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1. About this manual

1. About this manual

This instruction manual is considered to be part of the AURIGA® series workstation.

Read the instructions carefully. Keep the instruction manual nearby the workstation and hand it
over to future owners of the instrument.

This instruction manual is designed for users who have been trained to operate the workstation
by an authorised Carl Zeiss NTS/SMT expert. Operators of the workstation must not deviate from
the instructions provided in this document.

Reference to For detailed information regarding the operating software refer to
related

documents Software Manual SmartSEM™ for general information on FESEM operation (basic work-

station)
* Software Manual SmartSEM® XB for CrossBeam® specific topics (FIB and GIS upgrade)

For details on technical data refer to the documents Product Specification and Installation
Requirements.

For details on optional components of the workstation refer to the respective manuals delivered
with the workstation. You will find these manuals in the document folder.

Models The AURIGA® series includes the following models:
e AURIGA®

* AURIGA® 60

At aglance This instruction manual contains the following chapters:

1. About this manual Explains function and structure of this instruction manual

2. Safety Summarises important safety details

3. Description Describes structure and principle of operation of the workstation
4. Transport and storage Gives details on transport and storage

5. Installation Refers to Carl Zeiss NTS/SMT service staff

6. Operation Introduces fundamental operation procedures

7. Maintenance and repair Describes preventive maintenance and repair tasks

8. Troubleshooting Summarises clues to solve possible problems

9. Shutdown and disposal Summarises notes on shutdown and disposal

10. Parts and tools Lists consumables, spare parts, tools, and accessories

11. Abbreviations Alphabetical list of abbreviations used in this instruction manual
12. Glossary Alphabetical list of important technical terms

13. Declaration of conformity Important declaration

14. Index Alphabetical list of key words that are referred to in this instruction
manual
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1. About this manual
Safety instructions in this manual

1.1. Safety instructions in this manual

The safety instructions in this manual follow a system of risk levels, that are defined as follows:

i DANGER
A This safety symbol and signal word indicates an imminently hazardous situation.

Disregarding this warning WILL result in death or serious injury.

i WARNING
This safety symbol and signal word indicates a potentially hazardous situation.

Disregarding this warning COULD result in death or serious injury.

CAUTION
This safety symbol and signal word indicates a potentially hazardous situation.

Disregarding this warning MAY result in minor or moderate injury.

CAUTION

This signal word used without a safety symbol indicates a potentially hazardous situation.
Disregarding this warning MAY result in property damage.

° IMPORTANT
1 This symbol and signal word draws your attention to important and useful
information.

10 of 182 Instruction Manual AURIGA® series en04



1. About this manual
Typographical conventions

1.2. Typographical conventions

For the description of software, the following typographical conventions are used:

Typography

Meaning

Push <ENTER>.

Push the ENTER key on the keyboard.

Type <keyl, key2>

Type key 1 first, then type key 2 on the keyboard.

Type <Ctrl + Alt + Del>.

Simultaneously type CTRL key, ALT key and DEL
key on the keyboard.

Click on the Magnification icon.
Select File/Exit from the menu.

Icons, buttons, and menus are printed in bold.

Enter 10 kV in the EHT target field.

Values to be selected are printed in italics.

Text Meaning

Click... Press the left mouse button.
Right-click... Press the right mouse button.
Double-click.... Press the left mouse button twice.

Instruction Manual AURIGA® series en0O4
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1. About t

his manual

Definition of terms

1.3. Definition of terms

The following terms are used in this instruction manual:

Workstation

AURIGA®

SmartSEM®

Operator

User

Carl Zeiss NTS/SMT service
engineer,

Carl Zeiss NTS/SMT service
staff

EMO box

EMO button

FIB

GEMINI® column
Cobra column
Canion column
Coincidence point

GIS

The models of the AURIGA® series are CrossBeam® workstations,
referred to as workstation.

Includes the models AURIGA® and AURIGA® 60

Operating software for ZEISS field emission scanning electron micro-
scopes

A trained person, who is assigned to operate the workstation.

Basic operator:

Person who has been trained to perform fundamental operation
sequences

Specially trained operator:

Electrically skilled person who has been trained to perform basic main-
tenance tasks

A person or organisation that uses products of Carl Zeiss NTS/SMT.

Specially trained service expert, either Carl Zeiss NTS/SMT staff or
authorised service partner of Carl Zeiss NTS/SMT.

Emergency off box; a safety device that contains the safety related
electronics to switch off the workstation (and connected options) com-
pletely in case of an emergency.

Emergency off button; to be pressed in an emergency to de-energize
the workstation completely.

Focused ion beam

Electron optical column

Type of FIB column (optional)
Type of FIB column (optional)
Point where electron beam and ion beam are crossed.

Gas injection system (optional)
Several different types of available

This instruction manual refers to the operating software SmartSEM® v05.04 (AURIGA®) and
SmartSEM® V05.05 (AURIGA® 60).

12 of 182
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2. Safety
Intended use

2. Safety

2.1. Intended use

AURIGA® series instruments are CrossBeam® workstations that allow microscopic examination
and modification of suitable specimens.

The workstation has been designed in a modular manner so that it can exist in different upgrade
stages. At maximum upgrade stage, the workstation allows you to perform the full range of
FESEM and CrossBeam® applications, which are:

e SEM operation
A focused beam of electrons is scanned across the specimen to generate an image or to
analyse the specimen.
Suitable for the analysis of surface structures and near-surface structures of appropriate
specimens.

* FIB Imaging (requires FIB column)
A focused beam of ions is scanned across the specimen to generate an image or to analyse
the specimen.

¢ Milling (requires FIB column)
A focused beam of ions locally removes material from the specimen surface.

* Gas assisted etching with ion beam (requires FIB column and gas injection system)
With the help of a process gas, the focused ion beam cuts into the specimen surface.

* Gas assisted deposition with ion beam (requires FIB column and gas injection system)
With the help of a process gas, the focused ion beam deposits material onto the specimen
surface.

* (Gas assisted etching with electron beam (requires gas injection system)
With the help of a process gas, the electron beam cuts into the specimen surface.

* Gas assisted deposition with electron beam (requires gas injection system)
With the help of a process gas, the electron beam deposits material onto the specimen
surface.

For all of these applications, the specimen has to be located in the evacuated specimen chamber.

° IMPORTANT
l Depending on the upgrade stage of your workstation, not all of theses features may be
available.
Commercial The workstation is to be used in a laboratory environment for commercial purposes only.

use only

Using the workstation for any other purpose is not allowed and could be hazardous.

Instruction Manual AURIGA® series en0O4 13 of 182



2. Safety

Intended use

Gas injection

If the workstation is equipped with a gas injection system (GIS), up to five different precursors out

system of the following can be available:
Reactive product | Precursor Used for
Tungsten W(CO)g deposition
Tungsten hexacarbonyl
Platinum CgH; Pt deposition
Methylcyclopentadienyl(trimethyl)platinum (1V)
Silicon dioxide C1oH2406Si deposition
(insulator) Diacetoxydi-t-butoxysilane
Carbon Ci4H10 deposition
Phenanthrene
Gold Dimethyl(acetylacetonate)gold(lll) deposition
Fluorine XeF, gas assisted etching,
Xenondifluoride selectively etches Si, SiO,
Water (reactive pro- | MgSO, « 7 H,O gas assisted etching
duct) Magnesium sulphate heptahydrate selectively etches hydrocarbon
lodine* I gas assisted etching,
selectively etches aluminum/
aluminum oxide
Table 2.1: Overview of available precursors
*lodine is not available for the US market.
Using the GIS for any other purpose is not allowed and could be hazardous.
Likewise, it is not allowed to use the GIS in combination with any other precursor not mentioned
in table 2.1.
For safety reasons, mixing of precursors is not possible due to technical measures.
14 of 182 Instruction Manual AURIGA® series en04




2. Safety
Prevention of accidents and of improper use

2.2. Prevention of accidents and of improper use

CAUTION
Risk of injury or damage due to improper operation of the workstation.

Read the user documentation carefully.

Do not operate the workstation until you have completely read and understood this in-
struction manual and the entire user documentation delivered with the workstation.
You will find the user documentation in the document folder.

Operator Within the scope of initial start-up the Carl Zeiss NTS/SMT service staff will perform a basic op-
training erator training. The basic operator training consists of fundamental operation procedures includ-
ing safety instructions. Besides, an introduction to basic maintenance tasks will be given for an
advanced operator, who has to be an electrically skilled person.
The training performed shall be documented appropriately.

Special application trainings are offered on request.

IMPORTANT

All pursuing tasks of maintenance, service, and repair not described in this instruction
manual have to be performed by authorised Carl Zeiss NTS/SMT service staff only.

i @
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2. Safety

Safety summary

Service tasks

Radiation
protection

JAN

2.3. Safety summary

Follow the safety instructions given in this instruction manual. This is essential to prevent damage
and to protect yourself and others against accidents and unsafe practices. Do not deviate from
the instructions provided in this instruction manual.

This section summarises possible hazards and recommended safety procedures.

2.3.1. Hazards related to personal injury

DANGER

Danger to life: Hazardous voltage inside the workstation.

Only service engineers trained and authorised by Carl Zeiss NTS are allowed to service
the workstation.

X-rays are produced within the workstation during operation. This is unavoidable since acceler-
ated electrons hit material thus generating radiation.

WARNING
Radiation hazard: X-rays are generated inside the workstation during operation.

Only authorised Carl Zeiss NTS/SMT service engineers are allowed to service the worksta-
tion.

Do not remove any parts. Do not disable any parts of the interlock system.

Use genuine ZEISS parts exclusively.

Observe all safety and X-ray protection regulations.

In Germany, the operation of the workstation is permission-free as the following requirements are
fulfilled:

* The maximum acceleration voltage is limited to 30 kV.

* The local dose rate at a distance of 0.1 m from the accessible surface of the workstation does
not exceed 1 puSv/h.

* Arespective label is attached to the workstation.

Outside Germany, the user of the workstation has to comply with the local regulations of the
country where the workstation is operated.

The workstation is equipped with several radiation protection devices, which ensure - under reg-
ular operation conditions - that the workstation operates in accordance with the German X-ray
protection regulation (R6V) respectively the German radiation protection regulation (StrSchV) as
well as with the EC Directive 96/29/EURATOM.
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2. Safety
Safety summary

Electrical
connections

Gases

JAN

> P

Operation

JAN

CAUTION

High leakage current
Ensure proper grounding.
Do not operate the workstation without separate ground connection.

Gaseous dry nitrogen is used to ventilate the specimen chamber during specimen exchange.
Compressed air is used to operate several valves and the auto levelling system.

CAUTION

Suffocation hazard due to lack of oxygen, since the specimen chamber is ventilated with
gaseous nitrogen. Inhaling nitrogen may cause unconsciousness.

During specimen exchange, keep the chamber door open as short as possible.

Avoid inhaling the air from within the specimen chamber.

Ensure the area around the workstation is sufficiently ventilated.

IMPORTANT

Concerning the hazards of nitrogen installations and associated safety precautions refer
to the current version of guideline IGC Doc 44/00/E: Hazards of inert gases, published by
EIGA (European Industrial Gases Association) which can be found on the EIGA homepage
www.eiga.org/Publications/Documents.

CAUTION

Risk of injury or damage due to the high internal pressure in gas cylinders (e.g. containing
nitrogen or compressed air).

Observe all safety labels on the gas cylinders and all safety instructions given by the gas
cylinder manufacturer.

CAUTION

Crushing hazard while load is being lowered.
Maintain a safe distance. Do not walk or place your hands or feet under the load while it is
being lowered. Wear safety shoes and gloves.

CAUTION

Risk of injury

Fingers could be trapped in the moving specimen stage.

Always close the chamber door before you move the specimen stage.
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2. Safety

Safety summary

CAUTION

If you work with aggressive or toxic chemicals there may be arisk of injury.
Wear suitable protective clothing, gloves and eye/face protection. Do not eat, drink or
smoke at work. Refer to local safety regulations.

CAUTION

Risk of injury due to aggressive or toxic chemicals.

Risk of damage to environment.

When disposing of waste that has been generated during a service operation comply with
all national and local safety and environmental protection regulations.

GIS The optional gas injection system allows injecting process gases onto the specimen surface.
During operation, the process gases are generated out of precursor substances.
CAUTION
Hazard due to irritant gases that might be released from the precursors.
Gases can cause irritation to eyes, skin, and respiratory system.
Do not remove a reservoir from the workstation.
Contact the Carl Zeiss NTS/SMT service to have an empty reservoir replaced.
Never try to open areservoir.
During operation, unknown reaction products may be generated, when specimen material, reac-
tive precursor products, electron beam and/or ion beam get in contact.
i CAUTION
Hazard due to dangerous reaction products that might be present in the specimen cham-
ber during or after operation.
Wear personal protective equipment when touching the inner parts of the specimen cham-
ber or the specimen.
Do not remove a reservoir from the workstation.
Contact the Carl Zeiss NTS/SMT service to have an empty reservoir replaced.
Never try to open areservoir.
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2. Safety
Safety summary

Maintenance Baking out the gun head has to be performed as a regular maintenance procedure.
procedures Only advanced operators are allowed to perform the bakeout procedure.

CAUTION
Burn hazard
Some parts inside the workstation will get hot during the bakeout procedure.

Do not place any combustible objects on the grids of the electron optical column.

2.3.2. Hazards not related to personal injury

CAUTION

Risk of property damage when opening the chamber door.

Workstation or specimen could be damaged if specimen stage is at short working dis-
tance.

Always move specimen stage to long working distance before opening the chamber door.

CAUTION

Risk of property damage
Connect ZEISS approved equipment only.
Ensure the total load connected to the workstation does not exceed 10 A.

IMPORTANT

Fingerprints can cause virtual vacuum leaks.
Always wear lint-free gloves when touching the specimen or inner parts of the specimen
chamber.

i @
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2. Safety

Safety equipment

2.4. Safety equipment

2.4.1. Safety devices

In order to prevent any risk of hazard to human health or of property damage, the workstation is
equipped with several safety and protective devices.

2.4.1.1. Protective cover panels

Plinth, electron optical column and specimen chamber are secured with protective cover panels.

WARNING

Hazardous voltage inside the workstation. Contact may cause burn or electric shock.
X-rays are generated inside the workstation during operation.

Do not remove any parts.

The workstation must not be operated with removed protective cover panels.

2.4.1.2. Interlock system

The interlock system includes several functions.

Chamber door interlock

The chamber door interlock is located at the inner
bottom front side of the specimen chamber.

It ensures that the door of the specimen chamber
is closed properly.

When this interlock is activated (i.e. no electrical
contact) 'EHT Vac ready = no'’ is indicated in the
SmartSEM® user interface. EHT and detector
voltages are blocked.

Gun head interlock
The gun head interlock is located at the top of the
electron optical column.

It ensures that the high voltage interlock circuit is
cut off when the gun head is opened.

When this interlock is activated (i.e. no electrical
contact), gun and EHT cannot be switched on. All
high voltages are blocked.
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2. Safety
Safety equipment

Vacuum interlock
The vacuum interlock is an internal interlock.

It ensures that Gun vacuum and System vacuum
are better than the required thresholds.

If this interlock is activated gun respectively EHT
cannot be switched on.

2.4.1.3. ON/OFF switch

The ON/OFF SWITCH is located at the rear of the
plinth. It cuts off the mains power from the
FESEM.

Without optional EMO box:
The ON/OFF switch has the function of a main
switch.

ON-OFF-SWITCH

With optional EMO box:

The FESEM is switched off.

Other devices connected to the EMO box remain
turned on.

2.4.1.4. EMO box with main switch (optional, but mandatory with FIB and/or GIS
upgrade)

The MAIN switch (1) is located at the front panel
of the EMO box.

It cuts off all devices connected to the EMO box
from the mains power supply. The main switch
can be secured against re-activation.

The main switch guarantees an ampere inter-
rupting capacity (AIC) of at least 10000 A rms.

The START button (2) is located underneath the
MAIN switch.

IMPORTANT
The EMO box with MAIN switch has an emergency off function.

i @
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2. Safety

Safety equipment

2.4.1.5. EMO button (optional, but mandatory with FIB and/or GIS upgrade)

The emergency off button (EMO button) is
located on the plinth.

The EMO button is to be pressed in an emergency
to cut off power to all devices connected to the
EMO box.

It must always be readily accessible and operable.

2.4.1.6. Main shut-off valves

The user is responsible for the installation of main shut-off valves at the site of installation. The
following main shut-off valves are required:

e water supply

e water runback

* nitrogen supply

e compressed air supply

The main shut-off valves have to be easily accessible. They must close off the connections to the
corresponding media when needed. The main shut-off valves have to be lockable in their OFF
position in order to prevent accidental re-activation.

As the user is responsible for installing the main shut-off valves, he/she should also provide in-
structions how to operate the main shut-off valves properly.
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2. Safety
Safety equipment

2.4.2. Safety labels and labels

Appropriate safety labels on the workstation warn users of possible hazards. Each safety label is
affixed close to the point where a particular hazard exists.

Moreover, you will find several labels which provide legal information.

2.4.2.1. At the front of the workstation

Shown on AURIGA®
(AURIGA® 60 has a larger specimen chamber)

Position Subject Label
A Safety
information
Risk of injury
Fingers could be trapped.
Always close the chamber door
before you move the stage.
B Safety
information CAUTION
Risk of damage
FESEM or specimen stage could be damaged if the
specimen stage is at short working distance. Move
specimen stage to longer working distance before
opening the chamber door.
Safety
information A CAUTION
Avoid injury
Read and understand the instruction manual before
operating this product.
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2. Safety

Safety equipment

2.4.2.2. At the rear of the workstation

Subject

Label

Type plate

Carl Zeiss NTS GmbH
T344T Oberkochen, Germany

Ser. Wr.
AURIGA
345588-8001-000 Baujahr:
1MWPE 230 VAC $10%
2PE 208 VAC £10%
50 - 80 Hz mane. 164

e X

Made in Germany

Shown on AURIGA®.

Safety information

A cauTion

Radiation hazard

X-rays are generated inside the electron microscope during
operation. Do not remove any parts. Use genuine ZEISS
parts exclusively.

Observe local safety and X-ray protection regulations.

Legal information

ACHTUNG:
In dissem Rasterelektronenmikroskop entstehen Réntgenstrahlen!
Die Beschleunigungsspannung ist auf 30kV begrenz!
Die O slelstung an der &t ritche llegt unterhalb
des zulissigen Grenzwertes der Réntgenverordnung.

CAUTION:
Xerarys ore produced in this Scanning Bectron Microscopel
The acceleration voltage is imited fo 30 k. Dose rates
around the microscope are less than the maximum permissible
valves, according to the German X- ray Pretection Regulation

Safety information

A cauTion

High leakage current

Ensure proper grounding.

Do not operate the electron microscope without separate
ground connection.

Safety information

A cauTion

Suffocation hazard

Specimen chamber is ventilated with gaseous nitrogen.
Ensure the area around the electron microscope is
sufficiently ventilated.
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2. Safety
Safety equipment

2.4.2.3. At the rear of the electron optical column

Subject

Label

Safety
information

A\ WARNING

Hazardous voltage inside

Contact may cause burn or electric shock.

Only authorised service staff is allowed to service the
equipment. Disconnect power before opening.

Safety
information

A\ cAuTION

Burn hazard

Hot surfaces inside during bakeout procedure.

Do not place any combustible objects on the grids of the
electron optical column. Only authorised service staff is
allowed to service the equipment.

Disconnect power and let surfaces cool before opening.

2.4.2.4. Inside the workstation

Underneath the cover panels of workstation there are some more safety labels, which are ad-
dressed to authorised Carl Zeiss NTS/SMT service engineers. These safety labels are described

in the documents for Carl Zeiss NTS/SMT service staff.

2.4.3. Material Safety Data Sheets

Material safety data sheets (MSDS) of chemicals used in combination with the workstation are

contained in the document folder delivered with the workstation.

Instruction Manual AURIGA® series en0O4
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2. Safety

Safety instructions for handling precursors (with GIS upgrade only)

2.5. Safety instructions for handling precursors (with GIS up-
grade only)

WARNING

Hazard due to irritating and toxic gases.

Gases can cause irritation to eyes, skin, and respiratory system.
High concentrations may cause central nervous disorders.

Do not remove a reservoir from the workstation.

Contact the Carl Zeiss NTS/SMT service to have the empty reservoir replaced.
Never try to open a reservoir.

For more information refer to the instruction manual of the GIS and the Material Safety Data
Sheets (MSDS).
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3. Description
Overview

3. Description

3.1. Overview

AURIGA® series instruments are modular workstations. The basic workstation consists of a field
emission scanning electron microscope with GEMINI® column. The following upgrade stages are
possible:

Upgrades

Charge Possible applications

FIB column GIS compensation (CC)

- - - SEM operation

SEM operation
Imaging of non-conductive specimens

SEM operation
- +2 - Electron beam etching
Electron beam deposition

SEM operation

) L2104 L3/4 Electron beam etching

Electron beam deposition

Imaging of non-conductive specimens

Basic
workstation +1 - -

with GEMINI®
column SEM operation, FIB imaging
Milling

Gas assisted etching

Gas assisted deposition
Electron beam deposition
Electron beam etching

SEM operation, FIB imaging
Milling

SEM operation, FIB imaging

Imaging of non-conductive specimens
Milling

+1 214 +3/4 Gas assisted etching

Gas assisted deposition

Electron beam deposition

Electron beam etching

+1 Canion column or Cobra column

+2 Five-channel GIS or Single GIS

+3 Charge Compensator

+% Five-channel GIS with integrated charge compensation (CC)
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3. Description
Basic workstation

3.2. Basic workstation

3.2.1. View

Specimen chamber 5 Personal computer (PC)

Electron optical column, GEMINI® column 6 ON/STANDBY/OFF button
Monitors 7 Plinth

A W N P

Control panel (optional)

Fig. 3.1: View of AURIGA® basic workstation
The AURIGA® 60 basic workstation has a larger specimen chamber.
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3. Description
Upgraded workstation

3.3. Upgraded workstation

3.3.1. View

Specimen chamber

6
FIB column 7
Electron optical column, GEMINI® column 8

9

Detector

a A W N

Fig. 3.2: View of AURIGA® upgraded workstation

Monitors
Control panel (optional)
Personal computer (PC)

ON/OFF/STANDBY button

Airlock 10 Plinth

The AURIGA® 60 upgraded workstation has a larger specimen chamber.
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3. Description
Upgraded workstation

3.3.2. FIB upgrade

Two types of FIB columns are available:
¢ Canion column
¢ Cobra column

3.3.3. Gas injection system (GIS) upgrade

A gas injection system allows the injection of one or more process gases to the specimen surface.

3.3.3.1. Five-channel GIS

The five-channel GIS allows you to inject up to five different precursor gases.

For details refer to the respective Instruction Manual.

3.3.3.2. Single GIS

The one-channel GIS allows you to inject one precursor gas.
For details refer to the respective Instruction Manual.
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3. Description
Upgraded workstation

3.3.4. Charge compensation upgrade

Charge compensation is a method to inhibit charging of non-conducting specimens by injecting
a local flow of gaseous nitrogen onto the area of interest.

3.3.4.1. Charge Compensator

The Charge Compensator inhibits charging of non-conducting specimens by emitting a local flow
of gaseous nitrogen onto the area of interest.

The pneumatic retraction mechanism allows you to quickly toggle between charge compensation
mode and high vacuum mode.

For details refer to the respective Instruction Manual.

3.3.4.2. Five-channel GIS with integrated charge compensation

Alternatively, a five-channel GIS with integrated charge compensation function is available.

For details refer to the respective Instruction Manual.
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3. Description
Control elements

3.4. Control elements

3.4.1. SmartSEM® user interface

The workstation is controlled by the SmartSEM® software. The software is operated via a graph-
ical user interface.

FIB toolbar (FIB upgrade only)

FIB mode selection

caption bar
(FIB upglrade only)

menu bar toolbar icon
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3. Description
Control elements

3.4.2. Dual joystick

The dual joystick is used for stage control and specimen navigation.

The big joystick on the right is used to drive
X- and Y-axis. The stage rotation is control-
led by turning the upper knob to the left or to
the right.

The small joystick on the left is used to con-
trol the Z axis and the stage tilt (T).

The Break push button is an emergency
stop for the stage.

All axes are deflection-compensated: When the joystick is only moved slightly, the respective axis
will move slowly. However, major movements of the joystick will result in a faster movement of
the stage.

Two M push buttons allow control of a second Z-axis (M) on super-eucentric stages to set the
eucentric point of the specimen tilt on these stages.

The X-, Y-, Z- and M-axes are magnification-compensated. When working at a low magnification,
the stage moves relatively fast. At higher magnifications the stage movement is slower.

The different axes can also be moved simultaneously.
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3. Description

Control elements

3.4.3. Optional control panel

The control panel is optionally available. It integrates a full sized keyboard and allows direct ac-
cess to 14 of the most frequently used functions on the workstation.

The following functions are available through:

Encoders Push buttons

* Magnification * Reduced

e Stigmator X * Wobble

e Stigmator Y * Freeze

* Aperture X * Exchange

* Aperture Y * Resume

* Scan Rotate e Camera

e Shift X * Scan Speed +
e Shifty * Scan Speed -

* Brightness
e Contrast

* Focus
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3. Description
Principle of operation

3.5. Principle of operation

3.5.1. Vacuum system

For operation of the workstation, gun head (10), column and specimen chamber have to be evac-
uated. The vacuum is essential to operate the gun and to prevent collision of electrons and/or
ions with gas molecules.

3
! R
5
6
T

1 Gun with filament 6 Turbo pump

2 lon getter pumps (IGP) 7 Ventvalve

3 Specimen chamber 8 Column chamber valve

4 Penning gauge 9 Multihole aperture

5 Pre-vacuum pump 10 Gun head

Fig. 3.3: Schematics of the vacuum system
System Pre-vacuum pump (5) and turbo pump (6) evacuate the specimen chamber. The vacuum in the
vacuum specimen chamber is measured by a Penning gauge (4). The detected vacuum values are shown

as 'System vacuum’ in the SmartSEM® user interface. As long as the detected pressure in the
specimen chamber is not ready for operation, the column chamber valve (8) is closed in order to
separate the specimen chamber from the column.
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3. Description

Principle of operation

Gun vacuum

Ventilating

Evacuating

Quiet Mode

In the gun head is a ultra high vacuum, which is maintained by two ion getter pumps (2).
The vacuum in the gun head is called 'Gun vacuum'’. It should be well below 1 x 108 mbar.

The specimen is located in the evacuated specimen chamber (3). To open the specimen cham-
ber for specimen exchange, you have to break the vacuum in a controlled manner. This is done
by the Vent command via the SmartSEM® user interface or by pressing the Exchange push but-
ton on the optional control panel.

When receiving the Vent command, the column chamber valve closes and gaseous nitrogen
flows into the specimen chamber via the vent valve (7). As soon as the pressure equilibrium is
obtained, the chamber door can be opened to change the specimen.

In order to continue operation, the Pump command makes pre-vacuum pump and turbo pump
evacuate the specimen chamber.

As soon as the vacuum in the specimen chamber is ready for operation, the column chamber
valve opens and the 'EHT Vac ready’ message appears in the SmartSEM® user interface. Gun
and EHT can be switched on.

The automatically controlled Quiet Mode is optionally available.
This option allows switching off the pre-vacuum pump after specimen exchange when the vacu-
um threshold is achieved.

3.5.2. Specimen stage

Standard specimen stage is a 6-axes motorised super-eucentric stage that is controlled by the
SmartSEM® software. The stage can be operated by the dual joystick controller or by using the
soft joystick in the SmartSEM® user interface.

The axes are called:

X-axis

Y-axis

Height

Height (eucentric)

Rotation

S| 0| Z| N| < | X

Tilt

The stage is an eucentric one, which means that all rotation axes intersect in the same point. The
specimen surface is located in the eucentric point, where the tilt axis meets the beam axis. This
guarantees that the focus is maintained when the specimen is tilted at a certain working distance.

When moving a tilted specimen, the specimen is also moved unintentionally in Z direction. The
selected feature moves out of view. The so-called super-eucentric stage is equipped with the M-
axis, which allows you to move the specimen surface into the tilting plane with the result that a
selected feature stays in view and in focus when the stage is tilted at various working distances.
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3. Description
Principle of operation

3.5.3. Electron optics (GEMINI® column)

The patented GEMINI® column is the area of the FESEM, where electrons are emitted, acceler-
ated, bundled, focused, and deflected. Main characteristics of the GEMINI® optics are the so-
called beam booster and an objective lens that consists of a combined electrostatic/electromag-
netic lens doublet.

Gun A Schottky field emitter serves as gun (1). The filament is heated by applying the filament current.
Electrons are emitted from the heated filament while an electrical field, called extractor (Ugy;) volt-
age, is applied.

To suppress unwanted thermoionic emission from the shank of the Schottky field emitter, a
suppressor voltage (Usp) is applied as well.

\F
| USUD" Ugxt

Uent

™

Gun In-lens detector

Extractor Obijective lens

Scanning coils

© 00 N O

Multihole aperture

1

2

3 Anode
4 Specimen
5

EsB® detector

Fig. 3.4: Schematics of the electron optics
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3. Description

Principle of

operation

EHT

Apertures

Stigmator

Signal detec-
tion

The emitted electrons are accelerated by the acceleration voltage (UgyT)-

The beam booster (Ug, booster voltage), which is always at a high potential when the accelera-
tion voltage is at most 20 kV, is integrated directly after the anode. This guarantees that the en-
ergy of the electrons in the entire beam path is always much higher than the set acceleration
voltage. This considerably reduces the sensitivity of the electron beam to magnetic stray fields
and minimises the beam broadening.

The electron beam passes through the anode aperture (3) first, afterwards through the multihole
aperture (4). Standard aperture is the 30 um aperture hole that is the central aperture. The aper-
ture size is decisive for the probe current. Other aperture sizes are selectable to meet the require-
ments of a wide range of applications.

The stigmator compensates for astigmatism, so that the electron beam becomes rotationally
symmetrical. The electron beam is focused onto the specimen while being deflected in a point-
by-point scan over the specimen surface.

Before the electron beam exits the objective lens (7), the electrostatic lens creates an opposing
field which reduces the potential of the electrons by + 8 kV. The energy of the electrons reaching
the specimen surface (9) therefore corresponds to the set acceleration voltage (EHT).

When the primary electron beam hits the specimen, certain interaction products are released,
which can be recorded by specific detectors.
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3. Description
Principle of operation

3.5.4. lon optics (FIB column)

£
3 — @ W \
&\ )
|
5 T - ]
1 lon source (Ga*) 4  Objective lens
2 Variable apertures 5 Specimen

3 lon beam

Fig. 3.5: Schematics of the ion optics

The focused ion beam (FIB) column is the part of the CrossBeam® workstation, where ions are
emitted, accelerated, focused and deflected.
The FIB column is tilted by 54°.

Two types of FIB columns available:

e Canion column
7 mechanical aperture positions, 7 nm resolution

* Cobra column
14 mechanical aperture positions, 2.5 nm resolution

A liquid metal ion source of gallium (Ga*) serves as ion source (1).

lon source Gallium ions (Ga*) are extracted from a liquid metal ion source. The ions are accelerated by the
acceleration voltage to an energy of maximum 30 keV. The ion emission is regulated by the ex-
tractor and stabilised by the suppressor.

Gallium is used up during operation. Therefore, the gallium emitter cartridge is a consumable.
Moreover, the gallium emitter has to be regenerated by heating from time to time; the heating pro-
cedure removes the gallium oxide, which has been created during operation.
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3. Description
Principle of operation

Condenser The electrostatic condenser collimates and focuses the ion beam depending on the operating
mode.

Probe currents After passing the condenser, the beam current is defined by a set of software-controlled mechan-
ical apertures. By using the different apertures in combination with the different condenser set-
tings, the probe current can be continuously adjusted in the range between 1 pA and 50 nA.
Among other things, the probe current depends on aperture size and condenser settings.

The objective lens is designed as an electrostatic einzel-lens system. It focuses the beam onto
the specimen surface.
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3. Description
Principle of operation

3.5.4.1. Imaging modes

Provided the optional FIB column is installed, the following imaging modes are available:

Imaging mode | FIB Mode.. | Characteristics Typical application
SEM imaging SEM Electron beam is active, High resolution FESEM
ion beam is blanked.
The SE signal is synchronised
to the SEM scan.
FIB imaging FIB Electron beam is blanked, Channelling contrast imaging,
ion beam is active. The SE sig- | voltage contrast imaging.
nal is synchronised to the FIB Defining milling patterns on the
scan. specimen surface
Grain analysis
CrossBeam® SEM + FIB Image is composed of SEM Setting the coincidence point.
operation and FIB components.
With the optional dual scan
both beams are scanned com-
pletely independently from
each other.
Mill No image Only deposition by ion beam.
Mills with the milling parame- No deposition by electron beam.
ters set (milling current).
Mill + SEM Mills and generates a SEM SEM real-time imaging of the
image. ion milling or deposition.
o~ = T
' 4 >
SEM imaging FIB imaging CrossBeam operation

Fig. 3.6: Imaging modes
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3. Description
Principle of operation

3.5.5. Signal detection

The interaction products most frequently used for the generation of images in scanning electron
microscopy are secondary electrons (SEs) and backscattered electrons (BSEs). For the separa-
tion and detection of SEs and BSEs one has to consider two parameters: Energy and angle dis-
tribution. For that purpose an Energy selective Backscattered electron detector (EsB®) has been

developed.
Detector type Detected | Availability Typical application Reference
signals
In-lens detector SE Standard Surface structure See section 3.5.5.1.
(annular SE detector)
SE2 detector SE2 Standard Topography See section 3.5.5.2.
(Everhart-Thornley type)
EsB® detector with filtering grid BSE Option Pure material contrast See section 3.5.5.3.
(in-column detector)
SESI detector SE, SI, Option; Topography, material con- | See section 3.5.5.4.
(BSE) requires FIB trast

Further detectors on request.
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3. Description
Principle of operation

3.5.5.1. In-lens detector

The In-lens detector (1) is a high efficiency detector for high resolution SE imaging. It is located
above the objective lens (3) and detects directly in the beam path (2). The detection efficiency of
this detector results from its geometric position in the beam path and from the combination with
the electrostatic/electromagnetic lens.

1 In-lens detector 3 Obijective lens

2 Beam path 4 Specimen

Fig. 3.7: Schematics of In-lens detector

At an acceleration voltage of maximum 20 kV, the electrons of the primary electron beam are ad-
ditionally accelerated by 8 kV, the so-called beam booster voltage.

To ensure that the electrons reach the specimen surface (4) with the energy set as acceleration
voltage, an electrostatic field is generated at the end of the objective lens by 8 kV. This electro-
static field acts as acceleration field to the SE generated on the specimen surface.

At the In-lens detector, the electrons hit a scintillator generating flashlight that is guided out of the
beam path by means of a light guide. The light information is multiplied in a photomultiplier and
output as a signal which can be electronically processed and displayed on the monitor.

IMPORTANT

The In-lens detector can be used up to an acceleration voltage of 20 kV.

At higher acceleration voltages the beam booster and thus the field of the electrostatic
lens are switched off. Therefore, the efficiency of the In-lens detector will be markedly
reduced.

i @
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3. Description
Principle of operation

The efficiency of the In-lens detector is mainly determined by the electric field of the electrostatic
lens, which is decreasing exponentially with the distance.

Thus, the working distance (WD) is one of the most important factors affecting the signal-to-noise
ratio of the In-lens detector.

As the tilt angle of the specimen surface affects the emission angle of the electrons, you should
avoid strong specimen tilting.
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3. Description
Principle of operation

Negative
collector volt-
age

3.5.5.2. SE2 detector

The SE2 detector (3) is a Everhart-Thornley type detector. It detects SEs as well as BSEs.

Electrons moving to the detector are attracted by the collector grid (2) and directed to the scintil-
lator. The collector voltage can be varied in the range between -250 V and + 400 V. This collector
voltage generates an electrical field in front of the detector thus directing the low energy SEs to-
wards the scintillator.

For all standard applications the collector voltage should be set to +300 V.

1
2
1 Specimen 3 SE2 detector
2 Collector grid 4  Objective lens

Fig. 3.8: Schematics of the SE2 detector

Selecting a negative collector voltage generates a field deflecting the low energy SEs so that they
cannot reach the scintillator and do not contribute to the signal. Only high-energy BSEs reach the
scintillator contributing to the image generation.

This produces a so-called pseudo-backscattered image, which shows pronounced topography,
but largely cancels surface properties (edge contrast).
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3. Description

Principle of

operation

3.5.5.3. EsB® detector (optional)

The Energy selective Backscattered (EsB®) detector (1) is suitable for clear compositional con-
trast. Itis an annular shaped in-column detector that is located above the In-lens detector (3). The
EsB® detector detects BSEs and SEs.

The SEs and BSEs generated at the impact point of the primary electron beam are intercepted
by the low electrical field of the GEMINI® column. These electrons are accelerated by the field of
the electrostatic lens.

Filtering grid A small amount of SEs pass through the hole of the In-lens detector and would be observed by
the EsB® detector. To prevent detection of these SEs, a filtering grid (2) is installed in front of the
EsB® detector. By switching on the filtering grid voltage, the SEs will be rejected and only BSEs
will be detected.

Below a landing energy of 1.5 kV the filtering grid has the additional function of selecting the de-
sired energy of the BSEs. The operator can select the threshold energy of inelastically scattered
BSEs to enhance contrast and resolution.
The combination of In-lens detector and EsB® detector allows simultaneous imaging and mixing
of a high contrast topography (SE) and a compositional contrast (BSE).
I
.
i ) == |
SE detection via BSE detection via T 5
In-lens detector EsB® detector -
/ 1 i
| 2 uN
IIIJII'I
|I _ 3 —
\U, l/
N2
1 EsB® detector 3 In-lens detector
2 Filtering grid
Fig. 3.9: Schematics of the EsB® detector
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3. Description
Principle of operation

3.5.5.4. SESI detector (optional, with FIB upgrade only)

The Secondary Electrons Secondary lons detector (SESI detector) (3) is suitable to detect sec-
ondary electrons as well as secondary ions. The SESI detector replaces the SE2 detector.

2 ¥
3
N H\i 1
=\ S
\5
1 FIB column 4  Collector grid
2 GEMINI® column 5 Specimen

3 SESI detector

Fig. 3.10: Schematics of the SESI detector

Depending on the polarity of the collector voltage either electrons or ions scattered from the spec-
imen (5) are attracted by a collector grid (4) and accelerated to the converter. In the converter,
both electrons and ions are converted into secondary electrons which are used to generate an
image.

The SESI detector can be operated in two modes: SE mode and lon mode.

Operating mode | FIB mode | Detected signals | Typical application

SE mode SEM Secondary electrons | Topography

(typical collector

voltage +400 V) FIB

lon mode - Secondary ions Crystal orientation contrast, material con-
(typical collector trast e.g. imaging of corrosion/oxidation
voltage -4 kV) FIB processes in metals
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3. Description
Specification

3.6. Specification

3.6.1. Basic workstation

Performance

Resolution 1.0 nmat 15 kV at optimum working distance (WD)
1.9nmat 1KkV atoptimum working distance (WD)

Acceleration voltage 0.1V -30kV

Probe current

4 pA - 20 nA with integrated High Current - Depth of Field module

Magnification

12 - 1.000.000 x

Electron optics (GEMINI® column)

Electron source

Schottky field emitter

Lens control

Patented GEMINI® electromagnetic/electrostatic objective lens system (68°
conical final-lens) with water cooling for best thermal stability and reproduci-
bility

Stigmator Eight pole electromagnetic
Apertures Seven apertures with electromagnetic selection.
Beam shift Width: max. 15 pum depending on EHT and WD

Extended beam shift width: £100 um depending on EHT and WD

Specimen chamber and stage

AURIGA® AURIGA® 60

Specimen chamber Dimensions 330 mm inner diameter 520 mm inner diameter
270 mm height 300 mm height
Accessory ports 15 20
Specimen stage Type 6-axes motorised super eucentric, controlled via Smart-
SEM® software
Specimen weight | Upto 0.5 kg
Movement X =100 mm X =150 mm
Y =100 mm Y =150 mm
Z =55 mm Z =43 mm
M =10 mm M =10 mm
T =-10°to 60° T =-10°to 60°
R = 360° continuous R = 360° continuous
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3. Description

Specification
Standard detectors
In-lens detector High efficiency annular scintillator detector mounted in GEMINI®
column with optically coupled photomultiplier.
SE2 detector Everhart-Thornley type with optically coupled photomultiplier. Collec-

tor bias adjustable from -250V to +400 V.

Chamber viewing a) Infrared CCD camera
b) 2nd infrared CCD camera
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3. Descript
Specification

ion

3.6.2. Workstation with FIB upgrade

Two types of FIB column are available:

Canion column
Cobra column

Performance

Resolution

Canion column

< 7.0 nm at 30 kV

Cobra column

< 2.5 nm at 30 kV

Acceleration voltage

1-30kV
< 5KkV as an option

Probe current

1 pA-50nA

Magnification range

300 x - 500,000 x

lon optics

lon source Gallium liquid metal ion source

Lenses Two electrostatic lenses

Stigmator Eight pole electrostatic

Apertures Canion column 7 apertures, motorized
Cobra column 14 apertures, motorized

Beam shift +7 um

Optional detector

SESI detector

Scintillator photomultiplier based system; easy change between secondary
ion and secondary electron mode, alternative to SE2 detector

Other optional detectors on request.

i @

IMPORTANT
For more details refer to the document Product Specification AURIGA® / AURIGA® 60.
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3. Description
Technical data

3.7. Technical data

3.7.1. Layout and connections

TGS

1 Equipotential bonding bar 9 Water solenoid valve (optional)

2 Mains power supply 208...230V / 22A 1/N(L2)/ 10 Pressure reducers for water, nitrogen,
PE and compressed air

3 EMO box (optional, but mandatory with FIB and/ 11 Main shut-off valves for water, nitrogen,

or GIS upgrade) and compressed air

4 Dynamic vibration damper 12 Water supply

5 Static vibration damper or quiet mode reservoir 13 Water runback
(optional)

6 Pre-vacuum pump 14 Nitrogen supply

7  With airlock: 15 Compressed air supply

Static vibration damper

8 Pre-pump for optional 100/200-mm airlock 16 Exhaust line

Instruction Manual AURIGA® series en0O4 51 of 182



3. Description
Technical data

3.7.2. System layout

3.7.2.1. AURIGA®

or GIS upgrade)

57
g
!
8
7 8
550
No Description Size (mm) Weight (kg) | Distribution Footprints
approx. approx. of load
1 Plinth + column (without airlock) 822 x 980 x 1851 860 4 x 215 kg 4 x @ 100 mm
2 Table + Monitor + PC 1150 x 980 x 1350 104 4 x 26 kg 4 x @50 mm
3 Dynamic damping block 200 x 200 x 290 30 1x30kg -
4 Static damping block 180 x 180 x 160 37 1x 37 kg -
5 Pre-vacuum pump 427 x 250 x 290 26 1 x 26 kg -
Upgrades
1 Plinth + column + FIB column + GIS | 962 x 980 x 1851 972 4 x 243 kg 4 x 100 mm
6 EMO box (with FIB or GIS upgrade) 380 x 400 x 850 35 4 x 8,75 kg -
7 FIB/GIS electronics rack (with FIB 550 x 780 x 1025 120 4 x 30 kg -
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3. Description
Technical data

3.7.2.2. AURIGA® 60

1033

11

—_

Shown with 200 mm airlock
(80 mm airlock has no second table (6))
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3. Description

Technical data

No Description Si;sp(rgnxrln) We;g;ri,g(g) Disot; ill:c)):tdion Footprints
1 Plinth + column (without airlock) 822 x 975 x 2000 970 4 x242,5 kg 4 x @ 100 mm
2 Table + Monitor + PC 1150 x 980 x 1350 104 4 x 26 kg 4 x @50 mm
3 Dynamic damping block 200 x 200 x 290 30 1x30kg -

4 Static damping block 180 x 180 x 160 37 1 x 37 kg -
5 Pre-vacuum pump 427 x 250 x 290 26 1 x 26 kg -

With 200 mm airlock
1 Plinth + column 1700 x 975 x 2000 1005 4 x 251,25 kg 4 x @100 mm
6 Second table 1150 x 980 85 4 x 21,25 kg 4 X @50 mm
7 Static damper @ 80 16 1 x 16 kg -

8 Airlock pump 410 x 390 x 400 26 4x6,5kg -
9 Airlock controller 200 x 460 x 470 14 4x3,5kg -

Upgrades

1 Plinth + column + FIB column + GIS 822 x 975 x 2000 1020 4 x 255 kg 4 x @100 mm
(without airlock)

10 | EMO box (with FIB or GIS upgrade) 380 x 400 x 850 35 4 x 8,75 kg -

11 FIB/GIS electronics rack (with FIB 550 x 780 x 1033 120 4 x 30 kg -

or GIS upgrade)
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3. Description
Technical data

3.7.3. Installation requirements

Location requirements

Installation site Exclusively inside buildings

Room size AURIGA®:
Min3.5mx50mx2.3m(WxDXxH)

AURIGA® 60:
Min4.0mx6.0mx2.3m (WxDXxH)

Service area Min 0.75 m at each side

Installation category Il

Exhaust line An exhaust line is required to remove the
wate gas of the pre-vacuum pump and to
transmit it to the outside.

Electrical supplies

Nominal AC voltage 208 V - 230 V (x10%), 1/N (L2) / PE

Protection class |

Nominal frequency 50 - 60 Hz

Power consumption Max. 3.5 kVA, dependent on upgrade stage
and installed options

Current input Max. 16 A

Circuit breaker 25 A, switch off behaviour K on installation site

A special emergency-off circuit is available (part no. 340002-0167).

The EMO box is mandatory for the upgrade of FIB and/or GIS.

The EMO box should be mounted close to the system. Wiring that runs
outside the workstation should be laid and protected in appropriate cable
ducts or trays.

Moreover, it is recommended to protect the complete room by installing a
power switch next to the door of the room.

Ampere interrupting With EMO box At least 10000 A rms
capacity AIC
Protective ground The workstation must be connected via a separate protective ground.

An exclusive grounding connection to earth must be provided, i. e. the
grounding terminal must not be common to other electrical equipment.
A grounding wire AWG10 (5 m long) is delivered with the workstation.

Cross section > 4 mm?2

Ground resistance <0.1Q
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Technical data

Cooling water supply

Water flow rate

Min 1.5 I/min

Input pressure

0.2 - 0.3 MPa (2 - 3 bar)

Water temperature

18 - 22°C

Stability

0.5°C/10 min

Gas supplies

Nitrogen
Quality 4.6 with nitrogen content <99.996 %
Standard
Flow rate Without Pulse Vent:
Approx. 3 I/min for ventilation of specimen
chamber with chamber door open
With Pulse Vent:
Approx. 40 I/min for ventilation of specimen
chamber with chamber door open
Pressure Without Pulse Vent:

0.02 - 0.03 MPa (0.2 - 0.3 bar)

With Pulse Vent:
0.30 - 0.35 MPa (3.0 - 3.5 bar)

Compressed air

Flow rate Less than 1l/min
Pressure 0.6 - 0.8 MPa (6 - 8 bar)
Quality Oil-free
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3. Description
Technical data

Environmental requirements

Ambient Temperature Approx. 21°C +4°C
Stability 0.5°C/h
Relative humidity Less than 65 %
Altitude To guarantee an undisturbed operation, do not operate the workstation at

sites higher than 2000 m above sea level.

Pollution degree 2
According to EN 61010-1: Safety requirements for electrical equipment for
measurement, control, and laboratory use. Part 1: General requirements.

° IMPORTANT

l Also refer to the documents Product Specification AURIGA®/ AURIGA® 60 and Installation
Requirements AURIGA® / AURIGA® 60.
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3. Description

Options

i @

3.8. Options

There is a variety of further options available. For details please contact your local Carl Zeiss
NTS/SMT service engineer or sales representative.

3.8.1. Airlock

An airlock allows you to quickly transfer the specimen into the specimen chamber without break-
ing the system vacuum. Moreover, the use of an airlock minimises possible contamination of the
specimen chamber and reduces pumping times thus speeding up the specimen exchange
procedure.

Workstation Airlock Configuration

AURIGA® 80-mm One of these airlocks can be chosen.
100-mm

AURIGA® 60 80-mm One of these airlocks has to be chosen.
200-mm

For details on operation refer to the respective instruction manual.

3.9. Customer service

For customer service please contact your local Carl Zeiss NTS/SMT service engineer.
A list of Carl Zeiss NTS/SMT locations and authorised service partners can be found at:

http://www.smt.zeiss.com/nts

In case of questions regarding radiation protection please contact the Carl Zeiss Radiation Safety
Officer

Dr. Wolfgang Sold, Carl Zeiss AG, 73447 Oberkochen, Germany
phone: +49 (0) 7364 202951
e-mail: sold@zeiss.de

IMPORTANT

To maintain best possible performance of the workstation it is essential to perform pre-
ventive maintenance on aregular base.

Moreover, it is recommended that you conclude a service contract with your local Carl
Zeiss NTS/SMT service organisation or representative. This will ensure a continuous
trouble-free operation of the workstation.
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4. Transport and storage
Transport

4. Transport and storage

4.1. Transport

CAUTION
Crushing hazard while load is being lowered.
Maintain a safe distance. Do not walk or place your hands or feet under the load while it is

being lowered. Wear safety shoes and gloves.

CAUTION

Risk of damaging the workstation.

The workstation may only be transported in air-suspended vehicles. Moving parts must be
secured during transport to prevent them from slipping or tipping over.

Avoid rocking the crates back and forth.

Devices for transporting the workstation must be rated to handle its full weight and dimen-
sions. Note the weight information on the package and on the shipping document.

In order to avoid damage of the workstation by shock, the workstation has to be exclusively trans-
ported in air-suspended vehicles.
Temperature during transport has to be between +10° C and +70° C.

The workstation is delivered in two crates:

Microscope plinth Wrapped with recyclable polyethylene-foil and shipped in a reusable box

Dimensions and weight of box:
AURIGA®
1310 x 1060 x 2020 mm3 (W x D x H), appr. 1150 kg

AURIGA® 60
1422 x 1300 x 2390 mm3 (W x D x H), appr. 1450 kg

Microscope console Console, valve, damper, monitors, cables, pipes etc. are wrapped with
and accessories recyclable polyethylene-foil or packed in separate cartons and shipped
in a reusable box.

Dimensions and weight of box:
1450 x 1360 x 1180 mm?3 (W x D x H), appr. 400 kg

FIB Dimensions and weight of box:
960 x 720 x 1100 mm3 (W x D x H), appr. 180 kg

If required there are additional boxes for optional equipment.

Check that none of the items has been damaged during shipment.
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4. Transport and storage
Storage

4.2. Storage

The packed workstation has to be stored in a dry place.
Temperature during storage has to be between +10° C and +70° C.
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5. Installation

5. Installation

Unpacking, installation and first start-up are carried out by authorised Carl Zeiss NTS/SMT
service staff.
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6. Operation
Switching on the workstation

6. Operation
At aglance This chapter contains information about:

¢ Switching on the workstation

e Starting the SmartSEM® user interface

* Finding your way in the SmartSEM® user interface
* SEM operation (basic workstation)

* Electron beam deposition or etching (with GIS upgrade only)
e CrossBeam® operation (with FIB upgrade only)

¢ Using the help functions

* Closing the SmartSEM® user interface

* Switching off the workstation as a matter of routine
* Emergency off

* Switching off the workstation completely

6.1. Switching on the workstation

Preconditions:
¢ Workstation is in STANDBY mode

1 Press the green ON button (1) that is located
at the front of the plinth.

ON STANDBY OFF
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6. Operation
Starting the SmartSEM® user interface

6.2. Starting the SmartSEM® user interface

Preconditions:
* The workstation is switched on.
e The Windows® operating system has been loaded.

° IMPORTANT
l To receive the Windows® login data contact your Carl Zeiss NTS/SMT service engineer.

1 Double-click on the Zeiss SmartSEM icon.

Alternatively, select Start/Programs/Smart-
SEM/SmartSEM User Interface.

The EM Server opens, loading various drivers.

The function of the EM Server is to implement the ==
internal communication between the SmartSEM®
software and the hardware of the workstation.

Clear "S.d"gi. Options LJ Log File Size: 132 (KiloBytes) ETEJ About
Time | Message » =
@ 1557 11-01-2007  EM Server V05.02 May 2006
€ 15:57 11-01-2007 | Loading Master DLL
@ 1557 11-01-2007 : e
€ 1557 11-01-2007 Ini g VACUUM DLL
€ 15:57 11-01-2007 | Initialising EO DLL
& 1557 11-01-2007 | Initialising MODE DLL
© 1557 11-01-2007
€ 1557 11-01-2007
© 1557 11-01-2007 PO
& 1557 11-01-2007
© 1557 11-01-2007
€ 1557 11-01-2007 | Reading Database
@ 15:57 11-01-2007  Setting Column-chamber valve threshold from registry: value = 2e-005 mBar
15:57 11-01-2007  Setting Column-chamber valve threshold from registry: value = 2e-005 mBar
0 15:57 11-01-2007  Finished Reading Database
0 15:57 11-01-2007 | Notifying Master DLL Of Parameters Needed
€ 15:57 11-01-2007 | Initialising Parameter Manager = [
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6. Operation
Starting the SmartSEM® user interface

The EM Server Log On dialogue appears

2 Enter your user name and password. =
i icki = Welc SmantSEM
3 Confirm by clicking on OK. = €lcome to Smart m

User Name |] ‘ E
Password | } m

The SmartSEM® user interface opens.

= SmartSEM - [SYSTEM]

T RV o Detsdon Tvoe: portho) e Venpiitebibees

T ) o 2 0 O 0 B o il

SigndlA = . |Colector Bias = 380

— "~ [Sp- 1000
Signal Adust Inged LUT Mode
| Aute BC = 0N -

& Transparent

[@W’_w‘n* = C) Gamma
£ o
Contiast = 500%
2 @ B OUses

=

-, | conrse @ |vac: o |oun: ¢ |ET: ¢

| &EE M edaAIRANUOA M ASYHONEM Tmm -

The EM Server is minimised to a small element (icon) on the right side of the Windows® task bar.

The SmartSEM® software is ready to operate the workstation.

Instruction Manual AURIGA® series en0O4 65 of 182



6. Operation

Finding vour way in the SmartSEMP® user interface

6.3. Finding your way in the SmartSEM® user interface

6.3.1. Showing or hiding toolbars

Several toolbars such as user toolbar, status bar, and annotation bar are available for easy
access to the SmartSEM® functions.

1 Select View/Toolbars.
Alternatively, type <Ctrl+B>.

The Toolbar Views panel is shown.

Toolbar Views
Toolbars User Toolbar Tool Tips

User Toolbar [the main toolbar for the application] @ < Fiows Imasaeliat ey [ deleg)

Status Bar (shows tips and cumrent machine state] O Show (after a delay)
[CJHFP Status [hard front panel status) O Hide
Showing tooltips immediately can
[[] Thumbnails [store and retrieve images) help when leaming to use or
demonstrating the system.
Annatation Bar [for drawing and measuring on the image) The options above apply ONLY to

the user toolbar.

Mini Bar [quick access to common functions)
[ 8% Capture (for recording a series of images)

DockingPanel (allows docking of SEM panels)

If you wish to show a toolbar, tick the respective checkbox.
To change the tooltip features of the user toolbar, select the respective radio button on the
right hand side of the panel.

4  Confirm by clicking on OK.
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6. Operation
Finding your way in the SmartSEM® user interface

6.3.2. Showing or hiding the data zone

The data zone is a special group of annotation objects which are used to display current para-
meters. You can also include a p-marker to show the base magnification.

1 Select View/Data Zone/Show Data Zone from the menu.
A tick is shown to indicate that the function is activated.

Alternatively, type <Ctrl+D> to toggle the data zone.

100 Hm EHT = 10.00 kV Signal A = SE2 Date :26 Feb
— WD= 12mm Photo No. = 12 Time :16:43:18

2 F N =5 s

6.3.3. Showing a full screen image

To take advantage of the full monitor size to display the microscopic image, show a full screen
image.

1 Select View/Toggle Full Screen Image from the menu.
Alternatively, type <Shift + F3>.

To undo the function, type <Shift + F3>.

Instruction Manual AURIGA® series en0O4 67 of 182



6. Operation
Finding your way in the SmartSEM® user interface

6.3.4. Docking panels

It is possible to dock various panels onto the main window. The purpose of the docking panel is
to keep the area of the image completely clear, as the docking panel is outside the main window.

1 To show the docking panel select View/Tool-

bars from the menu.

2 Tick the Docking Panel checkbox. Toolbars
User Toalbar (the main toolbar for the application)

Status Bar [shows tips and current machine state)
[T HFP Status [hard front panel status)

[ Thumbnails (store and retrieve images)

Annotation Bar [for drawing and measuring on the image]

Mini Bar [quick access to common functions)

of recording a series of images)
I DockingPanel [allos docking of SEM panels)

\/

The docking panel is shown on the right hand side
of the image area.

1 vt gl 2

| PS8 W e Re ITANUC AN S VRN Emm

3 To move the docking panel to the left hand side, pick up the panel by clicking on the title bar
and drag it to the other side of image area.
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6. Operation
Finding vour way in the SmartSEM® user interface

4 To stick a control panel to the docking panel, click on the title bar of the control panel and drag
it to the docking panel.

The panel becomes integrated into the docking panel.

D —————————————————————————————————
0 ] 2/ 34 el S TS R - W e Wi

| Gw-.‘.l;\z W 3 |07 |

[ #E SR R IEANOC A S VEONEN EEm

You can stick several control panels to the dock-

ing panel.
5 To minimise a panel, click on the arrow
. . |Signal A = InLens l:olem_ Biaz = 300
button (1) in the title bar. SCEEE ) =
) Signal = 1,000
[Meing < >
Swm ) Input LUT Mode
{Auto BC = 0N o,
rw O Gamma
- 2] O Inverse
Contrast = 400%
& ) OUser
<
Gamma = 1.000
& () 3]
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6. Operation
Finding your way in the SmartSEM® user interface

6 To hide the docking panel untick the Docking Panel checkbox.

The docking panel is hidden.

no——h-m“mnmb

Edn@@ﬂﬂlﬂﬂﬂ AERRES oo N

Cone @ Ve o e 3¢ 10T 3|

E@E LI LR IO N DQQHMHYQ’E‘]@H

6.3.5. Opening the Panel Configuration Bar

1 Select Tools/Goto Panel from the menu.

Alternatively, click on the arrow button at the
side of the image area.

The Panel Configuration Bar opens showing an alphabeti-
cal list of functions.

2 To select a function, double-click on it. xa':';‘"“""“"
mmsmh
CZ BSD Calibration
Calibrate Stage Centre

Specimen Current Monite
Stage Horizontal Alignmier
Stage Limits

o

Stage vector 2= 00 %
4] I} 7]

Chans vackre T NN%

Stage Points List |
st90e Reaistered nmﬂu
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6. Operation

SEM operation (basic workstation)

6.4. SEM operation (basic workstation)

6.4.1. Obtaining a first image

The following section summarises basic sequences to quickly obtain an image using the SE2 de-
tector. To simplify the procedure, the method described mainly uses SEM Control panel and sta-
tus bar functions.

Preconditions:

SmartSEM® has been started and is ready to control the workstation.

Parts required

No.

Allen wrench, 1.5 mm

delivered with the workstation

Stub

delivered with the workstation

Tweezers for specimen

delivered with the workstation

Specimen holder

delivered with the workstation

If necessary: carbon tape, conductive carbon, adhesive metal tape or
similar

Appropriate specimen (with conducting properties e.g. gold on car-
bon)

Lint-free gloves

At a glance The complete sequence includes:

Preparing the sample holder

Loading the specimen chamber via chamber door

Alternatively:
Loading the specimen chamber via airlock (optional)

Locating the specimen
Switching on the gun
Switching on the EHT
Generating an image
Optimising the image

Saving the image
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SEM operation (basic workstation)

6.4.1.1. Preparing the sample holder

° IMPORTANT

l Contamination caused by fingerprints can lead to vacuum deterioration or prolonged

pumping times. Always wear lint-free gloves when touching specimen, sample holder or
stage.

1 Attach the specimen to the stub by using con-
ductive carbon, adhesive metal or carbon tape
etc.

Ensure that the specimen area to be analysed
is in proper contact with the stub.

2 Use the tweezers to insert the stub into the
sample holder.

3 Properly fix the stub to the sample holder.
Use the Allen wrench to tighten the location
screw.
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6.4.1.2. Loading the specimen chamber via chamber door

1 Click on the ChamberScope icon in the
toolbar.

|{ChamberScape/Detectar Cantral |

A TV view inside the specimen chamber is shown.

&5 SmartSEM - [SYSTEM]
File Edit Wiew Beam Detection Image Scanning Stage Wacuum  Tools Help

TLEPPECEI R LTI T O B

il riFr L

7 Ready. ; | Fineo‘\lac: \/|Gun:\/‘EHT:)(

*

58 MY sEloNaIFENLOD lm S

CAUTION

Risk of damaging the objective lens and/or your specimen
Ensure not to hit the objective lens while driving the stage. Change to TV mode to observe
the moving stage.

2 Select Tools/Goto Control Panel from the
menu.

The SEM Control panel opens.
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3 Go to the Vacuum tab.

4  Click on the Vent button to ventilate the scM ool g
specimen chamber. Gun Apertures Stage
D etectors Scanning Yacuum

|S_I,lstem Yacuum = 6.04e-006 mbar

|Gun Yacuum = 4.982-010 mbar

IWent inhibit = Mone

\ac Status = Feady

Calumn Chamber valve = Open

EHT Wac ready = Yes

|E|:|Iumn pumping = Ready

[ ]Partial Went on Standby

A message appears asking: 'Are you sure you
want to vent?’.

5 Confirm by clicking on Yes.

The specimen chamber is filled with gaseous
nitrogen.

CAUTION
A Suffocation hazard due to lack of oxygen, since the specimen chamber is ventilated with
nitrogen.
After the specimen exchange, keep the chamber door open as short as possible.
Avoid inhaling the air from within the specimen chamber.
Ensure the area around the workstation is sufficiently ventilated.
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SEM operation (basic workstation)

6 Slowly open the chamber door.

IMPORTANT

Contamination caused by fingerprints can lead to vacuum deterioration or prolonged
pumping times.

Always wear lint-free gloves when touching specimen, sample holder or stage. Keep the
chamber door open as short as possible.

i @

All sample holders are equipped with a dovetail so
that the position of the sample holder is exactly
defined.

7 Mount the sample holder:

a Ensure that you place the dovetail in the
correct orientation onto the holding device
on the specimen stage.

b Make sure that the flat side of the dovetail
of the sample holder is flush with the
milled edge of the stage.

8 Look into the specimen chamber to ensure
that the specimen cannot hit any components
when it is introduced into the specimen cham-
ber.

CAUTION
Pinch hazard when closing the chamber door.
{ d Ensure not to get your fingers caught in the chamber door gap.
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SEM operation (basic workstation)

9 Carefully close the chamber door.

10 Click on the Pump button in the SEM
Control panel.

The vacuum status messages show the current
vacuum levels achieved.

SEM Control e
| Gun || Apertures || Stage
| Detectors | Scanning | acuum

ISystem Wacuum = 4. 90e-006 mbar

IGun Yacuum = 4.87e-010 mbar

[Went inhibit = Nore

|‘-.r"an: Statuz = At Air

|I:|:|Iumn Chamber valve = Clozed

IEHT Yac ready ="'es

IEu:ulumn pumping = Ready

[ ]Partial Yent on Standby
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SEM operation (basic workstation)

6.4.1.3. Loading the specimen chamber via airlock

An airlock is

» optional with AURIGA®
 standard with AURIGA® 60
Several airlocks are available.

For details on the operation of the airlock refer to the respective instruction manual.
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6.4.1.4. Locating the specimen

1 In TV mode (ChamberScope), look into the specimen chamber.

= SmartSEM - [SYSTEM]
Fle Edit View Beam Detection Image Scanning Stage Vacuum Tools Help

(al (20] 30 o] 30| BH] - i 60 e 5l P B 0 B 00 3%

7 Ready. - | Fine @ ‘Vﬂc: \/‘Gun: \/|EHT: »

| S MESEA VR DI FAENEQ 2 g <

CAUTION

Risk of damaging the objective lens and/or your specimen.
Ensure not to hitthe objective lens while driving the stage. Change to TV mode to observe
the moving stage.

2 Move the specimen by using the dual joystick (optional) or by calling the Soft Joystick via
Tools/Goto Panel/Soft Joystick.

3 Carefully move the specimen closer to the objective lens.
The distance between objective lens and specimen surface should be less than about
10 mm.
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6.4.1.5. Switching on the electron gun

1 Inthe Vacuum tab:

Check that EHT Vac ready=Yes is indicated. contial AR
| Gun | Apertures | Stage
| Detectors | Scanning | Wacuum

IS_I,Istem Wacuurn = 4.90e-006 mbar

IGun Wacuum = 4.87e-010 mbar

[\ertt inkibit = Nore

I"v"ac Status = Ak Air

IEnIumn Charnber valve = Clozed

EHT “ac ready = “Fes

IEnIumn pumping = Ready

[ ]Partial Went an Standby

2 Click on the Gun button in the status bar.
3 Select Gun On from the pop-up menu.

The gun is being run up.

4, Coarse @ |\.Fac: v |Gun: ¥ EHT: ¥
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6.4.1.6. Switching on the EHT

'EHT’ stands for acceleration voltage. This voltage has to be applied to the gun in order to make

it emit electrons.

1 Watch the vacuum status messages on the
Vacuum tab of the SEM Control panel.

When the required vacuum has been reached you
will see the message 'Vac Status = Ready’.

2 Go to the Gun tab.

3 Set the acceleration voltage:
a Double-click in the EHT= field.

b Enter the desired acceleration voltage in
the EHT Target field, e.g. 10 kV.
¢ Confirm by clicking on OK.

Gun Apertures Stage
Detectars Scanning Wacuurm

|S_I,Istem Wacuum = 5.04e-006 mbar

|\Gun Yacuum = 4.98e-010 mbar

Ient inhibit = Mone
P e ——

Yac Statuz = Ready

|Calurn Chamber valve = Open

[EHT Wac ready = Yes

|E|:|Iumn pumping = Feady

[ ]Partial Went an Standby

Detectors Scanning Y acuum
Gun | Apertures Stage

/\

Exfractort = 4.72 ky

Exfractor | = 159,70 pé

Fill = 2370 4

Beam State = EHT OFf [v]
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SEM operation (basic workstation)

4 Switch on the EHT:
a Click on the EHT button in the status bar.

b Select EHT On from the pop-up menu.

The EHT is running up to 10 kV.

The status bar buttons are merged, and the All:
button appears.

Now, the electron beam is on.

<]
Extractor V Target

(st

Start™

Vent

EHT Taiget = Shutdown Gun
&) EHT On

J Coarse |‘Vac:s/ |G|.m:\/]EHT: 5 g

MB:WD= 10 mm | Coarse.‘ Ail:\/‘
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SEM operation (basic workstation)

6.4.1.7. Generating an image

1 Go tothe Detectors tab.

[ELn Apertures Stage
2 Select SE2 from the Detectors drop-down Dietectars Scanning Y
list. Detectars

It is recommended that you select the SE2 signal A =5E2 | .E':'."E':t':" Bias = 3':':'

detector to obtain the first image, as this de-

tector provides a good signal-to-noise ratio sl e = liilzne

. . Signal = 1.000
even at large working distances. [Mising
Signal Adjust [rput LUT bode
Auta BC = OFf ™
— (%) Tranzparent
Brightness = 46,7 % () Gamma
< £
s v 3 Inverse
Contrast = 296 %
i _— [dzer
Gamma = 1.000
<] [
3 Gotothe Scanning tab.
9 [Eun Apertures Stage
Select a fast scan speed, e.g. Detectars Scanning Y-

Scan Speed = 1 from the drop-down list.

Operating Maode = Marmal

Store resolution = 1024 * 768 ™
The lower the scan speed number, the faster =

the scan of the specimen by the electron ) —
beam. Scan Speed = 1 allows you to get an [ Line Scan Scan speed =1 |

image quickly.
C5pat Cycle Time = 122.00 ms

[]Dual Mag Zoom factor = 2.000

Maize Beductian

Freeze on = Cammand ™
Moize Aeduction = Frame Auwg ™
H=1

4] o]
[ Scan + ] [ Freeze ] [ Scan -
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SEM operation (basic workstation)

4 Set a low magnification e.g. Mag = 500 x:
a Click on the Magnification/Focus icon in
the toolbar.

b Press the left mouse button and drag the
mouse to adjust the magnification of
500 x.

The current magnification is indicated in the
status bar.

5 Set the focus:
a Press the middle mouse button and drag
the mouse to focus.

The current working distance (WD) is indicated in
the status bar.

6 Adjust contrast and brightness.
a Go tothe Detectors tab.
b Usethe Brightness and Contrast sliders.
Select a detail on the specimen surface.
Focus the detail.
Adjust contrast and brightness again.

|Magnification+FecusIAutn Focus+

LB: Mag = 500 X | MB: WD = 10.2 mm

LB: Mag = 500 X | MB: WD = 10.2 mm

[Gun Apertures Stage
Detectars Scanhing W acLum
Detectors
Signald = SE2 |+ || Collector Bias = 300
— [ E3
Signal B = InLens
Signal = 1.000
[ IHixing
Signal Adjust [rput LUT Mode
Auto BT = 0 ]
— {(®) Transparent

Erightness = 46,7 % () Gamma
= -
— e ) Inwverze
Contrast = 29.6 % O User
Gamma = 1.000
<] E3
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6.4.1.8. Optimising the image

1 Set Coarse by toggling the Coarse/Fine
button in the status bar. MB: WD= 10 mm ‘ Coarse @ ‘ All: ‘

2 Step by step, set a high magnification,
e.g. Mag 50.000 x.
Focus in between.

When selecting high magnifications it is
recommended that you move the specimen

by using the beamshift function instead of driving
the stage.

3 Use the Beam shift function:
a Go tothe Apertures tab.
b Click on the Beam Shift button.
c Use the slider or the red marker to shift the Mag / Focus || Aperture Align

beam. Aperture Align

1

Gun Align =

Stigmation

Beamshit || [u]  [>[0]
[CJHigh Current

]

4 Click on the Reduced Raster icon. F‘l _—
il 155 B o-
&L@ it AT

{Reduced RasterfApertures|
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SEM operation (basic workstation)

A small scan frame is shown.
The image outside the scan frame is frozen. Size and position of the scan frame can be

changed by dragging and dropping.

= SmartSEM - [SYSTEM]

File Edk View Beam Detection Image Scanning Stage Vacuum Tools Help

B i Q] 2 3

@@@0300?‘,‘@@“_3

JSEM Control 2

_ Detectors | Scanning | Vaoum
G | Apetues [ Sigge
Aperture Size
(130,00 ym - Standard [v]
[CIFocus Wobble

|WohHeArnpﬁude- w2z

Dl ke

| Mag 2 Focus | | Stomation
Apeitute Align 2]
Gun Align |
[stomaten ] vl
Beamshit | |< el [=iol
"1 High Currert
5 Focus the image in the reduced raster.
6 Align the aperture: | Detectors S canhit Wacuum
a Inthe Apertures tab, tick the Focus Gun Apertures STE—
Wobble checkbox. Aperture Size
The Focus Wobble is a function that sweeps the | (113000 pm - Standard M

focus of the objective lens backwards and forwards
through the focus on the specimen plane. If the

aperture is slightly misaligned, a lateral shift can be ['wobble Fast

Focus "Wobble

observed. :
“Wabble Amplitude = 41.2 %
Intensity of wobble can be adjusted by using | [
the Wobble Amplitude scroll bar.
Wobble speed can be accelerated by ticking [|Beam Blanked Emizsion

the Wobble Fast checkbox.

=
]
ra
e
yl
fu]
fi]
f
“

Aperture Align

b Click on the Aperture Align button.

R
Use the left and right slider of the Aperture ‘ o

Align box until there is no movement of the
. . . Gun Align o
detail in X- and Y- direction.

The specimen detail should just be

pulsating without shifting.
BeamShitt | €] [w]  [20]

¢ Untick the Focus Wobble checkbox. [ ]High Current

1
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6. Operation
SEM operation (basic workstation)

7 Inthe Scanning tab, set Scan Speed = 7.

8 Bring the image into focus.

Toggle to Fine in the status bar.
Use Coarse and Fine mode of adjustment ~ MB: Contrast = 50.0 % ‘ Fine O ‘ All: |
where appropriate.

10 Correct astigmatism:
a Select adetail (e.g. a mark or an edge) on
the specimen surface.
b Click on the Reduced Raster icon.
Ensure the selected detail is in the raster.

artSEM - [SYSTEM]

file Edt View Beam Detection Image Scanning Stage Vacuum Tools Help

R i 2] 3] ] o B oo S T )

SEM Control Iey)

Gun | Apetwes |  Stage
Detectors Seanning | Vacuum
(Operating Mode = Reduced ‘:(J
Stare resolution = 1024 * 768 [v]

Scan Speed=7 !Z|

[JSpat Cyecle Time = 1.3 Secs

[JDual Mag ’mefm= 2000

| - Moise Reduction
Freeze on = End Frame .ZJ
Noise Reduction = Pivel Avg. _\:_]

|Scanv] IFgel |Scen]

-

EHT =10.00 kV Signal A = SE2 Date :19 Fel
WD= 4mm Photo No. = 137 Time :11:11

| B:mag = s6.47kx ME:WD= 4mm | Fine @ | Ak |

AR ITANLOR A A SYH

x

86 of 182 Instruction Manual AURIGA® series en0O4



6. Operation
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¢ Inthe Apertures tab:

_ ) ) Detectors Scanning W acuum
Click on the Stigmation button. Gun Apertures T
Aperture Size
[1]30.00 pm - Standard ¥ |
[ ]Focus Wobble

d Inthe Stigmation box, use the arrow but-
tons or the left and right slider to obtain the ‘W':'bble Amplitude = 41.2 %

sharpest possible image.
[ ]Beam Blanked
I bag / Focus I Stigmation
:
G
w

Beam Shitt | € » 0]

[ ]High Current

11 Deactivate the reduced raster.
12 In order to reduce image noise, select a
slower scan speed, e.g. scan speed 6 to 8.
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SEM operation (basic workstation)

6.4.1.9. Saving the image

1 Stop the scan:
a Go tothe Scanning tab.

(ETW Y] Apertures Stage
Detectors Scanning | W acLum
Operating Mode = Reduced [v]
Store regolution = 1024 * 73 [v]

Scan Speed =7 [v]

C5pat |Cycle Time = 574.00 ms
b Inthe Noise Reduction section, select []0ual Mag Zivem Jseiar = 200
Freeze on = End Frame from the drop-
down menu oize Feduction
¢ Click on the Freeze button. Freeze on = End Frame [v]

Moize Reduction = Frame Avg

M=1
& ] /b]

\[ Scah + ] [ Freeze ] [ﬁan- ]

A red dot at the right bottom of the image area
indicates that the image is frozen.

2 Select File/Save Image from the menu.

\Export TIFF [C:\Program Files\Carl Zeiss SMT Ltd\SmartSEM\images ]

Gold on carbon0.tif Filename
Gold on carboni tif T
Gold on carbon2.tif | Gold on carbon Nest |3
Format Maw 30 Chars v| Digits 1 ‘v‘
Merge
Annatation
[[] Colour Merge
User Text
Slou ] [3)
Save (File)3.tif )

3 Enter a path and a file name.
4 Confirm by clicking on the Save....tif button.
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To continue imaging, unfreeze the image by

selecting Image/Unfreeze from the menu.
Beam Detection Scanning Stage Yacuum

—_— Moise Reduction, ..

Unfreeze [
Image Processing... Ctrl+R
Dual Channel

Copy To »
Copy From 4

gy
.|
P

Delete all buffers

| Gun fpertures | Stage

Scannin
Alternatively, you can click on the Unfreeze but- Relscios ? iacn
ton in the Scanning tab. |Dperating tode = Marmal M
|St|:|re rezolution = 1024 * 763 M

[]Line Scan |S|:an Speed=7 M

[15pat |Cycle Time =5.1 Secs

[ ]Dual Mag Zoom factor = 2.000

MHoize Reduction

|Freeze on = End Frame M

|N|:|ise Reduction = Frame Avg M

M=1
Llﬂ] (]
[ Scan + [ Scan - ]
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6.4.1.10. Finishing the work session

To finish your work session, switch off the EHT:
a Click on the All: button in the status bar.

| Noise Reduction =

b Select EHT Off from the pop-up menu. Starth

Shutdown Gun
"“ EHT Off

It is recommended that you leave the gun on
during the working week. This should help to

optimise lifetime of the cathode. 9
Left Click to execute

% | MB: Contrast= 50.0% | Fine
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SEM operation (basic workstation)

6.4.2. Setting detection parameters

6.4.2.1. Selecting a detector

1 Go to the Detectors tab of the SEM Control
panel.

2 Select the detector from the Detectors drop-
down menu.

| SEM Control 2 )]
Gun Apertures Stage
Detectors Scanning Yacuum
Detectors

Collector Bias = 300V
4

Signal A = SE2 v

InLens

ESB

[IMixing

The following table should serve as a help to find the required settings for your application.

Detectors EHT Tyvr\)/llgal Detector settings Remarks
In-lens 3kV-20kVv 3-6mm None
100V -3 kv 2-3mm
100V max. 4 mm
SE2 1-30kV min. 4 mm Collector voltage (= bias) adjustable Select the settings as
from -250 V to + 400 V described in section 6.4.2.2.
1kV-5kv 4-6mm
. Standard applications: +300 V
kV - 30 kV . .
5 30 min. 6 mm Pseudo BSE image: -150to 0 V
EsB® 1kv-5kv max. 4 mm | EsB grid adjustable from 0 to +1500 V Select the settings as
described in section 6.4.2.3.
100V -1 kv 1-2mm Value depends on type of electrons to be
detected:
less than approx. 800 V: SE + BSE
more than approx. 800 V: BSE
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6.4.2.2. Using the SE2 detector

1 Select the SE2 detector.
: . | SEM Control 2

2 Set the collector bias (voltage) in the Detec- —
tors tab of the SEM Control panel.

Gun | Apertures Stage
Detectors | Scanning Vacuum
Detectors

LColleclm Bias= 300V
<)

SignalA=SE2  [v]
InLens
[IMixing
ESB
6.4.2.3. Using the EsB® detector (optional)
1 Select the EsB® detector. (SEmConia ]
. . on A
2 Setthe EsB Grid voltage in the Detectors tab et
of the SEM Control panel. Gun | Apertures Stage
. Scanning | Vacuum
Detectors
lESB Grid= 34V
4| »]
Signal A=ESB ||
Signal B = InLens [] Mixing
Signal = 1.000
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6. Operation

Electron beam deposition or etching (with GIS upgrade only)

6.5. Electron beam deposition or etching (with GIS upgrade only)

Requires a gas injection system (GIS).

Depositing and etching with the electron is a suitable method for materials that cannot be pro-
cessed with the focused ion beam, e.g. quartz masks.
Another advantage is, that there is no impairment of surfaces (i.e. no generation of amorphous

layers).
Precursor/gas Application
Insulator, SiO, Deposition
Platinum, Pt Deposition
Water Etching of material that contains carbon e.g. diamond like carbon layers (DLC)

(reactive products)

Fluorine, XeF,

Etching of Si-containing materials

Tungsten, W

Deposition
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Electron beam deposition or etching (with GIS upgrade only)

6.5.1. Heating the reservoirs

The reservoirs - except for the fluorine precursor (XeF,) - are heated in order to liberate the proc-
ess gases from the precursor substances and to improve their reactivity.

The fluorine precursor (XeF,) is never heated, but cooled, because this substance is volatile at
room temperature.

Procedure:
1 Open the Panel Configuration Bar.
2 Double-click on Gas Injection System.

The Gas Injection System panel opens.

as Injection System 1]
Gas Control
Open - Temperature Contral -

Valve Target T[]
1 | Inzulator O 280°C

pe e oir | Capillary T['C]
249°C 3557 Outgas...

=

2 Water F] 200°C 216°C 320 Outgas...
3 Fluorine O 20°C 22°C 23471 Outgas...
4 | Platinum F g0.0°C 801 °C 31,7 Outgas...
& [Tungsten ] |reoc 72T 99" o
Mozzle 100.0°c 537 Bakeaut...

Rezervoir Usage ...

Microstage Contral

E [E Z-dis ¥ = -25.00 mm Initilised

¢ s _GIS Stage Step = 1.DDD i
(v] @ = 3] z=[2474mm [ GIS Safe It

s GlS Location = Parked Idle Store 7 recall...

R

3 Click on the Reservoir checkbox of the precursor you wish to work with.
The Capillary checkbox is ticked automatically.

It is recommended that the heating remains switched on all the time to ensure stable conditions,
because it can last some time until the optimum working temperature is achieved.

The temperature should be adjusted in a way, that - when opening the respective reservoir valve
- the system vacuum is about 1 - 2 x 10"° mbar.
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Electron beam deposition or etching (with GIS upgrade only)

6.5.2. Depositing or etching with the electron beam

CAUTION
Danger of damaging GIS micro stage or specimen.

Make sure to position the specimen surface at a safe working distance.

Procedure
1 Open the Panel Configuration Bar.
2 Double-click on E-Beam Deposition and Etch.

The E-Beam Deposition and Etch panel opens.

A deposition object is shown in the image area.

3 Resize the deposition object to the appropriate size.

4 Select the required precursor.

Set a Gas Wait Time.

Set a Total Duration Time.
Set a Scan Rate.

Click on Start.

0 N o O

Adjust the rectangle on the image. That is where deposition
of etching will take place.

Select GIS Channel

) Insulator GIS Location = Unknown
O Water
O Fluorine
O Platinum Gas wait time (5] | 20
() Tungsten

Suggested total duration [s] 10.0

Suggested Scan Rate Auto an |
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CrossBeam

® operation (with FIB upgrade only)

6.6. CrossBeam® operation (with FIB upgrade only)

Requires FIB column.

It is assumed that the operator is already familiar with general functions of SmartSEM® and the
operation of the FESEM.

IMPORTANT
For general information about SmartSEM® refer to the Software Manual SmartSEM®.

6.6.1. Preparing the workstation

Before you can make use of the CrossBeam® functions, you have to prepare the workstation.

At aglance The complete sequence includes:
¢ (Getting started
* Adjusting tilt eucentricity
¢ Switching on the ion beam (FIB)
* Setting the coincidence point
6.6.1.1. Getting started
1 Switch on the workstation.
2 Start the SmartSEM® user interface and log in.
3 Initialise the specimen stage.
4 Load the specimen chamber with an appropriate specimen.
5 Evacuate the specimen chamber.
6 Switch on the SEM:
a Switch on the gun.
b  Switch on the EHT.
7 Ensure the Specimen Current Monitor is
switched off:
a Select Tools/Goto Panel from the menu.
b Double-click on Specimen Current I
Monitor. |
¢ Untick the SCM On checkbox.
|SCM Status = Off
This ensures that the touch alarm function is
active. []sCM On [ISpat
8 Bring the image into focus.
How to Continue with adjusting the tilt eucentricity.
continue
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6. Operation
CrossBeam® operation (with FIB upgrade only)

6.6.1.2. Adjusting tilt eucentricity

Before you can start imaging or milling, it might be necessary to adjust tilt eucentricity. By adjust-
ing the eucentricity, the specimen surface is moved into the tilting plane of the super-eucentric
stage. That is why the image does not shift out of the screen when the stage is tilted.

CAUTION

Danger of damaging objective lens or specimen if the specimen is too close to the objec-
tive lens.

Since the eucentricity is adjusted by using the M-axis, the working distance will be
changed during the eucentricity setup.

Ensure the working distance is 10 mm or more.

1 Open the Panel Configuration Bar.
2 Double-click on FIB Daily Adjust.

The FIB Daily Adjust panel opens.

3 Tick the Crosshairs checkbox to show the Daily Adjustments
. For best results each of these task should
crosshairs. be completed daily. You can also use the
.. . . Eucentiic axis and coinicidence settings
4 Center a characteristic feature in the middle of whenever you move to a sample area with

ie. i i . different height.
the screen (i.e. in the middle of the crosshairs). R

Click on a task to begin:

Opetation Last Completed:
5 Click on Eucentric Axis. " 711
6

Click on Start.
_Coincidence 2711,
7 Follow the instructions in the wizard.

To re-centre the feature, use the Centre feature These tasks help ensure a good quality
) beam shape. You need to select which
function (<Ctrl+Tab>) or change X/Y. probe currents you want to align.
Never
To change the tilt degree of the stage: r Never
a Go tothe Stage tab of the SEM Control Never
panel.

b Inthe Go To T(ilt) field, enter the
required degree.

Control

I Mark ] ’ Init Aperture ]

Crosshairs [[ Reduced

How to Continue with switching on the ion beam (FIB).
continue
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6.6.1.3. Switching on the ion beam (FIB)

1 Go to the FIB tab of the FIB Control panel.
2 Ensure the FIB Gun Pressure is better than FIB | Shape] Mil_| Batch | GiS._|[Alan | Optins
5 x 10" mbar. Giun State, Emission current, Saurce Lifetime
[_on_JGunisOFF
01pt  |[524.78 pah
[Dinblank F1B] BLANKED
Gun alve

Gunalye iz Clozed

—
|FIE Gun Pressure = 5.108-008 mbar >
e

Aperture Statuz

Init &perture | 112 Initizlised

CAUTION

Danger of arcing. Danger of damaging the ion source.
Before switching on the ion beam, ensure the FIB gun pressure is better than 5x10°" mbar.

3 Check the current status of the system

(= 'SEM Control

vacuum.
To be able to switch on the ion beam, the G z Ape'w'?s i Blage
Detectors | Seanning | Vacuum
system vacuum has to be 5 x 10" mbar or
better |System Vacuum = 1.94e-006 mBar
|Gun Vacuur = 2.46-010 mBar
[\ent inhibit = None
[Vac Status = Ready
4  Click on the FIB icon. = | T
| tem: 0%
FIB | Milt: Off
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The FIB tab of the FIB Control panel opens.

IB Control =

FIE |Shape kil Batch | GIS Align || Options

Gun State, Emizzion current, Source Lifetime

On Guniz OFF

01ps 2478 pah

Unblank FIB | ELAMEED

Gun Yalve
Gun Yalve iz Cloged

|FIE Gun Pressure = 8102010 mbar

Aperture Statuz

It Apeture | 1l

|FIB EHT = 0.00 kY
FIE EHT Target = 30.00 kY

FIB Extr. Target = -7.74 kW
4] (] =

|FIB Suppreszor Target = -A00Y

FIB Emizzion Target = 2.0 pa
4] | [

[] FIE &wta Heating

IMPORTANT

Do not change the FIB Extr. Target value.
Changing this value would require a complete adjustment of the FIB probe currents.

i @

1 1 Aperture tatus
5 Ensure the Regulate checkbox is ticked. (i patac) 9 N
This guarantees a stable emission current. [FIB EHT = D.00KY

The emission is automatically regulated by chang- FI EHT Target = 30.00 kY

ing the FIB Suppressor Target which can have
values between -2000 V and 0 V. LFJB] ExtrTarget = 7.14 k¥

|FIB Suppressor Target = -500%

] [k

LFIB Emizsion Target= 2.0 p
[

[] FIB &uta Heating
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IMPORTANT
o From time to time, the gallium emitter has to be regenerated by heating. The heating pro-
l cedure removes the gallium oxide which has been created during operation or during
longer breaks.

In general, it is recommended that you activate the automatic heating function. This will ensure
that the ion source is heated automatically if required.

6 Regenerate the ion source:

Heating a Tick the FIB Auto Heating checkbox. Aperture Status
automatically (i Apertac) 42

|FIE EHT = 0.00 kY
|FIB EHT Target = 30.00 kv

‘FIB Extr. Target = -7.14 kv
4

‘FIB Suppreszor Target = -500%

FIB Emizsion Target = 2.0 pA
4

»
] FIE uta Heating

CAUTION

Risk of instabilizing the ion source due to incessant automatic heating.
To ensure optimum operation, the ion source must be heated manually at regular
intervals.

The manual heating will be required after having performed the Auto Heating for about 5 times,
i.e. about every 2 - 3 weeks. However, this interval is dependend on the usage of the workstation.
All Auto Heating cycles are listed in the log file of the EM Server.

Heating a Checkthe number of Auto Heating cycles in
manually the EM Server.
b After every fifth Auto Heating cycle heat
manually.
Refer to section 7.2.2.2. regenerating the
ion source by heating manually.
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7 Initialise the FIB apertures:
Click on Init Aperture.

The aperture initialisation may require several
seconds.

8 To switch on the ion beam, click on On.

The FIB Gun is ramping up.
The gun valve is opened automatically.

Gun alve

Aperture Statuzs

Gun Valve is Clozed

|FIB Gun Pressure = 8.108-010 mbar

|FIE EHT = 0.00 kY
|FIB EHT Target = 30.00 kv

FIB Extr.Target = -7.14 kW
<] ] [

|FIB Suppressor Target = -500%

FIB Emigsion Target = 2.0 pa

FIE |Shape Bill Batch | GIS Align | Dptions

=

4] [ | (%]
Requlate 3

Gy igh current, Source Lifetime

mmt 24.78 pih
Unblank FIE | BLANKED
Gun alve

Gun Yalve iz Closed

Aperture Statuz

Init &perture | 112 Initialised

|FIE EHT = D.00 kY
|FIB EHT Targst = 30.00 kv

|FIE Gun Pressure = 5.10e-008 mbar

FIB Extr.Target =-7.14 ki
< | [

|FIB Suppressor Target = -500%

FIB Emiszion Target = 2.0 pA
4 I 3]

Fegulate FIB Auto Heating
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How to
continue

Below the Off button, the emission current is
shown.

The emission current should be about 2 pA.

The background of the button can have several
colours.

Green background:

The emission current equals the target (+/- 0.1 pA).

Yellow background:
The emission current differs from the target by
more than 0.1 pA.

Red background:
The suppressor voltage has almost reached its
limit.

IMPORTANT

If you intend to deposit platinum with the optional GIS, you should start heating the plati-

num precursor now.
Refer to section 6.6.4.1.

Continue with setting the coincidence point.

FIB Control

FIB Shape | Mil

Gun State, Emizsion curment, Source Lifetime

[ o |[GunisON

SIAT 526 0 ik

(BRI BLANKED

Gun Yalve

Close

Gun Valve is Open

Batch | GIS Align | Options

|FIB Gun Pressure = 5.10e-003 mbar

Aperture Status

Initialised

|FIB EHT = 30.00 kv

|FIE EHT Target = 30,00 k¥

|FIE Extr. Target =-7.14 kv
e

|FIE Suppressar Target = -245%
=

‘FIE Emission Target = 2.0 pd,
o

Fegulate FIB &uta Heating
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6.6.1.4. Setting the coincidence point

Before you can start imaging or milling, you have to align the specimen to the coincidence point.

The coincidence point is the crossing point of electron beam and ion beam. Only if a specimen
feature is located in the coincidence point, it can be imaged simultaneously as well in SEM mode
as in FIB mode.

Position the feature of interest under the SEM.
Make sure the eucentricity is setup.

Set a WD of 5 mm.

Go to SEM view.

In SEM view, centre the feature.

Open the Panel Configuation Bar.
Double-click on FIB Daily Adjust.

Tilt the stage to 54°.

0 N o Ok~ WODN P

The FIB Daily Adjust panel opens.

Daily Adjustments
For best results each of these task should

9 Click on Coincidence. be completed daily. You can also use the
. . . . Eucentric axis and coinicidence settings
10 Follow the instructions in the wizard. whenever you move to a sample area with
different height.
11 Click on Start. Click on a task to begin:

. . Operati Last Completed:
12 Centre the feature by using the centre point peren a5 e

. = buis|l N
function (<Ctrl + Tab>). e
13 Move Z .Iver

14 Repeat the procedure until the Finish button is

shown. These tasks help ensure a good quality
beam shape. You need to select which
probe currents you want to align.

Select Probes

Never
Never

Never

Now, the workstation is ready to apply the Cross-
Beam® functions.

IMPORTANT

In general, the magnifications of SEM image and FIB image are not identical.
If you wish both magnifications to be the same, you have to couple them together.

i @
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At aglance

6.6.2. Milling for depth

Milling stands for the local removal of surface material by means of the focused ion beam. Milling
for depth is a milling mode, which allows removing a given depth.

The complete sequence includes:
* Selecting milling conditions
e Starting the milling procedure

Preconditions:

* Electron beam has been switched on
* |on beam has been switched on

¢ Tilt eucentricity has been adjusted

* Specimen has been moved to the coincidence point

6.6.2.1. Selecting milling conditions

1 Select FIB mode from the drop-down list.

2 Select a milling object from the drop-down

¢ I ]| List: 0%
menu, e.g. Fine Rectangle. A A28 | ftem: 0%
I8 + | Min: off &

]  Alignment Mark
Fine Line

Fire Rectangle
Fine Trapezium
Auto Nav Marker
Coarse Line

Coarse Rectangle

DOIRDO |

Coarse Trapezium

Show Properties
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3 Click into the image area, where you wish to
place the milling object.
Hold the left mouse button and drag.

The milling object is displayed on the screen.

The green side of the milling object opposite the
red side accentuates the side, where the process
will start.

The red side accentuates the side, where the
process will end.

The Shape tab opens.
4  Enter the required parameters:
a Select Mill For Depth.

b Set the size of the milling object:
Enter values for Width and Height.
Alternatively, click on the markers of the
milling object and drag.

¢ Set the position of the milling object:
Enter values for CentreX and CentreY.

Alternatively, select the milling object.
Click on the line between the markers and
displace the milling object.

d Define the step size between each milling
element: In the Inc Style drop-down list,
select Auto.

This setting is suitable for most applica-
tions.

FIB Control

X

Properties for: Fine Rectangle (0)

Shape Controlz

Property Name Property Value ||

Milling Mode Mill For Depth M|

Width (um) 15.00

Height (pm) 5.00

Center) (um) -0.00

CenterY (um) 0.00

Inc Style(nm/AUTO) Auto (75.000000) M

Slope (Degrees) 0

Depth 2

Mumber of Layers 3

Material Silicon [w]

Angle 0.0

Milling Current 30KV:2 nA [[ie]

Track WD No [w]
|

Milling List Contrals

[ Ster |[ Fip

| [&utaload | [ ClearList | [ 4dd |

[ﬂav Mark] [ﬁave Defl [ Load.. ] |Head.'r'

|DD:D1 13

[ Hide HSaveEom.H Save.. ]

Fieal-time FIB Scaling iz Enabled
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e Set the geometrical slope to be milled:

At Slope (Degrees) enter 0.
f Setthe Depth in um.
This defines how deep the milling should go

at the lamella edges.

g Setthe Number of Layers.

The number of layers determines how often

a milling element is milled.

h Select material data from the Material

drop-down list.
The material data can be edited via the FIB

Materials Editor.
i Select the Angle 0.

j  Setthe Milling Current depending on your
application and the size of your milling ob-

FIB Control x

FIB | Shape | il

Batch || GIS Align

Optionz

Properties for: Fine Rectangle (0)

Shape Controls

Property Name Property Value

Milling Mode Mill For Depth ||
Width (prm) 15.00

Height {pm) 5.00

CenterX (um) -0.00

CenterY (um) 0.00

Inc Style(nm/AUTO) Auto (75.000000) (]
Slope (Degrees) 0

Depth 2

Mumber of Layers 3

Material Silicon (]
Angle 0.0

Milling Current 30KV:2 nA ™
Track WD No (]

Milling List Controls

[ step ][ Ein

][AutoLoad] [Elear L\st] [ Add ]

[bav Mark | [Save Det| [ Load. | [Feady

|DD.D1 13

[ Hide ][Savetom.][ Save. ]

Realtime FIB Secaling iz Enabled

ject:
Examples
Application Size Recommended milling current
Coarse milling large e.g. 10 x 10 um?, 8 um deep 5-10nA
medium e.g. 5 x 5 pm?, 3 um deep 2nA
Medium polish - 100 - 500 pA
Fine polish - 10 - 50 pA
Lithography - 1-20pA

k Inthe Track WD drop-down list, select Yes or No.

If you select Yes, the working distance and the beam shift will be tracked while milling into

the depth.

° IMPORTANT

How to
continue

Continue with starting the milling procedure.

1 Track WD is only useful if the stage is tilted to 54°.
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6.6.2.2. Starting the milling procedure

1 Click on Clear List.

All previous milling objects are deleted from
the milling list. FIE | Shape |Mil | Batch | GIS [ #fign | Dptions
2 Click on Add. Properties for: Fine Rectangle (0)
- . . . Property Name Property Value |
The current milling object is - together with the Hiling Mode Wil For Depth M||
selected milling conditions - added to the Width (um) 15.00
milling list. Height (um) 5.00
Centerx (um) -0.00
CenterY (um) 0.00
Inc Style(nm/AUTO) Auto (75.000000) [v]
Slope (Degrees) 0
Depth 2
Mumber of Layers 3
Material Silicon [»]
. . . Angle 0.0
The time needed to process the object is shown Willing Current OKVETA o
under the Add button. Track WD No ]

Shape Controls Milling List Contrals
[ step J[ Fip ] [suwolofd] [Clearlist] [ add |

Ready |DD:D1 13

[ﬂav Mark] [ﬁave Def] [ Load..

[ Hide ][SaveCom.][ Save. ]

Feal-time FIB Scaling iz Enabled

3 Go to the Options tab.
4  Tick the When milling switch to Mill+SEM
mode... checkbox.

FIE Control B =

FIE Shape || Mil Batch | GIS Align |Dptions|

Manual Milling O ptions

Enable 'one-click' milling mode. This millz a
[ shape immediately upon adding it to the list on
the milling page.

F Allow creation of miling objects when in SEM mode [this
locks FIE and SEM magnification to the zame value)

Save atiff image after 'Interval’ elements has been milled.

0 Maote that number of layers should be 1 for this made to work
[humber of layers becomes non editable when thiz option is
enabled]

FIB 30 Interval = 1
&[] [

User Options

Enable realtime zcaling of the miling objects
when changing the magnification in FIB
mode.

Wwhen milling switch to Mil+SEM made
Ll
[othensise just switch to Mill mode]

On End Mil = SEM [v]

O Show warming when using two point
alighrent

[ GIS Auto Park.
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5 To start the milling, go to the Shape tab and

click on Mill. FIE | Shape |Mil | Bateh | GIS | Align | Options
Properties for: Fine Rectangle (0)

Property Name Property Value ||

Milling Mode Mill For Depth [l“

Width (pum) 15.00

Height (um) 5.00

Centerx (um) -0.00

CenterY (pm) 0.00

Inc Style(nm/AUTO) Auto (75.000000) [i]

Slope (Degrees) 0

Depth 2

Mumber of Layers 3

Material Silicon [v]

Angle 0.0

Milling Current 30KV:2 A [[ae]

Track WD No [+l
|

Shape Cantrals Hilling List Contrals

[_step |[ Fip | [4utoload] [ Clearlist] [ add |

[ﬂav Mark] [ﬁave Def] [ Load. ] |Head.'r' .

[ Hide ][Save Eom.][ Save. ]

Fiealtime FIB Scaling is Enabled

The milling process starts.
The progress marker is shown.

The Mill tab opens, which allows you to directly

control the milling progress.

FI2_ | Shape| Mil  |Batch | GIS | Afian | Dptions

illing Progress
[ 3 List: 4%
[ . ftem: 20%
Mill + SEM [se | Mitt: On
Aperture: ldle Aperture: Initialised
End Paint Detection
Use End Paint Detection = Mo || [EPD = Dff
Milling Cantralz
Tirne
Auta Ste
P 00:01:23
Imaging | 30Kv:50 i o]
Millng UKD 1 00:01:18 [rem)
Probe | |30KM:2 nd
Display Element Trace
Milling Mudge Contralz Grab Image whilz miling
@ Grab FIB Frame
@ 1250 @ Giab SEM Frame
Mudge Depth Cantrals
[+]
The milling process ends automatically. Sie L%
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6.6.3. Recording images during milling

When selecting the imaging mode Mill+SEM, images can be saved any time during milling. How-
ever, the images may be interfered by the ion beam.

To avoid any interferences, you can pause the milling while you are taking an image.

1 Torecord a FIB image, click on Grab FIB

Frame. FIB Shape | il Batch | GIS | align || Options
Grabbing a FIB image provides an orthogonal iling Froaress
. . ] List: 4%
view onto the specimen surface. I i
2 Torecord a SEM image, click on Grab SEM Mill + SEM | Mill: On
Aperture: ldle Aperture: Initialised
Frame. . :
End Foint Detection
Grabbing a SEM image provides a sharp im- Use End Paint Detection =No || [EFD = 0
age, since the milling is paused. Hilng Lot
J aep
Auta Step | 2?081'23
. . | i 30KNE0 py
When clicking one of the Grab...Frame buttons, e 060118 frem]

Milling 0K 2 néy

the milling is stopped, while the image is recorded. Pabel VIR
After having finished the grabbing, the milling con- sl ez e

Milling Mudge Contralz Grab Image while milling

Grab FIB Frame
Grab SEM Frame

tinues, but the image remains frozen.

(2]
@ 1250 @

To continue imaging, go to the Scanning tab of =] T
the SEM Control panel and click on Unfreeze.
_LessDepth
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At aglance

6.6.4. Gas assisted deposition: Platinum (with GIS upgrade only)

Requires FIB column and GIS.

A common ion-beam induced deposition is the deposition of platinum, which serves e.g. as a sur-
face protection layer. This section summarizes the procedure for the platinum depsition as a mod-

el.
IMPORTANT

For details on the deposition of other materials, refer to the Software Manual

SmartSEM® XB.

The complete sequence includes:

¢ Heating the platinum precursor

¢ Qutgassing the platinum precursor
¢ Selecting deposition conditions

¢ Starting the deposition procedure

Preconditions:
* Workstation has been prepared
e Stage is tilted to 54°

6.6.4.1. Heating the platinum reservoir

1 Heat the precursor:
a Go to the GIS tab of the FIB Control
panel.

b Tick the Reservoir checkbox of Platinum.

The Capillary checkbox is ticked auto-
matically.

There is a temperature gradient between reser-
voir (lowest temperature), capillary and nozzle
(highest temperature). This will guarantee that
substances will not have the chance to condense
in any part of the gas line.

FIB Control

FIE Shape | Mil

Open
Walve

1 Insulatar O
2[wam
3 [ Fioe
a[ P
5[ Tungsten

Batch | GIS Align

O
O
5 (O ©
O |

Options

- Temperature Control -
Reservoir  Capillary

O |
O o

|System Wacuum = 4.10e-006 mbar

Fluarine Flash

GIS Stage status

Current position: | Mo selection

Flash Time = 0.600 ¢
[«

Select
Channel

T
o[ B oo | fraff—

Initialized

| Idle

Stage Initialize

[ Stop
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IMPORTANT

i @

Itis recommended that you switch on the precursor heating at least two hours before you
start the deposition procedure.

2 If required, initialise the GIS micro stage:
a Gotothe GIS tab.
a Click on Stage Initialise.

FIB Control X

FIB Shape | Mill Batch | GIS Align || Dptions

Open - Temperature Contral - Select
Walve  Reservoir  Capilary  Channel
1 Inzulator O O O
[waw O 0O O
3 Fluorine [F IF
« SR O
5 Tungsten [F [F [F
| System Yacuum = 5.132-008 mbar
Fluarine Flash
Flash Time = 0,600 s

[<] |||||| [)]

GIS Stage status

Current position: | Parked position

How to Continue with outgassing the platinum precursor.
continue
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6.6.4.2. Outgassing the platinum reservoir (only with five-channel GIS)

Outgassing is required to remove excess gas from the reservoir. If a channel is not used daily,
the gas pressure in the reservoir is built up. Therefore, outgassing is necessary to avoid that the
FIB vacuum level exceeds and decreases abruptly when the reservoir valve is opened.

Outgassing basically consists of a series of open and close cycles to let small amounts of gas out

of the reservoir.

Procedure:

1 Switch off the SEM EHT.

2 Switch off the FIB EHT.

3 Open the Panel Configuration Bar.

4 Double-click on Gas Injection System.

The Gas Injection System panel opens.

Gas Injection System
Gaz Contral
Open - Temperature Contral -
Walwe Target T['C]  Reservoir T[C] Capillary T[°C]
1 [Insulatar O |=0c [] |=48°7T R
2 |water [ |zotc ] 222t o |=7
3 |Fluoiine O |zotc 29°C 23.4°
4 |Platinum O |#ocC 748°C 922°C
& |Tungsten ] |mocT £93°C 0 |7zt
Mazzle 100.0°C 100.2°C
Micraztage Contral
(4] A [ e
E [E Z-iis ' =-25.00 mm Iritialized
e |_GI_S Stage Step =1.000 m
v @ = 2] z=|-2474mm [ GIS Safe It
T GIS Location = Parked Idle Stare / el

5 Ensure that the Temperature Control checkboxes for Reservoir and Capillary of Platinum

are ticked.
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6 Inthe Platinum row, click on Outgas.

Gaz Control
Open - Temperature Contral -
alve Target T['C] Reszervoir TI'C] Capillary T[°C]
1 |Insulator [0 |=:socC O |a2asC 0 |3
2 |wiater ] |200cC 0 222°C ] a7t
5 |Fluarine Fl 20°C @ a3°c 234°C =
4 |Platinurn ] |740C 748°C 922°C Dulgas...
5 |Tungsten [] |7eoC ] £33 °C ] |mz2tT
MNozzle 100.0°C 100.2 °C
Bakeout...
The Outgassing panel opens.
Dutgassing =

7 Inthe SEM Column Valve field:

Click on Close.

The column chamber calve in the SEM is closed.
The FIB gun valve is closed simultaneously.

8 Click on the Open Time field and enter 2 sec-

onds.

9 Click on the Close Time field and enter a val-

ue of about 5 to 10 seconds.

10 Click on the Number of Loops field and

enter 5.

CAUTION

Dutgas settings for channel 4: Platinum

|

Stopped 0% [valve closed]

Clozed

’ Es] [ sip |
Open Time 200 Secs
Cloze Time 10.00 Secs
Mumber of Loops 5

Syztem Wacuum = 8. 27e-006 mbar

SEM Colurmn Valve  FIB Gun Y alve

Clozed

Open

[ Open

Danger of damaging electron source and ion source

Before starting the outgassing procedure:

Ensure that EHT and FIB EHT are switched off.

Ensure that “SEM Column Valve" and “FIB Gun Valve" are closed.
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11 To start the outgassing procedure, click
on Go.

Outgaz zettingz for channel 4: Platinum

— |

Stoppe e clozed)

i Stop i
Open Time 2.005ecs
Cloze Time 10,00 5ecs
Murmber of Loops 5

Systemn Yacuum = 8.27e-008 mbar

SEM Column Yalve  FIB GunWalve
Clozed Clozed

Open ] [ Open

12 Monitor the system vacuum by observing the System Vacuum value in the Outgassing
panel.
If, after the 5th loop, the vacuum has not reached 2 x 10°° mbar or better, which is the pres-
sure necessary for deposition, repeat the procedure.
In this case, you should increase the number of loops in future outgassing procedures.

The outgassing procedure ends automatically.

If you wish to stop the procedure prematurely, click on Stop.

How to Continue with selecting deposition conditions.
continue
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6.6.4.3. Selecting deposition conditions

Preconditions:
¢ Specimen has been moved to the coincidence point
* The platinum precursor has been heated and outgassed

Procedure:

1 Switch on the electron beam:
a Switch on the gun.
b Switch on the EHT.

2 Gotothe FIB tab of the FIB Control panel.
Ensure the FIB Gun Pressure is better than
5x 1077 mbar.

FIB Control x

FIB Shape | Mil Batch | GIS Align | Options

Giun State, Emission curent, Source Lifetime

Gun iz ON

AN (526 00 pak

Unblank FIE | BLANKED

Gun Walve

un Valve is Open
|FIB Gun Pressue = 5.10e-008 mbar

Aperture Status

Init &sperture | d1e Initialised

CAUTION

Danger of arcing. Danger of damaging the ion source.
Before switching on the ion beam, ensure the FIB gun pressure is better than 5x 10" mbar.

4 Switch on the ion beam:
a Go tothe FIB tab of the FIB Control panel.
b Click on On.

5 Select FIB mode from the drop-down menu. =
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6 Select Fine Rectangle from the drop-down I T

[ ftem: 0%
FIB [+ | Mtz Off A 4

2
4

menu.
Alignment Mark

Fine Line

Fire Rectangle

Fine Trapezium

Auto Nav Marker

T 8001 & F

Coarse Line

() Coarse Rectangle
LA Coarse Trapezium
Show Properties

7 Click into the image area, where you wish to
place the milling object.
Hold the left mouse button and drag.

The milling object is displayed on the screen.

The Shape tab opens.
8 Enter the required parameters:

FIE Control X
a M|Il|ng MOde DGDOSItIOH MOde |WWW"M"WHMHW‘
b Width: 10 pm
[ Properties for: Fine Rectangle (1)
C Helght: 2 pum Property Hame Property Value |I
. Milling Mode Depaosition Mode [i]
d Time: 300 sec Width
(pmj} 10.00
. Height (um) 2.00
e FrequencyX: 20,000 Center () o
f FrequencyY: 1 CenterY (pm) -0.78
Time (Seconds) 300
g Milling Current: 30 kV; 200 pA FrequencyX 20000
i Frequency' 1
h Gas ID: Platinum Angle 00
. . . Milling Current 30KN:200 pA M
i Gas Wait Time (s): 5 sec Gas D Platinum [
Gas Wait Time (s) 0 |
|
Shape Controls Milling List Contralz
[ step ][ Fip_ | [#utoload]| [Clearlist] [ add |
[Nav Mark] [ Save Del] [ Load.. ] IHEBd}' IDD'DD'DD
[ Hide: ”SaveEnm” Save ]
| Real-time FIB Scaling iz Disabled
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6.6.4.4. Starting the deposition procedure

1 Click on Clear List.

. . . FIB Control x
All previous milling objects are deleted from G|
- . FIB ape | Mil | Batch | GIS | lion | Opti
the milling list. Pe ML Bew an_ Dplons
. Properties for: Fine Rectangle (1)
2 C“Ck on Add Property Hame Property Value ||
Milling Mode Deposition Mode [v]|
The current milling object is - together with the Width (um) 10.00
iy L. Height (pmy) 2.00
sglgcteq milling conditions - added to the = o8
m|II|ng list. CenterY (um) 078
Time (Seconds) 300
FrequencyX 20000
FrequencyY 1
Angle 0.0
The time needed to process the object is shown Milling Current 30KV:200 pA m
Gas ID Flatinum v
under the Add button. T - |
|
Shape Controls e it Lontrols
[ 5t J[ Fip ] [autoloagd | Cleartist] [ add | TN
{
[Nav Mark] [ Save Def] [ Load..\ |F|ead_u |DD'DD'DD /
[ Hide ][SaveEnm][ Save i kil
Real-time FIB Scaling iz Disabled

3 Goto the Options tab.

FIB Control E =

FIB Shape | Mil Batch | GIS Align |Dpti0ns|

Manual Miling O ptions

Enable 'one-click’ milling mode. Thiz mills a
[ shape immediately upon adding it to the list on
the milling page.

0 Allow creation of milling objects when in SEM mode [this
locks FIB and SEM magnification to the zame value]

Save altiff image after ‘Interval’ elements has been milled.

0 Mote that number of layers should be 1 for this mode to work
[nurmber of layers becomes non editable when this option is
enabled)

FIE 30 Irterval =1
& L] (%]

4  Tick the When milling switch to Mill+SEM User Dptions

Enable realtime scaling of the miling objects
[] when changing the magrification in FIB
mode,

mode... checkbox.

0 when milling switch to Mill+SEM mode
[othensize just switch to Mill mode]

On End Mill = SEM ]

0 Show warning when uging bwo paint
alignment

[ GIS Auta Park
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5 To start the deposition, go to the Shape tab

and click on Mill. —
FIE | Shape |Mil | Batch | GIS | Align | Options
Properties for: Fine Rectanale (1)

Property Name Property Value ||

Willing Made Deposition Mode 2

Width (um) 10.00

Height (um}) 2.00

Center¥ (pm) -1.28

CenterY (um) -0.78

Time (Seconds) 300

FrequencyX 20000

FrequencyY 1

Angle 0.0

WMilling Current 30KV:200 pA [w]

Gas ID Platinum [+]

Gas Wait Time (s) 0 |
|

Shape Cantrolz Hiling List Contrals

[_sep [ Fip_ | [Auwoload] [ClearList] [ add |

[Nav Mark] [ Save Del] [ Load.. ] |Fieady |UD:UU:UD

[ Hide ][Save Com.][ Save.. ] ’

Real-time FIB Scaling is Dizabled

The GIS micro stage is moved automatically to the
pre-defined position, which has been assigned to
Platinum.

The deposition process starts.

The Mill tab opens, which allows you to directly

'S
control the deposition process.

FIE | Shape| Mil  [Batch | GIs | afign | Options

Milling Progress

[ 3 List: 4%

[ . ftem: 20%

Mill + SEM [se | Mitt: On

Aperture: ldle Aperture: Initialised

End Paint Detection

Use End Point Detection =No || [EFD = O

Milling Contralz
Time
Auto Ste
P[0 00:01:23
Imaging | 30KY-50 pé, vl
00:01:18 [rem|
Milng  30KV:2 e el
Probe | |30KM:2 né
Display Element Trace
Milling Mudge Contrals Grab Image whilz milling
@ Grab FIB Frame
@ 1280 @ Grab SEM Frame
Mudge Depth Cantrals
[*]
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The deposition process ends automatically.

6 Move the GIS micro stage to the park position:
a Gotothe GIS tab.
b Click on Parked.

FIB Control

=

|FIE_ | Shape| Mil | Batch | GIS | algn | Options|

Open - Temperature Control - Select
Walve  Reservoir  Capilary  Channel

1 I Insuilator ¥ O O

The GIS micro stage is driven to the safe park [ wae O O O
position. i Fue O O
R O
I o A o R i [ -

ISystem Wacuum = 5.13e-006 mbar

Fluarine Flash

Flash | Flash Time = 0.600 s

< ] B

GI5 Stage status

Current position: | Parked position |

IMPORTANT

If you tick the GIS Auto Park checkbox in the Options tab before starting the deposition
(step 5), the GIS micro stage is automatically driven to the safe park position.

i @
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6.6.5. Setting detection parameters

6.6.5.1. Using the SESI detector (optional)

The SESI detector allows the acquisition of FIB secondary ion images and electron images.

The following table should serve as a help to find the required settings for your application.

ratin D Typical :
Ol 'etected FIB mode EHT ypica Detector settings
mode signals WD
SE mode Secondary SEM 100 V to 30 max. 5 mm Collector voltage: 0 V to + 1500 V
electrons kv
Best detection: +300 V to + 400 V
FIB 2 kVto 30 kV | coincidence point | Collector voltage: 0 V to + 1500 V
Best detection: +300 V to + 400 V
lon mode Secondary FIB 2 kVto 30 kV | coincidence point | Collector voltage: - 5 kV to 0 kV
ions
Best detection: around - 4 kV

Preconditions:
* Gun and EHT are on

* Suitable specimen is located

Procedure:
1 Select an imaging mode, e.g. FIB mode SEM.

2 Go to the Detectors tab of the SEM Control

| Gun Apertures Stage
panet. Detectors Scanhing WacLum
3 Select SESI from the drop-down menu. D

Collector Woltage = 0030 kv
[l ¥

Signal & = SESI w [ )] 1OM Mode

Signal B = InLen= [ ] Mixing

The SESI detector is operated in SE mode.

|Signal = 1.000
[
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SESI Control
panel

4 In order to toggle between SE Mode and
lon mode, tick/untick the ION Mode check-

box.

5 Set the Collector Voltage.

Alternatively:

1 Open the Panel Configuration Bar.

2 Double-click on SESI Control.

The SESI Control panel opens.

3 Select the desired settings.

Gun Apertures Stage
Detectors S zanning YacLum
Detectors

\
Collector Yoltage = -1.97 kW
gt —

Signal & = SESI v
Sighal B = InLens [] Mixing
Signal = 1.000

i k

]

SESI Control

|SESI Mode = lon

SE Mode

Collector Yoltage = -1.91 kW
£

b
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6.6.6. Adjusting a FIB probe current at high kV (30 kV)

6.6.6.1. Overview

The FIB probe current is defined by emission current, condenser voltage and aperture diameter.

Canion FIB
Range FIB probe currents Aperture diameter Aperture No.
Low probe currents 1,2,5pA 10 um 1
5, 10, 20 pA 20 um 2
20, 50, 100, 200 pA 50 um 3,4
200, 500 pA 100 pum 5
1nA
High probe currents | 1, 2,5 nA 200 pm 6
5, 10, 20, 50 nA 400 pm 7

Table 6.1: Canion FIB: FIB probe currents and aperture numbering

° IMPORTANT

l The probe current of 50 pA is used as reference for the Canion FIB column. The other
probe currents are dependent on this reference.
If you change the reference values, all other probe currents will be changed as well.

° IMPORTANT

l Depending on special customer requirements, size and numbering of the apertures may
be slightly different.
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Cobra FIB

Range FIB probe currents Aperture diameter Aperture No.

Low probe currents | Currently not in use 10 um 14
1,2 pA 10 pm 13
Currently not in use 20 um 12
10 pA 30 pm 11
Currently not in use 50 pm 10
20 pA 50 pum 9
50 pA 80 um 8
80, 140 pA 100 pm 7
275 pA 150 pm 1
600 200 pm 6

High probe currents | 1 nA 200 pm 6
2nA 300 pm 2
4 nA, 8nA, 12 nA 400 pum 5
16 nA 500 pm 3
30 nA 800 pum 4

Table 6.2: Cobra FIB: FIB probe currents and aperture numbering

IMPORTANT

The probe current of 50 pA is used as reference for the Cobra FIB column. The other probe
currents are dependent on this reference.
If you change the reference values, all other probe currents will be changed as well.

i @

You can see that you have selected the reference probe current when the message ,You cannot
delete the reference probe entry.” is displayed in the FIB Probe Table.

SURY A owwu o e LSy, auu
30KVABnA 3000 3 25880 16000.0 900

30KV:20nA 3000 3 25937 200000 1100 L
18KV:250pA 1500 1 10000 2500 80

ELASTARR A san 4 2ons aann ERLY L

The current FIB Probe is "30KV:2400A0
You cannot delete the reference probe entry.
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Preparing the  The extraction current should be kept constant while the other parameters can be changed in the
adjustment FIB Alignment panel.

Possible reasons:
* After having changed the FIB Extractor Target

Depending on the operator’'s experience it may take up to a few hours to run through this proce-
dure thoroughly.

Parts/special tools required | NTS part no.

Faraday cup 348342-8055-000

Piece of silicon wafer (bulk) -
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6.6.6.2. Adjusting a low probe current (pA)

Procedure:

Load the Faraday cup.

2 Go to the coincidence point at 54°.

3 Ensure that the emission of the ion beam is stable.

4 Go to FIB Control/Align and select a probe FIB Control g =
current. FIE_| Shpe | Mil_| Beich | 615 | Alan | Dptins

Frobg S

FIB Probe = 30KV:5 pa [v Defined
906 p& Measured

Aperture MNo:

|FIB Condanser = 27679 W

[] Modify Candenser

5 Start measuring the specimen current by e e T T — X

using the Specimen Current Monitor (Panel f

Configuration Bar/Specimen Current

Monitor). |SCM Status = Off
6 Tick the SCM On and the Spot checkbox. SCM On [7] Spot
Go to FIB Control/Align. FIB Control 0 =
Tick the Modify Condenser checkbox. FIE_ | Shape | Mil | Batch [ GIS | i3 | Opiions
Frobe Current
FIE Probe = 30KV:5 pd | Defined
906 pé Measured
e —
‘ FIE Condenser = 27673V (EERBIN
< o) [ 5 ["]
Aperture Steps
Y -Up F “w
—
Status: [idle

9 Ad]USt the FIB Condenser until the desired

probe current is measured by the Specimen

Current Monitor. |Specimen | = 5pA

The condenser value is automatically adopted |SCM Status = On

to the FIB Probe Table. SCHiDH Ospot

10 Focus the specimen surface: Use Focus and
Stigmation.
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11 Wobble the aperture: Fi& Control 0 =
a Select ON Focus from the drop-down FIB_ | Shape | Mil | Batch | GI5 | Ao | Options
Frobe Current
menu. FIB Probe = 30KY:5 pa Defined
b Move the aperture: Use the buttons in the Wit | [ Meaured
. . = Aperture No:
Aperture Steps field. Use only Medium or |

Flne Modify Condenser

The aperture has been aligned correctly when the
image does not shift any more during the focus/un-

Shhiug: [Idle

focus cycle.
Additional
[Eaam‘Sh\ft Enrl [ Sig ] FIE Beam Shift
~
[ Beamshit | [FiE Focusittag|
OFF (v .
. . F e
12 Re-focus the image: Use Focus and Stigma- SR T R
. OM Condenser
t| on. | Sl!gmaln:é Defocus -m
13 If the results are not satisfying, repeat step 9
with a higher magnification.
14 Repeat the procedure for all other probe cur-
rents.
15 In the Align tab, untick the Modify Condens- FIB Contral B =
er checkbox. FIE | Shape| Mil | Batch | GIS | Alin | Options
Probe Current
FIB Probe = 30KV:5 pé [w Diefined
908 pa Measured
|FIB Corderser = 27679V cEslTRNe
Aperture Steps
Y -Up Fine e
-><-|_-eft -x-ﬁ' ht
- Statug: [ldie
How to Adjust the Beam shift correction (refer to section
continue 6.6.6.5.).
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6.6.6.3. Adjusting a high probe current (nA)

For the higher currents (nA range) usually the largest apertures need to be selected. It is very
difficult to achieve a circular beam profile without halo by using the Focus wobble
procedure.

Precondition:
* Piece of silicon is loaded

* Probe currents have been adjusted roughly as described for pA probe currents (see previous
section).

Procedure:

1 Burn a spot into the specimen for about 5 s:

[Specimen Current Monitor

|SCM Status = OFf

Use the Spot mode.

[]SCM On [¥] spot

Check the halo.
If the spot is not round, move the aperture one
step in one direction.

4 Burn a new spot.

5 If the halo is reduced, continue moving the
aperture in this direction.

If the halo is increased, move the aperture in
the opposite direction.

6 Repeat steps 4 to 5 until the burned spot is
round.
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7 Inthe Align tab of the FIB Control panel: Fi& Control g =
Click on Backlash Correction. FIB_ | Shape | Mil | Batch | Gis | 4ian | Options
Probe Current
8 CheCk the SpOt Shape' FIB Probe = 30KV 4nd w Defined
Click on Save. sw6ph | [ Meawred

FIB Condenser = 25473 Y Aperture No:

] Madity Conderser

Lperture Steps
X - Left ¥ - Right
Status: Idie
| Backlash Canection ’
—
Additional
[Beamshitcor | [ stig | | FiE Beam Shit
s
[ geamshit | [F18 Focusshag|
OFF v
FIB Obj'Wobble &mpl = 1.0% ] >
] > £ >|R]

Mill Defocug = 0V [ Ferce Defocus ‘

10 Repeat the procedure for all other nA probe

currents.

11 If necessary optimise the probe current with the
Defocus option (refer to section 6.6.6.4.).

How to Adjust Beam shift correction (refer to section
continue 6.6.6.5.).
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6.6.6.4. Optimising a high probe current (nA)

A probe current can have a halo round the center which significantly decreases the performance
in terms of sputter rate and steepness of the side walls of a cross section.

If you cannot remove the halo by standard aperture alignment, use the defocus option.

Image Comment
40 The ion beam is focussed, resulting in
,}& | - an optimum imaging resolution but
T - the sputter rate is low due to the large halo.
§

The focus voltage is reduced by -60 V resulting in

- poor image quality, but

- the sputter rate is increased due to the elimination of the halo and
- high current density.

The focus voltage is reduced by -120 V, both imaging and milling are of
poor quality.

Table 6.3: Spot files

Procedure:

1 Adjust the probe current as described in section 6.6.6.3.

2 Goto FIB Control/Align
3 Set the defOCUS Value: FBE | Shape | Mil | Batch | GIS | Align | Dptions
a Double-click in the Mill Defocus = field. Fiobe Euent

FIB Control E =

FIB Probe = 0KV:d4nd, ] Defined
906 pé Measured

FIB Condenser = 25478 4 Aperture No:
[] Modify Condenser

Aperture Steps

-Y - F
P i Ine -
Status: [ide

Backlash Carection

Additional

Beam Shift Cor. Stig FIB Beam Shift
Beam Shift FIE Focus/Mag
™

OFF

FIB Objwobble &mpl= 1.0% L __¥
A i 2 1l > @
Mil Defocus = 0 [ | Foice Defocus

>
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o IMPORTANT

b Enter a defocus value, e.g. 20V in the
Mill Defocus window

4 Tick the Force Defocus checkbox.

The Defocus value is now applied when

using spot mode.

l The defocus value is different for each current.

5 Burn a spot into the specimen for about 5 s to

evaluate the spot quality:

Use the Spot mode.

6 Check the halo.

.
Mlll Defocus . b8
[%foltz]
20
Cahoel
FIB Control g =
FIE | Shape| Mil | Batch | GIS | Alan | Options
Probe Current
FIE: Frobe = 30KY-4nd, [v] | Defined
906 pA Measured
|FIB Condenser = 254794 Apaiture No:
[] Modify Condenser
Aperture Steps
Status: |Idle
Backlash Comection
Additional
[Beam shitcor | [ st | | FIB Beam shit
o]
[ Beam Shift ] [FIB FDcus/Mag]
{E]
OFF [v]
FIB Obj*+/obble &mpl= 1.0% Iv]
Zam| ® el w RIE
Mill Defocus = 20 Force Defocus

Specimen Current Monitor

! :

|SCM Status = OFf

[JscM on

Spot

7 Slowly increase the defocus value in 10 V

steps.
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8 Repeat steps 5 to 7 until the burned spot is
round.

9 Ifthe correct defocus voltage is reached, click
on Save.

10 Untick the Force Defocus checkbox.

Now, the adjustment is complete.

FIB Control

| FIE | Shape | Mil | Batch | GIS | Alian | Options|

]

Frobe Curent
[FIB Probe - 30Ky:4n4 [#| | Defined
[ Measure 1 | 906 pe ‘ I Meazured
FIB Condenser - 25473 apetish)
g
[ Maodity Conderser
Aperture Steps

- Bight

Fine

i
m Status: IIdIe

Backlash Corection

i

Additional
[Beam st Cor.| [ Sig | |FIBBeam Shit

1~
[ Beamshit | [FIB Focus/Ma]

E
|oFF v
FIE Objwabble dmpl= 1.0 % ]
<] B EE

IM\I\ Defocus = 20V [ Force Defacus
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6.6.6.5. Adjusting beam shift correction

The beam shift correction is used to correct the different beam positions of the different probe
current settings. Because of the different condenser settings the beam path through the column
can be slightly different. Therefore, the beam hits the sample at different locations. This can be
corrected by using a part of the beam shift (called beamshift correction). The 30kV:50 pA probe
current is the reference current where no correction is applied.

° IMPORTANT

1 The 50 pA probe current is the reference probe current. All focus values and the
beam shift correction are stored in reference to the 50 pA probe current. There-
fore, this probe current must be adjusted first.

PY IMPORTANT
1 The Beamshift correction has only a limited range.

Procedure:

1 Select MAG 2000 (referred to Polaroid).

2 Goto FIB Control/Align and select the
30kV:50 pA reference current from the drop- FIE_ | Shaps [ Mil_ | Batch | GIS | 4on | Options
down menu. plcbelbo

FIB Probe = 30KY:50 p& v Defined

Measured

Aperture Mo:

[] Modify Condenser

Fine v

3 Select View/Movable Crosshairs from the

menu bar. File Edi

Beam Detection Image Scanning

Toolbars. .. Ctr+B
[ata Zone 4

=

- =
Toggle Yisible Dialogs F3

Toggle Full Screen Image  Shift+HF3
; i Crosshairs
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Crosshairs are displayed in the image area.

4 Move the crosshairs to a selected position. To move the crosshairs, click on the square in the
centre and drag.

e SmartSEl - [SYSTEM]
Flo Ede Vew Boam Detoction Inoge Scermig Stoge Veowm Took Hel

| 1 ] (2] 3] - S B0 o0 S T (D

5 Inthe FIB Control/Align tab, select the next P %
smaller probe current from the drop-down [Pl | Shape | Mil | Batch | GIS | Aon | Opsons|
menu Probe Current

) FIB Probe = 30KV:50 p& N I Defined
Lindefined
061 I teasured

A0KN:2 pdy Aperture No.
: 2

[ Modify Condenser

30K 1 20pA
30K 240pd
S0 004
E0KY Tnd
0K 2nd, Status: Ildle
The crosshairs are shifted to another position
6 Move the crosshairs to the original position by e — e

using the beamshift correction.
a Click on Beam Shift Cor.

Eeam Shift Cor. FIB Shift Correcti

b Move the crosshairs with the sliders or the Beamhit | [FIE Focus/Mag
red dot. |oFF
FIE Obj.\wobble Ampl= 1.0%

[l ]
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7 Click on Save to save the adjustments.

MilDefocus = 0[] Force Dafacus ‘

8 Repeat steps 5 to 7 with the next smaller probe [z ®
current. FIE | Shape | Mil | Batch | GIS | Alin | Options
Frobe Curent
FIB Piobe-30K¥:E0ps  [v| | Defined
9 Adjust all smaller probe currents with this pro- ndefned [ Woowmed
Cedure Aperture Mo
[ Modify Condenzer
= ™
10 Select the 30kV:50 pA reference current to
check the original position of the crosshairs. If FIE_| Shope | Mil_| Beich | IS | Aln | dptions
necessary move the crosshairs to the original Frobe urent
FIB Piobe=30Kv:S0ps  [v| | Defined
pOSItIOn ;lg;sfl‘lneni Measued
30K 2 pts, Aperture Mo:
30KV:5 s
30K 10 p
- [1 Modify Conderser
0KV 12008,
30K 24008
30K B00RA, Fine: [v]
F0KM: TN
30K 2ny Statuz: lldle
CAUTION

Danger of damaging the specimen
Ensure not to damage the specimen while working with high currents.

11 Repeat steps 6 to 7 with the next higher probe
current. FIE_ | Shape| Mil | Batch | GIS | #ian | ptions
12 Adjust all higher probe currents with this proce- b= Buert
FIE Probe = 30KV S0 pa  [w| Defined
Undefined
d ure. 35}(\7:':; Measured
30KY:2 p& Aperture Nor
30K 5 pé
30K 10 py
30K 20 pdy [ Modify Condensear

30K:600pa Fine [v]
30K 1nd

30K 2 Status: |Idie

30K And,

30K 1B,

[30KY:20 nds

15K 250pd

S0 240p, N Femn aee

Now, the adjustment is complete.
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6.7. Using the help functions

The SmartSEM® user interface offers a multitude of help texts containing information on the
operation of the workstation, the optimization of the images and the handling of accessory
options.

6.7.1. Calling the SmartSEM® help

1 Press<F1>.
Alternatively, select Help/SmartSEM help from the menu.

The SmartSEM® help start window opens.

If menus are opened in the SmartSEM® user interface, pressing <F1> will open the help text for
the respective menu. This allows explaining the menu while the workstation is being operated.

B? Contents SmariSEM

& B e B o & o

Hide  Locate Swp Aeleth Home  Frim Ogsons

Contents SmartSEM Help

Corterts | Index | Seasch Fa € ¥

Y SmaSEM Corieris PN
Accestnes
Admnal slon

& @ Dislogs The Scanning Eleciron Microscopes are completely software controlled
¥ @ Drit Conection For help call Context Sensitive Help

£ EM Server

= SmakSEM Service Cant

+ @ Eno Important Information

- Getling Staited

= Hord Panel n

= @ Homto Operation of Instrument

+ @ VP Coriel s

5 @ FIPImage Auchive Utik s Getting Started...
BB il it utnd Description of the Instrument

= @ Image Precessng

W to ...

= @ Joguhek Interfaces Howto ..

* Krights Camelal -

* Loak Up Tabie Edior " = .

+ @ Mocio Edior Operating Principles

= Recipe

* Ficloase Hotes A

s @ Remeond Accessories

= Service Cenfre

= @ Stoge £ Release Notes
2 @ Slege Advinitioler Care, Maintenance and Trouble BEEase=EREs
2 @ Stege and Chomber Ove Shooting

* Stage Manages

* SEM Coniral Tabz M
< » Glossary

6.7.1.1. Printing help texts
1 Click on the printer icon in the help window.

If a printer is installed, the help text is printed.

6.7.1.2. Bringing help texts to the foreground
1 Select Help/Help Always On Top from the menu.

The displayed help texts remain in the foreground.
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6.7.2. Calling the context-sensitive help

1 Press <SHIFT+F1>.
Alternatively, select Help/What's This from
the menu.

The mouse cursor is equipped with a question

mark.

2 Move the cursor to the area of interest on the
screen.

3 Click on the left mouse button.

The help text is shown.
4 To disable the context-sensitive help, press
<ESC>.

6.7.3. Searching for a topic

1 Select Help/Search from the menu.
2 Click on the Search tab.
3 Search for the desired topic.

B? Contents SmartSEM Q@

= o N & o
Hide Lecate Stop Refiesh Home Pt Opbons

Conterts | Index | Search |Fa 4 »
Type in the keypward la find:

Contents: How To...

The following are easy to follow, step by step guides to frequenthy-
used operalion sequences of the SEM

HOWTO ...

Select Topic to dsploy: Restore/Save the System Conditions

i Exchange the Specimen (Airlock not fitted)

Exchange the Specimen (Airlock fitted)

Stage How To..

Use Stage Functions

Automate Airlock Specimen Exchange

Run up the Electron Beam

Align the Electron Beam

Change Vacuum Mode
Use VPSE Detector

Select Magnification
Adjust Focus

Select and Align the Aperture
Correct for Astigmatism v
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6.7.4. Using the step-by-step guides

The step-by-step guides provide quick information on important operation sequences.

6.7.4.1. Getting started

1 Select Help/Getting started from the menu.

2 Click on the topic of interest.

&2 Contents SmartSEM

o [

Hide Lecate

Conterts | Index | Search|| Fa €

Accesones
Administ stor

Dislegs

Dt Costection

EM Serves

SeasitSEM Service Cent
Ertors

Gelhling Started

Haid Pane!

Howe ta..

VP Cortrel

FTP Image Archive Uit
Annotation and Measure
Image Processng
Jopshck

Knights Camelot

Look Up Table Edtor
Macro Edior

Recipe

Release Notes
Remcond2

Service Cenlre

Stage

Stage Adminstiator

v

AP PRPRRNERPRRPRPRERARERRERE 6|

~

(=l

-

DOptiore

o

Step  Refresh  Home

&

Print

»

Getting Started

Before commencing to svatch on the electron beam there should be a
specimen inside the chamber and there should be satisfactory vacuum in
the system

What do you want to do?

B Start the system

Ventilate the chamber

Change the specimen

FPump the chamber/Select Wac Mode
Switch ON the electron beam

B Display Control Panel

Proceed

Quit Help

6.7.4.2. Frequently used operation sequences

1 Select Help/How To from the menu.

2 Click on the topic of interest.

&? Contents SmartSEM

=

Hide Locate

Conlents | Index | Seach |Fa ¢ ¥

Select Top: to dsplay:

=1l

© B o

Stop  Refresh  Home

=

Piint

[eig8

Options

Contents: How To...

The following are easy to follow, step by step guides to frequently-
used operation sequences of the SEM

HOWTO ...

Restore/Save the System Conditions

Exchange the Specimen (Rirlock not fitted)

Exchange the Specimen (Airlock fitted)

Stage How To..

Use Stage Functions

Automate Airlock Specimen Exchange

Run up the Electron Beam

Align the Electron Beam

Change Vacuum Mode
Use VPSE Detector

Select Magnification
Adjust Focus

Select and Align the Aperture
Correct for Astigmatism
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6.7.5. Calling the short cuts help

Many functions and menus which are often used in the SmartSEM® user interface can also be
opened using the keyboard. A list of short cuts (key combinations) can be displayed in the Smart-
SEM® help.

1 Press<F9>.
Alternatively, select Help/Keys help from the menu.

&2 Contents SmartSEM

o [ Q O & & o

Hide Leocate Stop  Refiesh Home  Prit Optiore

Index  Search | Favorites LA

Type in the kepmord to fird: SPECIa| Keys
T e ey The following keys are shortcut keys and have special
150 rean Waler Ailock meaning
17 Inch Maritor
2 % 15way Electical Feedihroug
%xgzway Ek&:ﬁ:? Ifcedthtl::ug <F2> Toggles Tool Bar onfoff
% 253y Socket Electical Fee i
5 4 Sy Eciind Feodhiough <F2 + SHIFT> Hysteresis removal
201nch Monitor
oy K oo 2iaom Doy <F3> Closes all windows except the Tool Bar and
4 Inch Waler Holder Status Bar
4 Inch \Wafer Holder Cartesian
QI afon Holdes Fild <F3 + SHIFT> Toggles PC Plane ONIOFF
4 Quadiant Schd State BSD Det
40BSD Bias ; ;
405D Coteation <F4> Step to next Magnification Table eniry, or Undo
40BS0 Diskog Centre Feature Magnification .
40BSD Parameles i 3
0B3D Predslned Setings <F4 + CTRL> Step to previous Magnification table
5 Inch Wafer Holder entry.
5 Inch Waler Holder Cartesion i
2 nchwator Holdes Feld <F4 + SHIFT> Exit from Magnification Table mode.
6 Inch waler Holder .
6 Inch Wafer Holder Catesian ¥ | ||| <F5>, <F5 + SHIFT> User defined macros
Display <F6>, <F6 + SHIFT>
<F7>,<F7 + SHIFT> )
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6.7.6. Showing information about SmartSEM®

6.7.6.1. Version history

The Release Notes summarise important information about the software version history. New
functions, bug fixes and special features of the different versions are explained.

1 Select Help/Release Notes from the menu.

&7 Contents SmartSEM

o [E e B & &

Hide Locate Step  Refieth Home Prit  Optiors

Index | Seach | Favortes 4 *

iz ot ot B Contents

| SmantSEM Release Notes
SmartSEM V05,02

Select Topic to daplay: SmanSEM V05 01

LEO-32 Release notes included for reference
Releasa V04 00

Release Y0302
Release V03 01
Release Y03 00

Releass V0203
Releass V0202
Belease V02 01
Release V0200

Releasa Y0101
Releasa V01 00

6.7.6.2. About SmartSEM®

1 Select Help/About SmartSEM from the
menu.

SmartSEM V05.04 00.00 : 08-May
SEM Serial Number © Auriga-08-15
© 1997-2009 Carl Zeiss SMT Ltd

The JPEG functionality in this software is
based in part on the work of the Independent

JPEG Group
Physical Memory 1046856 KB
Disk Space 66750 MB

This computer program is protected by copyright law and
international treaties. Unauthorised reproduction or
distribution of this program, or any portion of it, will result in
severe civil and criminal penalties and will be prosecuted to
e MaxIMuUm extent possible under law
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6.8. Closing the SmartSEM® user interface

6.8.1. Logging off

1 Select File/Log Off from the menu.

A window appears asking for confirmation to close ;
the session. - SmartSth %

@ , Closing the software

-

2 Confirm by clicking on the Yes button.
Are you sure?

The electron-optical parameters are filed in a
macro in the individual user directory. [ Yes ] I No

The EM Server remains active.

6.8.2. Exiting

1 Select File/Exit from the menu.

A window appears asking for confirmation to close
the session.

© There are other applications registered with EM Server,
1 I 1 . Do you wish to Log OFf?
2 Confirm by Cllelng on the Yes button. \\'/ Select Yes to Log Off and close the other applications.
Select No if you wish to close this interface and remain logged On.

The electron-optical parameters are filed in a
macro in the individual user directory.

[ Yes ] l o ] [ Cancel
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6.9. Switching off the workstation as a matter of routine

6.9.1. Changing to STANDBY mode

Change to STANDBY mode when the workstation is not operated, even for longer periods.

The SEM filament will continue to be heated, and the vacuum in electron optical column, ion col-
umn and specimen chamber will be maintained.

STANDBY mode is also the recommended mode to store the workstation.
In this case, tick the Partial Vent on Standby checkbox in the Vacuum tab of the SEM Control
panel.

1 Switch off the EHT.
2 Close SmartSEM® :
a Select File/Exit from the menu.

The SmartSEM® Close UIF window appears ask- [ SmartSEM ]

ing for confirmation to close the session.
@ , Closing the software
. J

Are you sure?

b Confirm by clicking on the Yes button.

The electron-optical parameters are filed in a
macro in the individual user directory. i s ‘ [ No l

3 Shut down the PC.

4 Press the yellow STANDBY button.

The yellow STANDBY button lights.

ON STANDBY OFF
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6.9.2. Changing to OFF mode

Change to OFF mode in case the workstation needs to be reset.

1 Switch off the EHT.
2 Close SmartSEM® :
a Select File/Exit from the menu.

. _ o B SmartSEM

Awindow appears asking for confirmation to close

the session. 9 Closing the software
b  Confirm by clicking on the Yes button. \.)

Are you sure?

The electron-optical parameters are filed in a
macro in the individual user directory. l Yes l [ Mo

3 Shut down the PC.

4 Press the red OFF button.

The red OFF button lights.

ON STANDBY OFF

Computer, electronic components and vacuum system are switched off. The electron optical
column is partially ventilated. A 24 V auxiliary voltage is still present to restart the workstation.
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6.10. Emergency off (EMO)

The emergency off procedure depends on the type of installation (with or without optional EMO
box).

6.10.1. With EMO box (optional, but mandatory with FIB and/or GIS up-
grade)

6.10.1.1. Switching off in an emergency
1 Press the EMO button (1).

All power is cut off from the workstation.

The EMO button will remain in its depressed
position.

6.10.1.2. Switching on again after an emergency off

IMPORTANT

Before switching on the workstation, ensure that the reason for the emergency off does
not exist any more and that it is safe to switch on the workstation.

i @
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1 Release the EMO button by pulling it.
If several EMO buttons are installed, ensure
that all EMO buttons have been released.

2 Turn the MAIN switch (1), which is located at
the EMO box, to position RESET.

3 Turn the MAIN switch (1) to position ON.
Press the START button (2) which is located
at the front of the EMO box.

5 Turn the ON/OFF switch, which is located at
the back of the plinth, to position ON (unless it
is already in this position)..

ON-OFF-SWITCH

6 Open the main shut-off valve for cooling
water (unless it is already open).

7 Open the main shut-off valve for compressed
air (unless it is already open).

8 Open the main shut-off valve for gaseous
nitrogen (unless it is already open).

9 Pressthe yellow STANDBY button at the front
of the plinth.

10 Press the green ON button at the front of the
plinth.

ON STANDBY OFF

11 Start the SmartSEM® software.
12 Initialise the stage.
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6.10.2. Without EMO box

6.10.2.1. Switching off in an emergency

1 Turn the ON/OFF switch, which is located at
the back of the plinth, to position OFF.

OFF

ON-OFF-SWITCH

6.10.2.2. Switching on again after an emergency off

IMPORTANT

Before switching on the workstation, ensure that the reason for the emergency off does
not exist any more and that it is safe to switch on the workstation.

i @

1 Turn the ON/OFF switch, which is located at
the back of the plinth, to position ON.

ON-OFF-SWITCH

2 Open the main shut-off valve for cooling
water (unless it is already open).

3 Open the main shut-off valve for compressed
air (unless it is already open).

4 Open the main shut-off valve for gaseous
nitrogen (unless it is already open).
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5 Presstheyellow STANDBY button at the front
of the plinth.

6 Press the green ON button at the front of the
plinth.

ON STANDBY OFF

Start the SmartSEM® software.
Initialise the stage.
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6.11. Switching off the workstation completely
This procedure completely cuts off the workstation from the electrical main supply.
1 Switch off the EHT.

2 Close SmartSEM®
a Select File/Exit from the menu.

The SmartSEM® Close UIF window appears

asking for confirmation to close the session 9 ) Closing the software
-
b Confirm by clicking on the Yes button. Are you sure?
The electron-optical parameters are filed in a [ ves | I Mo

macro in the individual user directory.

3 Shut down the computer.

4  Press the red OFF button.

The red OFF button lights.

ON  STANDBY OFF

5 Turn the Main SWITCH (1), which is
located at the EMO box, to position OFF.

The workstation is completely cut off from the
mains power supply.

6 Check that the START (2) button at the EMO 2
box as well as the ON/STANDBY/OFF but-
tons at the front of the plinth are switched off.
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7. Maintenance and repair
Change of consumables and chemicals

7. Maintenance and repair

° IMPORTANT

l To maintain best possible performance of the workstation it is essential to perform pre-
ventive maintenance on aregular base.

Moreover, it is recommended that you conclude a service contract with your local Carl
Zeiss NTS/SMT service organisation or representative. This will ensure a continuous
trouble-free operation of the workstation.

Scheduled downtime is the time when the workstation is not available to perform its intended
function due to planned downtime events. The scheduled downtime includes:

¢ Change of consumables and chemicals

¢ Basic preventive maintenance performed by the operator

* Preventive maintenance performed by authorised Carl Zeiss NTS/SMT service staff

7.1. Change of consumables and chemicals

The change of consumables and chemicals is a scheduled interruption of operation to replenish
consumables and chemicals. The times scheduled are designed for the maximum equipment
performance level (i.e. 24 h of permanent operation per day)

Interval

Component/Part

Action

Basic workstation

Every 6000 h'
(filament on)

Gun (cathode)?!

Contact the local Carl Zeiss NTS/SMT service engineer in
order to have the gun replaced.

As required or yearly
(and after cathode
exchange)

Standard multihole aperture
Anode aperture

Extractor aperture

Anode aluminium seal
Copper seal at gun head

Contact the local Carl Zeiss NTS/SMT service engineer in
order to have the apertures replaced.

Yearly or as required

Pre-vacuum pump

Replace the tip seal.
Refer to pump manufacturer’s documentation.

Yearly

SE2 detector
In-lens detector

EsB® detector

Contact the local Carl Zeiss NTS/SMT service engineer in
order to have the detectors checked and scintillators replaced
if required.

Upgraded workstation

As required

lon source

Contact the local Carl Zeiss NTS/SMT service engineer in
order to have the ion source replaced.

With every ion source
replacement

FIB apertures

If used up

Precursors

Contact the local Carl Zeiss NTS/SMT service engineer in
order to have the precursor replaced.

1 There is no warranty on cathodes; cathode manufacturers do not guarantee any lifetime.
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7.1.1. Basic workstation

7.1.1.1. Replacing the gun (cathode)
The lifetime of the electron source depends on several operating parameters, mainly on the fila-
ment temperature.

After a certain time of operation the cathode emission will decrease slowly.Thus, the gun has to
be replaced on a regular base.

Under certain circumstances, emitter life can be terminated abruptly by a catastrophic arc be-
tween filament and ground potential.

Contact the local Carl Zeiss NTS/SMT service engineer to have the gun and apertures replaced.

The gun and apertures may only be replaced by an authorised Carl Zeiss NTS/SMT service en-
gineer.

7.1.1.2. Replacing the tip seal of the pre-vacuum pump

Refer to the instruction manual of the pre-vacuum pump provided by the pump manufacturer.
You will find this documentation in the document folder.

Contact the local Carl Zeiss NTS/SMT service engineer to have the tip seal of the pre-vacuum
pump replaced.

The tip seal of the pre-vacuum pump may only be replaced by an authorised Carl Zeiss NTS/SMT
service engineer.

7.1.2. Workstation with FIB upgrade

7.1.2.1. Replacing the ion source

After a certain time of operation the ion source will be used up. In this case, contact the local Carl
Zeiss NTS/SMT service engineer to have the ion source replaced.
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7.2. Basic preventive maintenance performed by the operator

7.2.1. Basic workstation

7.2.1.1. Checking for safe operation

Periodically check the function of safety devices and the existence of all protective covers.

Inspect and clean the product safety labels to maintain good legibility.

7.2.1.2. Cleaning up the PC

As with any PC it is important to periodically clean up the PC.
1 Empty the temporary files folder.

2 Defragment the hard drive.

3 Check for adequate free space on the hard drive.

7.2.1.3. Initialising the stage

If a stored stage position cannot be approached or if absolute stage movement is required, the
stage needs to be initialised.

Executing this function requires the Stage Initialise privilege in the user profile.
Prerequisite: Specimen chamber has been evacuated.

1 Select Stage/Stage initialise from the menu.

2 Confirm by clicking on Yes.

° IMPORTANT 9 Initialise Stage
1 If initialisation of the stage does not solve the - A s
stage problem, contact your Carl Zeiss NTS/ ¥ ’

SMT service engineer.

I Yes ] [ Mo ]

Instruction Manual AURIGA® series en0O4 151 of 182



7. Maintenance and repair

Basic preventive maintenance performed by the operator

7.2.1.4. Baking out the gun head

The pumping capacity of the ion getter pump decreases in the course of time, thus deteriorating
the 'Gun vacuum’. This can be remedied by an ion getter pump bakeout as a regular maintenance
procedure.

Only advanced operators are allowed to perform the bakeout procedure.
Baking out requires Supervisor privilege and user access level Service.

Parts required No.

3 mm Allen key 0015-247

Aluminium foil or antistatic bag -

1 Select All/Shutdown Gun from the status bar iﬁ LR
in order to switch off EHT and Gun. <

Extractor V
%)

L_—J)

Shutdown Gun

EHT Target EHT Off
<)

Soft Joystick

X|MB:WD= 12mm | Coarse.| All:

2 Wait until the Gun has ramped down.

3 Use a 3 mm Allen key to remove the four
screws at the gun head.

Shown on AURIGA®
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CAUTION

Danger of misaligning the gun head
Ensure not to apply any lateral force when removing the high voltage plug.

4 Remove the high voltage plug:
a Take hold of high voltage line and high
voltage plug.
b Pullit upwards.

CAUTION

Danger of contamination
Ensure to properly cover gun head area and high voltage plug.

5 Cover the gun head area with aluminium foil.

6 Wrap the high voltage plug in aluminium foil or
in an antistatic bag to avoid contamination.
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7 Inthe SmartSEM® user interface,
select Tools/Goto panel from the menu.

The Panel Configuration Bar opens.
8 Double-click on Bakeout.

The Bakeout dialogue is shown. - —
9 Select one of the different bakeout cycles: : —
B akeout = Overnight |v |

[Bakeout State = |dle

Quick: 2 hours heating / 1 hour cooling

Overnight: 8 hours heating / 2 hours cooling
Weekend: 40 hours heating / 3 hours cooling |Bakeout Hea
User: To be defined by the operator E

CAUTION
Risk of injury from hot surfaces during bakeout

. Parts of the enclosure in the upper range of the column may become hot during bakeout,
particularly after along bakeout cycle.

Do not touch any parts of the cover panel or place any combustible objects on the grid of
the electron optical column.

IMPORTANT

You may switch to STANDBY mode while the bakeout procedure is running.
Before you do so, ensure that the 'PARTIAL VENT ON STANDY’ checkbox is UNTICKED in
the SEM Control panel.

i @

10 To start the bakeout procedure, click on

Bakeout Start.
B akeout = Overnight | v |
lBakeout State = Idle

|
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After having finished the bakeout procedure:
1 Remove the pieces of aluminium foil.

CAUTION

Danger of misaligning the gun head
Ensure not to apply any lateral force when reconnecting the high voltage plug.

2 Reconnect the high voltage plug.
Note the pin (1) at the gun head.
It fits into the bore hole at the high voltage
plug in order to ensure correct orientation.

3 Tighten the screws.

. . N ®
4 Switch on the gun to continue working with ~ Shown on AURIGA
the workstation.

7.2.1.5. Servicing the pre-vacuum pump

For maintenance of the pre-vacuum pump refer to the instruction manual provided by the pump
manufacturer.
You will find this documentation in the document folder.

Contact the local Carl Zeiss NTS/SMT service engineer to have the pre-vacuum pump serviced.

The pre-vacuum pump may only be serviced by an authorised Carl Zeiss NTS/SMT service en-
gineer.
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7.2.2. Workstation with FIB upgrade

7.2.2.1. Checking the lifetime of the ion source

The ion source is a consumable that is used up during operation.
In order to have a clue of the ion supply you should check the ion source lifetime.

1 Select FIB from the FIB drop-down menu.

FIB Control X

The FIB tab of the FIB Control Panel opens. FIE | Shape | Mil | Batch | GIS | &lign | Options

Gun State, Emizsion current, Source Lifetime

The life of the ion source is indicated as pAh.
2.0 pa

Unblank FIE | BLAME

Gun Valve

Cloze

Aperture Statuzs

It Aperture | |9l Iritialized

|FIB EHT = 30,00 kv
|FIE EHT Target = 30.00 kv

526.00 pAh

Gun Valve iz Open

|FIE Gun Pressure = 5.10e-008 mbar

|FIB Extr. Target = -7.14 kY
ik

‘FIB Suppreszor Target = -245%
o=

‘FIB Erizsion Target = 2.0 pa
oy

Fegulate FIB Auto Heating

° IMPORTANT

1 When the lifetime of the ion source approaches 1500 pAh you should contact the Carl
Zeiss NTS/SMT service to have the ion source replaced.
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7.2.2.2. Regenerating the ion source by heating manually

Requires the Supervisor privilege. To be performed only by specially trained advanced operators.
Requires user level Service.

The manual heating procedure is used
e after using auto heating five times or

¢ if the suppressor voltage has reached -2000 V while a probe current of 2 pA cannot be
maintained any more or

¢ if the ion source does not start emitting.

Procedure:
1 Inthe FIB tab of the FIB Control panel, check
the FIB Gun Pressure. FIE  [Shape | Mil | Batch | GIS | Align | Options
The FIB Gun Presssure must be better than Gun State, Erission curent, Source Lifetime
5x 10”7 mbar. [[_on__|GunisOFF
0.1 pa B24.78 pih
kD
Gun ¥ alve
Gun Yalve iz Closed
]
|FIE Gun Pressure = 5.10e-008 mbar
Aperture Status
Idle Initizlized
CAUTION

Danger of arcing. Danger of damaging the ion source.
Before switching on the ion beam, ensure the FIB gun pressure is better than 5 x 10'mbar.
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2 Click on ON to switch on the ion gun.

CAUTION
Danger of damaging the ion source.

FIE Control =

FIB Shape | Mill Batch | GIS Align | Options

Gun State Emizzion current, Source Lifetime

071 pa 524.78 pah

ELENKED

Gun Yalve

Aperture Statuzs

It Aperture | Id1E Initialised

|FIB EHT = 0.00KY
|FIB EHT Target = 30.00 kv

Gun Yalve iz Closed

|FIE Gun Pressure = 5.10e-008 mbar

FIB Extr.Target = -7.14 kW
ER| 1l (2]

‘FIB Suppressor Target = -500Y

FIE Emizzion Target = 2.0 pa
4] fm (2]

Regulate FIB Auto Heating

Ensure the FIB gun is switched ON before you start the manual heating procedure.

3 Click on Heating.

Alternatively, select FIB Filament Heating

from the Panel Configuration Bar.

CAUTION

\Fm Extr.Target = -5.00 kY
<

\FIB Suppressor Target = -700Y
<

\FIB Emission Target = 1.0 p4
<

Regulate [C] FIB Auto Heating

Danger of damaging the ion source due to overheating.

Carefully change the settings.

Excessive filament heating may reduce source life.

Only heat as long as necessary.
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The FIB Filament Heating panel opens.
4 Enter FIB Fil | Target = 2.5 A.
5 To start the heating procedure, click on

FIB Filament Heating =] =

FIE Fil Cumrent = 01 s
FIE Fil Voltage = 0.0

Filament On.

6 While watching the emission, wait about 10 FIE Min. Autoheat Curent = 0 pé,
seconds. Filament Status

7 If there is no emission, slowly increase the ||:||=f

FIB Fil | Target by 100 mA steps until the
emission begins and the suppressor target
starts regulating towards 0.

FIBFill Target= 0Opa
4] )
8 When the suppressor voltage is well FIB Auta Heating Limit = 3.200 A
between 0 and -1000 V, or when the emission £3 [l

is increasing rapidly, stop the procedure: Filarment Off

Click on Filament Off.
9 Notice the FIB Fil Current value at which the
ion source starts emitting.

10 Setthe FIB Auto Heating Limit:
a Remember the value at which the ion
source has started emitting.
b Add 500 mA to the value of first emitting
and enter this value.
11 Setthe FIB Min..Autoheat Current:
a Subtract 300 mA to the value of first emit-
ting and enter this value.

How to If you heated manually after using auto heating five

continue times or if the suppressor voltage has reached
-2000 V while a probe current of 2 pA cannot be
maintained any more:

¢ Continue with initialising the FIB apertures (see
section 6.6.1.3. step 7).

If you heated manually because the ion source
does not start emitting:

* Contact the local Carl Zeiss NTS/SMT service
if the emission current does not increase again.
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7.3. Preventive maintenance performed by Carl Zeiss NTS/SMT
service staff

Preventive maintenance is a scheduled downtime essential to achieve the maximum equipment
performance level (i.e. 24 h of permanent operation).

The annual preventive maintenance is performed by the local Carl Zeiss NTS/SMT service engineer.
It includes

* Inspection

* Preventive actions

* Equipment test

* Verification run
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7.4. Repair

The repair tasks described in the following section can be performed by the operator.

IMPORTANT

All pursuing tasks of repair not described in this instruction manual have to be performed
by authorised Carl Zeiss NTS/SMT service staff only.

i @

7.4.1. Replacing the chamber door seal

Possible reasons:

¢ Chamber door does not close tightly, bad chamber vacuum

Parts required No.

Chamber door o-ring (for standard 6-axes stage) 113-880

Gloves, lint-free -

CAUTION
A Suffocation hazard due to lack of oxygen, since the specimen chamber is ventilated with
nitrogen.
Avoid inhaling the air from within the specimen chamber.
Ensure the area around the workstation is sufficiently ventilated.

IMPORTANT

Contamination caused by fingerprints can lead to vacuum deterioration or prolonged
pumping times.

Always wear lint-free gloves when touching specimen, sample holder or stage. Keep the
chamber door open as short as possible.

i @
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Procedure:

1 Ventilate the specimen chamber.
2 Open the chamber door.

CAUTION

Danger of damaging the sealing surface when using metallic tools.
If required, use a plastic or wooden tool to remove the chamber door o-ring.

3 Remove the chamber door o-ring (1).

Insert the chamber door o-ring.
Close the chamber door.
Pump the specimen chamber.
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7.4.2. Replacing fuses

DANGER

Danger to life: Hazardous voltage inside the workstation.

Checking and changing fuses may only be carried out by an electrically skilled person in
accordance with national safety regulations.

Turn off and lock out the workstation before opening the protective cover.

Possible reasons:

* Fuse is blown

Set of fuses 348200-8801-000

Procedure:

1 Switch off the workstation completely.
a Turn the ON/OFFswitch to OFF position.
b Unplug the power cord.

2 Check the miniature circuit breaker (1).
F18 (main fuse): 16 A, AIC 10,000 rms, ON/OFF switch
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3 Remove the screws (1).

4 Remove the protective cover.
5 Check the fuses.
Replace as necessary.

No. | Value | Circuit No. Value | Circuit

F1 T2A Water magnetic valve F10 T4A WDX

F2 T4A IGP power supply F11 T4A Res 1 (spare)

F3 T2A Bakeout heater 1 F12 T4A Res 2 (spare)

F4 T4A Bakeout heater 2 F13 T2A Mains PSU: Vac supply voltage

F5 T4A Spare F14 T4A Turbo pump power supply and

VP microscope: RBV angle valve

F6 T4A EHT F15 TO.2A Main input 230/24 V

F7 T4A PC F16 T10A Rotary pump and fuse F14

F8 T4A Not connected F17 T15A Mains PSU: stage and EO supply
voltage

F9 T4A EDX
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6 Mount the protective cover.
7 Tighten the screws (1).

8 Plug in the power cord.
9 Turn the ON/OFF switch to ON position.
10 Restart the workstation.
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8. Troubleshooting

8. Troubleshooting

The following table gives some clues to solve problems.
If you cannot solve the problem or if you are feeling unsure do not hesitate to get in contact with
your local Carl Zeiss NTS/SMT service engineer.

DANGER

Danger to life: Hazardous voltage inside the workstation .

Only service engineers trained and authorised by Carl Zeiss NTS are allowed to service
the workstation and to perform work on the electrical system of the workstation.

Keyword Symptom Possible reason Recommended action/s
Vacuum »vac ready = OK" is not shown System vacuum is bad due toa | Check the chamber door seal for
after specimen exchange. vacuum leak at the chamber cleanliness.
door. If required, replace the chamber
door seal.
.vac ready = OK" is shown very Gas ballast at rotary pump or Deactivate gas ballast at the pre-
late after specimen exchange. scroll pump is activated. vacuum pump.
Vacuum workstation does not vent. No nitrogen. Check nitrogen supply.
No compressed air. Check compressed air supply.
System .vac ready = OK" is indicated Penning gauge has not been Restart the workstation:
vacuum abnormally fast. identified correctly. If this does not solve the problem,
call your local Carl Zeiss NTS/
SMT service engineer.
System Bad system vacuum. Chamber door seal does not Check chamber door seal for par-
vacuum seal tightly. ticles.
Replace the chamber door seal.
Refer to section 7.4.1.
Gun vacuum | Gun vacuum is worse than 8 to Gun has been switched off for Bakeout the gun head.
9 x 102 mbar. safety reasons since gun Refer to section 7.2.1.4.
vacuum is too bad.
Specimen Stage does not move. Stage needs to be initialised. Initialise the stage. Refer to sec-
stage tion 7.2.1.3.
If this does not solve the problem,
call your local Carl Zeiss NTS/
SMT service engineer.
Specimen Stored position cannot be Stage needs to be driven to a Initialise the stage.
stage approached correctly. well-defined position. Refer to section 7.2.1.3.
Specimen Stored position cannot be PC has crashed. Initialise the stage.
stage/ approached correctly. Stage needs to be driven to a Refer to section 7.2.1.3.
PC well-defined position.
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Keyword Symptom Possible reason Recommended action/s
Drift Specimen seems to be moving. Charging effects. Ensure proper conduction of the
Non-conducting specimen. specimen.
Optimise specimen preparation.
Apply a charge compensation
method (e.g. Charge Compensa-
tor or GIS with Charge Compen-
sation)

Gun Gun is switched off automatically. | Gun has been switched off for Bakeout the gun head.

Gun vacuum worse than 2 x 108 | safety reasons since gun Refer to section 7.2.1.4.
mbar vacuum is too bad.

Image quality | Image quality gets worse, but Cathode has been damaged Call the local Carl Zeiss NTS/
there is no change in total emis- due to arcing. SMT service engineer to have the
sion current. cathode replaced.

Image quality | Image is noisy. Cathode is used up. Call the local Carl Zeiss NTS/
Noise reduction methods do not SMT service engineer to have the
remedy. cathode replaced.

Image quality | Image is bad at low EHT Working distance is too long. Reduce working distance.

(e.g.1kV)

In-lens image

In-lens image is noisy.

Working distance is too long.

Reduce working distance.

In-lens image

No In-lens image

EHT exceeds 20 kV.

Reduce EHT to a maximum of
20 kV.

SE2 image SE2 image is noisy Scintillator is used up. Call the local Carl Zeiss NTS/
SMT service engineer to have the
scintillator replaced.

Optional Specimen current is low. Cathode is used up. Call the local Carl Zeiss NTS/

specimen SMT service engineer to have the

current meter

cathode replaced.

After emer-
gency off or
power failure

Stored position cannot be
approached correctly.

Stage needs to be initialised.

Initialise the stage.
Refer to section 7.2.1.3.

168 of 182

Instruction Manual AURIGA® series en0O4




9. Shutdown and disposal
Putting the workstation out of operation

9. Shutdown and disposal

9.1. Putting the workstation out of operation

If the workstation will not be used for an extended period of time e.g. several months, it should
be put out of operation.

Contact your local Carl Zeiss NTS/SMT service engineer to have the workstation put out of oper-
ation.

The service engineer will see to that the cooling water is completely removed from the interior of
the FESEM.

9.2. Disposal

9.2.1. Disposing of solid waste (consumables)

The operator must ensure that solid waste (consumables) is disposed of and recycled in a re-
sponsible manner.

Description Material Disposal
Schottky field emitter, gun Tungsten, ceramics To be returned to Carl Zeiss NTS/SMT.
Apertures Platinum, iridium, gold Very small amounts.

May be disposed of in accordance with
local/regional regulations.

lon source (gallium) Gallium To be returned to Carl Zeiss NTS/SMT.
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Disposal

9.2.2. Disposing of the workstation

The operator must ensure that waste products are disposed of and recycled in a responsible
manner.

Refer to EC directive 2002/96/EC on waste electrical and electronic equipment (WEEE).

The workstation consists of several modules. Be careful to separate the materials properly when
you dispose of the workstation.

* Materials: e.g. metals, non-metals, composite materials, process materials
* Electronic scrap material: e.g. transformers, circuit boards, cables

¢ Comply with national and regional waste disposal ordinances.
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10. Parts and tools

i CAUTION
A Risk of injury or property damage
Use genuine ZEISS parts only.

Order parts and tools at your local Carl Zeiss NTS/SMT service organisation.

10.1. Important consumables

Iltem Part no.

Schottky field emitter

By DENKA 0302-460

By FEI 0302-102

Thin film aperture (standard multihole aperture) 348520-0586-000
Anode aperture, 40 pm 348520-0084-001
Extractor aperture 348520-0097-001
Anode aluminum seal 348520-0609-000
Copper seal gun head (single use) 340002-0382-000

Tip seal for pre-vacuum pump BOC Edwards XDS 10 113-898

Scintillator for SE2 detector 348306-8142-000

With FIB upgrade:
lon source (gallium) 346700-8011-000

With GIS upgrade:
Precursors On request

10.2. Important spare parts

Item Part no.
Set of fuses 348200-8801-000
Chamber door o-ring 113-880
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10.3. Tools and accessories

Iltem Part no.

3 mm Allen key 0015-247

1.5 mm Allen key 151-883

Small pliers -

Sample holders Refer to sample holder catalogue.

Stubs -

Tweezers -

TEM oil 300 0484-955

Isopropanol -

Cloth, lint-free -

Gloves, lint-free -

Aluminium foil or antistatic bag -
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11. Abbreviations

AC
AIC
BSE
CcC
CCD

EC
EHT
EIGA
EMC
EMO

EsB®
FESEM
GUI

IGP

MSDS
NTS
PC

PE

SE
SESI
SI
SMT

UIF

WD
WEEE

Alternating current

Ampere interrupting capacity
Backscattered electron
Charge Compensator
Charge coupled device
Depth

European community

Extra high tension

European Industrial Gases Association
Electromagnetic compatibility
Emergency off

Energy selective backscattered

Field emission scanning electron microscope
Graphical user interface

Height

lon getter pump

M-axis

Material safety data sheet

Nano Technology Systems

Personal computer

Protective earth

R-axis

Secondary electron

Secondary Electrons Secondary lons
Secondary ion

Semiconductor Manufacturing Technologies
T-axis

Voltage

User interface

Width

Working distance

Waste electrical and electronic equipment

X-axis
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Y Y-axis

Z Z-axis
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12. Glossary

12. Glossary

Aperture

Astigmatism
Backscattered electrons
Bakeout

Beam booster

Charging

Charge Compensator
Emission image
Extractor

Focus wobble

Penning gauge
Pre-vacuum pump
Secondary electrons
Suppressor

Stigmator

Schottky field emitter

Small opening in the beam path that forms and limits the electron or ion
beam.

Lens aberration that distorts the shape of the electron beam, compen-
sated by the stigmator.

High energy electrons that are liberated from the specimen surface when
the specimen is hit by the primary electron beam.

Degassing of surfaces of a vacuum system by heating during pumping
process.

Anode and liner tube of the GEMINI® column are connected mechanically
and electrically forming the beam booster.

A booster voltage (Ug, liner voltage) of +8 kV is applied to the beam
booster, so that a high beam energy is maintained throughout the entire
column.

The beam booster technique has two main advantages: It minimises
beam widening, that may occur due to stochastic electron-electron inter-
actions. Consequently there is almost no loss in beam brightness, even at
low acceleration voltages. Secondly, the beam booster technique
enhances protection against external stray fields.

Effect of the electron beam building up an electric charge within a non-
conducting specimen. Effects: poor imaging, physical movement of the
specimen.

Equipment that allows you to minimise charging effects by emitting a local
flow of gaseous nitrogen onto the area of interest on the specimen sur-
face.

Special beam profile mode used to adjust the cathode.

The emission image is a shadow image (In-lens image) of the multihole
aperture holes generated by scanning the electron beam above the multi-
hole aperture. In this process, the true size of the holes is masked, while
parts of the specimen can be visible through the aperture holes.

Positive electrode that attracts electrons from the cathode.

Function that sweeps the focus of the objective lens backwards and for-
ward through the focus on the specimen plane. When the aperture is mis-
aligned a lateral shift is observed.

Device for measuring high vacuum in the vacuum system.
A pump for generating a pre-vacuum.

low energy electrons that are liberated from the specimen surface when
the specimen is hit by the primary electron beam.
Secondary electrons are generated by inelastic scattering.

Electrode (anode) that suppresses unwanted thermoionic emission from
the shank of the Schottky field emitter.

Compensates astigmatism (lens aberration), so that the electron beam
becomes rotationally symmetrical.

Component that produces electrons (electron source).
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Scintillator Substance that absorbs electrons and in response, fluoresces photons
while releasing the previously absorbed energy.

Primary electrons Narrowly bundled beam of accelerated electrons that hit the specimen
surface.

X-ray Type of ionising radiation that is generated during the operation of elec-

tron microscopes
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13. Declaration of conformity

Denomination: CrossBeam® workstation

Model: AURIGA® / AURIGA® 60

Carl Zeiss NTS GmbH
Carl-Zeiss-Str. 56
73447 Oberkochen
Germany

Manufacturer

This is to declare that the machinery mentioned above fulfils all relevant provisions of the
* Directive 2006/42/EC

Moreover, the machinery fulfils the following directives and standards:
* Directive 2004/108/EC

e Standard EN 60204-1

¢ Standard EN 61000-6-4

¢ Standard EN 61000-6-2

e Standard EN 61010-1

e Standard EN ISO 12100-1/2

Unauthorised modifications of the machinery will cancel this declaration.

CE marking The CE conformity marking is located on the type plate of the machinery.
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A

Abbreviations 173
Acceleration voltage 38, 48, 50
Airlock 29, 51, 58, 77
Aluminium foil 153

Anode 37

Apertures 38, 150

Arcing 98, 115, 150, 168

B
Bakeout 152, 168, 175
Beam booster 43, 175

C

Canion column 39
Cathode 150, 168
Chamber door interlock 20
Chamber door seal 161
Charge Compensator 175
Charging 168

Chemicals 149

Cobra column 39
Coincidence point 103
Collector voltage (bias) 45
Compressed air 167
Condenser 40

Conformity 177
Consumables 149, 171
Control panel 28

Control panel, optional 34
Conventions, typographical 11
Cover panels 20
CrossBeam® operation 41
Customer service 58

D

Declaration 177
Depositing 93
Deposition 110
Detectors 42
Diamond like carbon layers 93
Disposal 169
Documents, related 9
Dose rate 16
Downtime 149

Drift 168

Dual joystick 33

E
E-beam deposition 95

E-beam etch 95

EHT 38

Electron beam deposition 93
Electron beam etching 93
Emergency off 143, 168
EMO 143

EMO button 22

EsB® detector 42, 46
Etching 93

Evacuating 36

F

Faraday cup 124

FIB Auto Heating 100
FIB Daily Adjust 97, 103
FIB imaging 41

FIB Mode 41

FIB probe currents 99
FIB Suppressor Target 99
Filament 37

Filtering grid 46

Fine Rectangle 104
Fluorine 93

Focus wobble 85

Fuses 163

G

Gas ballast 167
GEMINI® 37

Getting started 96

Gun 35, 149

Gun head interlock 20
Gun head switch plug 20
Gun vacuum 36, 152, 167

H

Halo 127

Help 135

High leakage current 17
High voltage plug 153

I

Image quality 168
Imaging modes 41
Initialise stage 151
In-lens detector 42, 43
Installation 61
Intended use 13
Interlocks 20, 21

lon getter pump 35
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lon source 39
lon source, heating 100

K
Keyboard 34

L

Labels 23

Lifetime of ion source 156
Lithography 106

Location requirements 55

M

Magnification 103

Main shut-off valves 22

Main switch 21

Material Safety Data Sheet 25
Mill 41

Mill + SEM 41

Milling current 106

Miniature circuit breaker 163
Monitors 28, 29

N
Nitrogen 17, 167

O

Objective lens 37, 39

ON/OFF switch 21
ON/STANDBY/OFF button 28
Operation, safe 151

Operator 12

Operator training 15

Operator, basic 12, 15

Operator, specially trained 12, 15

P

Penning gauge 35, 167, 175
Platinum 93

Plinth 28, 29

Polish, fine 106

Polish, medium 106

Power failure 168
Precursors 14

Pre-vacuum pump 35

Preventive maintenance 149, 151, 160

Probe currents 40
Progress marker 108

R

Radiation 16

Radiation protection 16
Resolution 48, 50

S

Safety 10, 13, 16

Safety devices 20
Safety instruction 10
Safety labels 23, 151
Schottky field emitter 37
Scintillator 149, 176
SE2 detector 42, 45
SEM imaging 41
Service 15, 16, 161, 167
SESI detector 42
Shutdown 169
SmartSEM® 12
Software 32

Software Manual 9
Software Manual SmartSEM® 96
Solid waste 169

Spare parts 171
Specimen chamber 28
Specimen Current Monitor 96
Specimen stage 36, 48
Specimen weight 48
Spot mode 127, 130
Start-up 61

Stigmator 38

Storage 60

Supervisor 152
Suppressor 175
Switching off 147
System vacuum 35, 167

T
Temperature gradient 110
Terms 12

Tilted, FIB column 39

Tip seal 149, 150

Tools 172

Transport 59
Troubleshooting 167
Tungsten 93

Turbo pump 35
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U
User 12
User interface 32

V

Vacuum 167

Vacuum interlock 21
Vacuum leaks 19
Vacuum system 35
Ventilating 36
Voltage, hazardous 16

w

Water 93

WD 44

WEEE 170

Wobble 85

Working distance 44

X
X-rays 16, 24
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