FWD will be
recognized by the system as the value of Z in the Coordinates tab of
Stage in the Navigation page.

=

* Now the Z can be changed by the software interface control. For
safety move the stage very cautiously when approaching less than
2 mm from the lens!

6-7
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Using Clamp
The CLAMP function on the Stage menu provides an extra software-

controlled lock. Use this lock when imaging at high magnifications (>
10,000 X).

Standard Sample Holders

The NanoLab 600 stage has 2 standard holders and an interface piece
for clamp holders such as the UMB Holder (option).

The 200 and 600 stages have eucentricity and therefore need to have a
Z prime position at a set height from the stage rotation head surface to
bring the sample surface to a eucentric condition.

The eucentric holder is screwed into the center of the rotation head of
the stage. When the stub with specimen is fitted, by tilting the stage,
the position of tilt should be at the plane of the specimen. The
specimen should not be of excessive height as this will not work.

FIGURE 6-7 600 STANDARD SAMPLE HOLDERS

Standard Single Sample Holder Stage interface piece for UMB

High Resolution Sample Holder
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Finding the Eucentric Height

Establishing the eucentric height is an important part of setting up a
sample for observation or modification. Eucentric height should be
adjusted after loading any new samples as the load procedure clears
all height information. When you have a feature of interest at
eucentric height, you will be able to use the different Nova
workstation components such as the GIS and EDX, in a safe and
optimal way. The eucentric point is where the stage tilt axis and the
ion and electron beam axes intersect. At this point, no matter which
direction the stage is tilted or rotated, the feature of interest remains
focused and almost no image displacement occurs.

Finding eucentric height on the workstation is the process of
positioning the sample so it is at the eucentric point. The following
figure is an overview of this process.

FIGURE 6-8 UNDERSTANDING EUCENTRIC HEIGHT

Beam The beam axis and Beam
the feature of interest
should intersect at Eucentric height

eucentric height.

b. Tilt Stage 15°
Notice how the sample is not at eucentric When the sample is not at eucentric height,
height when it is below the eucentric tilting the stage moves the feature of
point. You could focus on the feature but, interest out of the beam.
as seen in b., the feature would move
during tilt.
Beam

Feature moves into
eucentric height and
into focus.

Beam
Feature is at
eucentric height.

c. Z adjustment d.

Adjusting the Z-axis when the stage is tilted Now, whether the sample is at any tilt angle,
moves the feature of interest back into the the feature of interest always stays at the
field of view. It normally also brings the focal point of the beam.

feature into focus, provided that the beams
are focused to the eucentric point.
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Finding Eucentric Height

For many samples other than wafers, or for greatest accuracy, use the
following manual procedure to obtain eucentric height. Eucentric
height requires an E-Beam working distance of approximately 5 mm.

TABLE 6-1 FINDING EUCENTRIC HEIGHT MANUALLY

Step Action

1 On the Stage menu, select ZERO BEAM SHIFT.

2 If the small yellow cross is not already displayed in
the center of the screen, press Shift + F5 to display it.

3 Make SEM image live.

4 Set stage tilt to 0°.

5 Focus using MUI or right-mouse button.

6 Couple" Z to FWD.

7 Bring the stage to 5 mm WD.

8 At 1000x magnification, find a distinct feature and

center it under the yellow cross by moving the stage.

9 Tilt stage to 7°. Using Z-control bring the feature
back under the cross.

10 Tilt back to 0°. The feature should not shift
significantly. If the shift is > 5-10 pm repeat steps 8 to
10.

11 Tilt to 52° and verify that the feature stays in the

center of the screen.

Aligning Beams at the Eucentric Height

This procedure assumes that your stage is at eucentric height and that
both beams are on.

TABLE 6-2 ALIGNING BOTH BEAMS

Step Action

1 Click on the Electron Beam icon in the Tool Bar.
2 Tilt the stage to 52°.
3 While imaging with the E-Beam, and at 1000x

magnification, find a distinct feature and move it
under the red cross by moving the stage.

4 Click on the Ion Beam icon in the Tool Bar.

6-10
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TABLE 6-2 ALIGNING BOTH BEAMS

Step Action

5 Using image shift, bring the same feature back under
the red cross.

6 If you cannot align the two images, recheck the
eucentric height with the manual procedure.

NOTE: After aligning the two beams, avoid using beam shift
with the ion and electron beams.

6-11
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Software Stage Functions

| Flip | Tilt Correctionl
r x IW mim
o IW rmm
rz +giome | mm

roT [520 +] °
r R [136.1 .

¥ Compucentric Rotation

The Navigation Page has a number of modules including Stage. The
Stage module controls movements of the stage to locate the
positioning of the specimen by reference to coordinated points.

Stage
The Stage module consists of 3 planes at present, BULK, FLIP and TILT

CORRECTION. These are accessed by horizontal tabs at the top of the
module.

Bulk tab

The BULK tab displays a LOCATION list box for storing and selecting
positions store on the map. The stage maximum cover is displayed as
a large rectangular area, known as the MAP, with an inscribed circle
displaying a center axis cross. All positions to be located and stored
will be shown on this large circle. In the top right corner there is
another smaller circle known as the RADARVIEW, and is the true
rotational condition of the stage at any time.

Radarview

The small circle in the top right of the stage area relates to the rotation
position of the stage at one-time. By holding the left mouse button
down on the black triangle on the perimeter of the circle and moving it
round to another angle position the stage will follow the action
promoted on release of the mouse button. The large circle remains in
the same state to represent true X and Y directions. All positions that
incurred rotation of the stage in their stored locations Maps will
display rotation condition in the radar view when restored to the
current position. Orientation is seen by the update of the small triangle
and the ‘clock hand’ lines in the radar view circle.

Location

When LOCATION is expanded it shows the list of positions with a
scroll facility. The one selected becomes the current active position.
When a position is selected it highlights in the list and also on the map
as a point with a red circle. More information on the relationship of
MAP and LOCATION is described in the following sections.
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STAGES Software Stage Functions

Open the File menu and click on the IMPORT item to import STAGE

POSITIONS as a Map file. An OPEN dialog appears with the list of Map
files. Select the Map file required and click on OPEN. The Map file is
then loaded into the Stage navigation system and the list of positions

update in the LOCATION list.
FIGURE 6-9 IMPORT DIALOG

Open

Laak in: I@Tmp

x| Bk Er

2|x|

#|5T map_001.stg
%] ST map_002.stg
ST map_003.stg

Files aof type: IStage Positions (*.stg) LI Cancel |
4
Export

Open the File menu and click on the EXPORT item STAGE POSITIONS to
save a Map file. A SAVE AS dialog appears with the list of Map files.

ISD-D ky IU-ZB s Type or Select the Map file name required and click on SAVE. The

positions in the LOCATION list are then saved as a Map file.

FIGURE 6-10 EXPORT DIALOG

Save in: IaTmP

|« & ckEr

2|x|

#|5T map_001.stg
%] ST map_002.stg
ST map_003.stg

Save as type: IStage Positions (*.stg) LI Cancel |
4
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Map Elements
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Map Area

The MAP area represents the total range of the stage in X and Y. In the
locatable area representative positions can be specimen positions or
just positions on a single specimen. They are only numbered, by
default or intent, in the drop down list box LOCATION and not on the
MAP area. The positions and other elements are shown in the MAP

area.

FIGURE 6-11 MAP ELEMENTS
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The numbers on the figure above are represented in the list below with
association to their function.

TABLE 6-3 MAP ELEMENT FUNCTIONS

No.

Function

White cross with red background in black circle. A
stored location in the LOCATION list. Without rotation.

White vertical cross on a green background indicates
that a stored position is highlighted in the LOCATION
list

White cross with red background in black circle. A
stored location in the LOCATION list. With rotation
noted by position of the black key.

Black cross. Mechanical stage center.

Blue cross with red circled cross. The blue cross is a
new location not stored and the red circled cross is the
current targeted position.
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TABLE 6-3 MAP ELEMENT FUNCTIONS

No. Function

5 Black triangle. The moveable rotation angle
positioner.

6 Gray ‘clock hands’. Denote rotation position as 5.

7 Gray crosses. Stored positions as on the map.

8 1x to 100x. Magnification factor of the map.

9 X slider to move the mapped area in a X (stage)
direction at different zoomed out magnifications.

10 Y slider to move the mapped area in a Y (stage)
direction at different zoomed out magnifications.

Map dialog

The MAP dialog can be accessed by clicking with the right mouse
button in the map area.The different stage sizes will be represented by
a different sized shaded circle at default 1x.

Add current stage position

Clicking with the mouse left button anywhere on this circle area will
present a blue cross. Then clicking on the right mouse button will give
a drop down menu overlaying the Stage module to invite the adding
of the Blue cross position to the LOCATION list. By clicking on ‘ADD
CURRENT STAGE POSITION’ this function is carried out. In this way the
list can be compiled for particular applications. The blue cross turns
black and receives a black circle around it. The end functionality is
the same as the ADD button.

Update to current stage position

Clicking on this stores the (edited) position under the currently
selected name. The end functionality is the same as the UPDATE
button.

Remove selected position

Clicking on this in the dialog list will remove position from the map
and the highlighted label in the location list. The end functionality is
the same as the REMOVE button.

Center view

In the same menu clicking on the item CENTER VIEW will bring the
location center to the center of view rather than the stage axial center.

Auto center on target

When using the “MAGNIFICATION’ (Zoom) function the location that is
the present active location can remains in the center of view relative to
the Map area if ‘AUTO CENTER ON TARGET’ is clicked ON in the fixed
drop down menu. ON is represented as a tick mark.

6-15
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—Stage

| Flip |Ti|t Currectiunl

IActuaI vl

% IW mm =&
v IW mm ==l
r z +W mm ==l
ik B T
i S =S I e
¥ Compucentric Rotation
Last Position Add
Update
Remave

Zero radarview

Clicking on ZERO RADAR VIEW will bring the radar view circle to zero
position (12 o’clock), and rotate the stage mechanically to the home
condition for rotation movement only.

Magnification (Zoom)

Clicking on the right mouse button, when over the Map area, will give
the fixed drop down menu for MAGNIFICATION (ZOOM). By clicking
on the item labelled ‘“MAGNIFICATION’ the magnification factor of the
MAP area can be selected from a further drop down menu.

FIGURE 6-12 MAP MAGNIFICATION (ZOOM)

Add current stage position
Update to current stage position
Remove selected position

Magnification 1%
, 2%
Center view B
¥ Auto center on target 10x
ZEro radarview 95
S0y
100

The resulting multiple value is seen in the bottom right-hand corner of
the map area. Scroll bars are present to move over the whole map area
in zoomed condition.

Coordinates area

Coordinates area displays a numerical layout for X, Y, Z, R and T.
Position can be selected in a similar LOCATION list. LAST POSITION is
always present in the LOCATION list.

XY, Z,R, T

Five editable text boxes are available for X, Y, Z, R and T, these are
separately editable or can be filled from the selection made at the
LOCATION list. When any of the editable boxes are written to the tick
box to the left of the parameter automatically checks to show that the
value entered is a target value. This functions irrespective of
coordinate status (Actual/Target/Relative).

Actual Mode

This mode is used by the LAST POSITION, which is displayed in the
edit boxes. The ADD, UPDATE and REMOVE buttons are active. The
GOTO button is inactive.

Target Mode

This mode becomes active when any stored POSITION is clicked on in
the LOCATION list. The GOTO button also becomes active, when
clicked on the stage will drive to that location. The ADD, UPDATE,
REMOVE and GOTO buttons are active.

Relative Mode

This mode is used to make repetitive or equal movements in relation
to a key point or points. The coordinates can be in known units or
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STAGES Map Elements

more often in user units defined from the setup found in the Stage
menu. The item ‘DEFINE USER UNITS’ sets up the coordinates and the
item “USER UNITS’ switches between known units and user units.
When RELATIVE mode is in operation the ADD, UPDATE, REMOVE and
GOTO buttons are active.

Editing a coordinate

When in Actual mode:

* With the LAST POSITION selected will de-select the current position
(so no position is selected at all), will change the mode to TARGET
MODE and will disable the UPDATE button. The GOTO button is
active. Boxes become ticked.

» To update any other POSITION enter new values in any of the edit
boxes. This will change the mode to TARGET MODE and will enable
the UPDATE button (the position remains selected). Boxes become
ticked.

* if no position is selected the edit boxes can be filled and the mode
will change to TARGET MODE. The GOTO button is active. boxes
become ticked

When in Relative mode:
+ Editing a coordinate will change the mode to TARGET MODE. The
GOTO button becomes active. Boxes become ticked.

Locks

These are software locks to prevent inadvertent movement of any or
all axis during particular applications. Default is unlocked. The edit
boxes for axes that are locked are grayed out and cannot be entered or
updated. Axes that are locked do not move when the GOTO button is
activated. When any or all of the axes are locked the lock icon in
Status displays a closed lock.

Units of measure

The units of measure (to the right of the position edit boxes) follow
the Units setting in the Preferences dialog, unless User Units is
active (Stage menu), then UU will be displayed for X and Y).

Location

When expanded it shows the list of positions with a scroll facility. The
one selected becomes the current active position. To move to that
position requires clicking on the GOTO button.

The behaviour is as follows:

* Clicking a non-selected item will select it, which causes the
corresponding position to be displayed in the edit boxes.

* Clicking a position when it is already selected will start in-line
editing of the item’s name (renaming it). Pressing the Enter key or
clicking a different item confirms the new name. If the new name is
already in the list a warning is given and the editing is resumed
(with the incorrect name). When the user presses the Escape key
the old name is restored, cancelling the renaming.

* Double-clicking an item is the same as clicking it and then pressing
GOTO; it immediately moves the stage to that position.

4022 262 52351
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* The list always contains the LAST POSITION. Selecting LAST
POSITION will display the last stage position moved to and changes
to this position can be updated as long as the LAST POSITION item is
selected.

* When the stage coordinates are edited manually the selected
position will be de-selected if it is the LAST POSITION, while for any

other position the UPDATE button will become enabled (and the
item will remain selected).

GoTo

Pressing the GOTO button will cause the stage to go to the currently
displayed position (in ACTUAL mode) or to move relative to the
current position (in RELATIVE mode).

¢ The Goto button is disabled if the LAST POSITION is selected in the
LOCATION list; it is enabled in all other cases.

Add
Pressing the ADD button will create a new entry in the LOCATION list,
using the currently displayed position.

* The Add button is disabled in RELATIVE mode (you cannot store a
relative position), and is enabled in ACTUAL mode.

* The new entry is called POSITION x, where x is 1, 2, 3, etc. If an
item with the new x already exists the value is incremental until a
unique name is obtained. The user can rename the new entry, see
LOCATION list.

Update

The UPDATE button stores the (edited) position under the currently
selected name.

* The Update button is disabled in RELATIVE mode.

* In ACTUAL mode it is enabled only when a POSITION is selected in
the LOCATION list.

* Pressing the UPDATE button will store the coordinates under the
currently selected position (overwriting the old position), without
asking for confirmation.

Remove
The REMOVE button deletes the currently selected item in the
LOCATION list.

[t is enabled when a position is selected in the Location List, but
only if this position is not LAST POSITION.

Compucentric Rotation

If compucentric rotation is ticked the stage will operate to the
computer defined centre of rotation and not the physical rotation
centre.
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How to make Stage Movements

Select

o=
Beam
Shift

Focus

+Shift=
Stigm

Wheel Up & Down Tl
Wheel Press ©)

Track

The Track function allows continuous directional movement of the
stage with variable speed. The speed range is coupled to the
magnification and selectable within certain limits.

Select the Track function by pressing on the Mouse Wheel while in
an active Quad (1 - 3) or on full screen. A Yellow enhanced Dot and
Arrow appear onscreen. The Dot will occur where the mouse
command cursor was when the wheel was pressed and the Arrow will
denote the direction to move. The speed will depend on the distance
the Arrow is separated from the Dot. The direction can be changed by
moving the mouse in a circular motion to obtain the correct traverse.

The movement axis center will depend on the initial positioning of the
command cursor, which can be at any position on the image. Moving
away from the Dot with the Arrow increases the stage speed; moving
toward the Dot decreases stage speed.The direction of movement is
always toward the central Dot along a straight line. You can move the
cursor around on the field of view; direction and speed change
accordingly. When you are done release the mouse wheel and the
action will stop, Dot and Arrow disappear from the image.

FIGURE 6-13 TRACK FUNCTION

In Quad 4 (CCD mode) the same function activates the Z movement.
With the wheel pressed, moving the mouse up will move the Z up and
moving the mouse down will move the Z down. This activity can be
seen live in the CCD Quad 4 window. Representation of direction is
indicated by a centered yellow arrow, either pointing up or down
either side of a 10mm bar indication point.
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Get

When you select an image object with the cursor and double-click the
left mouse button, Get brings that detail to the center of the screen
using the stage movement. Stage movement will center the object by
mechanical movement of the stage and therefore will be limited to a
useable range of magnification (lower magn). The maximum range
for successive Get operations equals the range of the stage movement.

FIGURE 6-14 GET FUNCTION

Stage Frame Shift

The stage can be moved approximately 80% of the field of view in
any direction by clicking on the appropriate Arrow key on the
keyboard. The maximum range for successive Frame Shift operations
equals the range of the stage movement.

FIGURE 6-15 ARROW KEYS FOR STAGE FRAME SHIFT
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Beam Shift Reset

Use this function to begin the BEAM SHIFT RESET procedure to zero
beam shift and move the feature to the center of the field of view with
the stage.

Zero Beam Shift

When beam shift has reached maximum limits, choose ZERO BEAM
SHIFT to restore X and Y beam shifts to zero values. The computer
beeps when maximum limits are reached.

xT Align Feature

Designed specifically for long features or when there is need to
navigated along a feature that extends off the screen at the
magnification require for observation. ALIGN FEATURE applies the de-
skew process across the entire length bringing the long feature either
to the chosen horizontal or vertical axis to make it easier to navigate.
This can be performed at any point within the stage field limits and
takes into account the off-set for rotation by computer programming
of the stage. Point 1 is first located and then point 2. When this occurs
point 2 is not fixed but subtends point 1 with an elastic cord until the
left mouse button is released. At this position point 2 is located. The
longer distance involved results in greater accuracy.

FIGURE 6-16 XT ALIGN FEATURE

v

gg‘ tine ‘ hifwy ‘Wd ‘magl Z0.00m
120000 AM | — | - | — |

ALIGN FEATURE is designed to work best at the eucentric height of
Smm. The Z to FWD should be corrected to the eucentric height as
described in the section ‘Setting Eucentric Height’.

Because the stage makes movements by software control care should
be taken that there are no significantly higher obstacles on the sample
plane set at the eucentric height, as these may interfere with
equipment under the lens.
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TABLE 6-4 SETTING ALIGN FEATURE

Step

Action

1

Select a long feature on the sample.

2

Click on ALIGN FEATURE from the Stage menu. Follow
the directions in the dialog box that appears and choose
either Horizontal or Vertical that relates to the
orientation needed on the sample.

«T Align Feature il

—Feature Position Align Feature
P1:iK= W= & Harizontal

 Yarical

Pz %= Y=

Click in the active Quad to specify the first paint (P1)

Cancel

Click with the left mouse button on the first point
somewhere along the feature. The coordinates are
updated in the dialog. Now drag the line out from the
first point to the second point using the mouse. The
second coordinates update continuously till released by
clicking again. Click on FINISH to end the selection and
for the program to orientate the feature to the selected
horizontal or vertical. Click on CANCEL to the function.

«T Align Feature il
—Feature Position Align Feature
PT:X= 15588 mm Y= 24725 mm | | * Horizontal
 Yarical
PZ:X= 19094 mm = 24662 mm
Mowve points by dragging them
Cancel
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Compucentric Rotation

Clicking on COMPUCENTRIC ROTATION in the Stage menu places a
green circle in the active quad. At a point on the perimeter of the
green circle is a green triangle which denotes, by its position, the
angle orientation of the sample relative to its original position when
placed on the stage. To start with this will be at 12 o’clock. By
keeping the left mouse button down on the green triangle it can be
moved around the circle to chose a new orientation of the sample
relative to the detection position. On release of the left mouse button
the computer software updates the position orientation and offset from
the mechanical stage center to deliver the same object center but
rotated to the angle selected. This creates a different direction of
illumination for the sample while keeping the object of interest in the
center of the display area. With the sample at the eucentric height this
can be performed at any position on the sample irrespective of the
mechanical stage center. Clicking on or close to the numbered angles
around the perimeter of the circle will cause the stage to drive to that
angle and the green triangle will update on screen.

FIGURE 6-17 COMPUCENTRIC ROTATION

Compuceninc Fotation

0

270

Actual Rotation: 0° Target Rotation: 0°

L]
12:00:00 AM | --- — [ =

Fotation Change: 0°
20.0pm

The read-out positions displayed at the bottom of the Quad provide
information on the ‘ACTUAL ROTATION’ (original position in degrees),
the ‘TARGET ROTATION’ (the selected position in degrees) and the
‘ROTATION CHANGE’ (the difference in degrees of rotation). The
screen dialog can also be activated by selecting F12 on the keyboard

Compucentric Rotation can also be activated from the Navigation
page.

6-23

4022 262 52351



STAGES How to make Stage Movements

Stage Tools Window Help
*T Align Feature
Compucentric Rotation

F12
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Liser Linits

Beam Shift Reset
Zerg Beam Shift

Home Stage
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v Touch Alarm Enabled

Shift+F3

Cirl+0
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Limk 2tz FVE
¥ Enable Z-Tit map

Shift+FS

Tilt 0=
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Cil+E
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Sample MNavigation

Preferences...
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Define User Units

DEFINE USER UNITS associates stage points with user-defined points to
set up a mapping between stage and user coordinate system. After
that, the computer uses these specimen coordinates rather than stage
coordinates for positioning.

For example, a die of an integrated circuit has its own coordinate
system. If you choose a 0,0 position, you can drive the stage relative
to that position using your own coordinate system. These are
expressed in User Unit (UU) coordinates, which may be microns,
multiples or fractions of microns, etc. Coordination of the stage can be
anchored to either 1, 2 or 3 points depending on the sample
management or application.

Choose points that are not in a straight line, for example, at the
corners of a die or the edges of an area or wafer. You can align up to
three points, when you obtain the greatest accuracy.

The following procedure sets up the 1 - 3 Point alignment for any
given sample where repeated structures are checked.

TABLE 6-5 DEFINE USER UNITS

Step | Action

1 Select a feature on the sample surface and bring it into
the field of view at a magnification so that it relates to
other structures (not too high magnification).

2 Click on DEFINE USER UNITS in the Stage menu. A
dialog appears as follows.

Make Selection:
& Define Mew User Lnits

 Redefine Usar Units
 Redefine Usar Units with Shift
 Reset User Units 5o that they are equal to Stage Units

 Show how User Units are now definad

Details... Cancel MNext

Select from the Start dialog the DEFINE NEW USER
UNITS process by clicking on the radio button. Click on
the NEXT button.
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TABLE 6-5 DEFINE USER UNITS

The Alignment Point One (0,0) dialog appears.

X

®Tm: Define User

User Units Definitian:
Mowve to user point (0.0} to define, then click on feature.

—Details...

User pointin specimen coordinates:

X= 24514 mrn Y= 15.868 mrn

Details... Cancel Frevious MNext Finish

Follow the instruction in the dialog to move to a point
and click on it with the left mouse button. The
coordinates of that point (0,0) will appear next to the
USER X and USER Y readout positions in the Details...
section of the dialog. Choose the next step either:

¢ Click on the PREVIOUS button to return to the
previous dialog.

*  Click on FINISH to end the alignment at one Point.
*  Click on the NEXT button to continue to two points
e Click on the CANCEL button to exit the procedure.

After clicking on the NEXT button the Alignment
Point Two (1,0) dialog appears.

®Tm: Define User il

User Units Definitian:
Mowve to user point {1.0) to define, then click on feature.

—Details...

User pointin specimen coordinates:

XK= 2331 mrn Y= 8917 mrn

Details... Cancel Frevious MNext Finish

Repeat the procedure selecting and clicking on a new
location point. The User read-out positions will show
the coordinates for the new Point Two location.
Choose the next step from the bottom line of buttons
as in Step 3. To continue click on the NEXT button
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TABLE 6-5 DEFINE USER UNITS

After clicking on the NEXT button the Alignment
Point Three (0,1) dialog appears.

xTm: Define User U il

User Units Definitian:
Mowve to user point (0.1) to define, then click on feature.

—Details...

User pointin specimen coordinates:

X= 204524 mrn Y= 10.253 mrn

Details... Cancel Frevious MNext Finish

Repeat the process as in Step 4.

After clicking on the NEXT button a confirmation
dialog appears as follows.

®Tm: Define User Units - Finish il

Current User Units defined on three paints.

YWarning: The angle between the X and v axis of the User Units is 67 degrees.

Details... Cancel

Finish

By clicking on the DETAILS button at any stage, either
1, 2 or 3 Points, will cause a display of the resultant
coordinates.

®Tm: Define User Units - Details il
Specimen X, Y User X.Y
Set [z0708 mm [10660 mm 0000 LU foo00 LU Gota
Set [21158 mm [10700 mm [t000 LU o000 LU Gota
Set [z0.924 mm [10263 mm 0000 wu froo LU Gota
Current position on specimen: * 0.01 m % 0.006 m
Apply Cancel Finish

This concludes Define User Units

There are a number of choices on the Define User Unit start dialog.
These are listed here to explain their functionality:

DEFINE NEW USER UNITS - as explained in this chapter.
REDEFINE USER UNITS - for changing / updating User Units.

REDEFINE USER UNITS WITH SHIFT - for changing / updating with
Beam Shift.

SHOW HOW USER UNITS ARE NOW DEFINED - Displays the current
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To activate USER UNITS as the basis of the stage coordination system,
F12 click on USER UNITS in the Stage menu. A tick mark will appear next

Define User Units...

— ser Units

to the label. The stage coordinate system will revert to the last defined

user unit configuration for 1, 2 or 3 Point Alignment. From this point

Beam Shift Reset
Zero Bearn Shift

Units to perform specific movements.

Home Stage
Home Apertures
Home Stage Without Rotation
Center Position
¥ ToLch Alarm Enabled

Shift+F3

Cirl+0

Uitk Z fo FD
Limk £ fo FWWD
v Enable Z-Tilk map

Shift+F=

Tit @
Tilt 52°

Crl+E
Cirl+1

Sample MNavigation

Using 1-, 2- or 3- Point Alignments

Freferences...

i+
types.

TABLE 6-6 ALIGNMENT TYPE DIFFERENCES

on the stage can operate in ABSOLUTE or RELATIVE mode with User

The following table shows the different uses between alignment

1-Point Alignment 2-Point Alignment 3-Point Alignment
Major Use Aligning to a new set Aligning the stage axes | Most general
of coordinates directly with the sample X-Y alignment. Re-scaling
offset from the existing | orientation to correct to nonstandard units on
ones for any skew and CAD dies or RAM
overall scale arrays; correcting for
any skew
Change in Scale None Scales the axes together | X can be scaled
differently from Y
Change in None Rotates both axes with X and Y orientations
Orientation a fixed 90° angle can be non-orthogonal
between axes and can be mirror-
imaged
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Stage Related Functions

Stage Tools
*T Align Feature

Window  Help

Scan Rotation

This button is used activate the onscreen tool to rotate the scan and
align the image. It has no effect on the stage movements and is solely
a scan coil function but is used to orientate the image relative to

Complicentric Rotation F12 _ . .
P mechanical rotation and detector direction.
Define User Units...
User Units Using Scan Rotation
Beat SHift Reset Qllcklpg on SCAN ROTATION, in the SCi.lll menu, places.a large green
~ero Beam Shitt circle in the active Quad with a small circle in the top right corner. At
a point on the perimeter of the large green circle is a green triangle
Home Stage SMift+F3  which denotes, by its position, the angle orientation of the sample
Home Apertures relative to its original position when placed on the stage. To start with
EIERE g3 i S U oI this will be at 12 o’clock. By keeping the left mouse button down on
Center Position Cul+0 the green triangle it can be moved around the circle to choose a new
¥ Touch Alarm Enabled orientation of the scan, the small circle follows suit.The computer
Wi 2 f PV software continuously updates the position orientation of the
Lirk Z tio Py Shift+Fe scan.This creates a different orientation on the viewing screen but
v Enable Z-Tit map retains the scanning direction on the specimen. The read-out positions
. displayed at the bottom of the Quad provide information on the
::E 220 EE:JrIE ‘ACTUAL ROTATION’ (original position in degrees), the ‘TARGET
! " ROTATION’ (the selected position in degrees) and the ‘ROTATION
Sample Mavigation CHANGE’ (the difference in degrees of rotation).
Preferences,.., Cirl+o FIGURE 6-18 SCAN ROTATION
Scan Fotation Scan Fotation: 90°
0
27| <
RE
&ctual Rotation: 07 Target Fatation: 90° Fatation Change: 90°
ti hifie d [ 20.0
gg‘ 12:DIDr:nDeD Abd ‘ === ‘ \:\f- ‘”la_g [ =
Clicking on or close to the numbered angles around the perimeter of
the circle will cause the beam to drive to that angle and the green
triangle will update on screen on both circles. The smaller circle in the
top right of the Quad remains on-screen when Scan Rotation is
switched off, if the angle is greater than 0 degrees, to inform the user
of the orientation. The screen dialog can also be activated by selecting
Shift + F12 on the keyboard.
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Scan Rotation can be operated from the Beam page using the preset/
continuous control adjuster in the module labelled ROTATION.

FIGURE 6-19 SCAN ROTATION FROM THE BEAM PAGE

Rotation $

Scan Rotation

o[ o0+ 4

PRESET CONTROL

Rotation $

Scan Rotation 234 ®

|m|1| | PI

CONTINUOUS CONTROL
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MAINTENANCE
H

This section describes the maintenance necessary for the Nova
NanoLab that can be carried out by the supervisor/user. For the Nova
NanoLab User maintenance is at a minimum due to Gun and Column
designs and the long up time expected from this class of
instrumentation. Therefore the more complex maintenance is
normally contained in a service contract to be performed by a
qualified xT SEM/FIB service engineer.

At the user level items such as the following can be maintained:

* E-Column aperture maintenance
+ Stage maintenance

* Dry Pump Check

CAUTION! Parts that operate in vacuum should be
handled carefully using clean gloves. Parts not in use
should be stored in suitable containers or packed in
aluminium foil.

NOTE: Gas back fill (N5) should be maintained while the
specimen chamber is at ambient pressure. However, to

avoid gas wastage it is recommended that the chamber
should be left open no longer than necessary.
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7.1 E-Column Aperture maintenance

E-Strip Aperture Module

This is a improved design of the original E-Column aperture using
more axial stable materials with a Molybdenum finish. The strip has 5
aperture positions now with a 1 mm alignment hole in the frame and
not the aperture. The strip comes pre aligned in a metal module which
is connected to the end of the Aperture rod by a Titanium screw. The
module is considered a consumable and therefore would be normally
replaced when heavily contaminated. Only if a plasma cleaner is
available these aperture modules can be cleaned while still connected
to the rod. No other cleaning method should be used. There is a heater
in the rod to assist as a cleaning mechanism for high water vapour or
expected high contamination levels while operating in the column. All
screws are of Titanium so not to have any magnetic effect.

FIGURE 7-1 ELECTRON COLUMN APERTURE MODULE

7.1.1 Removing the Aperture rod

With the high voltage off, let the specimen chamber up to atmospheric
pressure. The E-Column Aperture rod is held at the same vacuum as
the specimen chamber so no special vacuum need be broken to
remove it.

If connected remove the heater cable from the outer end of the rod.

Unscrew the end of the Aperture rod and carefully remove it from the
microscope. Preparation to clean or replace apertures should be
immediately available as the specimen chamber has to stay at
atmospheric pressure for the duration of maintenance.
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7.1.2 Cleaning the Aperture Module

This is only possible if a Fischione Plasma cleaner is available. Take
the complete rod with module attached and place in the TEM opening
on the plasma cleaner. The screw at the end of the Aperture rod
screws into the TEM opening and seals against the rod ‘o0’ ring.

Give the rod 5 minutes at 4.5 volts plasma generation. This should
remove all hydrocarbon base contamination. If the contamination is
stubborn longer times will be necessary, this will not damage the
aperture as the plasma only removes organic based material.

7.1.3 Replacing the Aperture Module

The new Aperture Module comes in a fluoroware container, has been
pre-cleaned. and is ready to be fitted to the rod.

Firstly, release the Titanium screw holding the old module onto the
rod. Keep the screw in the hole of the rod and let the module fall
away.

Open the new module pack and let the new module sit with the
connection end uppermost to the edge of the container base.

Now pick up the new module with the Titanium screw end and fasten,

making sure of a good fit.

7.1.4 Replacing the Aperture rod

Check that there are no fibres on the rod ‘o’ ring. Do not grease the ‘0’
ring.

Replace the Aperture rod back into the Aperture Adjuster assembly on
the column and turn the end screw mechanism until the holder is hand
tight.

Pump the microscope specimen chamber

Reconnect the heater cable to the outer end of the rod if necessary.
Set the aperture at a 30 micron hole so that alignment can be
performed.

7.1.5 Aperture availability

These apertures are at present used and come in two size types.

FP 6174/33 Mo Strip Aperture (30,30,40,50,100 micron) This type
can be used for general applications including EDX.

FP 6174/53 Mo Strip Aperture (30,30,50,30,30 micron) This type can
be used for high resolution applications such as low voltage.
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7.2 Stage maintenance

Specimen Holders

Recommended cleaning procedures are given below for parts which
operate in vacuum and that are subject to possible contamination.
Frequency of cleaning is, in most cases, determined by necessity
(image quality or astigmatism level).

7.2.1 Cleaning specimen holders

1. Clean these parts using cotton wool and a mild abrasive domestic
cleaner (CIF) (see list of preferred cleaners at the end of this
chapter).

2. Rinse in tap water.

98]

Clean in an ultrasonic cleaner for 5 minutes using a neutral pH
cleaning fluid.

Rinse in distilled water for 5 minutes.
Clean in an ultrasonic cleaner for 5 minutes using alcohol p/a.

Rinse in alcohol p/a.

NS » ok

Dry thoroughly under an infra-red lamp (15 min. to 1 hr.) at a
temperature of between 80°C and 100°C.

Stage mechanics

Checking the condition of the stage should be a weekly exercise as
many differing samples may be exchanged in this time period. Some
samples may be powders or composite materials that inadvertently
drop particles on or in the stage. If a Silicon wafer breaks in the
chamber it can shatter into hundreds of pieces. In this case the stage
should be thoroughly cleaned before attempting movement again.

7.2.2 Cleaning Stage parts

NOTE: Abrasives and solvents must not be used on the
stage moving parts.

Cleaning should be made by using dry nitrogen gas bursts around the
stage mechanics to blow out any foreign materials. Make sure the
final lens and detectors are protected from the turbulence. Do not use
sharp metal objects to scrape away debris. A fine pair of plastic
tweezers can be used to pick up difficult particles. Spillages on the
stage should be wiped up using a lint-free cloth, followed by blowing
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7.3 Scroll Pump Check

7.3.1 Periodic check

This should be planned every 3 months, although every month is more
realistic if sample loading is at a high frequency.

It is very important that the pipes to and from the pump are not
restricted in any way. If the pump exhaust pipe is fitted to an internal
company system it is important that the gas flow is unrestricted by the
system capability, otherwise back pressure can occur which will
overheat the dry pump.

7.4 List of Applied Cleaners

- De-ionised or distilled water

- Ethanol - C,HsOH

- Ethanol p/a (Pro Analysis: 99.8% pure) - CobH;0H

- Neutral pH cleaning fluid (soap solution)

- CIF* or SOFT SCRUB (household fine abrasive cleaner)

* CIF is found in the following countries

Country

Name

Austria
Australia
Finland
France
Germany
Italy
Japan

Switzerla
UK
USA

Netherlands

nd

* * * * * * * * * *

SOFT SCRUB

WARNING! AS CLEANING SOLVENT ETHANOL IS
HIGHLY FLAMMABLE, DO NOT USE OPEN FLAMES AND
DO NOT SMOKE WHILE CLEANING. VENTILATE THE
ROOM PROPERLY.
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8

. HARD & SOFTWARE OPTIONS

This chapter covers hardware and software that is an option either
integrated in, or accessory to the Strata delivered.

The items covered here are:

» Auto FIB (FP3550/00)

* Auto Slice and View (FP3550/20)
» Auto TEM (FP3550/10)

+ Selective Etch XT Software

* Vise sample holder

Other options will be added to this chapter when they become
available in future releases.

For further information on any of these items please contact your local
FEI representative.
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AutoFIB Software

Use AutoFIB™ to run xT systems without supervision. It is a general
purpose automation program for samples with milling locations that
are not in a regular array. Applications include TEM sample
preparation and cross-sectioning. After defining the milling patterns,
associated data, and operation in an AutoFIB script, start the script
using AutoFIB.

Use AutoFIB in two ways:

» Set up a multiple-location task by entering stage coordinates, beam
settings, and patterns for each position in the AutoFIB script. For
example, to mill four cross sections on a chip, define the four tasks
in the script, start AutoFIB in AutoRun mode, then let AutoFIB
complete the work.

* Run identical tasks at several locations. Write an AutoFIB script
for a single cross section without stage coordinates, thus allowing
the script to be used at any location. Using a system with a sample
holder that allows for repeatable placement, run the AutoFIB script
to mill in a partially automated step-and-repeat fashion.

The following information can be specified in the AutoFIB script:
» Stage X, Y, R, T, and Z positions

* Aperture setting

* Focus voltage

» Stigmation values

* Beam shift

* Scan rotation, speed, and resolution

* Contrast/brightness

* Pattern information, including magnification, mode, pattern type,
size, and location (.ptf files can be saved and read)

¢ Auto Locate and Drift Control

* Name of an AutoScript script
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HARD & SOFTWARE OPTIONS Installing AutoFIB

1. Close all applications.
2. Insert the AutoFIB installation CD.

3. The install wizard starts. Click Next, Install and Finish to install.
The install program installs the AutoFIB program and a desktop
icon for AutoFIB.

4. After the xT

software is running, click the AutoFIB icon on the

desktop to start the program or select START > Programs > FEI

Company > Applications > AutoFIB. The AutoFIB window

opens.

FIGURE 8-1 AUTOFIB WINDOW

b-||||-|»|

AutoFib Menu Bar——p» Fil2 Flay Logging Optons Set-lUp Help

Position

ull Ll Y

?

# T Indicates

Used in Playing a Script Returns to the stage

current

location of the first position

position in the script

AutoFIB Title Bar

The title bar of the AutoFIB window indicates the active AutoFIB

mode.

TABLE 8-1 AUTOFIB MODES

Mode Description

New

AutoFIB starts in New mode.

Edit

Entering or making changes to a script puts
AutoFIB into Edit mode. Stopping a running script
returns AutoFIB to Edit mode.

AutoRun

Running a script puts AutoFIB into AutoRun mode.
The toolbar is outlined in red.

Pause

Pausing a running script puts AutoFIB into Pause
mode.
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AutoFIB Menus

AutoFIB has five menus: File, Play, Logging, Options, and Set-Up.
File Menu

TABLE 8-2 FILE MENU OVERVIEW

ll=
Menu Item Description
e
Gpen New Specifies a new AutoFIB file.
Savehs
Default Script... Open Opens an existing AutoFIB file.
Exit SaveAs Saves the AutoFIB file with a new name. The
file name extension is .sct.
Default Script | (Not used in current version.)
Exit Exits AutoFIB.
Play Menu
The Play menu controls editing of AutoFIB scripts and AutoFIB
milling activity. Most of these functions are also accessible from the
AutoFIB toolbar.
TABLE 8-3 PLAY MENU OVERVIEW
Et‘jp Toolbar
o
BAEE Button Menu ltem Description
[N 25t - 1 -
ﬂ Stop Stops the automatic run of the
New script. The button is gray when
Add/pdate the script is not running.
Delete
Confirmation Before Miing ﬂ Go Runs the specified AutoFIB
script.
m Pause Pauses the running script.
E Next Steps between each position
(block of data). AutoFIB must be
in either Edit or Pause mode.
M New Adds a new position (and block
of data) to the script.
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File:
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HARD & SOFTWARE OPTIONS AutoFIB Menus

TABLE 8-3 PLAY MENU OVERVIEW

Toolbar

Button Menu Item Description

U Add/Update Edits or updates the current block
of data to reflect the currently
selected parameters and
preferences in the Scripting
dialog box and the corresponding
xT system values.

j Delete Deletes the current position (and
block of data) from the script.

Confirmation Stops the automated run at each
Before Milling | new position and issues a prompt
to confirm continuation of
milling.

Logging Menu

The Logging menu has selections for logging AutoFIB activity and data.

TABLE 8-4 LOGGING MENU OVERVIEW

Menu Item Description

1 min Chooses a 1-, 5-, or 10-minute interval (logging
5 min frequency) for adding milling updates to the log
10 min files.

Verbose Logs AutoFIB activity and data.

Short Logs AutoFIB activity, for example, emission

current adjustments and error messages.

File Specifies a specific log file name. See
File and Screen Only.

Screen Only Displays the logged data onscreen; does not
save data in a log file.

File and Screen Only

During operation, the AutoFIB activity displays onscreen. Optionally,
also save the information to a log file.

The log files contain information about the progress of the script and
can be used for troubleshooting or record keeping. The file contains
the date and time of AutoScript activity, with new information logged
after the existing data.

The screen log is limited to 30 kB. After it reaches this size, earlier log
entries are progressively deleted as more data is added (first in, first
out).

8-5
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v Yisual Match
ALto Ton Hy Off
Auto Electron HY Off
Auto HY Off + Ion Source Off

To save data in a file, select Logging > File. A dialog box similar to
the Save As dialog box displays. The file name becomes part of the
menu item, such as File: omn63.log.

Data from different sessions can be appended to the same file; the
previously stored information is not overwritten. Log files are text
files that may be viewed with Microsoft® Notepad or a word
processing program. Note that some editors, such as Notepad, can
handle only certain file sizes. If the file is too large, use a word
processor to open it. If you query the log file while AutoFIB is in
AutoRun mode, an error may occur if AutoFIB attempts to add data to
the file.

Options Menu

The Options menu determines how the microscope behaves during
and after running an auto FIB session.

TABLE 8-5 OPTIONS MENU OVERVIEW

Menu ltem Description

Visual An image dialog box is displayed whenever an

Match image recognition routine (match command) is
performed in an AutoScript script. Selected is
the default setting.

Auto Ion The system turns off the HV of the ion beam at

HV Off the end of the AutoRun mode operation or if an

error occurs. An error occurs e.g. if the stage
does not reach the requested location. The
default setting is not selected.

Auto The system turns off the HV of the electron
Electron beam at the end of the AutoRun mode operation
HV Off or if an error occurs. An error occurs e.g. if the

stage does not reach the requested location. The
default setting is not selected.

Auto HV Off | The system turns off the HV of both beams and
+ Ion Source | the source of the ion beam at the end of the
Off AutoRun mode operation or if an error occurs.
An error occurs e.g. if the stage does not reach
the requested location. The default setting is not
selected.
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Set-Up Menu

TABLE 8-6 SET-UP MENU OVERVIEW

Menu ltem Description

Scripting Opens the Scripting dialog box from which you
define the AutoFIB milling scripts.

Drift Control | Opens the Drift Control Defaults dialog box
from which you set the parameters for Auto
Locate.

Drift Control

Drift Control compensates for image drift. It can be selected as a
preference during scripting setup. Drift Control is also available as a
standalone program (see “Dynamic Drift Control”).

This menu item accesses the Drift Control Defaults dialog box, where
you can specify default information for scripts.

Default Information

Specify Auto locate information in the Drift Control Defaults dialog
box, which is opened from Set-Up > Drift Control or from the
standalone Drift Control program.

FIGURE 8-2 DRIFT CONTROL DEFAULTS

w. Drift Control Defaults x|

— Interval

Correct every I B secondsfurthefirstl 10 times.

After that, correct every ISDD seconds.

I 25 Template size (% of HRW)

I -1.0 Search region around madel (micrans)

¥ Drift Control while milling only

I~ Grab IT frames hefore Auto Locate
¥ Grab frame after Auto Locate

¥ Grab frame after Drift Correction

™ Goto next block upon image match failure

[ Use 'autofib.rog’ as matching script

Restore Factory Settings

Bearn Shift Calibration |

Save Cancel |
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TABLE 8-7 DRIFT CONTROL DEFAULTS DIALOG BOX

Interface Item Description

Interval group

Specifies the time interval between drift corrections in the Interval
group. Use more frequent drift correction at first to compensate for
recent stage movement.
Intervsal
Caorrectevery | po secaonds forthe first IT times.

After thal, correct envery ISDEI seconds.

Each time the specified duration has elapsed, patterning pauses while
the system checks for drift and makes needed corrections. Patterning
then continues until the next drift correction time occurs.

Template size text box

Defines the size of the template in relation to the full screen. For
example, a size of 25% defines a template with ¥4 the width of the
system’s screen (HFW = Horizontal Field).

Search region around
model text box

Relocates the locating feature after image drift caused by milling.
Enter a positive to limit the search area to a feature near the template.

Enter -1.0 (default value) to search the entire field of view.

Drift Control while
milling only

Makes drift corrections during milling. This selection is available
only when using the standalone Drift Control program.

Grab X frames before
Auto Locate

Selects the number of frames to be grabbed. On some samples, the
image contrast changes markedly after one or two frames are
acquired, particularly if the area had not been imaged for some time.
This is because grabbing an image helps clean up contaminants that
may distort the image.

Grab frame after Auto
Locate

Updates the image field before milling continues. When the system
locates a feature during Auto Locate, the beam moves over the correct
location while the image field continues to display the pre-corrected
image. This discrepancy can be confusing.

Grab frame after Drift
Correction

Updates the image field before milling continues. When the system
finishes drift correction, the beam moves over the correct location
while the image field continues to display the pre-corrected image.
This discrepancy can be confusing.

Go to next block upon
image match failure

Directs the script to continue running even if a match failure is
detected. With this feature, the system may run unmonitored, as a
failed image match does not stop the script. This could cause the
sample to be only partially processed at a failed location.
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TABLE 8-7 DRIFT CONTROL DEFAULTS DIALOG BOX

Interface Item Description

Use ‘autofib.rcg’ as
matching script

AutoFIB uses a standard, default matching routine during Drift
Control and Auto Locate. If the system has difficulty matching
samples, select this option. AutoFIB then uses the script autofib.rcg,
which you can customize.

Selecting this option offers flexibility for cases in which the simple
autocontrast adjustment in the default routine is not sufficient to
produce reliable matches. The script autofib.rcg calls the
automatically generated script match.rcg at each recognition location.
If you know specifically the feature you expect to find, you can
modify autofib.rcg to use a particular bitmap for recognition. The
script match.rcg uses the match template set up during the script
definition.

Restore Factory Settings
button

Resets the template size, interval, expected drift, etc., to the original
Drift Control default settings. Calibrate beam shift after restoring the
default settings.

Beam Shift Calibration
button

Determines beam shift sensitivity. This establishes the voltage
required to move a locating feature back to a desired location and
helps in successfully locating those features.

Using Templates

When you define a script that uses Auto locate, the system prompts
for a locating feature. It can be any distinguishable feature near the
milling area. A movable template marks the feature on the screen
image.

NOTE: Never place a template over a milling area. When
milling changes the feature, Auto locate will be
unsuccessful.

The locating feature does not need to be within the initial image area
displayed on the screen, but the beam shift limit is 100 um away from
the milled area. The beam shift offset used to locate the feature is
stored in the script. Position the feature in the field of view using
beam shift, and reposition the template if necessary. Do not change
magnification or move the stage. During Auto Locate, the beam shift
offset is automatically applied before the alignment image is acquired.

Calibrating Beam Shift

When calibrating beam shift for the first time after installation or after
restoring factory settings, perform the action twice. The first
calibration involves only a small beam shift; the second calibration
uses a larger shift based on the measured values. Thereafter, beam
shift calibration is required infrequently.

NOTE: Make sure the image HFW is 100 pm or less;
otherwise, the beam shift may go out of range when
performing the calibration.
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The calibration process is similar to that used for locating a feature
when Auto locate is selected as a preference for the scripts. A
template is placed in the lower left of the screen for positioning over a
locating feature. The system grabs a frame, electronically shifts the
beam in X, grabs another frame, calibrates the beam shift by
determining the distance of movement in pixels, then converts the
distance into pm. The process is repeated for Y.

FIGURE 8-3 BEAM SHIFT CALIBRATION

Beam Shift Calibration

Flease use bearm shift to place afeature inside the pattern displayed on the image.
The pattern may be resized if necessary, butthis is not recommended.

Click OK when the procedure is complete.

(04 Cancel |

Dynamic Drift Control

Access standalone Drift Control by double-clicking the Drift
Correction icon on the desktop or by selecting START > Programs >
FEI Company> Applications > DriftCorrection. The Dynamic Drift
Control menu bar displays. Use this menu bar to run Drift Control
from outside AutoFIB.

FIGURE 8-4 DYNAMIC DRIFT CONTROL MENU BAR

Status indicator: g @ Stat St

Red = inactive
Green = active
Yellow =
processing a

Dynamic Drift Control E3

Opens the Drift

Defaults Control Defaults

L

dialog box.

!

Starts or stops Opens the Drift Control

drift correction.  Status message box
from which setting a
template is confirmed.
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Scripts

SetUp A script is a set of directions that can be executed without user
Scriptmg interaction. AutoFIB scripts are stored as text files. A single script
Dritt Contral [ may have multiple milling operations. The scripting information is

entered in the Scripting dialog box accessed from Set-Up > Scripting.

FIGURE 8-5 SCRIPTING DIALOG BOX
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Iposm comrment=carmmert - Script Display:
stage-xy=-9.03472, - 672615 The information
stage-zrt=11.0146875, -47.9495309320739, 52.0021315483804 selected in the
aperure=11, 2771.2,0 Parameters
focus=16.61344 group is
stigmation=5.15268.1.84046 displayed here.
imacewidth-HFW=64 The position
brightness-cantrast=14, -7 577754E-02, 53,8543 label precedes
scan-info=0.00000005, 2,0 i each block of
beamshift=0, 0 data.

Displays log scanrotation=0 j

information.

Close |

S

Parameters

Scripts contain two types of information: preferences and xT system
values (parameters). These can be different for each position in the script.

Select the check boxes next to the preferences and parameters to be
included in the script. Update the script by clicking NEw to add a new
position, or ADD/UPDATE to modify the selected position. The
appropriate, current, XT system values are added to the script.

In the Parameters group, the selected preferences and parameters are
displayed in black. The preferences and parameters not in the current
block of data are displayed in red to help you see which settings you
may have overlooked.

Parameters that have v (yes) and N (no) option buttons next to them
can be set for each position in the script. For example, select Auto
locate as part of the script by selecting its check box. Then turn it on
for a position by selecting the Yy option button or turn it off for other
positions by selecting the N option button.
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NOTE: If you select the Y option button but fail to select the
check box, the parameter is not entered into the script.

FIGURE 8-6 SCRIPTING PARAMETERS

—Parameters
[v Play Al [ Wiew Only
—Stage———— —Patten File ~
: : A
[visy [T Userlnits prefix |patlern [T Dt Contral B
Mz MR MT [ Open -
—AutnScript File [M AvtoLocate g
[v lon Beam Setings Mo Seript
[v' lan Beam Shift oy
Open
v Image Rotation [ [T Savelmage & N

The following table describes the preferences and parameters in the
Scripting dialog box. The script commands become part of the block
of data for the position.

TABLE 8-8 SCRIPTING PARAMETER SETTINGS

Check Box Description Script Commands

Play All When selected, all data in the script is sent to the system, (not applicable)
regardless of the check boxes for each individual item.
This is the normal operational mode for AutoRun.

When Play All is not selected, only the data for the

selected parameters is sent to the system. All other data
in the script is ignored.

View Only Use this mode to review the parameters saved for each (not applicable)
position. The script steps through the stage positions
without actually moving the stage or updating the xT
system values. Also, moving to a different script position
using NEXT or by double-clicking in the Positions list box
does not send any commands or data to the system.

Stage:

XY,Z,R, T Includes X, Y, Z stage coordinates, rotation, and tilt in stage-xy
the script. The coordinates display in um; rotation and stage-zrt
tilt in degrees.

User Units Defines X, Y stage coordinates in user units. user-units

Ion Beam Includes aperture, focus, stigmation, rotation, brightness/ | aperture

Settings contrast, and scan information in the script. The settings focus
are expressed in the xT interface. stigmation

brightness-contrast
scan-info

Ion Beam Shift Includes beam shift information in the script. beamshift

8-12
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TABLE 8-8 SCRIPTING PARAMETER SETTINGS

Check Box Description Script Commands
Image Rotation | Includes scan rotation information for the ion beam in scanrotation
the script.
Pattern File Includes pattern settings in the script via standard pattern | pattern-group
files (.ptf files). Patterns are saved to a pattern file with
name “prefix<position number>.ptf” when New or
Update is clicked. The pattern file is read when the script
is executed. With the Open button, an existing pattern
file can be opened, its contents is copied to
“prefix<position number>.ptf”.
AutoScript File | Specifies an additional Autoscript script that will run sub-script
after the AutoFIB script for each position.
Drift Control When this option is set to YES, the software determines at | drift-control-data
with Y, N regular intervals if the sample has drifted. If it has, the drift-control
options location of the beam is adjusted back to correct the
coordinates.
Drift Control defaults are entered in the Drift Control
Defaults dialog box accessed from the Set-Up menu.
Auto Locate When this option is set to YES, the software determines auto-alignment
with Y, N (after moving the stage but before milling) the XY offset
options from the selected feature and makes a beam shift to
compensate. This is a one-time-only drift correction to
compensate for stage moves.
Save Image When this option is set to YES, the image is scanned at save-image
with Y, N current beam settings and saved as a .bmp to the default
options directory when milling is complete.
Positions
R The active position of the script is highlighted on the list. Each
o=fans £ of position has a block of data in the script and, therefore, can use

different settings.

The default label for the first position is “pos01.” You may change it
by entering a new label. The next position label is based on the
previous label. For example, if the previous label is “area05,” the next
label will be “area06.” The labels are sorted alphanumerically in the
Positions list box and are used in that order during AutoRun mode.
The maximum length of a label is 8 characters; image files are saved
using the position labels, with the extension .bmp.
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Creating and Running a Script

8-14

Creating a Script
1 Start xT.
2 Start AutoFIB from the desktop or Start menu. The AutoFIB menu

bar displays and continues to display on top of any other open
program.

3 Select Set-Up > Scripting. The Scripting dialog box displays.
Select the preferences and parameters for the script.

5 Click N to add the new data to the script. You may change the label
for the position.

6 If Auto Locate was selected, you are prompted to define an area for
a locating feature.

7 Repeat steps 4-5 for each milling position.

8 After entering milling positions, click the “top” toolbar button on
the AutoFIB menu bar; the stage moves to the first position. The
system is now ready to run the script.

Previewing a Script

Preview the milling script before using AutoRun mode by selecting
STAGE XY and VIEW ONLY in the Scripting dialog box. Click NEXT in the
AutoFIB toolbar to step through the stage positions without actually
moving the stage or updating the coordinates. Make any changes to
the script using Edit mode.

AutoRun Mode

During AutoRun mode, xT system values display onscreen and can be
saved periodically to log files for later review.

NOTE: Do not minimize the xT interface when the AutoRun
mode is operating.

Before milling begins, make sure the hard drive has enough space for
the image and log files that will be created.

To set up the operation:

1. From the Options menu, set the Detector to either low or normal
gain. Normal Detector Gain is standard.

2. Choose whether or not to turn the beam off if an error condition
occurs during AutoRun mode. Usually, Auto Beam Off is not
selected.

3. Choose the logging interval from the Logging menu. The standard
settings are 5 minutes, Verbose, and Screen Only.

4. Run the AutoFIB script. Verify that PLAY ALL is selected in the
Scripting dialog box; otherwise, only selected data is sent to the
system.

4022 262 61641



HARD & SOFTWARE OPTIONS Creating and Running a Script

Click GO (PLAY CURRENT SCRIPT) in the AutoFIB window. A dialog box
prompts “Set parameters for current location?”’

1.

3.

Select YES to set the system with the values for the currently
selected position first, and then begin milling.

Select NO to begin milling with the pattern and beam current
already in use.

Select CANCEL to abort the automated milling process.

AutoFIB checks the xT system every 3 seconds to see if milling has
stopped. When milling is complete, an image is grabbed and stored if
SAVE IMAGE was selected. The stage then moves to the next location
and the beam parameters are updated. Milling starts at the next
location.

1.

To suspend operations (including logging) at the current location,
click PAUSE. A dialog box prompts “Allow current milling to
finish?”

Select YES to allow the current patterns to complete milling. Once
milling is finished, the script will not proceed to the next position.

Select NO to stop milling temporarily.

Click Go to resume AutoRun mode.

1.

To interrupt milling at the current location, stop patterning in the
xT interface by clicking on the Stop Icon in the Tool bar. AutoFIB
moves to the next location and continues.

To stop the script, click STOP. This does not interrupt the current
pattern milling. A dialog box prompts “Allow current milling to
finish?”

Select YES to allow the current patterns to complete milling. Once
milling is finished, the stage will not move to the next location.

Select NO to stop milling even if the pattern is not finished milling.

When the operation is complete, review the log file and images, if
selected.

8-15
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Messages

Examples of some of the messages described in this section are shown
with values that will be different on your system.

Log Messages

The following table describes the AutoFIB activity messages. All
messages start with date and time values.

TABLE 8-9 LOG MESSAGES

This Log Message . . . Occurs When . ..

Start GO is clicked. This is always the first log message.

Pause PAUSE is clicked. This can be done by the user or by
AutoFIB if an error has occurred.

Stop STOP is clicked.

Set up: 2 of 20 - pos02 Emis: 2.2uA Milling parameters are set. The number and label of the
current position are given with the emission current.

Move over xy=12.3, 14506.4 The stage is moved in x and y. The new location is
displayed and compared with the target values. If the
stage is more than 1 um from the target location, the move
is redone. If the stage does not reach the required range
after three attempts, the milling process is stopped.

ReDo stage move A stage move is attempted again. See “Move over xy”
above for more information.

Milling over Milling of the current pattern(s) has finished (either timed
out or stopped by the user in xT).

Save Image: c:\xT\autofib1\pos02.bmp An image is saved in the specified file. The system
assumes there is sufficient disk space to save the file.

Finish The AutoFIB script has completed without interruption.

Error Messages

The following table describes errors that may occur while working
with the AutoFIB software.

Milling continuing STOP or PAUSE is clicked and the choice is made to
allow the pattern to finish.

Milling stopped sTop or pAUSE is clicked and the choice is made to stop
the milling. This message also appears after milling halts due to an
error.
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TABLE 8-10 ERROR MESSAGES

This Error . . . Means . ..

Unable to initiate xT AutoLIB.

Press Cancel to run in test mode.

Messages headed: “OLE Connection:
Error”

Could not find server.

Could not find xT.

There is a problem with the link to the xT program. These
messages occur when the AutoFIB program cannot make
contact with xT or the associated xT Services. You must
start xT, or restart XT Services and xT software, before
running AutoFIB.

Stage did not reach requested position.

After three attempts the stage did not reach the requested
position. Ensure that the X,Y values are valid and the
stage is working correctly.

Automated processing halted: File
Handling Error

AutoFIB cannot write the log file to the disk drive. Verify
that the file name is valid and there is space on the drive.

Milling not started.

The emission current is out of range when the AutoFIB
enters AutoRun mode.

Error during Auto Locate.

Check dc.log or current file that contains log data related
to Auto Locate routines to determine the problem.

Patterning Error: pitch too small,
Increase beam current, magnification,
blur or Decrease overlap.

Error when AutoFIB tries to start patterning. The
patterning pitch is too small. Check if the pattern can be
milled by clicking START PATTERNING on the xT toolbar.

Additional Notes

Cleaning Cross Sections

In AutoRun mode, each pattern is erased before the next one is
loaded. Cleaning cross-section patterns should be used only in serial
pattern order. If a cleaning cross-section pattern is present when you
select the regular cross-section pattern, an error message may appear
during pattern setup because the pattern order is automatically
changed to parallel. This error does not occur in AutoRun mode.

NOTE: Pattern order is selected on the Patterning Page of
the xT user interface.

Log File Examples

Below are two example log files (Verbose mode) created during the
running of AutoFIB scripts.

Patterns in AutoFIB Script

This example script was started at 15:24. Mills occurred at three
locations before AutoFIB stopped at 15:30. (An AutoFIB operation
could run for hours.)
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10-28-04
10-28-04
10-28-04
10-28-04
10-28-04
10-28-04
10-28-04
10-28-04
10-28-04
10-28-04
10-28-04
10-28-04

14

14:
14:
14:
14:
14:
14:

14

14:
14:
14:
14:

:57:
59:
59:
59:
59:
59:
59:
:59:
59:
59:
59:
59:

05
05
05
05
05
05
05
05
05
05
05
05

10.0042352674755

10-28-04
10-28-04
10-28-04
10-28-04

10-28-04
10-28-04

10-28-04
10-28-04

08-30-00
08-30-00
08-30-00
08-30-00
08-30-00
08-30-00
08-30-00
08-30-00

leftxy 1.00000000,
rightxy 1.00000000,

14:
14:
14:
14:

14

14:

14:
14:

14:

14

14:
14:
14:

14

14:
14:

midpointxy,

Beamchecked,

59.00000000
Step 0 successful

59:
59:
59:
59:

:59:
59:

59:
59:

15:
:15:
15:
15:
15:
:15:
15:
15:

05
08
22
05

05
22

40
40

22
22
22
22
22
23
42
42

Start

Set up: Mill: 1 of 3 - posOl

comment=comment
aperture=15, 20740
focus=16.5
stigmation=0, 0
imagewidth-HFW=250

, 0

brightness-contrast=14, O,
scan-info=0.0000003, 1, O

scanrotation=0
beamshift=8.5, 3.6
stage-zrt=15.81734

66667
15478988,

stage-xy= 6.0099185155797,

pattern-group=pattern0l.ptf

Milling over.
Set up: Mill:

Milling over.
Set up: Mill:

Milling over.
Finish

2 of 3 - pos02

3 of 3 - pos03

Using a Subscript

This script calls a subscript for each of the eight milling locations.

Start

Set up: Mill: 1 of 8 - posO1

beamshift=0.000, O
scanrotation=0.000
stage-zrt=2212.727
stage-xy=-18.164,
Milling over

.000

, » —0.002

1678.354

4.949132E-06

-2.99386577638453E-04,

4.37424848170415

Run SubScript: C:\xT\AutoFIB\tem wizard\datal.ini
Start matchcrosses.rcg

-16.60916858, -0.
14.51078599, -0.

-1.04919130, -0.95830695
Matchcrosses successful

expected:

End SubScript:

08-30-00
08-30-00
08-30-00
08-30-00
08-30-00
08-30-00
08-30-00

08-30-00
08-30-00
08-30-00
08-30-00
08-30-00
08-30-00
08-30-00

14:
14:
14:

14

14:
14:
14:

17

17:
17:
17:
17:
17:
17:

46
46
46:
:46:
46:
46
46

:57:
57:
57:
57:
57:
57:
57:

Result =1

14
14
14
14
15
28
28

21
21
22
22
23
35
35

Set up: Mill: 2 of 8 - pos02

beamshift=0.000, O
scanrotation=0.000
stage-zrt=2212.727
stage-xy=-18.148,
Milling over

300.00000000 actual:

95698540,
95962849,

.000

, » —0.002

1602.638

0.49500000
0.48600000
, 31.11995457

448.00000000 loops:

Run SubScript: C:\xT\AutoFIB\tem wizard\data2.ini

Set up: Mill: 8 of 8 - pos08

beamshift=0.000, O
scanrotation=0.000
stage-zrt=2212.727
stage-xy=-358.844,
Milling over

.000

, +» —0.002

1571.284

Run SubScript: C:\xT\AutoFIB\tem wizard\data8.ini
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End SubScript: Result =1
08-30-00 18:27:24 Finish
08-30-00 18:27:25 Ion Column and HV Switched Off
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Auto Slice & View Software

8-20

Auto Slice & View (Auto S&V) automatically mills consecutive
slices through a three-dimensional feature, collecting images of the
slices. When the operation is complete, you can review the images
individually or in an animated sequence called a “movie.” You can
also review images offline, using any bitmap editor. For most jobs,
once you set up the system, you can leave it unattended.

Contents of This Document
This document describes

* Use of Auto S&V
* Optional automated versus manual steps
* Viewing Auto S&V images in an animated sequence

* Troubleshooting procedures

How Auto S&V Works

You can obtain information about a feature by examining its entire
three-dimensional profile. Auto Slice & View minimizes the time
required to collect this information for any application where a feature
is cut and imaged.

In Auto S&V, you supply the following parameters for the overall
area to be sliced:

» Milling and deposition parameters

* Number and size of slices (or more accurately, small boxes) to be
milled

* Scan parameters for electron beam imaging

The application then provides this information and other task-specific
information to xT, which uses it for milling and image acquisition.
Although Auto S&V checks for input errors, inappropriate parameters
can lead to undesirable results or error messages from xT.

Process Steps

An Auto Slice & View operation consists of up to three process steps;
protective coating, rough cut, and slice. These steps are optional and
can be performed in any combination, but all selected steps are
performed in the following order:

* In the protective coating step, the system deposits a protective coating
over the intended slice area. This coating is used to protect surface
features or to ensure that a potentially mobile feature remains fixed.

In this step, Auto S&V prompts you to insert the appropriate GIS
needle, align for image shift, retract the GIS needle, and realign for
image shift. Because this step requires user interaction, users often
choose to perform it directly in xT.

* In the rough cut step, the system mills a standard xT cross section
to allow electron beam imaging of the face of the feature of
interest. While many users perform this step directly in xT, it can
also be done using Auto S&V.
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* In the slice step, the system creates and saves an electron beam
image of the face of the mill, then removes material with the ion
beam, repeating these operations until the specified number of
slices has been made. This step requires no interaction after initial
setup, and many users utilize Auto S&V to perform only this step.

The following flowchart provides an overview of this process. Auto
S&V can also be used to view images of the mill process, but this step
is not included in the flowchart since it can be performed
independently at any time.

FIGURE 8-7 AUTO SLICE & VIEW PROCESS STEPS

i Start

Praotective coating step X

lalaka
protective
nating?

Yes

¥

Pratective
Coating Mo
Deposit

Rough cut step b4

erfarl
rough cut
step?

Yes

¥

a Rough Cut

Slice step

’—» Grabimage

Repeatfqr Mo
consecutive
slices 3

L Wil slice

h 4

{ Done j—
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8-22

Application Selection

To include a particular process step in the Auto S&V operation, select
an Application file (Material file) for that step. To exclude a particular
process step, set the application to NONE.

To include the protective coating step, select an application in the
Coating option group, for example, use Pt for Platinum.

To include the rough cut and slice steps, select Si as the application in
the appropriate option group.

Launching Auto S&V

Before launching Auto S &V, you must first start XT, if it is not
already running.

To launch Auto Slice & View, click START > Programs > FEI
Company > Applications > AutoSliceAndView.
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User Interface

The Auto S&V user interface contains five dropdown menus and
three main option tabs.

Menu Commands

TABLE 8-11 FILE MENU COMMANDS

Menu Command Description

Image Save Location... Image Save Accesses a dialog box used to specify the
Open Recipe... Location directory where images produced by Auto
Save Recipe S&V will be stored.
Save Recpe as...
Save as Default Recipe Open Recipe Loads the specified recipe and displays its
Log File: ASV log parameters in the user interface.
Exit
Save Recipe Saves the open Auto S&V recipe.
Save Recipe as Saves the current parameters into an Auto
S&V recipe, using the specified name and
location.
Save as Default Saves the current parameters as the default
Recipe recipe. These values are loaded

automatically whenever you launch Auto
S&V. These parameters are stored in
default.asv. Factory default values are
hard-coded in the application and can be
restored by deleting the existing
default.asv and relaunching the

application.
Log File The name of the log file (without path).
Exit Exits Auto S&V.

TABLE 8-12 SETUP MENU COMMANDS (Sheet 1 of 2)

Half cut (o center cross)
IBeam Image Scan Parameters Menu Command Description

EBeam Image Scan Parameters...
Beam Shift for Image center Half cut (to center Instructs Auto S&V to mill slices only to
Focus Adjust Cross) the halfway point, which is the center
PaLse between sections cross in the xT interface.
High Tension off after mil
High Tersion and Ion Source off after mil Ibeam Image Opens a dialog box used to set the

Scan Parameters resolution and scan time of the ion beam

frame grabs in the Image section.

8-23
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TABLE 8-12 SETUP MENU COMMANDS (Sheet 2 of 2)

Menu Command Description

Ebeam Image Opens a dialog box used to set the
Scan Parameters resolution and scan time of the Electron
beam frame grabs in the image section.

Beam Shift for Sets the electron beam shift such that the
Image center face of the cross section remains centered
in the field of view.

Due to constraints in electron beam shift,
this option is only available for overall
slice heights up to 13 um.

Focus Adjust Instructs Auto S&V to apply focus
correction for each new slice.

Pause between Displays a dialog box (illustrated below)

sections to allow manual intervention between

each step in the Auto S&V operation
(protective coating, rough cut, and slice).

Auto Slice and View xT: Pavise

Paused after Fough Cut, Click OK to continue with Slice or
CANCEL to abort

OK | Cancel |

Click oK to resume processing with the
following step. Click CANCEL to abort the
operation without completing the
subsequent options.

High tension off Automatically turns off the electron & ion
after mill beam high tension/voltage when the Auto
S&V operation is complete. Sources for
both beams remain on.

High tension and Automatically turns off the electron & ion
Ion Source off beam high tension/voltage and the ion
after mill beam source when the Auto S&V

operation is complete.
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TABLE 8-13 UTILITIES MENU COMMAND

Help
Anirmate...

Technical Maote F1
About

Menu Command Description

Clear All Patterns

Deletes all patterns from the current xT
quadrant, including those not generated by
Auto S&V.

Suggest Currents

Suggests ion beam currents based on the
area of the individual patterns and the
Auto S&V process step.

No depth information is used. Therefore,
the resulting mill times may be excessive.

Disable Aperture
Change

Uses the beam current selected in xT,
disabling the automatic ion beam aperture
changes specified in Auto S&V. This
option prevents pattern shifts that
sometimes occur with aperture change.

Select this option only if you plan to use
the same aperture for every step of the
Auto S&V operation.

If you will not use the same aperture for
every step, select the Pause between
Sections option and manually change the
ion beam current in xT.

TABLE 8-14 VIEW MENU COMMAND

Menu Command Description

Animate

Shows a “movie” of images collected
during the slice routine.

TABLE 8-15 HELP MENU COMMANDS

Menu Command Description

Technical Note

Accesses this technical note in Adobe
Acrobat® PDF format.

About

Displays the About dialog box, which
contains the date and version of the Auto
S&V code.
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Option Groups

Option groups each correspond to an optional step in the Auto S&V
operation.

JRISIEY

File  Setup  Utitdes  Wiew Help

Show | Fun | Stop |

* Options in the Slice group control the milling of successive slices.

S e * Options in the Rough Cut (pre-slice) group control the initial
Processing slice: 0/0 milling of a standard xT cross section.

Current process: (none) . . . . .
Progress: | * Options in the Coating group control the deposition of a protective

coating of the intended slice area.
slice |R0ugh cutl Coatingl

The user interface is shown at left. The following table describes the
options in each group. Controls common to each group are listed first,
followed by those unique to a particular group.

Application |5 -

Width (%) Im pm
Length () |5 pm
Depth (z) |1 pm

TABLE 8-16 AUTO S&V USER INTERFACE
Current (ap) lmnA

Slices M Interface ltem Description
Slicesfimag. |1|
Show

[~ Takelon Image before Start
Show/Fefresh |

Slice  Rough cut | Coatingl

Previews all options selected for the Auto
S&V job and displays the patterns in the
xT user interface. These patterns cannot
be manually repositioned as they are
deleted before the job is run and redrawn
when needed.

Application |5 - Run
widhey [z pm
lengh) [5 wm
Deph(d o m Stop
Current (ap) m né

Begins the Auto S&V job, using the
selected options.

Aborts the Auto S&V operation following
completion of the current step.

To interrupt the current process step and
exit without completing the job, click
STOP in Auto S&V, then STOP PATTERNING
in xT.

Show/Fefresh
—l Phase

Slice | Fiough cut  Coating |

Indicates the step being executed
(Coating, Rough Cut or Slice).

Application m

Sicith (x) I‘H—pm
Length () lg—pm
Thickness(z) |1—|_|m
Current (ap) lm n&

Show/Refresh (with slice)

Processing slice

Indicates the current slice and the total
number of slices in the Auto S&V
operation.

Current Process

Indicates the process being executed
(Milling, SEM imaging)

Progress

Indicates the milling progress.
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TABLE 8-16 AUTO S&V USER INTERFACE

Interface Item Description

Common Options:

Application

Displays a dropdown menu for selecting
an application. The list contains an entry
for every application available on the
system.

If NONE is selected as the application for
any particular step, the application skips
that step. NONE is the last option in the
Application dropdown menu.

The factory default application selections
are:

NONE for the Rough Cut and Coating.
Si for the Slice tab.

Auto S&V performs only the slice step
with these settings.

Width (x)

Specifies the pattern width (horizontal on
the image) for the selected process step.

Length (y)

Specifies the overall pattern length
(vertical on the image) for the selected
process step.

Depth (z)

Specifies the pattern depth for the selected
process step.

Current (ap)

Displays a dropdown menu for selecting
the ion beam current for the specified
operation. The list of currents corresponds
to the ion beam apertures available on the
xT system.

Show/Refresh

Previews the milling pattern for the
options selected in a process step.
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TABLE 8-16 AUTO S&V USER INTERFACE

Interface Item Description

Slice tab:

Slices Specifies the number of slices to be made
in the slice step. The height of each slice is
determined by the software dividing the
value specified for Length (y) by the
number of slices.

If the operation calls for more than
100 slices, Auto S&V displays an outline
indicating the overall area to be sliced.

Slices/imag. Specifies the number of slices to be made
between images. This option allows
several slices to be cut between images.

Take Ion Image Specifies that an ion beam image is to be

Before Start taken before the start of the slice phase.

Coating tab:

Thickness (z) Specifies the thickness of the specified
protective coating in um.

Show/Refresh Simultaneously previews the deposition

(with slice) pattern for the protective coating and the
milling pattern for the underlying slices.
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Using Auto Slice & View

WARNINGII

Stage nottilted for milling! Tilt and realign feature. Select
Continue to continue with run. Quitwill exit.

| continue oquit

Look in: IC:\Program files\FENImages
Directory Contains

[&c [Local Disk] = | |A8Viog

= imagel00.bmp
! [ image001 bmp
aProgram files imagellzZ.bmp
AFEI

&' I ages

Image prefix: Iimage

Set Directary | Cancel

A procedure for using Auto S&V is provided below. All steps are
optional.

Preparing the xT Dual Beam System

Per normal xT operation, load the sample, navigate to the feature of
interest, and center it in the field of view. Set the sample to eucentric
height, tilt the stage to the desired setting (usually 52°), and ensure
that the ion and electron beams are coincident. Ensure that image shift
between ion column aperture settings is minimized.

Optimize electron beam imaging conditions, such as accelerating
voltage, detector selection, contrast, brightness, focus, and stigmation.
If you use Mode 2 (UHR), you may need to re-establish beam
coincidence, due to electron beam shift between search Mode 1
(SRH) and ultrahigh resolution Mode 2 (UHR). Mode 2 (UHR) is
recommended for normal Auto S&V operation.

Adjust the magnification for each beam. Set the ion beam
magnification so that all patterns are within the field of view. Set the
electron beam magnification so that the entire slice area is within the
field of view if.

Stage Tilt

Auto S&V is designed to run with the stage tilt at 52°, but you can
also run it at other stage tilt settings—for example, with pretilted
samples.

Before running Auto S&V, set the stage tilt to the desired setting. If
that setting is not equal to 52°, the application will display a warning.

Click CONTINUE to resume the operation at the current stage tilt. Click
QUIT to abort the operation.

Auto S&V Setup

1. Verify that xT is running and that the system has been prepared for
general cross-sectioning and imaging.

2. Select the ion beam as the primary beam.
3. Launch Auto S&V.

4. Select File > Image Save Location to choose a directory where the
images will be stored. With the image prefix, you can specify a
prefix that identifies the image stack uniquely. In the picture
shown, the first file will be called image000.bmp. If you save
images to a directory containing bitmaps with the same prefix,
Auto S&V prompts for permission to overwrite them.

5. Select the application for all process steps to be performed. If you
have previously made the rough cut or deposited a protective
coating in xT, set the application for these options to NONE.

6. Select options in the Slice group. The dimensions (including
Length, or Z) should be large enough to mill through the feature of
interest. The number of slices should be large enough to ensure a
good sampling of the volume of interest.
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#, Slice § x|
Button Text = Slice Scan Time (s)
Fesolution
Lo ked High
Smalll a0 | 158 | 634
| 074 | 294 | 1177
Dwell 441 | 566 | 2263
time
283 | 1132 | 4526
‘ EGE | 2263 | 9052
Lerge qp1g | 40.73 | 162.94
—lofx]

[~ UsexT Settings

Button Text = Slice Scan Time (s)
Resolution
Low  Med  High

Small pan | 158 | 634

0.74 294 | 11.77

Dwell 441 | 566 | 2263
time

283 | 11.32 | 45.26

‘ bEE | 2263 | 9052

Lerge  qp1g | 40.73 | 16294

JRISIEY

File  Setup  Utites  Wiew Help

Show |

Fhase: (none)
Frocessing slice: 00
Current process: (none)
Pragress: |

Fun | Stop |

Slice | Fiough cut  Coating |

Application Ipt vl

Width (%) |11 pm
Length () |5 pm
Thickness(z) |1 pm

Current (3] ISDD vlnﬁ\

Show/Refresh (with slice)

7. If you will use Auto S&V to deposit a protective coating, follow
the procedure in “Coating”.

8. If you will use Auto S&V to perform the rough cut, follow the
procedure in “Rough Cut”.

9. Set the beam current. Select a current high enough to mill the
sample in a reasonable time, but low enough to guard against
sample damage and loss of image resolution. For guidance in
setting the beam current, select Utilities > Suggest Currents.

10. Click sHow to display the pattern to be milled.
The Auto S&V patterns should align with the feature of interest
and cover it. If they do not, recenter the feature with stage moves
and repeat steps 6 to 10 if resizing of the pattern is necessary.

11. Select Setup > EBeam Image Scan Parameters to set the electron
beam resolution and scan times. The following dialog box appears.

12. Select an appropriate setting. High resolution is recommended for
the best image.

13. Select the electron beam as the primary beam and begin imaging.
Optimize the image and adjust the magnification to display the
entire milling pattern.

14.1f you intend to make an ion image before the slicing starts, select
Setup > [Beam Image Scan Parameters to set the ion beam
resolution and scan times. The following dialog box appears.

15.If you select Use xT Settings, the current ion beam settings from
the xT Ul are used. Otherwise, select an appropriate setting. High
resolution is recommended for the best image.

16.Select File > Save Recipe to save the current parameters to a
recipe.

NOTE: Do not attempt to manually reposition milling
patterns. Repositioning should be done with stage moves
as all patterns are milled or deposited in their default
positions and manual repositioning of pattern outlines is
ignored at runtime.

Other Patterning Options

The following procedures describe the use of the protective coating
and rough cut options. If you have previously performed these steps
manually in xT, these procedures are not required.

Coating
1 Select the appropriate options in the Coating group.

If platinum is not present on your system, substitute another metal,
such as tungsten. If no metal is present, do not deposit a protective
coating. Set the width and length parameters to deposit a pad that
is slightly larger than the area to be sliced. Set the thickness
parameter to a value sufficient to protect the surface from
unwanted milling—usually 1 pm.

2 Click SHOW/REFRESH (WITH SLICE) to preview your selections. Auto
S&V displays the patterns for the protective coating and underlying
slices in one view so that you can check their alignment.
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Show | Fun | Stop |
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HARD & SOFTWARE OPTIONS Using Auto Slice & View

3 Ifthe protective coating step requires a different ion beam current
than the rough cut or slice steps, deselect the option Disable
Aperture Change on the Utilities menu.

NOTE: If you are using the protective coating option, be
sure the appropriate GIS is heated before running the
application.

Rough Cut
1 Select the appropriate options in the Rough Cut (pre-slice) group.

Set the WIDTH and LENGTH parameters such that Y > 1.3 x Z. This
proportion will allow imaging of the entire face of the mill at a 52°
stage tilt. The rough cut should also be wider than the area to be
sliced.

2 Click SHOW/REFRESH to display the pattern to be milled.

3 If the rough cut step requires a different ion beam current than the
protective coating or slice steps, deselect the option Disable
Aperture Change on the Utilities menu.

4 Using the same beam for the rough cut and slice steps is a simple
way of running these processes unattended. To benefit from this
feature, however, you must select the Disable Aperture Change
option on the Utilities menu.

Milling the Sample

I Click RUN to initiate the Auto S&V operation.

To abort the operation at any time, click STOP in Auto S&V, then
STOP PATTERNING in xT.

2 If you run Auto S&V with the Coating option enabled, the system
prompts you to insert the GIS needle and recenter the image. Insert
the needle and follow this procedure.

While imaging with the ion beam, recenter the image, using beam
shift. Keep live imaging to a minimum to avoid unwanted sample
damage.

Grab a second frame to verify the image position relative to the
Auto S&V patterns. Repeat this process until the image is
correctly centered in the patterns. Click CONTINUE to initiate metal
deposition.

3 When the system has finished depositing the protective metal
coating, it prompts you to retract the needle and recenter the image.
Retract the needle and follow this procedure.

In xT, select the Stage menu> Zero Beam Shift to recenter the
image.

Grab one ion beam frame to confirm that the image is centered.
If necessary, fine-tune the image placement, using beam shift.

Grab a second frame to verify the image position relative to the
Auto S&V patterns. Repeat this process until the image is
correctly centered in the patterns.

Click CONTINUE to resume processing the sample.

8-31

4022 262 61641



HARD & SOFTWARE OPTIONS Using Auto Slice & View

Viewing the Cross Sections

1. In Auto S&V, select View > Animate to view the images for each
cross section. The Movie window appears.

FIGURE 8-8 AUTO SLICE AND VIEW MOVIE

uto Slice and View xT: Movie

C:AProgram files\FEIexel. YImagestimagelil.bmp | loop:

- ! = N

Open dir | Exit stat  end frame

frame  frame time (ms)

2. Click OPEN DIR to navigate to the directory containing the Auto
S&V images.

3. To view a subset of the entire movie, type integers in START and
END corresponding to the first and last bitmaps you want to view in
the sequence. To run the movie backwards, reverse the order of the
integers, typing the higher number in START and the lower number
in END.

4. Type an integer in RATE indicating playback speed (in ms per
image). The actual playback time may vary slightly depending on
available computer resources.

Click RUN to begin playing the movie.

6. Alternately, move the horizontal scroll bar or click the arrows at
either end to step through the movie one image at a time.

7. 7 When you have finished viewing the images, click EXIT to close
the Movie window.

Select Loop at any time if you want the movie to run continuously.

Exiting the Program

When you have finished milling the sample and viewing the system
images, select File > Exit to stop Auto S&V.
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TABLE 8-17 AUTO S&V TROUBLESHOOTING

Symptom

Question

Solution or Workaround

Movie does not play
to the end.

In the Movie dialog box, is
the END parameter different
from the highest-numbered
bitmap in the directory?

Auto S&V automatically counts the images
in a directory, but it will stop counting at a
gap in the sequence and omit images with
higher numbers.

If you have removed or deleted a bitmap
from that particular directory, restore it, or
manually type the correct image number in
the END text box.

Patterns are
misaligned at
different apertures.

Are the apertures used in the
recipe aligned to < 1 um
beam shift?

First, align the lon Beam to all apertures.

(See 110 - Ion Aperture Alignment in the
Alignment chapter of your system User
guide.)

If necessary, in Auto S&V, select Setup >
Pause Between Sections. A dialog box will
display between each recipe segment to
allow for manual adjustment. Adjust beam
shift and then click OK to dismiss the dialog
box.

“Too many points in
pattern” error
message appears.

Does xT display the “too
many points in pattern”
error message?

You cannot mill a pattern or combination of
patterns that contains more than 1,000,000
points. Possible solutions include:

- Decreasing the pattern size
- Reducing the beam overlap

- Increasing the beam current

“Patterning Error:
pitch too small”
error message
appears.

The minimum pitch is the horizontal field
width/4000. You can increase the pitch by
increasing the beam current, magnification
or blur or decrease the overlap.
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Auto TEM (Wizard) Software

8-34

Introduction

The AutoTEM™ Wizard software automates the process of preparing
samples for further examination in a transmission electron microscope
(TEM) or other instrument.

This technical note describes:

* Use of AutoTEM™ Wizard

» Preparation of liftout (“plucked”) samples
 Efficient preparation of single or multiple samples
» Script variables

» Troubleshooting procedures

AutoTEM™ Wizard provides a fast and efficient way to prepare TEM
samples for analysis. AutoTEM™ Wizard prompts you for the
characteristics of one or more TEM membranes, such as width and
depth. It then prepares a data file you can run in RunScript or
AutoFIB to mill the sample(s).

FIGURE 8-9 TEM SAMPLE PREPARATION PROCESS

Start |

¥

Membrane Definition

h J

Membrane Milling

h J

Done ]

During membrane definition, AutoTEM™ Wizard prompts you for
the sample width. It then mills a pair of fiducial marks (crosses or
circles) that define the width and position of the sample.

After prompting you for further sample characteristics such as depth
and thickness, AutoTEM™ Wizard sets parameters for milling and
polishing the sample.

In the milling phase, the FIB system mills trenches on both sides of the
sample, using the parameters defined by AutoTEM™ Wizard. The
system continues milling the edges of the two trenches until the area
between them becomes a TEM membrane. An image recognition
system uses the fiducials to align the sample after stage moves and beam
current changes and to monitor and correct for drift during the mill.
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Successful automated preparation can mill samples to 200—100 nm
thickness without user intervention. If you want to thin the samples
even further, continue milling under manual control.

Samples

Two types of samples can be prepared—prethinned and liftout. A
prethinned sample is mechanically polished to about 50 um or less
before being mounted on a TEM grid and placed in the FIB. The
automated routines described below can then be used to thin the
sample down to approximately 100 nm.

A liftout TEM sample is prepared in a bulk sample (no prior polishing
necessary). This sample is created in the DualBeam and then
extracted using a glass rod and micromanipulator.

For additional information, see Young, R. J.; Carleson, P. D.; Da, X.;
Hunt, T.; Walker, J. F. “High-Yield and High Throughput TEM
Sample Preparation Using Focused lon Beams”, Proc. ISTFA 98,
329 (1998).

Auto TEM Interface

AutoTEM™ Wizard is loaded through RunScript, using the tem.wsp
workspace.

To start RunScript, click Start > Programs > FEI Company >
Applications > RunScript. In RunScript, select File > Open
Workspace > tem.wsp to open this workspace.

Milling Steps
The sample preparation process typically includes the following steps:

* Protective layer deposition with platinum or other GIS metals
(optional)

* Rough milling

* Medium milling

* Fine milling

+ Partial cutout of membrane

* Fine polishing

These steps are defined in the data file as steps 1-7. For the default

parameters, the order in which the steps are executed is as follows: 1,
2,4,5,3,5,6,7. They are illustrated in the following figures.

NOTE: The values given below for milling time, thickness,
and beam current are approximations only.

Step 1 - Protective Layer Deposition

In this step, the dualbeam deposits Pt material to protect the area of
interest. This step takes approximately 3 minutes.
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FIGURE 8-10 PROTECTIVE LAYER ON LIFTOUT SAMPLES

Liftout Sample

Before protective
layer

After protective layer

Step 2 - Rough Milling
In rough milling, the FIB mills large trenches at maximum beam

current.
It takes < 4 minutes. The sample is reduced to a thickness of 4 pm.

FIGURE 8-11 ROUGH MILLING

Crosses milled for
image recognition

Step 3 - Cutout
During cutout, the sample is rotated from 52° to 7° and a U-shaped cut
is made to free the sample partially.

FIGURE §8-12 CcUTOUT

I ot Samole

‘U’ shaped cut

£
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Step 4 - Medium Milling

In this step, the FIB mills trench edges on alternating sides of the
membrane at a slightly lower beam current and higher magnification.
This step takes approximately 2 minutes. The sample is reduced from

4 pmto 2 pum.

FIGURE §8-13 MEDIUM MILLING

Liftout Sample

Step 5 - Fine Milling

During fine milling, the FIB continues milling on alternating sides of
the membrane. The stage tilts to ensure uniform thickness of sample.
This step lasts 3 minutes. The sample is reduced from 2 pm to 1 pm.

FIGURE §8-14 FINE MILLING

Liftout Sample

Step 6 and 7- Fine Polishing

During fine polishing, the FIB continues milling on alternating sides
of the membrane. The stage tilts to ensure uniform thickness of
sample.This step lasts 9 minutes. In step 6, the sample is reduced from
1 um to 0.5 um. In the final step, the sample is polished to its final
thickness. This step takes approximately 3 minutes.

FIGURE 8-15 FINE POLISHING

Liftout Sample
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Image Recognition

During sample preparation, the DualBeam system uses the crosses
milled into the sample to locate the membrane site, monitor for drift,
and correctly place the cuts used to free samples.

In some cases, the system may have difficulty finding these crosses. If
this occurs, the system will first try to find the crosses by:

* Matching the image it finds to other examples stored on the hard
drive (in case of an inexact match)

* Performing an Auto Contrast/Brightness routine

* Adjusting the magnification
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Sample Definition Process

AutoTEM™ Wizard guides you through the process of siting and
defining the sample membrane.

FIGURE 8-16 MEMBRANE DEFINITION PROCESS

Select Append or
Mew autofib file

F 9

Select recipe file

h 4

Edit membrang
width

¥

h 4

Mill pad =™ and
fiducial marks

Adapt parameters Mest (New)

Mext (Same) v

Deposit grounding layer

* optional, depending on
parameters in recipe file

h 4

YWrite sample
settings

Mext, Fun Mo
or End?

Run Mow

Seemilling
procedure

End

Script succeeded
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E‘S RunScript xT: wizard.psc
File  Run  Help

=10 x|

D’“|H| 1|2|3|4|5|? »|II|R|

Script Settings

|1 0 ¥ Show Results Dialog
™ lon Hy Off at End ¥ “isual Match

[~ Electron Hy Off at End ¥ Calculate Timings
[~ Hv +lon Source OffatEnd M "whmanitar" Active

IS Heati

Turn on GIS heating for Deposition Gases befare
proceeding

oK |

New AutoFIB Script File?

There is already an AutoFIB scriptfile called data998.sct
containing 1 sample definitions. Append will add the new
sample definitions to this file. MNew will cvenwrite this file.

Eucentric Height

The sample must be at eucentric height for each membrane that is
defined. Begin the membrane setup process by setting the stage to
eucentric height.

When you set eucentric height, approach the final Z value from the
same direction each time. Normally the final move should be in a
downwards direction (with the Z value decreasing and the FWD value
increasing). This procedure removes any backlash in the Z drive and
is particularly important with 50 mm stages.

When you set eucentric height with the ion beam on a DualBeam
system, the geometry of the column relative to the sample means that
a downwards stage move will cause a feature to move up in the image
(with scan rotation at 0°). When you set eucentric height with the
electron beam on a DualBeam system the feature will move down
when the stage moves down.

Running Auto TEM
1 Start RunScript.

2 Click OPEN WORKSPACE, navigate to the subdirectory containing the
TEM scripts, and open the workspace file TEM.wsp.

The RunScript interface appears as shown here, with the correct
check boxes automatically checked.

Button 6 is used for the AutoTEM™ Wizard program. Other
numbered buttons are used for the data files created by
AutoTEM™ Wizard.

3 Select Button 6 and press PLAY to begin the TEM preparation
process.

The balance of this section reviews the AutoTEM™ Wizard dialog
boxes in sequence, with a full explanation of available options.

Membrane Setup

Preliminary Steps

After you select Button 6 and click pLAY, the system displays a dialog
box that prompts you to turn on GIS heating for the necessary beam
chemistries.

If you have not already done so, turn on the heat to the gas injectors. If
the gas injectors are not properly heated, the FIB will mill material
instead of depositing material.

NOTE: If you are using tungsten deposition, contact FEI
Customer Service to configure the AutoTEM™ Wizard.

Next, AutoTEM™ Wizard prompts you to create a new AutoFIB
script file or append data to an existing one. The script file (called
data998.sct) contains the information AutoFIB requires to move
between multiple positions and mill multiple TEM sections.

If a file containing data for the TEM sections already exists, the
system will display a dialog box prompting for confirmation of action.

Append bl cance | Click appeND to add new positions to an existing file or NEw to create a
new file. A file open dialog is shown in which you can select a recipe
file (recipe files are created by FEI).
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section-15x4urm.recipe

termnliftout-15x4urm. recipe
ternliftout-15xdurm-rotrecipe
ternliftout-15x8urnverb-rotrecipe
ternprethin-15x4um.recipe

File Infarmation:

Liftout sample - naminal 15 um wide, 4 um deep - 5000pA max

CENTER DESIRED LOCATION

Then select 'Cantinue’ to create X fiducials
Select 'Edit Data' to change recipe settings:
[Final width = 15.000, Target thickness = 0.120]
[Final current=100.000, Final depth = 4.000]

<Continue> Grah Frame Edit Data Ahaort

HARD & SOFTWARE OPTIONS Sample Definition Process

AutoTEM™ Wizard then creates a data file for each defined
membrane. The file name is always dataN.ini, where N equals the
position number of the defined membrane. The data file is inserted
into the directory where AutoTEM™ Wizard is running.

The system then displays a representation of the TEM membrane and
the crosses used for image recognition. The sample must be at
eucentric height for each membrane that is defined.

Specifying the Sample Parameters

In the next dialog box you can edit the sample parameters shown in
the following table.

TABLE 8-18 LOCATION PARAMETERS

Parameter Description

Finalwidth Desired width of TEM section. Long
sections (over 20 um) may exhibit some
warping or stress, depending on the
material and the thickness of the membrane.

Targetthickness Desired nominal thickness of the membrane
in um

Finaldepth Approximate final depth of the mill, in um

Finalcurrent The current used in the last milling step 7.

FIGURE 8-17 REPRESENTATION OF TEM MEMBRANE
AND IMAGE RECOGNITION CROSSES

Image recognition crosses

Membrane position

If you select Edit Data, you can edit the parameters of previous table.

If you select Continue, the wizard will start depositing 2 square Pt
pads in which the crosses are to be milled.
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Adjust Sample Paramaters:

MOVE PATTERM TO SET FINAL MEMERANE POSITION

Select'Continue' to complete setup.

Select'Edit Data' to change recipe settings:
[Targetthickness = 0.120, Final current = 100.000]
[Final depth = 4.000, Membrane offset = 0.000]

<Continue> I Fedraw Edit Data

Cance

Enter Input Data:

targetthickness W
finalcurrent IW
finaldepth [1000
membranenﬁsetw
ruughmillcurrentm_
ducutuutlw
cutoutthickness W
usestagerotn W
depositionz IW

Ok

Cancel

Dimension setup options

'Back! returns to sample setup

'Prewvious' restores previous sample data
'Default’ restores default sample data
‘Abort! leaves sample setup

<Back> l Previous | Default

Abort

FIGURE 8-18 X PAD DEPOSITION

X pad Positions

BT ———

Adjusting Sample Parameters

FIGURE 8-19 MEMBRANE POSITIONING

A diagram onscreen shows the area to be milled and a dialog box
appears. You can choose to edit the parameters of TABLE

1 “Location Parameters” (except finalwidth) and TABLE 2 “Liftout
Parameters” and you can reposition the membrane interactively by
drag-and-dropping the membrane pattern. For prethinned samples,
you can also drag-and-drop the outer edges of the rough mill area.

Choose from the following options:

» Continue proceeds with the sample preparation process.

* Redraw to display the result of changing the membrane position
interactively.

» Edit Data shows an Input dialog box, where you can change sample
preparation parameters. The parameter names displayed in the
dialog box correspond to the names of the script variables, which
are defined in tables 1 and 2 “Location Parameters” and “Liftout
Parameters”.

Options shows the Dimension setup options dialog with the options
Back, Previous, Default and Abort.
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TABLE 8-19 LIFTOUT PARAMETERS

Parameter Description

Membrane offset
(membraneoffset)

Offset between the actual membrane section and the
horizontal axis of the X-shaped fiducial marks, in pm. Use a
positive number to locate the membrane above the crosses, a
negative number to locate it below them.

Use membraneoffset when the feature of interest is so near
the sample edge that it prevents proper milling of the
crosses. In such a case, place the crosses at a location
suitable for image recognition, then use a value for
membraneoffset to situate the membrane at the desired
location. You can also use membraneoffset to adjust the
membrane position when the crosses are incorrectly placed
in relation to the feature of interest.

Rough mill current

The current used in step 2.

(roughmillcurrent)
Do cutout If docutout=1, the cutout step will be performed. If
(docutout) docutout=0, no cutout step is performed.

Cutout thickness
(cutoutthickness)

The minimum thickness below which the cutout step is
performed. As long as the sample thickness is larger than
this value, the cutout step is skipped.

Use stage rotation

Determines whether the stage rotation value is saved in the

(usestagerotn) data file. Set to 1 to save this value. Set to 0 if rotation is not
necessary for sample placement. In some cases, backlash in
the stage can cause small positioning errors when the
rotation value is saved.

Depositionz The thickness of the deposition layer, in pm.

Depositing a Grounding Layer

Next, the AutoTEM™ Wizard deposits a very thin platinum
grounding layer over the area of interest. This layer can improve
image recognition in areas where there are topographical and material
differences across the width of the membrane.
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lembrane Definition Succeeded!

The scriptfile for this sample is datal.ini.

[twiill mill the sampla when run with BunScript or fram AutoFIB
using script datad98 sct. AutoFIB and datad98 sct can also be
used to run multiple samples.

Choose Next sample (with Same or New recipe), Run sample
now, or End setup

<Same> | (R=0 Run Mow End

8-44

FIGURE 8-20 GROUNDING LAYERS

Grounding
layer

Completing the Membrane Setup

When you have completed the setup for each individual membrane,
the system displays the ‘Membrane Definition Succeeded’ dialog box.

Press SAME to continue the setup process and define another
membrane with the same recipe. Press NEW to continue the setup
process and define another membrane with another recipe. Press RUN
NOW to start milling the membrane immediately. Press END to
complete the setup process. The system confirms completion of the
membrane setup.

When you have defined all membranes, the system will create a data
file for each defined membrane and an AutoFIB file for the complete
set of membrane definitions.
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When membrane definition is complete and the crosses have been
milled, you can begin milling the TEM membrane(s). Proceed in one
of two ways:

1. Press RUN NOW in the "Membrane Definition Succeeded’ dialog
box.

2. Run each data file using RunScript. This may be useful if you are
milling only one membrane at a time. Using RunScript, you can
fully automate the milling of a single membrane, or

3. Run the data998.sct file using AutoFIB. This process is
completely hands-free and is useful for overnight milling or
milling multiple membranes without any user intervention.

Running the Data File from RunScript

When you prepare a defined membrane using RunScript, you have the
option of beginning with the main milling steps or proceeding directly
to the polish step. This workflow is illustrated in the following figure.

FIGURE §8-21 MEMBRANE MILLING PROCESS USING
RUNSCRIPTS

Move stage?

Ferform &
steps or rethin
only?

Rethin Cutout done?

All, test Edit parameters

¥

Ferform steps as [ * cutout and polishing steps are
defined in "Milling | optional, depending on docutout
Steps™ parameter in recipe file

¥

Sceript succeeded

To begin, select the button that corresponds to the membrane
definition, then press PLAY. For example, in the figure below, Button 1
corresponds to the datal.ini file for the first membrane defined in the
setup process.
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FIGURE 8-22 DATAI.INI FILE
E‘S RunScript xT: wizard.psc - |EI |i|

File Run  Help

¥ Show Results Dialog
¥ “isual Mateh PLAY
™ Electron Hy Off at End W Calculate Timings
[~ Hv +lon Source Off stEnd M "whmonitor Active

The system prompts you for permission to move the stage to the
location saved for this membrane.

Mowve stage to the stared location for this mermbrane?

Click vEes if it is necessary to move the stage to view the crosses for
the membrane. Click No if the stage is already at the appropriate
location and the crosses are onscreen.

The system then asks you if it should perform all milling steps or
Yes <No> polishing only.

Click aLL to begin with the protective platinum deposition (if
specified) and proceed to rough milling. Click RETHIN to finish a
previously milled sample or to cut free a partly milled membrane; the
system will ask you if the cutout step has been performed already.

If you select Yes, the Adjust Sample Parameters dialog will be shown
and you have the option to change some parameters of tables 1 and 2

djust Sample Parameters:

MOVE PATTERN TO SET FINAL MEMBRANE POSITION “Location Parameters” and “Liftout Parameters” and two extra
Select'Continue’ to complete setup. . .

Select'Edit Data’ to change recipe sefings: parameters: uppery and lowery. Uppery is the distance from the
[Targetthickness = 0.120, Final current = 100.000] 113 : .

[Finsl depth - 4000, Membrane affset = 0.000] membrane to the upper edge of the milling pattern, in pm. This value

must overlap the current upper membrane edge. Lowery is the
distance from the membrane to the lower edge of the milling pattern,
in um. This value must overlap the current lower membrane edge.

Edit these values if desired, or change them interactively by drag-and-
<Contirue>| Rt EdiDaia | Optins dropping the membrane (for membrane offset) or resizing the box
surrounding the membrane (for uppery and lowery).

x| If you select no, there is an extra parameter you can edit: startatcutout.

If you enter 1, the milling will resume with the cutout step.

Enter Input Data:

finatwicth |15.000 The amount of time required to mill the TEM membrane will vary
targefthickness |0.120 depending on the dimensions of the cut. A typical liftout membrane
finaleurrent |100.000 that is 15 um wide and 6 um deep will take about 30 minutes to mill.
finaldepth {4.000

Throughout the milling process, the system will use the crosses to

oK | Eancal realign the sample. The system will also use these marks for
alignment while cutting the sample free, when the stage is tilted to
45°, Image recognition is less reliable when the stage is tilted, and
sample topography can also complicate the situation. In some cases,
image recognition may fail.

If image recognition fails, the system will display the ‘Match failed’
dialog box.
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Try adjusting focus, contrast, brightness, or stage position, then press
RETRY. If failure still occurs, manually realign the sample and click
CONTINUE to proceed. To end the script without milling the sample,
press END.

NOTE: In RunScript, you can suppress these prompts by
editing nodialog in the dataN.ini file. Set this variable to 1,
and the script will run without prompts as it would in
AutoFIB.

When AutoTEM™ Wizard runs successfully, it will produce a sample
like the one shown below.

FIGURE 8-23 LIFTOUT SAMPLES VIEWED AT 7°

Cuts made around the ' |* = P R
sample (left and right E f’ | g =y

{
sides and bottom). T

¥ =
- ‘ ()

Platinum remainder
connecting sample to
wafer. This remaining
platinum can be cut after
final polishing or be
snapped using the
micromanipulator.

When you have finished preparing a TEM section, you can run
another data file, and RunScript will drive to that stage location.

Running the Data File from AutoFIB

Use AutoTEM™ Wizard to define multiple membranes, then run the
data file using AutoFIB.

To run AutoFIB, click START > Programs > FEI Company >
Applications > AutoFIB. The AutoFIB interface will appear.

FIGURE 8-24 RUN AUTOFIB

%ﬁ AUtoFIB xT: New — 0] %]
File Play Logging ©Optons SetlUp  Help
P‘llllll»l N|U|—| il Position

Select File > Open and load the file data998.sct.

The AutoFIB Scripting dialog box will appear in a configuration
similar to that shown below.
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FIGURE 8-25 AUTOFIB SCRIPTING DIALOG BOX

Milling
parameters
defined by
the data

Milling
positions
defined by
the data
file.

2!

Scripting - Scrip
—FParameters
v Play all [ Wiew Onby
—otage————— —Pattern File
; . {
[ =y [T Uszar Units prefix Ipattern [ Dt Contral & N
E m m | N Open o
~AutoScriptFile [~ Auolocale g
[ lon Bearn Settings Mona
[ lon Beam Shift %
Open
[ Image Rotation [ [ Savelmage & M
—Fositions——
1 of2 comment
stage-oy=-8174, -5.368 :l
stage-zrt=8.166, , 9.867
|PUSU1 beamshift=7 663, 1.635
scanrotation=14.574
posi? sub-script=Ch\Program

Files\feildata\Auto TEMY scriptsh datal ini

Tpos02}

stage-xy=-12.155.-11.124

stage-zrt=6.953, , 9.869

heamshift=7 630, 1.623
scanrotation=14.574

sub-script=C:\Program

Files\fei'datal Auto TEM scripts data.ini b i

S |

16:09:12 Script continuing until Cancel
16:0912 Stop

i’ Close |
b

Do not select the options DRIFT CONTROL or AUTO LOCATE. When run
under AutoFIB, the TEM preparation script automatically takes care
of drift control and image recognition. The data file data998.sct will
automatically select the proper options when loaded into AutoFIB.
Once you have loaded the data file, no further action is necessary.

You may want to enable visual matching within AutoFIB or have the
beam shut off automatically at the end of milling. These commands
are available on the AutoFIB Options menu.

When scripts are run through AutoFIB, no prompts are given during
the process. If image recognition fails, the system will simply proceed
to the next membrane or end the script if no other membranes are
defined. In such a case, you must correct the error that caused the
image recognition failure, then rerun the script on the positions that
failed.

NOTE: If prompted to save the data file, say NO to avoid
overwriting the newly created file.
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Sample Files

The following data file represents a typical membrane definition
produced by AutoTEM™ Wizard.

# data file created by 'vbmakeini': 10/29/2004 4:04:35 PM
targetthickness=0.120
finalcurrent=100.000
finaldepth=4.000
centeroffset=0.000
roughmillcurrent=5000.000
uppery=6.400
lowery=6.400
taperangle=28.000
docutout=1.000
cutoutthickness=0.800
usestagerotn=0.000
depositionz=1.000
dovlowmagalign=0.000
makevlowmagbmp=0.000
if (dimsetupreadout=1l) goto end
finalwidth=15.000
restartthickness=1.000
position=1.000
wizstagetilt=9.867
test=0.000
dooutline=0.000
confirmcutout=0.000
rethin=0.000
startatcutout=0.000
donecutout=0.000
nodialog=0.000
run systemvalues.ini
recipedefaults=1
run temliftout-15x4um.recipe
writesampledata=2
run temliftout-15x4um.recipe
calcvalues=2
run temliftout-15x4um.recipe
run setprimaryionbeam.sps
if (posnum>0) goto inautofib
setbeamrot 14.574
run stageprompt.sps
if (dresult=1) stagemove xyzt,-8.174,-8.366,8.166,9.867
run polishprompt.sps
if (dresult=0) goto end
goto noautofib

inautofib:

nodialog=1
run autofib.ini

The following script file contains the information AutoFIB requires to

move between multiple positions and mill multiple TEM sections. It
is also produced by AutoTEM™ Wizard.

# data file created by 'vbmakeini': 10/29/2004 4:04:36 PM
{pos01}

stage-xy=-8.174, -8.366

stage-zrt=8.166, , 9.867

beamshift=7.663, 1.638
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scanrotation=14.574
sub-script=C:\Program Files\feildata\AutoTEM\scripts\datal.ini
{pos02}
stage-xy=-12.155, -11.124
stage-zrt=6.953, , 9.869
beamshift=7.630, 1.623
scanrotation=14.574
sub-script=C:\Program Files\feildata\AutoTEM\scripts\data2.ini
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This section documents the variables used in the TEM preparation
scripts. As an alternative to the setup process, you can edit the scripts
directly using a text editor.

Two files contain variables you can edit:

* A recipe file contains all values necessary for the main TEM
preparation script to run successfully.

* DialogDefaults.ini contains the default values for all settings listed
in the input data boxes.

In addition, SystemValues.ini contains variables used in the membrane
definition process. These variables are ordinarily set by FEI Customer
Service.

CAUTION! To prevent data loss, make copies of all your
script files before editing them.

The variables are listed in their order of appearance in the respective
files. Do not change parameters other than those mentioned in the
tables.

TABLE 8-20 RECIPE FILE PARAMETERS

Variable Name

Default Value Purpose

test

0 If test=1 then the Wizard does not mill or clear patterns.
If test=2 then will also prompt to clear patterns at end
of milling steps.

This value also appears in each data<n>.ini

dooutline

0 Determines whether series of full milling patterns are
drawn, or just an outline

box (or series of lines) - the outline mode(s) are used
for testing purposes.

dooutline=0 normal mill boxes
dooutline=1 outline box of dimensions in recipe

dooutline=2 outline box adjusted in y for
'adjustvalues'. Normally dooutline =0.

This value also appears in each data<n>.ini

nodialog

0 If nodialog=1, the wizard will not prompt at a failed
match AND will not prompt to place cuts in step 5.

Normally for RunScript nodialog=0. For AutoFIB,
nodialog=1.

This value also appears in each data<n>.ini
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TABLE 8-20 RECIPE FILE PARAMETERS

Variable Name

Default Value

Purpose

confirmcutout

0

RunScript only:

If confirmcutout=1 then a confirmation from user is
requested to do a cutout in step 5.

If confirmcutout=0 no user confirmation is requested if
matching succeeds. Normally, confirmcutout=0 in
RunScript.

In AutoFIB mode, a confirmation is never asked.

This value also appears in each data<n>.ini

docutout

If docutout=1 then attempt the cutout step 5 if the
thickness range is correct.

If docutout=0 the wizard stops at the cutout step 5 and
exits (go to next sample if AutoFIB).

This value also appears in each data<n>.ini

targetthickness

0.2

Default target thickness, see TABLE 1, “Location
Parameters”.

This value also appears in each data<n>.ini

minthicknes

0.1

Minimum allowed targetthickness in edit dialogs

maxthickness

Maximum allowed targetthickness in edit dialogs

usestagerotn

Default stage rotation usage,
see TABLE 1 “Location Parameters”.

This value also appears in each data<n>.ini

donecutout

Initially 0, it is set to 1 once the cutout step has been
done.

This value also appears in each data<n>.ini

startatcutout

If startatcutout=1, the cutout step 5 is done next (i.e. the
sample already has the correct width).

This value also appears in each data<n>.ini

rethin

Rethin=1 means starting partway through (bypass
deposition step 1 and rough milling step 2).

This value also appears in each data<n>.ini

pluck

Not used.
This value also appears in each data<n>.ini

finaldepth

Default target finaldepth, see TABLE 1 “Location
Parameters”.

This value also appears in each data<n>.ini

mindepth

Minimum allowed finaldepth in edit dialogs.
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TABLE 8-20 RECIPE FILE PARAMETERS

Variable Name

Default Value

Purpose

maxdepth 20 Maximum allowed finaldepth in edit dialogs.
defaultfinalwidth Default target finalwidth, see TABLE 1 “Location

Parameters”.

This value also appears in each data<n>.ini
minwidth Minimum allowed defaultfinalwidth in edit dialogs.
maxwidth Minimum allowed defaultfinalwidth in edit dialogs.
membraneoffset Default target membraneoffset, see TABLE 1

“Location Parameters”.

This value also appears in each data<n>.ini
minmembraneoffset Minimum allowed membraneoffset in edit dialogs.
maxmembraneoffset Maximum allowed membraneoffset in edit dialogs.
Crossz Depth of fiducial crosses.
circlez Not used.
setupioncurrent Current used to interactively set up a TEM prep site, in

A.
crossioncurrent Current used to mill crosses, in A.
depositionz Thickness of Pt deposition layer for protective coating

in step 1. If 0, no protective coating will be deposited.
This value also appears in each data<n>.ini
groundgis GIS number of grounding GIS
groundz Thickness of Pt deposition layer for grounding layer in
preparation step.
padz Thickness of Pt deposition layer for pads in preparation
step.

padouterz Thickness of Pt ground layer for left pad in preparation
step when dovlowmagalign=1.

depthcorrection 1 Applies to milling steps. For materials other than the

selected application, a correction factor <>1 may be
needed.

Use >1 for samples harder than the application, use <I
for softer samples.

This value also appears in each data<n>.ini
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TABLE 8-20 RECIPE FILE PARAMETERS

Variable Name

Default Value

Purpose

dovlowmagalign

0

Lowmag align feature. If dovlowmagalign is =1 then a
circle is milled next to the left cross for recognition at
low magnification. Normally dovlowmagalign=0. This
value also appears in each data<n>.ini

makevlowmagbmp

if makevlowmagbmp =1 then make a separate .bmp for
recognition at low magnification, if
makevlowmagbmp=0 then use the standard .bmp.

This value also appears in each data<n>.ini

vlowmagcirclerad

Radius of fiducial circle for recognition at low
magnification.

vlowmagcirclez

Depth of fiducial circle for recognition at low
magnification.

dorcg

Used during setup. If dorcg=1, matching is used to
recenter crosses. If dorcg=0, matching is not used, and
if dorcg=-1, the user is prompted to do matching to
recenter crosses.

dogrounding

Used during setup. If dogrounding =1, a grounding
layer is deposited. If dogrounding =0, no grounding
layer is deposited., and if dogrounding =-1, the user is
prompted to deposit a grounding layer.

showeditfirst

Used during setup. If showeditfirst=1, the edit dialog is
shown before graphics of the sample. Normally,
showeditfirst=0.

cutbottom

If cutbottom=1, the bottom of the U will be milled in
the cutout step 5.

cutleftside

If cutleftside=1, the left side of the U will be milled in
the cutout step 5.

cutrightside

If cutrightside=1, the right side of the U will be milled
in the cutout step 5.

cutwidth

0.3

The width of the legs of the U-cut in step 5.

surfacemargin

0.42

The distance of the tips of the U to the surface in step 5.
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Before using AutoTEM™ Wizard for the first time, follow these
steps:

NOTE: FEI Customer Service ordinarily performs this
procedure during installation.

Start RunScript.

Load the workspace file TemCalibrate.wsp. With buttons 1-6, various
calibration routines can be run. These are:

+ 1. setconfiguration.psc. In this script, the following parameters
can be viewed or set:

dualbeam: 0 = FIB, 1 = dualbeam

ioncolumn: 0 = prelens, 1 = magnum, 2 = sidewinder
deltac: not used, value = 0

beamcheck: not used, value = 1

usemillcheck: not used, value =0

donotmatch: 0 = off-default, 1 = active (for simulator use)

The values can be written to registry automatically. Press Play to
view/edit the parameters.

2. setcalibration.psc. In this script, the following calibration
parameters can be viewed/edited:

detscaler: contrast/brightness correction factor for the current
detector. This value does not have to be edited if calibration 4 has
been done.

maxiap: the number of ion beam apertures. This value is obtained
automatically during first startup and does not have to be edited.

A list of GIS names and corresponding GIS ports, these are obtained
automatically during first startup and do not have to be edited, for
example:

ptgis: the port number of the pt gis

yoftpix: a correction term for the difference between milling and
cross image recognition in y. This value is written by calibration 5.

xoffpix: a correction term for the difference between milling and
cross image recognition in X. This value is written by calibration 5.

yoffpixcircle: a correction term for the difference between milling
and circle image recognition in y. This value is written by
calibration 5.

yoffpixslow: a correction term for the difference between milling
and image recognition at slow scan speeds in y. This value is
written by calibration 5.

bscalibx: an overall beam shift correction factor in x. This value is
written by calibration 3.

bscaliby: an overall beam shift correction factor in y. This value is
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written by calibration 3.

A list of GIS related names and corresponding GIS needle beamshift
correction terms, for example:

bsxpt: the beam shift correction term for pt GIS in x
bsypt: the beam shift correction term for pt GIS in y
These values are written by calibration 3.

bsx45tilt: the beam shift correction term in x for the cutout step, at
45 degree tilt with respect to the ion beam. This value is written by
calibration 3.

bsy45tilt: the beam shift correction term in y for the cutout step, at
45 degree tilt with respect to the ion beam. This value is written by
calibration 3.

Tondethcfactor: not used
Tondethbfactor: not used

Depthcorrection: a correction factor that takes account of softer
(<1) and harder (>1) materials then the material in the application
file. This value has to be entered manually.

Thicknesscorrection: a correction factor that can tune the resulting
membrane thickness if it deviates from the user-defined value. Use
a value <1 to correct for membrane thicknesses larger than initially
defined. This value has to be entered manually.

Press Play to view these parameters.

* 3. Setbeamshiftalignment.psc: In this script, three calibrations can

be performed,

1. “Calib”: Overall beam shift correction factors: bscalibx,
bscaliby

Press Play, then Press Calib to start the calibration. Find (or mill)
unique, high-contrast features and adjust the view so they are
centered in the screen at 5000—1000 X magnification. The values
for bscalibx, bscaliby can be written to the registry automatically.

2. “GIS Shift”: GIS needle beam shift correction terms: bsxpt,
bsypt in example above

Press Play, then Press GIS Shift to start the calibration. Find (or
mill) unique, high-contrast features and adjust the view so they are
centered in the screen at 5000—1000 X magnification. Each
configured GIS is inserted in turn after user confirmation, the
calibrated values can be written to the registry automatically.

3. “Tilt Shift”: Tilt beam shift correction terms: bsx45tilt, bsy45tilt
Press Play, then Press Tilt Shift to start the calibration. Set the
stage to eucentric height with the electronbeam, center a feature
with the stage at 52 degrees, switch to the ion beam, select the
aperture for 300 pA current, and center the same feature. Then
press Continue. The stage will be tilted to 7 degrees. With
beamshift, correct the tilt induced shift. The calibrated values can
be written to the registry automatically.

* 4. SetdetectorCBvalue.psc: In this script, the contrast and

brightness correction factors per detector can be determined.
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Press Play to start the calibration. The script sets a current (the
current with which the fiducials are milled). Optimize the
Contrast/Brightness settings of the image at this current. Then, the
script sets a higher current (the rough mill current). Optimize the
Contrast/Brightness settings again. The calibrated values are
written to the registry automatically. After the calibration, press
End and run again for another detector.

+ 5. SetMillPositionCalibs.psc: In this script, the final membrane

and circle millpositions with respect to fiducials found by image
recognition can be calibrated: xoffpix, yoffpix, yoftfpixslow,
yoftpixcircle.

Press Play to start the calibration. Press Mill Offset to start the
membrane offset calibration. Select the temliftout-15x4um.recipe.
Select Mill. The script will mill two crosses. The script will find
them by matching, and it will mill a third cross in the middle of the
other two, based upon the found crosses. The script will then find
the third cross by matching and calculate the difference with the
mill position. The calibrated values are written to the registry
automatically.

For the circle offset, press Play to start the calibration. Press Circle
Offset to start the circle offset calibration. The procedure is
similar to the Mill Offset calibration procedure.

6. LogAllDefaults.psc: This script reads the variables in
DialogDefaults.ini and SystemValues.ini and writes them to a file
named Autolog. 1 in case you ever need to restore these values.
Press Play to start the script.
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Troubleshooting

AutoTEM™ Wizard is designed to avoid many errors that may occur
during the TEM sample specification process. The FIB system and its
operating software are also equipped to resolve errors that may occur

during sample milling.

If you encounter an error that requires user intervention, you may be
able to resolve it by following the procedures described below.

TABLE 8-21 TROUBLESHOOTING

Potential Cause

Possible Solutions

Match Failed dialog box
appears (image
recognition failure).

Stage height is incorrectly
set.

Set the stage at eucentric height.

Crosses are outside the field
of view.

Move the stage or shift the beam to
bring the crosses within the field of
view.

Image quality is poor.

Adjust focus, stigmation, contrast,
brightness, etc. to obtain an image
that is easier for the image
recognition to match.

Liftout sample is hard to
pluck.

Sample is still partially or
completely attached.

Cut the sample free manually, rather
than using image recognition to
place the cuts. For manual control,
set polishstep to 0.

ION BEAM AT 52°

SAMPLE TILTED AT 7°

Cut the sample entirely free from
above after running the script. In
this case, beware of redeposition on
the TEM membrane face.

Make sure the sample is cut free at
the bottom. Because the stage is
tilted at 45° while the sample is cut
free, the bottom cut must be made at
such a height that the ion beam
passes completely through the
sample.

Sample falls into trench
and is difficult to pluck.

The trench is too deep.

Mill a shallower trench.
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TABLE 8-21 TROUBLESHOOTING

Error Potential Cause Possible Solutions

Sample breaks free too The automatic cuts are too Cut the sample free under manual

soon. long and damage the control. To disable automatic
platinum bridges attaching cutting, edit the script manually and
the sample to the walls of set docutout to 0 in the recipe file,
the trench. then rerun the data file from

RunScript. You can also let the
system cut one side and the bottom
free, then cut the last side free under
manual control. See Table 3 “Recipe
File Parameters”.

Sample is incorrectly Orient TEM samples along the grain
oriented. axis of the crystal to prevent them
from being stressed. Otherwise, they
may buckle or break free.

Sample is bent or Sample is too thin. Increase the final sample thickness
damaged. (by editing targetthickness) so that
the script leaves a thicker sample.

Carefully cut the final slices off the
sample under manual control so that
you can tell when the sample is
about to bend or be damaged by the
ion beam. Stop milling as soon as it
appears that the sample may be

bending.
Sample is incorrectly Orient TEM samples along the grain
oriented. axis of the crystal to prevent them

from being stressed. Otherwise, they
may buckle or break free.
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Selective Etch Software

<, Selective Etch xT x|

File Help

[ Invert

{ AddBox Caonvert

[~ Full Box
Threshold |18

Border 0 pixels

Milled Pixels  |? %
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Selective Etch for XT Software provides precise milling, etching, and
deposition on samples by creating a milling pattern based on the
intensity of an image. With Selective Etch, only pixels of a
predetermined brightness or darkness (based on the threshold value of
the grayscale) within a chosen area are scanned. And reduced
scanning, for example at the edge of a metal track, is also possible by
creating a border (an unscanned area around each feature).

How Selective Etch works

Selective Etch uses an image of a scanned area to develop a milling
pattern conforming to specific features on a sample. Because metal
layers appear much brighter than passivation in the secondary electron
mode, the software can use a grayscale threshold to exclude the bright
areas of metal from the pattern.

* Add Box — Select the 'Add Box' Button on the Selective Etch
interface to select an area for milling.

» Convert — A bitmap of multiple pixels is generated from the
selected area.

* Invert — Invert Selected area into a negative image.
* Full Box — Fill Complete Box without threshold.

» Threshold — Any area with pixel intensity higher than the grayscale
threshold is excluded from the generated bitmap image.

* Border — The border option adds additional pixels for broadening.
+ Milled Pixels — Percentage of pixels in viewing window.
Instruction for milling a selected area

. Grab a Frame by Pressing the 'Snapshot' Button in the XT UI.

. Press'Add Box' from XT Selective Etch UI and select the milling area.

1
2
3. Set a suitable grayscale value in the 'threshold' edit box.
4. Press 'Convert' to create a new bitmap.

5

. Repeat 3 and 4 until an optimum is reached

After Conversion the selected area is saved as a bitmap file that can be found
in the following directory as: C:\Program Files\FEI\Appexe\tempimage.bmp.

The milling properties of the bitmap can be edited in the patterning
page control of the UL. Examples of editable properties are:
Application File, Dwell time, Scantype, Refreshtime...

Scantype defines the strategy that is being used for scanning. This is
either raster or serpentine scan.

Refresh time is defined as the minimum loop time that must at least
elapse before the next pass, so that the adsorbed gas can be refreshed.
The ion beam is blanked while waiting.
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Sample Holders

Sample Vise

On a Nova NanoLab use the Sample Vise, to hold the sample mount
and dual TEM grid holder simultaneously.

FIGURE 9 PGA VISE

The Vise fits directly on the rotation table of the NanoLab stage.
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9

Overview

This Chapter describes procedures for aligning the Electron and Ion
columns for Supervisors, FEI trained Supervisors and Users. The
alignment functions allocated are displayed in the Alignment Page.
Only FEI Service engineers with password access can enter the
Service Alignments page. When all necessary alignments are
performed properly, the image will stay in focus, its rotation will be
corrected, and it will not show a substantial image displacement when
kV and, or beam current are changed. Further more the Ion beam and
Electron beam should be in coincidence and report the same sample
location accurate for milling / imaging purposes.

NOTE: It is assumed that the FEI-trained Service
Engineer’s mechanical alignment of the column is correct
before the Supervisor can properly perform the software
User alignment.

CAUTION! Read this entire chapter before attempting any
alignment corrections.

General description and structure

Go to the Alignment pages. Open the list box by clicking on the down
arrow, and then choose the Alignment needed. Always follow the
instructions given in the Instructions module. Click on the Start
button and proceed with following pages. During alignment
procedures it is allowed to change magnification, scanning speed, to
use reduced area and to optimize image brightness and contrast. If it is
not forbidden for a particular alignment, it is also possible to stigmate
and to focus the image. However, it is not allowed to manually change
Mode, Spotsize, and High Voltage or to use the beam shift during an
alignment procedure.

Common behaviour buttons

The following buttons and behaviors are common for all alignment
pages. When available, they have the following effects:

* The Next button moves the user to the following page after all the
necessary settings have been selected.

* The Previous button moves the user to the previous page should a
previous setting need to be changed.

* The Finish button completes the procedure and saves the new
settings.

* The Save button saves the actual settings at that point.

* The Cancel button (at any time) returns to the start without having
changed the original settings or the settings saved the last time by
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clicking the Save button.

CAUTION! Electron column alignments should always be
performed in Quad 1. In other cases it is not possible to
ensure correct functionality of the Contrast, Brightness
and Auto functions used in the Alignments pages.
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Electron Column Alignment

—Alignments

5 - Emitter Startup

10- Source Tilt and Shift

11 - Autaormated Source Alignment
13 - Stigrmator Alignment

17 - Stage Rotation Centre

249 - Auto Zero detectors

44 - JHR Lens Alignment

42 - UHR Stigmator Alignment

43 - UHR Image Shift Correction

A6 - HR Irmage Shift Correction
100 -Yacuum. Start 1GF's.
210-lon Column Alignment

263 - Supervisor: lon Beam
254 - Supervisor: GIS.

Alignment procedures

The Alignment of the Electron column can be performed by a
Supervisor using the well-defined procedures found in the Alignments
Page when opened. Not all alignments in the list need to be performed
at the same time therefore further explanation below characterizes the
procedures for the Supervisor. When the necessary column alignments
are performed properly the Electron image will stay in focus, and will
not show a substantial image displacement when changing kV or
spotsize.

The greyed out area in the list is not found in the software but is just to
highlight the alignments with a white background described for the
Electron column.

Final Lens Aperture Strip

Before any Electron column alignment should be made a Supervisor
should align the Final Lens aperture strip by manual mechanical
positioning. The procedure to do this can be found in this chapter
before any of the software alignments are fully described.

E-Column Alignments for Supervisors

This list is in procedural order:
10 Source Tilt and Shift

44 UHR Lens Alignment

42 UHR Stigmator Alignment
43 UHR Image Shift Correction
45 HR image Shift Correction

The above alignments should be carried out in this order only, and
only when necessary, for instance if the column alignment has been
disturbed by an event.

10 Source Tilt and Shift should be checked on a regular basis of
approximately every two weeks and if beam centers are not correct
then the above alignments should be made in the respective order.
Correction of only one procedure may influence others; therefore care
should be taken to monitor the influence of actions made.

NOTE: Do not use Beam Shift at any time during the
adjustment procedures, other than where specified, as this
is set to zero value at each alignment section, and extra
movement can offset the zero condition.

All movement of the specimen can be made using the stage, either
mechanical or motor driven, where appropriate.

Supervisors should only use the 11 Automated Source Alignment
when the full Supervisor Column Alignments has been carried out
successfully.
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Electron-Column Alignment Overview

Supervisors only

TABLE 9-1 E-COLUMN ALIGNMENT ALLOCATION

Procedures in order Function

SUPERVISOR

10 - Source Tilt and Shift Corrects source tilt and shift for the whole
range of the accelerating voltages and
spotsizes.

44 - UHR Lens Alignment Eliminates image shift when focusing in Mode
2 (immersion mode) for the whole range of the
accelerating voltages and working distances.

42 - UHR Stigmator Alignment Alignment Eliminates image shift during
normal stigmator correction in Mode 2
(immersion mode) for the whole range of the
accelerating voltages and working distances.

43 - UHR Image Shift Correction Eliminates image shift during HV change in
Mode 2 (immersion mode) for the whole
range of the accelerating voltages and working
distances.

45 - HR image Shift Correction Eliminates image shift during HV change in
Mode 1 for the whole range of the accelerating
voltages.

11 - Automated Source Alignment This performs certain optimizations that
improve the imaging conditions of the SEM
when those conditions have been lost. The
optimizations are similar, but not as complete
as those performed manually in Adjustment
10. Full manual alignment of the column (10,
44,42, 43, and 45) should have been
performed before alignment 11 can be used.

29 - Auto Zero detectors This alignment has to be performed after a
power disconnection of the STEM and CDEM
amplifier
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FEI Trained Supervisors /FEI Service

After Emergency shutdown, only a FEI trained Supervisor should
start the Electron source with 5 Emitter Startup otherwise FEI Service
should be informed of the condition.

TABLE 9-2 E-COLUMN ALIGNMENT ALLOCATION

Procedures in order Function

FEI TRAINED SUPERVISOR

or FEI SERVICE

5 - Emitter Startup

Enables electron gun switching on/off and to
change gun emission mode. In the case of an
emergency shut down it also makes it possible
to restart the IGPs. For FEI trained Supervisor
or FEI Service use only.

Users (all)

For local correction in Mode 1, 2 and 3 the following two fine
controls are available to all and not subject to the restrictions above:

TABLE 9-3 E-COLUMN ALIGNMENT ALLOCATION

Procedures in order Function

USER

13 - Stigmator Alignment

This alignment eliminates image shift during
normal stigmator correction in both Modes 1,
2 and 3.

17 - Stage Rotation Center

Corrects the center of rotation at any point on
the specimen by computer correction of the X,
Y offset from the stage mechanical center.
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Source tilt

I

Tips for X and Y Corrective Movement

Alignments may require some corrective movements in X anY
direction at the same time. This is simplified by X and Y being
represented as a 2D Graphical adjuster. When the 2D box is clicked
on, and the left-hand mouse button is held in, a cross-hair shows on
the screen with a small 4 ended arrow cursor located in the center. By
moving the mouse the cross-hairs move and therefore affect the image
as required. Due to the fact that the probe rotation correction is
switched off automatically in some alignment procedures the X and Y
movements may not always appear to be in the same directions.

NOTE: Do not use Beam Shift at any time during the
adjustment procedures, other than where specified, as this
may be set to zero value at each section, and extra
movement can offset the zero condition. All movement of
the specimen can be made using the stage, either
mechanical or motor driven, where appropriate.

How all software alignments are described

At the beginning of each alignment, with the exception of the
Aperture Alignments, there are the following:

* An Outline of the Function - What it does.

* Field Functions - A description of the field functions found on the
pages.

* The Procedure in Steps - A step by step procedure for correcting
alignment.

NOTE: Text found in the Text areas of the alignment
program may differ slightly from that found in the following
written procedures. The written procedures here are not
space restricted and therefore more explicit.

All software alignments have the same page form and the common
functions for each alignment can be found throughout the pages. Here
are the most common field functions:

TABLE 9-4 COMMON FIELD FUNCTIONS

Field Name Function

Instructions Follow the text to complete the step.

Step Displays the present control area number and
the total number of areas.

Previous Click on Previous to go to the previous Step.
Next Click on Next to go to the following Step.
Cancel Click on Cancel to leave the alignment and

return to original settings.

Finish Click on Finish to save the procedure and exit

4022 262 61641




ALIGNMENTS E-Column Aperture Alignment

E-Column Aperture Alignment

Recommended Apertures

Aligning the E-Column aperture is a mechanical process. The
apertures are in a Mo/Si strip form, so it is a case of choosing the one
most applicable to your imaging needs. Table 9-2 provides guidelines
for the use of aperture sizes.

TABLE 9-5 GUIDELINES FOR APERTURES SIZES AND

THEIR USES
1000pm Service Alignment (hole in frame)
100 High current applications
50 um X-ray mapping of low-Z elements at low kV
40 pm General imaging or X-ray analysis
30 pm High resolution imaging

Aperture Loading Guidelines

The aperture holder rod is heated while in operation to keep the
apertures in a clean state. In addition the aperture strip is mounted
within a module that can be attached to the rod by a single screw.The
aperture strip and module is supplied as a complete unit for ease of
mounting. The aperture strips come in two types:

* 5 hole 30, 30, 50, 30, 30 micron
* 5Shole 30, 30, 40, 50, 100 micron (factory default)

FIGURE 9-1 THE HEATED APERTURE HOLDER MODULE

TITAHIUM SCREWS
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ALIGNMENTS E-Column Aperture Alignment

FIGURE 9-2 FINAL LENS APERTURE CONTROL

Changing Final Lens Aperture Sizes

The external control of the final lens aperture is used to change from
one aperture to the next one. It has a click-stop mechanism. A left-
hand turn on the large ring moves the aperture holder inward toward
the larger aperture. After you change the aperture, use the inner knob
and the knob on the right side to tune its position. The two knobs
control the X, Y movement in a horizontal plane.
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ALIGNMENTS E-Column Aperture Alignment

Strip Aperture Alignment Procedure

Before you align the column, be sure that the final lens aperture is
correctly aligned. If the final lens aperture has to be aligned, choose
the smallest for the best results. It is recommended to use 30kV and
spot 3, Mode 1, with the specimen at a working distance of 5 mm, the
eucentric working distance in the Strata and the Nova NanoLab.

When the aperture is well aligned, the image rotates around the center
of the field of view at low magnification and does not move at high
magnification during focusing. The position of the final aperture
should remain constant and should not be changed further during the
alignment procedures.

TABLE 9-6 ALIGNING THE FINAL LENS APERTURE

Step | Action

1 Choose Mode 1 (field-free) and set HV=30 kV, Spot=
3, FWD=5 mm. Select Zero Beam Shift from the Stage
menu. Select Zero Lens Alignment by clicking the
right mouse button on the 2D box center square (see
Chapter 4 for more detailed description).

2 Make an image at a magnification of about 10,000X.
Select a fast scan rate from the Scan Speed control and
Average 4 from the Filter control on the Tool bar.

3 Move the stage to find a good area of interest, and
focus as best one can.

4 Center a feature with the Get function.

5 Click on the objective Lens coil modulation (wobbler)
icon in the tool bar. The scanning condition turns into
the fastest scan value, the lens modulator turns on and
the alignment cross appears in the center of all
imaging quads. The image rotates about a point (this
maybe different from the image center).

6 Adjust the position of the aperture so that the center of
the rotation is under the cross.

7 Increase the magnification to 20,000X and realign. If
necessary, repeat at 40,000X. At higher magnification
the image may move very slightly in a certain
direction. By tuning the aperture, you can minimize
this movement.

8 When corrected, switch off the Lens Alignment. There
should be no image shift when the focus control is
used.
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ALIGNMENTS E-Column Alignment Procedures

E-Column Alignment Procedures

—Alignments

Bl

5 - Emitter Startup

10 - Source Tilt and Shift

11 - Automated Source Alignment
13 - Stigrator Alignment

17 - Stage Rotation Centre

29 - Auto Zero detectars

44 -1UHR Lens Alignment

42 - UHR Stigrator Alignment

43 - UHR Image Shift Correction

45 - HR Image Shift Correction
100 -%acuum. Start [GP's.
210 - lan Calurmn Alignment
2h3 - Supervisor: lon Beam

254 - Supervisor GIS.

9-10

Before you align the Electron column, be sure that the final lens
aperture is correctly aligned. All alignment procedures should be
operated in a fast mode of scan and with an average of 4 or 8.

Supervisor SEM Alignments

Use the Alignment control area to align the column and determine
fine tuning for the electromagnetic system. The software stores
column parameters such as Source Tilt X, Y, Source Shift X, Y, and
other data that ensures minimum image shift when focusing and
stigmating images. When you click on the list box arrow, various
available alignments are displayed.

TABLE 9-7 SUPERVISOR E-COLUMN ALIGNMENTS

Adjustment Function

10 Source Tilt | Performs main column alignment for Spot

and Shift sizes for each kV step.
18 kV to 500 V in mode 2.
30 kV only in mode 1.
44 UHR Lens Eliminates image shift when focusing in
Align Mode 2 (immersion mode) for the whole
range of the accelerating voltages and
working distances.
42 UHR Minimizes image shift during total Stigmator
Stigmator correction of X and Y in the Mode 2.
43 UHR Aligns voltages in Mode 2 so that minimal

Image Shift Image Shift is seen at voltage changes.

45 HR Image
Shift

Aligns voltages in Mode 1 so that minimal
Image Shift is seen at voltage changes and
between Mode 2 and Mode 1s.

The sequence always begins with Instructions, No Step and the Start
button. Some of the alignments have numerous steps in the procedure,
many are repetitive in content, only parameters such as kV or spotsize
may have changed.
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ALIGNMENTS 10 - Source Tilt and Shift

10 - Source Tilt and Shift

—Alignments

|1D—Suurce Tilt and Shift j

Alignment Function

This procedure adjusts the electron source for the whole range of
voltages and spotsizes. It is possible to complete it only for the
voltages which are going to be used but to correct all it is necessary to

—Instructions

This alignment centers the
electron beam for several

Spotsizes and High Voltages. complete the procedure for all values. Before starting this alignment,
Press the Start button. the Final Lens Strip Aperture Alignment has to be done.
Note: When each procedure ends, save the adjustments and the alignment

Use Quad 1 for the procedure. data will be stored in the computer. When the column is correctly

aligned, the image stays in focus, and does not show substantial image
displacement when changing kV or spot size.

10 - Source Tilt and Shift Procedure

— Alignments The 10 Source Tilt and Shift alignment procedure starts here:
10- Source Tilt and Shif ~|
TABLE 9-8 10 NO STEP
—Instructions Order Action
Optimize the image with
Focus, Contrast and 1 Mode 1
Brightness. . . X
Press the Mext button to go Specimen: Tin Balls. (any suitable sample).
forward or the Cancel button to _
quit Set FWD = 5mm
Steps: 5
2 Press the Start button.
—Step 1 of &

Select a High Voltage:

30000
20000
10000
TABLE 9-9 10 STEP 1 OF 5
5000
2000 Order | Action
1000 . .
3 Select a High Voltage. Start with 30kV and work
500 down to 300V. A green cross appears at the screen
300 center.
4 Optimize the image with Focus, Contrast and
Contrast £6.59 Brightness.
m B B
Brightness 49,16

|<| | PI
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ALIGNMENTS 10 - Source Tilt and Shift

—Aiignments
10- Source Tilt and Shift ~|
Previous | Mext I

—Instructions

Adjust C&B if necessary.

Click on Modulator. Tune
Source Shift so the rotation
center matches the image
center. Click off Modulator.
Press the Next button to go
forward, Previous to go back, or
Cancel to guit.

—Step 2 of 5
Spot =25 B Spots remaining)
Source Tilt Source Shift
Auto LA ]
Cross Over Modulatar
Mod. Amplitude 0.0024

| ]

Contrast 73.21
| L] | | » I
Brightness 4916

|1| | )I

TABLE 9-10 10 STEPS 2TO 5

Order Action

5 Adjust Source Tilt.

Click on the Cross Over button and with the use of the
2D box set the centre of the image under the Green
Cross, which indicate the holy point. Besides, for
Spots 5 and higher it is recommended to switch off the
Cross over mode and fine-tune for the maximum
brightness.

6 Adjust Source Shift.

Click on Modulator button and with the use of 2D box
set the centre of the image rotation under the Center
Cross. If the system is correctly aligned, the rotation
center is in the center of the screen.

The spot sizes will be selected progressively by
clicking on the Next button

7 Repeat the Source Tilt and Shift procedure for all 7
spotsizes through Steps 2 and 3. Click on the Next
button.

8 At Step 4 check the Next HV box before clicking the
Save button to save the adjustments.

9 Click on the Next button to return to Step 1 to select
the next HV. Repeat the procedure order from 3 to 9.

10 At the saving of the last HV spot series, do not check

the Next HV box. Press the Next button. Step 5 opens
and the Finish button appears. Press Finish at Step 5 to
Save and exit.

Cancel I

—Instructions

Press the Mext HY button to
continue centering with another
HY.

Press the Save button to store
the previous centering.

Press the Next button to to go
to the last step or Cancel to
quit.

Auto Buttons

In some of the pages will be found Auto Buttons that achieve a similar
result to the above described adjustments. It is possible to just click
the Auto button. This function utilizes Image Recognition software. If
this utility does not recognize image features well, the procedure is
aborted and Warning message appears onscreen. In this case change
the imaging conditions (better focus, slower scanning, lower
magnification) or use the normal manual procedure.

—otep 4 of 5
NOTE: For large spots and low voltages Source Tilt and Source
Shift adjustments influence each other. Therefore adjustments
[v Mext Hv should be repeated several times to achieve optimal result.
Save
9-12
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ALIGNMENTS 44 - UHR Lens Alignment

44 - UHR Lens Alignment

—Alignments

—Instructions

This Alignment centers the
bearn through the UHR lens
aperture, to remove image shift.
Click on the Start button.

Note:
IUse Quad 1 for the procedure.

—Alignments

44 -1UHR Lens Alignment j

—Instructions

Select the Warking Distance
necessary from the list below
Optimize the image with
Focus, Contrast and
Brightness.

Click on the MNext button ta
move to the next Step or
Cancel (at any time) to leave
the Alignment procedure and
return to original settings.

—Step 1 of &

Select a Working Distance.

1.0 mm
1.5 mm
2.0 mm
3.0 mm
4.0 mm
2.0 mm

B.0 mim

Contrast 7589
L] _ *

Brightness 43.81

L] _ 0

Cancel

Alignment Function

This procedure aligns the beam through the UHR Lens for the whole
range of voltages and working distances in Mode 2 (immersion
mode). It is possible to complete it only for the voltages and working
distances which are going to be used but for general adjustment it is
necessary to finish it for all values. Working distances select the
voltage values automatically. Before starting this alignment,
alignment 10 - Source Tilt and Shift has to be completed.

44 UHR Lens Alignment Procedure
The 44 UHR Lens Alignment procedure starts here:

TABLE 9-11 44 NO STEP

Order | Action
1 Mode 2
Specimen: Tin Balls. (any suitable sample)
Steps: 5
2 Press the Start button.
TABLE 9-12 44 STEP 1 OF 5
Order | Action
3 Select a Working Distance (5 mm for Eucentric jobs)
4 Optimize the image with Focus, Contrast and
Brightness.
5 Click on the Next button.

4022 262 61641



ALIGNMENTS 44 - UHR Lens Alignment

—Alignments
|44-UHR Lens Alignment  ~ | TABLE 9-13 44 STEP 2 OF 5
. Order | Action
—Instructions
EDC.US. with stage Z movement. 6 For the chosen WD a start HV will be displayed.
ptimize the image with
Contrast and Brightness.
Click on the Mext button to 7 Focus with the Z Stage mouse movement. Click on the
moye fo the next Step. X 4th Quad with the optical image of the stage. With the
—_— mouse wheel pressed, moving the mouse up will move
the Z up and moving the mouse down will move the Z
1 down. These movements are represented by up/down
arrows. Use this to focus the object by observing the
response in the 1st Quad.
—Step 2 of 5
Setting HY = 18.0 kv 8 Optimize the image for Contrast and Brightness.
Actual HY = 18.0 kv Press Shift F5 to display the center cross.
OB el =12 15 9 Click on the Next button

WD =500 mm
-Alignments
|44-UHR Lens Alignment ~|
| Previous I | Mext I

—Instructions

Final Lens Centering.
Wlinimize the image moverment
Click on the Next button to
move to the next Step.

—Step 3 of 5

Hv =18.0 k% (B HW's remaining)

CorrAngleSH
| -0.000005
-0.000024
MWodulator
hWlod. Amplitude 0.0105

TABLE 9-14 44 STEP 3 OF 5

Order | Action

10 Click on the Modulator button and with the use of the
2D box to eliminate shift in the image. With the Mod.
Amplitude slider one can set the modulating depth.

11 Press the Next button to move to the next HV.

Repeat for all offered voltages then click on the Next
button.
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—Alignments

| 44-UHR Lens Alignment

[

ALIGNMENTS 44 - UHR Lens Alignment

TABLE 9-15 44 STEP 4 OF 5

|44-UHR Lens Alignment

Previous

&l

—Instructions

Press the Finish button to save
and finish.

otep 5 ofs

15

Order | Acton
[ Instructions 12 At Step 4 a check box for next WD will appear with
F'resls the Mext .WD buttun to the Save button.
continue centering with another
W If you are going to adjust the next WD sequence then
Press the Save butlon to store check the Next WD check box before clicking the
the previous centering.
Press the Mext buttan to to go Save button.
to the last step or Cancel to
quit. 13 Click on the Next button to return to Step 1 to select
the next WD.
14 Repeat the procedure from Order No. 3.
—otep 4 of 5
v Mext WD
Save
TABLE 9-16 44 STEP 5 OF 5
Order | Action
—Alignments

At the saving of the last WD / HV series, do not check
the Next WD box. Press the Next button. Step 5 opens
and the Finish button appears. Press Finish at Step 5 to
Save and exit.

Auto Buttons

In some of the pages will be found Auto Buttons that achieve a similar
result to the above described adjustments. It is possible to just click
the Auto button. This function utilizes Image Recognition software. If
this utility does not recognize image features well, the procedure is
aborted and Warning message appears onscreen. In this case change
the imaging conditions (better focus, slower scanning, lower
magnification) or use the normal manual procedure.
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ALIGNMENTS 42 - UHR Stigmator Alignment

42 - UHR Stigmator Alignment

| —Alighments

|42—UHR Stigmator Alignment j

Start |

This adjustment removes
image shift from the Stigmator.
Click on the Start buttan.

— Instructions

Note:
Use Quad 1 for the procedure.

|—NU step

—Alignments

42 - LUHR Stigrnator Alignment j

Mext |

Select the Working Distance | a
necessary from the list below T |
Optimize the image with

Contrast and Brightness.

Focus with stage z in next

step.

Click on the Mext button to

move to the next Step or

Cancel (at any time) to leave
the Alignment procedure and
return to original settings. j

Prace Ra.alinn &1 tn initializa

— Instructions

—Step 1 of B

Select a Working Distance.

1.0 mm
1.5 mm
2.0 mm
3.0 mm
4.0 mm
5.0 mm

6.0 mm

Re-align All

Alignment Function

This procedure eliminates the image shift when stigmating in the
whole range of voltages and working distances in Mode 2 (immersion
mode). It is possible to complete it only for the voltages and working
distances which are going to be used but for complete adjustment it is
necessary to complete all values. Before starting this alignment it is
necessary to complete alignments 10 - Source Tilt and Shift and 44 -
UHR Lens Alignment. Do Not change the aperture condition.

42 UHR Stigmator Alignment Procedure
The 42 UHR Stigmator Alignment procedure starts here:

TABLE 9-17 42 NO STEP

Order | Action

1 Mode 2
Specimen: Tin Balls. (any suitable sample)
Steps: 6

2 Press the Start button.

TABLE 9-18 42 STEP 1 OF 6

Order | Action

3 Select a Working Distance (5 mm for Eucentric jobs).
If you want to keep values from Step 1of the alignment
as the starting ones for all the next steps, click Re-

align all button.
4 Optimize the image with Contrast and Brightness.
5 Click on the Next button.
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ALIGNMENTS 42 - UHR Stigmator Alignment

—Alignments

|42—UHR Stigmator Alignment j

TABLE 9-19 42 STEP 2 OF 6

—Instructions Order Action
Focus with stage £ movement. . .
QOptimize the irﬁage with 6 For the chosen WD a start HV will be displayed.
Contrast and Brightness.
Click on the Next button to 7 Focus with the Z Stage mouse movement. Click on the

move to the next Step.

4th Quad with the optical image of the stage. With the
— mouse wheel pressed, moving the mouse up will move
the Z up and moving the mouse down will move the Z
A down. These movements are represented by up/down
arrows. Use this to focus the object by observing the
response in the 1st Quad.

—Step 2 of B
Setting HY = 18.0 kv 8 Optimize the image for Contrast and Brightness.
Actual HY = 18.0 kv Press Shift F5 to display the center cross.
(Maximurn possible = 18.2 kV)
9 Click on the Next button.
WD = 5.00 mm
—Alignments

I42-UHF’& Stigrmator Alignment ﬂ

—Instructions

Stigrmatar ® alignment.
Wlinimize the image moverment.
Click on the Next button to
move to the next Step.

TABLE 9-20 42 STEPS 3 and 4 OF 6

Order | Action

10 Click on the Stig X / Y Wobbler and by using the 2D
box labelled Stigmator Alignment control, eliminate

[ Siep I el the image shift progressively for all offered voltages.
Hv =18.0ky (B HYs remaining) Press the Next button to move from Stig X Wobbler to
Stigmator Alignment control the Stig Y Wobbler.

Auto 11 Click on the Next button to move to the next voltage
— and repeat the alignment of the Stig X/Y Wobblers.
- 0.000

Stig X Wobbler
Amplitude 0.0025

|1| | )I

9-17
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ALIGNMENTS 42 - UHR Stigmator Alignment

—Alignments

|42—UHR Stigmator Alignment j

—Instructions

Press the Mext WD button to
continue centering with another
Wi,

Press the Save button to store
the previous centering.

Press the Next button to to go
to the last step or Cancel to
quit.

—Step 5 of B

v Mext WD

Save

—Alignments

|42-UHR Stigrmator Alignment j

—Instructions

Press the Finish button to save
and finish.

TABLE 9-21 42 STEP 5 OF 6

Order | Action

12 At Step 5 a check box for next WD will appear with
the Save button.
If you are going to adjust the next WD sequence then
check the Next WD check box before clicking the
Save button.

13 Click on the Next button to return to Step 1 to select
the next WD.

14 Repeat the procedure from Order No. 3.

TABLE 9-22 42 STEP 6 OF 6

Order | Action

15 At the saving of the last WD / HV series, do not check
the Next WD box. Press the Next button. Step 6 opens
and the Finish button appears. Press Finish at Step 6 to
Save and exit.

Auto Buttons

In some of the pages will be found Auto Buttons that achieve a similar
result to the above described adjustments. It is possible to just click
the Auto button. This function utilizes Image Recognition software. If

[StepE of 6 | this utility does not recognize image features well, the procedure is
aborted and Warning message appears onscreen. In this case change
the imaging conditions (better focus, slower scanning, lower
magnification) or use the normal manual procedure.

9-18
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ALIGNMENTS 43 - UHR Image Shift Correction

43 - UHR Image Shift Correction

—Alignments

|43 - UHR Image Shitt Correction |

Start |

—Instructions

This adjustment minimizes the
image shift during change of k'
in Made 2 (UHR).

Click on the Start button.

Note:
Use Quad 1 for the procedure.

—Alignments

43- UHR Image Shitt Correction |

Mext |

—Instructions

Select the Working Distance
necessary from the list below
Optimize the image with
Focus, Contrast and
Brightness.

Click on the Next button to
move to the next Step or
Cancel {at any time) to leave
the Alignment procedure and
return to original settings.

—Step 1 of 5

Select a Working Distance.

1.0 mm
1.5 mm
2.0 mm
3.0 mm
4.0 mm
5.0 mm

6.0 mm

Contrast B9 44

Brightness 50.00

|4| | PI

Cancel |

Alignment Function

This procedure eliminates the image shift when changing HV in the
whole range of voltages and working distances in Mode 2 (immersion
mode). It is possible to complete it only for the voltages and working
distances which are going to be used but for complete adjustment it is
necessary to complete it for all values. Before starting this alignment
it is necessary to complete alignments 10 - Source Tilt and Shift, 44 -
UHR Lens Alignment and 42 - UHR Stigmator Alignment. Do Not
change the aperture condition.

43 UHR Image Shift Correction Procedure
The 43 UHR Image Shift Correction procedure starts here:

TABLE 9-23 43 NO STEP

Order | Action
1 Mode 2

Specimen: Tin Balls. (any suitable sample)

Steps: 5
2 Press the Start button.

TABLE 9-24 43 STEP 1 OF 5

Order | Action
3 Select a Working Distance (5 mm for Eucentric jobs).
4 Optimize the image with Contrast and Brightness.
5 Click on the Next button.
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ALIGNMENTS 43 - UHR Image Shift Correction

' —Aiignments
| 43-UHR Image Shitt Conrection | TABLE 9-25 43 STEP 2 OF 5
Previous Mext | .

4| Order | Action

— Instructions
Focus with stage Z movement. 6 Focus with the Z Stage mouse movement. Click on the
SE:&:;?;:E g’:f%‘?n";’gg X 4th Quad with the optical image of the stage. With the
Us stage X andgy - — mouse wheel pressed, moving the mouse up will move
to bring a feature under the the Z up and moving the mouse down will move the Z
center cross. -
Clok o tha Mext buttan to 1 down. These rr}ovements are represented by up/down
move to the next Step. arrows. Use this to focus the object.

7 Optimize the image with Contrast and Brightness.
~Step 2 of 5 8 Use X, Y Stage movement to bring an object under the
center Cross.
Setting HY = 18.0 kv
Actual HY = 18.0 kv 9 Click on the Next button.
(Maximurn possible = 18.2 kW)
WD =500 mm
—Alignments

| 43-UHR Image Shift Correction = |

~ Instructions TABLE 9-26 43 STEP 3 TO 5

Do not Facus.

Control the 2D adjuster to bring .
the feature back under the Order Action
center cross.
Click on the MNext button ta 10 Do not focus
move to the next Step. ’
11 By using the 2D box labelled ShiftCorrAngleSX/Y,
bring the image feature back under the screen center
CTOsS.
~Step 3 of & 12 Click on the Next button.
Y =T80KY (B HYs remaining) 13 Repeat the procedure as for all offered voltages.
WD = 5.00 mm
14 If you are going to adjust the next WD after finishing
all of the steps for the selected WD, check the Next
Shift CorrAngle Sk WD check button before clicking the Next button.

1

9-20
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—Alignments

| 43-UHR Image Shift Correction = |

| Previous I | Mext

—Instructions

Press the Mext WD button to
continue centering with another
Wi,

Press the Save button to store
the previous centering.

Press the Next button to to go
to the last step or Cancel to
quit.

—otep 4 of 5

v Mext WD

Save

ALIGNMENTS 43 - UHR Image Shift Correction

TABLE 9-27 43 STEP 4 OF 5

—Alignments

|43 - UHR Image Shift Correction |

| Previous I | Finish

—Instructions

Press the Finish button to save
and finish.

|—Step Sofh

Order | Action

15 At Step 4 a check box for next WD will appear with
the Save button.
If you are going to adjust the next WD sequence then
check the Next WD check box before clicking the
Save button.

16 Click on the Next button to return to Step 1 to select
the next WD.

17 Repeat the procedure from Order No. 3.

TABLE 9-28 43 STEP 5 OF 5
Order | Action
18 At the saving of the last ShiftCorrAngleSX/Y, do not

check the Next WD box. Press the Next button. Step 5
opens and the Finish button appears. Press Finish at
Step 5 to Save and exit.

4022 262 61641
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ALIGNMENTS 45 - HR Image Shift Correction

45 - HR Image Shift Correction

—Alignments

Alignment Function

This alignment allows one to eliminate the image shift during changes
of HV in Mode 1(Field Free mode). Before starting this alignment it is
necessary to complete alignments 10 - Source Tilt and Shift, 44 -

—Instructions

This adjustment minimizes the
image shift during change of k'

in Field-Free Made (HR). UHR Lens Alignment, 42 - UHR Stigmator Alignment and UHR
Click an the Start buttan. Image Shift Correction. Do Not change the aperture condition.
Note: : :

Use uad 1 for the procedure. 45 HR Image Shift Correction

The 45 HR Image Shift Correction procedure starts here:

TABLE 9-29 45 NO STEP

| —Alignments Order | Action
45 - HR Image Shitt Correction |
1 Mode 2
Mext . .
Ll WD = 5.0mm (The working distance should be set at
~Instructions the Eucentric position).
The sample should be set at ; . T :
the Eucentric working distance Specimen: Tin Balls. (any suitable sample)
and Focusing only performed Steps: 3
with stage £ maovement.
Bring a recognisable feature
under the centre cross on the 2 Press the Start button.
screen with the Stage
moverments.
Click on the Next button to
move to the next Step.
TABLE 9-30 45 STEP 1 OF 3
—Step 1 of 3
Order | Action
1 Select Mode 1.
2 Focus with the Z Stage mouse movement. Click on
the 4th Quad with the optical image of the stage. With
& the mouse wheel pressed, moving the mouse up will
move the Z up and moving the mouse down will move
— the Z down. These movements are represented by up/
down arrows. Use this to focus the object.
3 Bring a recognisable image feature under the screen
Centre Cross with the use of stage movement (do not
use the beam shift!).
|C:'n|"aSt | 55'0: | 4 Click on the Next button.
) 5 Select mode 1. The HT is auto-selected starting at
Brightness 50.00 30kV indicated by First HT in the Instructions.
| 4 | | >|
B} 6 Correct Contrast and Brightness if necessary

Cancel |

9-22
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—Alignments

45 -HR Image Shift Correction ﬂ

Previous | Mext I

—Instructions

Optimize the image with
Contrast and Brightness.
Contral the 20 adjuster to bring
the feature back under the
center cross.

Click on the Mext button to
move to the next Step.

—Step 2 of 3
Hw = 30000 % (7 Hv's remaining)

Shift Carr&nglex™

ALIGNMENTS 45 - HR Image Shift Correction

TABLE 9-30 45 STEP 1 OF 3

Order | Action

7 Tune Shift CorrAngleX/Y to bring the object back to
the original position under the annotated shape and
reduce the shift in the image.

8 Click on the Next button.

TABLE 9-31 45 STEPS 2 TO 3

Order | Action

—Alignments

|45—HRImage Shift Correction j

Previous | Finish I

—Instructions

Press the Finish bhutton to save
and finish.

|—Step Jof3

1 Optimize the image with Contrast and Brightness.

2 By using the 2D box labelled ShiftCorrAngleSX/Y,
bring the image feature back under the screen center
CTOSS.

3 Click on the Next button.

4 Repeat the procedure as for all offered voltages.

5 Press the Next button. Step 3 opens and the Finish

button appears. Press Finish at Step 3 to Save and exit.
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ALIGNMENTS 11 - Automated Source Alignment

11 - Automated Source Alignment

—Alignments

—Instructions

This alignment autormatically
optimizes Source tilt and shift.
Press the Start buttan.

—Alignments

11 - Automated Source Alignmenij

Werify the listed conditions and
check the boxes when they are
Ok,

Choose between tilt alignment
only and tilt/shift alignment.
Optionally, select a HvWspot
range.

Then press Start.

—Instructions

—Step 1 of 1

[v Include Source Shift Alignment

Select Hv/Spot Range

Flease check before starting:

[JHigh tension is on

D Standard imaging detectar is
[ o detector mounted on the fi
D Imaging at 512 * 442 resolutio
DSpecimenfDrHRimaging ie.
D Specimen is at eucentric heic
[ Specimenis in focus

D 2-FWD coupling is on

[ standard aperture is selecter
[JAperture centered atthe Jrd

l | i
Cancel |

Alignment Function

The Automatic Source Alignment can be started from the Alignment
Page. Your FEI contact person or service engineer will give you
advice about when it is appropriate to run this alignment.

The Automated Source Alignment will perform certain optimizations
that improve the imaging conditions of the SEM. These optimizations
are analogous to those performed manually in Adjustment 10.

First you should now indicate whether you want to have only Source
Tilt alignment done (as shown above) or you want to have also the
Source Shift Alignment done. For the latter, check the appropriate
check box. The list of conditions to check changes in that case.

Notes about the conditions:

* Apart from videoscope, histogram and the cross shown in cross-
over mode, also any graphics created in the 'frame store' by the
graphics editor in the ImageManipulation control page must be
erased, otherwise the alignment will not be able to work correctly.

+ If possible, select the SED or TLD detector.

* The shift alignment requires a specimen that shows several well-
distinguishable, irregular features in the image at a magnification
of about 10000x and with slight defocus. One can use a tin ball
sample provided that there are no large balls near the selected
location. Often ideal locations are found in areas where only a few,
small tin balls are visible. Gold on carbon samples with not too fine
gold particles are also suitable.

Before or after checking the conditions, you can inspect and change
the spot and High Voltage subranges over which the alignment will be
performed.

Note that the upper and lower HV ranges overlap. This ensures good
performance between 5 and 10 kV.

In mode 2, the alignment can not be done at 30 kv, and on some
systems also not at 20 kV. This will be checked by the alignment
when it starts and you will be warned if the selections conflict.

In mode 2 the alignment performance below 10 kV is however
considerably better than in mode 1.

You may now click on Start. The automatic alignment still checks a
number of essential settings:

* HVison
* Cross-over mode is off

* in the case when Shift alignment is selected: Z-FWD coupling is
active

If such a condition is not fulfilled, a dialog comes up that will ask you
to take care of this, e.g. Clicking on 'Yes' will continue the procedure;
"No' will stop the alignment.

9-24
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Select Alignment Rang il

Flease setthe range where the
autormated alignment will be performed:

Spotl-4——
[v 0.3-5kY
v B-30kY

Spotd-6——
[v 0.3-5kY

[ §-30ky

Cancel | Ok |

ALIGNMENTS 117 - Automated Source Alignment

These dialogs have a time-out of 10 minutes; after that time, the
alignment will automatically abort itself without making any changes
to the saved data.

When the alignment is running, the flashing text shows 'Aligning'.

Run times are in the order of 15 minutes (all subranges, tilt alignment
only) to 1:15 hr (all subranges, shift alignment included).

You can interrupt the alignment by clicking on Stop. This button will
start flashing until the alignment procedure has finished restoring
previous instrument conditions.

When the alignment is finished, or when it has been interrupted, the
following dialog comes up:

If you answer 'No' here, the source alignment data in the instrument
will be reset to those that were in effect before you started the
alignment. 'Yes' makes the results of the already performed
alignments effective and saves them 'to machine data'.

Note that the results are always made effective and saved in the end if
the alignment is not interrupted.

It is recommended not to close the Automatic Alignment window
when an alignment is still running. This may result in an undefined
state of the instrument control software.

When the alignment is stopped, you can restart another alignment run
or close the window..

NOTE: If the Automatic Alignment is interrupted, the High
Tension will be switched off after the alignment is
finished.If the Automatic Alignment has been stopped
earlier, the beam is blanked but the HT remains on.
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ALIGNMENTS 29 - Auto Zero detector

29 - Auto Zero detector

| —Alignments

I 29-Auto Zero detectors

&l

—Instructions

This alignment allows the user
to execute an automatic zero
procedure for the STEM andior
CDEM detector.

Click on the Start button.

—Alignments

29-Auto Zero detectors

&l

—Instructions

Auto zero procedures

Press "Autozero” to start the
auto zero algarithm for the
desired detector.

—Step 1 of 1

STEM Autofero:

Autofero

CDEM Autofero:

Autofero

Cancel |

9-26

Alignment Function

The Auto Zero STEM and CDEM Detector alignment will execute an
automatic zero procedure for the those detector. This alignment has to
be performed after a power disconnection of the STEM or CDEM
amplifier. In practice this will happen when the microscope is set to
standby or turned off completely.

29 Auto Zero detectors procedure

The 29 Auto Zero detectors procedure starts here:

TABLE 9-32 29 NO STEP TO 1 OF 1

Order | Action

1 Press the Start button

2 Click on the detector AutoZero button for the
appropriate detector. Repeat for each detector.

3 Click on the Finish button.
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5 - Emitter Startup

ALIGNMENTS 5 - Emitter Startup

—Alignments

—Instructions

This alignnment starts the
emitter.
Press the Start button

—Alignrments

5 - Ernitter Startup

Mext I

El

FEI Trained Supervisor SEM Alignments

This alignment should only be operated by a FEI trained Supervisor.

Alignment 5 Emitter Startup allows the Electron Source to be

switched On or Off. In the case of restarting the Electron Source after
an emergency shutdown this function first provides starting of the IGP
(Ion Getter Pump) to pump the Electron Source vacuum, if necessary.

5 Emitter Startup Procedure
The 5 Emitter Startup procedure starts here:

TABLE 9-33 5 NO STEP

Order | Action

1 Press the Start button.

—Instructions

Press the IGP On button to
start the pumps.

YWait until the “acuum status
is Dk,

Press the Mext button to
continue with Emitter startup ar
Cancel to guit.

—Step 1 of 2

Gun Wacuum FPage

IGP Upper: 1.16e-007 Pa

IGP Lower: 1.37e-005 Pa

TABLE 9-34 5 STEP 1 OF 2

Order Action

2 If the IGP On button is not accessible, click on the
Next button. If it is accessible, click on it to
automatically startup the ion pump. This procedure
will take a few minutes. If the ion pump start is not
successful, call FEI Service.

3 If the vacuum in the IGP is OK, click on the Next
button.

Cancel
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ALIGNMENTS 5 - Emitter Startup

—Alignments
5 - Emitter Startup j
Previous | Finish I

—Instructions

Press the Emitter On button to
start or the Emitter Off button
to stop the emitter.

Wait until the ramping is
finished.

Press the Finish button.

—Step 2 of 2

Emitter Startup Page:

Emitter On

Ermitter Off

Tirme to Go: O min : 00 s
Suppressor: 500 %
Extractor: 4570 %
Filament: 2460 A,

Emission: 204.0 u&

Emitter Life Time:
16427 hours - 04 min: 19 5

Cancel

TABLE 9-35 5 STEP 2 OF 2

Order | Action

4 Click the Emitter On button. The startup will take a
few minutes and will indicate Safe Start during run
up.

5 When Operate is indicated the Emitter Startup is
complete.

6 Click on the Finish button

Field Name Functions

The pages for Emitter Startup are arranged with many functions and
status readouts. Here are explanations of the important functions and
status readouts:

TABLE 9-36 FIELD NAME AND STATUS

Field Name Function

Emitter On/ | starts/stops the emitter.

Off

Restart indicates that the emitter runs-up after a short
emission interrupt.

Safe Start indicates that the emitter runs-up with a slow
run-up procedure.

Shut Down indicates that the emitter is being switched off .

Operate indicates that the emitter is in the operate state.

Off indicates that the emitter is off.

Time to Go indicates the time needed to complete the
required action (Emitter On / Off).

Suppressor shows the actual suppressor voltage.

Extractor shows the actual extractor voltage.

Filament shows the actual filament heating current.

Emission shows the total emission current of the emitter.

Emitter Life shows the actual emitter operating life time.

Time
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ALIGNMENTS 13 - Stigmator Alignment

13 - Stigmator Alignment

—Alignments

— Instructions

This adjustment simply allows
you to minimize Stigmator
image shift at a specific
condition of HY and WD,
Click on the Start buttan.

Note:
Use Quad 1 for the procedure.

—Aiignments

13 - Stigmator Alignment j

Stigmator ¥ alignment.
Adjust focus, Contrast and
Brightness if needed.

Adjust the x-stigmator
correction for minimurm image
rovermnent.

Click on the Mext button to
move to the next Step.

— Instructions

—Step 1 of 2
Stigmator X alignment

Auto
|

Amplitude

Contrast 50.95
| 4 | | PI
Brightness 4917

|4| | PI

Cancel |

User SEM Alignment

13 Stigmator Alignment corrects fine local changes to astigmatism
shift in the Mode 1, 2 and 3. This alignment procedure can be used by
every user at any time to compensate for image shift while adjusting
the stigmator. It is a fast method compared to alignment 42 UHR
Stigmator Align, which is only accessible to Supervisors.

Before you click on this function make sure you have an image with
sufficient detail at at least 60,000x.

Follow the four-step procedure to minimize the image movement in
both the X and Y direction using the X-Y controls available in the 2D
control area.

Do Not change the aperture condition.

13 Stigmator Alignment
The 13 Stigmator Alignment procedure starts here:

TABLE 9-37 13 NO STEP

Order | Action

1 Mode 1,2 or 3
Specimen: Tin Balls. (any suitable sample)
Steps: 2

1 Before you click on Start make sure you have an

image with sufficient detail at 60,000x.

2 Press the Start button.

TABLE 9-38 13 STEP 1 OF 2

Order | Action

1 Optimize the image with Focus, Contrast and
Brightness.
2 Click on the Stig X Wobbler and by using the 2D box

labeled Stigmator X Alignment, eliminate the image
shift. The Amplitude slider sets the wobbler
modulating depth.

3 Click on the Next button.
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ALIGNMENTS 13 - Stigmator Alignment

| —Alignments
13- Sigmator Algnment [ TABLE 9-39 13 STEP 2 OF 2
Previous | Finish |
Instructions Order | Action
iﬂfﬂf}géﬂ;,a'c';gunnr{:ggand 4 Click on the Stig Y Wobbler and by using the 2D box
Brightness if needed. labeled Stigmator Y Alignment, eliminate the image

Adjust the y-stigmator
correction for minimurn image

shift. The Amplitude slider sets the wobbler

rrovernert. modulating depth.
Click on Finish to save the
procedure and exit or Cancel to 5 Click on the Finish button.

leave the Alignment procedure

and return to ariginal settings.

Auto Buttons

In some of the pages will be found Auto Buttons that achieve a similar
Stigmatar ¥ alignment result to the above described adjustments. It is possible to just click

Ao the Auto button. This function utilizes Image Recognition software. If
this utility does not recognize image features well, the procedure is
aborted and Warning message appears onscreen. In this case change
the imaging conditions (better focus, slower scanning, lower
magnification) or use the normal manual procedure.

—Step 2 of 2

Stig Y Wwobhbler
Amplitude 0.0100

|1| | )I

Contrast 0.00
| L] | | » I
Brightness 50.00

|1| | )I

Cancel |
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ALIGNMENTS 17 - Stage Rotation Center

17 - Stage Rotation Center

—Alignments

—Instructions

This alignment sets the stage
rotation center to allow the
correct use of Compucentric
Rotation.

Click on the Start button.

' —Aiignments

17 - Stage Rotation Centre j

Optimize the image with
Focus, Magnification, Contrast
and Brightness.

Select the GET function and
double-click on a feature to
maove it under the center cross.
Click on the Mext button to
move to the next Step.

—Instructions

—Step 1 of 3

Position ¥ = 0.044976 m

Position % = -0.008315 m

Cancel |

User SEM Alignment

This alignment sets up the compensation factors for the stage X=0
and Y = 0 positions, as well as the stage rotation center. The offset of
X and Y are calculated in this procedure so that the Compucentric
Rotation will be correct when computed at any later time. The
procedure should be performed at zero tilt unless you are working at a
specified tilt angle.

17 Stage Rotation Center procedure
The 17 Stage Rotation Center procedure starts here:

TABLE 9-40 17 NO STEP

Order | Action

1 Mode 1
Specimen: Tin Balls. (any suitable sample)
Steps: 3

2 Press the Start button.

TABLE 9-41 17 STEP 1 OF 3

Order | Action

3 Optimize the image with Focus, Contrast, Brightness
and Magnification at 500x to 2000x.

4 Select the Get function and double-click on a feature
close to the center of the stub mounted in the center of
the stage (do not use IG stub holder or any other axis
holder) at this magnification. Bring it under the screen
Centre Cross by using the mechanical stage
movement.

5 Click on the Next button.
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ALIGNMENTS 17 - Stage Rotation Center

—Alignments

I 17 - Stage Rotation Centre j

— Instructions

TABLE 9-42 17 STEP 2 OF 3

YWait for the stage movement to

finish.
The stage has rotated 1800 Order
Select the GET function and

Action

double-click on the feature to 6

j Wait for the Stage movement to finish.
rove it back under the center

Cross.
Click on the Next button to 7 Stage has rotated to 180°. Select the Get function and

move to the next Step. double click on the feature to move it back to the
screen center.

~ Step 2 of 3 8 Click on the Next button.

Position X = 0.048428 m

Paosition % = -0 008554 m

—Alignments
17 - Stage Rotation Centre -
I J J TABLE 9-43 17 STEP 3 OF 3
~Instructions Order | Action
YWait for the stage movement to ) -
finigh. 9 Wait for the Stage movement to finish.
Click on Finish to save the
procedurs and exit or Cancel to 10 Click on Finish to save the setting, or Cancel to return
leave the Alignment procedure . .
and retum to original settings. to the original setting.
|—Step 3of3

Stage Tool Window Help
*T Align FeatLire

To make use of this feature during normal operation go to the ‘Stage’
Zompucentric Rotaton F1z2

menu and select ‘Compucentric Rotation’, or press F12.
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ALIGNMENTS /on-Column Alignment Overview

lon-Column Alignment Overview

Supervisors only

This section describes procedures for Ion column electronic alignment
for Supervisors only. These alignment functions are displayed in the
Supervisor Alignment Page, Alignment - 210, 253 and 254. During
electronic alignment, image motion is minimized and beam
stigmation and focus are adjusted for each of the ion beam apertures.
Additionally, image shift is corrected as necessary.

When all alignments are done properly, the image will stay in focus in
the all ion beam currents if a sample is at the eucentric height, and the
feature should stay exactly under the central cross after each beam
current change. Before to start the alignment, the sample should be at
Eucentric Height and the ion beam shift in the beam control page
should set to zero.

TABLE 9-44 I-COLUMN ALIGNMENT ALLOCATION

Procedures in order Function

SUPERVISOR

100 - Vacuum. Start IGP’s

This procedure is to start the IGP’s for the
Electron column and the Ion column related to
the system Startup after shutdown or due to a
power failure.

210 - Source Tilt and Shift

Corrects source tilt and shift for the whole
range of the accelerating voltages and
spotsizes.

253 - Supervisor: lon Beam

Eliminates image shift when focusing in Mode
2 (immersion mode) for the whole range of the
accelerating voltages and working distances.

254 - Supervisor: GIS

Alignment Eliminates image shift during
normal stigmator correction in Mode 2
(immersion mode) for the whole range of the
accelerating voltages and working distances.

NOTE: lon column electronically alignment is VERY
important for the successful performance of automatic
scripts, for instance AutoTEM and AutoFIB.

Ion column alignment procedures for the Sidewinder column consist
of mechanical and electronic beam manipulations to correct
asymmetries. These corrections are made to give the best beam
performance over a full range of operations.

The purpose of alignment is to position the beam through the column
for maximum beam transmission with minimum beam aberrations,
minimizing image motion when you change or wobble lens voltage.
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ALIGNMENTS 100 - Vacuum. Startup IGP’s

100 - Vacuum. Startup IGP’s

—Alignments

Alignment Field Functions

This procedure is to start or stop the IGP’s for the Electron column
and the Ion column related to the system Startup after shutdown or
due to a power failure.

—Instructions

W acuurm.
Try to Start or to Stop IGP's
of the columns.

TABLE 9-45 100 FIELD FUNCTIONS STEP O to 1
Shutdown the FEG source.

Press Start hutton Field Name | Function

Instructions | Follow the text to complete the step.

Step Displays the present control area number and the
total number of areas.
—Aiignments -
: Ion and ALL IGP’s On: This button starts both Electron
100 -Yacuum. Start IGFP's. El Electron and Ton IGP’s.
Cotumn
[ Instructions Electron IGP’s On / Off: These 2 buttons start or stop the
Wacuurm. >
Start or Stop IGP's Column Electron column IGP’s.
Stopping IGP's can cause the Ion Column | IGP On/ Off: These 2 buttons start or stop the
FEG source to be switched off Ton column IGP.

Stop FEG source before IGP's . TR . .
are stoppped Feg Source Emitter Off: Clicking on this button switches

the Electron column source Off.
Cancel to exit.

Cancel Click on Cancel to leave the alignment and
return to original settings.
—Step 1 of 1
lon and Electron Column Finish Click on Finish to save the new setting.

Electron Column

100 Vacuum. Start IGP’s procedure

IGPs Off
lon Calumn TABLE 9-46 100 NO STEP TO 1 OF 1

IGP Of
Order | Action

1 Press the Start button. Take note of the instructions.

Feg Source
Emitter Off

2 ON - If the IGP’ need to be started, either press the
Electron Column IGP’s On button first followed by the
Ion Column IGP On button, or press the ALL IGP’s ON
button.

3 OFF - Press the Feg Source Emitter Off button to

switch the Electron Source off before switching off any
IGP’s.

4 Click on Finish.

Cancel |
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ALIGNMENTS 210 - lon Column Alignment

210 - lon Column Alignment

—Alignments

—Instructions

Integrated ion column
alignment.

Press the Start button.

Alignment Field Functions
210 Field Functions Step 0 to 1

These alignment pages contain multiple functions and are a
condensed version of previous separate alignment procedures. The
Ion Column Alignment control areas shows the following functions.

TABLE 9-47 210 FIELD FUNCTIONS STEP 0 to 1

Field Name | Function

Instructions Follow the text to complete the step.

—Alignments

210 -lan Column Alignment j

Step Displays the present control area number and
the total number of areas.

High Voltage | Selected the High Voltage required from the

stage.
Select a high voltage.

Press the Mext button.

, Buttons buttons available.
— Instructions
Select the ion beam in quad 2, Selected The selected aperture number is shown here.
set the eucentric working
distance and stage tilt 52 deg. aperture
Optimize the image with
E?igﬁfaeins”"aa and Next Click on Next to go to the following Step.
Bring a recognisable feature
under the certre crogs with the Cancel Click on Cancel to leave the alignment and

—Step 1 of 2

2k
g kY
3 kA
16 kY
30 kY

Selected Aperture[1..15] =1

Cancel |

return to original settings.
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ALIGNMENTS 210 - lon Column Alignment

210 Field Functions Step 2

— Alignments The Ion Column Alignment control area shows the following

- functions.
|21D-Iun Calurn Alignment ﬂ
Previous | TABLE 9-48 210 FIELD FUNCTIONS STEP 2
— Instructions ) .
. Field Name Function

For each aperture index -

(selected in menu bar):

- Focus alignment: Adjust Instructions Follow the text to complete the step.

Focus with L2 Slider (not with

Ml AL .

. SDtLilgrenamr ﬂ)\lignment: Adjust Step Displays the present control area number and

stigmator with Stigrmator the total number of areas.

Carrection

- Aperture Ali t: T . . . .

L1 Evenbl-ll;lee Wi't%ngi:mi;;? o Previous Click on Previous to go to the previous Step.

wabble amplitude. Minimize LI

B ot Finish Click on Finish to save the procedure and exit.

—Step 2 of 2
BShift 2D Control BSHIFT (BUTTON)
St . .
| Qu;gd Buttons Click on BeamShift and use the 2D control to
'r StigSin align the beam shift.
AS“Q(;US STIG (BUTTON)
perPos . .
Wiob_ampl 1000 Click on Stigmator and use the 2D control to
L1 Wabble | 4 | | )I align the stigmator.
Wyinh_armpl &0 QUAD (BUTTON)
L2 ‘Wobhle | 1 | | » | Click on Quad and use the 2D control to align
WobbleStigSin | WabbleStigCos mid-column steering
Save Load STIGSIN (BUTTON)
L1_Carr 0 Click on StigSin and use the 2D control to align
| 4 | | » | L1 = 4850 the stigmator balance.
L2 Corr g STIGCOS (BUTTON)

4 bl 2= . . .
Ic_lﬁ_l__l L 01;’0 - Click on StigCos and use the 2D control to align
| :'nl a8 | : ’l the stigmator balance.

3 APERPOS (BUTTON)
Bright 50.00 . ..

:Ig nees . Click on Aperture Position and use the 2D

I—l——l——l_ control to align the aperture position.
Cancel |
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ALIGNMENTS 210 - lon Column Alignment

TABLE 9-48 210 FIELD FUNCTIONS STEP 2

—Alignments

210-lon Column Alignment j

Field Name Function

Previous | [_Fimsh | 2D XY Used in conjuction with any of the buttons
—Instructions control above.
For each aperture index -
{zelected in menu bar): Wobbler L1 /L2 WOBBLE (BUTTONS)
- Focus alignment: Adjust A . .
Focus with L2 Slider (not with rea Click on L1 /L2 Wobble to switch on.
MouseMUl ).
- Stigmator Alignment: Adjust WOB_AMPL (SLIDERS)
Eﬂgmat_ﬂr with Stigmator Use the Wobble Amplitude slider to create a
orrection . .
- Aperture Alignment: Turn on convenient amphtUde‘
L1 wobble with convenient WOBBLESTIGSIN (BUTTON)
wobble amplitude. Minimize LI . . .
winhhla hu anartira mevamant Button to switch on the stigmator Sin balance
—Step 2 of 2 wobbler.
Bshift SAVE (BUTTON)
Stig . .
‘ Quad Click on the Save button to save Sin and Cos
StigSin conditions.
E“QCF:_DS WOBBLESTIGCOS(BUTTON)
petPos . .
Yoh ampl 1000 Button to switch on the stigmator Cos balance
L1 Wabble | 1 | | » | wobbler.
Woh_ampl &0 LOAD (BUTTON)
L2 Wobble | 4 | | B Click on the Load button to Load Sin and Cos
WabbleStigSin | WobbleStigGos conditions.
Save Load L1 CORR (SLIDER)
L1_Corr D Use the L1 correction slider to correct focus.
[d | lu=smsyv L2 CORR (SLIDER)
LZ Corr 0 . .
| ‘_l | R I ooy Use the L2 correction slider to correct focus.
Contrast 100.00 CONTRAST AND BRIGHTNESS (SLIDERS)
| 4 | | b | Use the Contrast and Brightness sliders to
5 .
Brightnass = correct the image.
1 » . .
I—I——_I——I Cancel Click on Cancel to leave the alignment and
return to original settings.
Cancel |
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ALIGNMENTS 210 - lon Column Alignment

—Alignments

Previous |

|21D-Iun Calurn Alignment ﬂ

—Instructions

For each aperture index -
(selected in menu bar):

- Focus alignment: Adjust

Focus with L2 Slider (not with
WouseMUL 1.

- Stigmator Alignment: Adjust
stigmator with Stigmataor
Carrection

- Aperture Alignment: Turn on

L1 wabble with convenient

wabble amplitude. Minimize LI

wenbhla by anarore Fanwaraont

—Step 2 of 2

BEShift

Stig

Cuad
StigSin
StigCos
AperPos
Wwab_ampl 1000

L1 Wabble | 4 | | )I

Wwab_ampl S0

L2 Wabble |1| | )I

WobbleStigSin | WobbleStigCos

Save Load
L1 Carr 0
|<| | P|L1=4550V
LY Carr 0
| 4 | | » I 2=0%
Contrast 100.00
|4| | PI

]

Brightness 50.00

Alignment procedure
210 Step 0 to 2 Column Adjustment

The Ion column alignment procedure for the Magnum or SideWinder
Column consists of electronic beam manipulations to correct
asymmetries. These corrections are made to give the best beam
performance over a full range of operations.

The purpose of alignment is to position the beam through the column
for maximum beam transmission with minimum beam aberrations,
minimizing image motion when you change or wobble lens voltage.

FIB alignments are started by calling the ion column adjustments
page.

Beam Motion and Lens Wobbling

Wobbling Lens 1/ 2 voltage minimally changes focal length. If the
beam passes off center through the lens, changing the focal length
moves the image laterally. If the beam passes through the center of
the lens, changing the focal length causes the image to go in and out
of focus, but the image does not move.

Off-axis aberrations and the final spot size are minimized when the
beam passes through the center of the lenses. The wobbling technique
of varying the lens voltages provides a convenient method of viewing
an off-axis beam as an apparent image motion.

Tips and tricks

The amplitude for electronic wobble adjustment should be high
enough to see reasonable motion/change of the image, but not so high
that the image is out of focus.

Periodically click OFF and fine-tune the focus since the wobble
changes the focus voltage. Don’t try to optimize focus or stigmation
with the wobbler turned on.

For apertures less than 1000 pA, it is easiest to adjust wobble in the
aperture by focusing on a feature of interest on the sample at a higher
magnification.

The sensitivity of the two-dimensional X-Y control depends on the
magnification level chosen. At higher levels, you may have to drag
and release several times more for the same amount of adjustment
than you would at lower magnification levels with a single drag.

Start at a lower magnification with stronger wobble strength. When
you eliminate image motion, increase magnification and decrease
wobble to minimize motion. Repeat until magnification is too high to
make out features.
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—Alignments

Previous |

210 - lan Colurmn Alignment j

Finish I

—Instructions

For each aperture index -
(selected in menu bar);

- Focus alignment: Adjust

Focus with L2 Slider (not with
MaouseMUI ).

- Stigmator Alignment: Adjust
stigmataor with Stigmatar
Correction

- Aperture Alignment: Turn on

L1 waobble with convenient

wobble amplitude. Minimize LI

wermhibla b anartire reocarnant

—Step 2 of 2

BShift

Stig

Quad
StigSin
StigCos
AperPos
Wob_armpl 1000

L1 ¥Wabble |< | | PI

Wob_armpl 50

L2 Wabble |<| | PI

YWobhleStigSin | YWobhbleStigCos

Save Load
L1 Carr 0
|<| | P|L1=455I]\f
L2 Carr 0
| 4 | | » I L2=0%
Contrast 100.00
|i| | DI

)

Brightness 50.00

ALIGNMENTS 210 - lon Column Alignment

Motion, Stig and Focus Correction

The Procedure below is designed for both the Magnum and
SideWinder columns, following the Instructions in the scrolling
window will guide you through the correct alignment for your column

type.

TABLE 9-49 210 STIG & FOCUS CORRECTION (part 1)

Order | Action

1 Load ‘test’ sample (FEI part # 19011) that came with
the instrument. Drive to the ‘mapping wafer piece’.
This is the piece with the ‘+ + +’ marks on it.

2 Log into supervisor mode

3 Get to eucentric height

4 Home Ion Beam AVA

5 Zero ion beam shift and zero scan rotation

6 Select the 100 pA Aperture and move to one of the features
by double clicking. Set the magnification to 10kx.

7 Select Adjustment 210 ‘Ion column alignments’.

8 Press the Start button.

9 Read the Instructions in the scrolling window.
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ALIGNMENTS 210 - lon Column Alignment

TABLE 9-50 210 STIG & FOCUS CORRECTION (part 2)

Action - Magnum Column

Action - SideWinder Column

10

Select APERPOS. Turn on the L2
WOBBLE and adjust the Aperture
position to get a reasonable image with
little or no lateral movement while the
image goes in and out of focus. Click
and hold the left mouse button in the
two-dimensional X-Y control. The
cursor changes to the image of a hand
and moves to the center of the screen.
Move the Hand cursor side-to-side to
minimize image motion. Release the left
mouse button when you finished.
Attempt to get the image to ‘swell” only.

Select QUAD. Turn on the L2 WOBBLE
and adjust the Quad Steering to get a
reasonable image with a little or no
lateral movement while the image goes
in and out of focus. Click and hold the
left mouse button in the two-dimensional
X-Y control. The cursor changes to the
image of a hand and moves to the center
of the screen. Move the Hand cursor
side-to-side to minimize image motion.
Release the left mouse button when you
finished. Attempt to get the image to,
‘swell” only.

11

Select STIG SIN and turn on the
WOBBLESTIGSIN. Reduce image
wobble.

Select APERPOS. Turn on the L1
WOBBLE and reduce image wobble by
adjusting the aperture position.

12

Select STIG COS and turn on the
WOBBLESTIGCOS. Reduce image
wobble.

Select STIG SIN and turn on the
WOBBLESTIGSIN. Reduce image
wobble.

13

Select STIG.

Click and hold the left mouse button in
the two-dimensional X-Y control and
adjust the stigmation of the image for
equal sharpness in all directions.
Readjust focus with the L1 /L2 Corr
adjuster or MUI knobs. Alternately
adjust stigmation and focus to achieve
the best image.

Select STIG COS and turn on the
WOBBLESTIGCOS. Reduce image
wobble.

14

Click SAVE when finished. Repeat step
4 - 8 for all apertures. (1pA, 10pA, 30pA,
50pA, 300pA...20.000pA).

Select STIG

Click and hold the left mouse button in
the two-dimensional X-Y control and
adjust the stigmation of the image for
equal sharpness in all directions.
Readjust focus with the L1 /L2 Corr
adjuster or MUI knobs. Alternately
adjust stigmation and focus to achieve
the best image.

15

Click SAVE when finished. Repeat step
4 - 8 for all apertures. (1pA, 10pA, 30pA,
50pA, 300pA...20.000pA).

4022 262 61641




ALIGNMENTS 210 - lon Column Alignment

Image shift Correction

Correcting image shift is the final step in the column alignment
process. This is not the beam shift used in imaging; it is a
preprogrammed offset to correct for shift between apertures. A
Previous | Finish ||  unique value is saved for each aperture.

—Alignments

210-lon Column Alignment j

—Instructions

, TABLE 9-51 210 IMAGE SHIFT CORRECTION
For each aperture index -
(zelected in menu bar):
- Focus alignment: Adjust Order | Action
Focus with L2 Slider (not with
MouseMUl ).
- Stigmatar Alignment: Adjust 1 Select 100pA aperture
stigmator with Stigmator
Comection 2 Click BEAM SHIFT and ZERO.
- Aperture Alignment: Turn on
L1 wobble with convenient Find a distinctive feature of interest on the image and
WﬂEEE ﬁ:”ﬂtn“rf'fr'nm;’l'\f:ﬁim | move to the center of the screen using the joystick or
Ston 2 of 3 double-click with the mouse. Do not move the feature
APt o to the middle of the screen using a beam shift control.
Sitig . .
‘ TEE 3 Click SAVE and select the next aperture. (select either
StigSin 50pA or 300pA)
StigCos
PpeliPlois 4 Select BEAM SHIFT again.
Wob_ampl 1000 L . . .
L1 Wobhle | - | | > I Position the cursor in the two-dimensional X-Y
Wob | - control, and click and hold the left mouse button.
oo arm . . .
= Drag the hand that appears to shift the feature within
L2 Wabble | 4 | | » I .
0.5 um of the same place onscreen as it was at the
WabbleStigSin | WobbleStigCos previous aperture. Release the mouse button.
Save Load
L1_Cornr 0 5 Click SAVE when finished. Repeat beam shift
| < | | 'I L1 = 4650 v correction (step 12 and 13) for all apertures.
LZ Corr 0
| p | | N I =0 6 Cl%ck FINISH When completely finished with the
Contrast 100.00 adjustment process.
| 4 | | >|
3
Brightness 50.00
| 4 | | >|

Cancel |
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ALIGNMENTS 253 - Supervisor: lon Beam

253 - Supervisor: lon Beam

| —Alignments

Alignment Field Functions

This alignment is used to correct Offset in the positioning of the
apertures from the alignment found in 210 Ion Column Alignment.

—Instructions

Press Start button

TABLE 9-52 253 FIELD FUNCTIONS STEP 0 to 1

—Alignments

253 - Supervizor: lon Beam j

Field Name | Function

Instructions

Follow the text to complete the step.

Step

Displays the present control area number and the
total number of areas.

Zero Offset

Click on this button to zero the offset created in
the aperture positioning controlled in 210 Ion
Column Alignment.

Act. Emission Current = 2.0 u&

Emission Current 2.0000000 pA,

|1| | )I

| . Offset Reset | Click on this button to reset the aperture
[ nstruetions positioning controlled in 210 Ion Column
lon Beam Service page. - : :
Prose Zore Gffcel 1o casat AAS T Alignment b?f:k tg factory default. Useful if
user settings to zero aperture position is totally lost.
Press Offset Reset to transfer
AAS user settings to serice Home AVA Click on this button to move the Automatic
seftings and reset user Variable Aperture back to the the home position
settings to zero
Press Heat to heat the ion : : :
source L | Heat Click on this button to Heat the ion source
With the Emission Current
Stder thde current can be ~| New Source | Click on this button to reset ion source lifetime
Step 1 of 1 Emission Displays the Emission current set by the user
Current
Zero Offset Dffset Reset
Start Click on Start to go toStep 1.

Aperture mechanism: . .

i Cancel Click on Cancel to leave the alignment and

Harme AA return to original settings.
FIB S _ Finish Click on Finish to save the new setting.

ource: Heat

253 Supervisor: lon Beam procedure

TABLE 9-53 253 STEP O to 1

lon Source Status: Order | Action
Offline Disabled
1 Press the Start button.
[dle Acguire
Maintain Heat 2 Read the Instructions
Shutdown 3 Select the Offset button required.
4 Click on Finish to save the setting, or Cancel to return
Cancel | .. .
to the original setting.

9-42
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254 - Supervisor: GIS

ALIGNMENTS 254 - Supervisor: GIS

—Alignments

|254-Supewisnr: Gls. j

—Instructions

GIS.

To set the termperature and

to reset the lifetime counter per
GIS.

The Lifetime is displayed for
each Gisport

Press Start button

Alignment Field Functions

This page can be used by the supervisor to adjust Gas Injector

temperatures.

TABLE 9-54 254 FIELD FUNCTIONS

—Alignments

254 - Supervisor: GIS.

&l

—Instructions

GIS.

Only installed GIS needles are
contrallable,

Adjust the ternperature of the
Gl

Press the lifetime button to
reset the lifetime.

Cancel to exit.

—Step 1 of 1

1) Pt dep T 45 °C

Lifetirne reset

GIS 1

ozmp [ B[

s 7 T

Field Name Function

Instructions Follow the text to complete the step.

Step Displays the present control area number and
the total number of areas.

Numbers Each number represents a GIS number. If a GIS
is disabled the scrollbox will be greyed out.

Lifetim After GIS crucible replacement the lifetime can

Reset be reset by the supervisor.

Cancel Click on Cancel to leave the alignment and
return to original settings.

Finish Click on Finish to save the new setting.

Cancel |

254 Supervisor: IGP procedure

TABLE 9-55 254 NO STEP TO 1 OF 1

Order | Action

1 Press the Start button.

2 Adjust the temperature of the GIS.

3 Click on the Lifetime Reset GIS# button if the lifetime
needs reseting

4 Click on Finish to save the setting, or Cancel to exit

9-43
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