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1. About this manual

This instruction manual is considered to be part of the Charge Compensator.

Read the instructions carefully. Keep the instruction manual nearby the Charge Compensator 
and hand it over to future owners of the FESEM, the Charge Compensator is built in. 

This instruction manual is designed for users who have been trained by an authorised ZEISS ser-
vice representative to operate the FESEM, the Charge Compensator is built in. 

Operators of the must not deviate from the instructions provided in this document.

IMPORTANT
For general information about the operation of the FESEM refer to the respective instruc-
tion manual.

Safety 
instructions

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

DANGER
This safety symbol and signal word indicates an imminently hazardous situation.
Disregarding this warning WILL result in death or serious injury.

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.

Moreover you will find the following type of information:

IMPORTANT

This symbol and signal word draws your attention to important and useful information.
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Typographical 
conventions

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

1.1. Definition of terms

The following terms are used in this manual:

Typography Meaning

Push <ENTER>. Push the ENTER key on the keyboard.

Type  <key1, 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 High voltage icon.

Select Aperture size from the drop-down list.

Icons, buttons and menus are printed in bold.

Select Aperture size 30 µm.

Set FIB Fil V Target to zero.

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.

Charge Compensator Pneumatically driven gas injection system used for charge neutralisa-
tion

Charge Compensator with in-
situ cleaning function

Pneumatically driven gas injection system used for charge neutralisa-
tion and specimen cleaning

FESEM Field emission scanning electron microscope

in-situ cleaning Method for reducing hydrocarbon contamination on the loaded speci-
men.
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2. Safety 

2.1. Intended use

The Charge Compensator is an optional gas injection system for field emission scanning electron 
microscopes (FESEM) of the GeminiSEM series.

The Charge Compensator is available in two versions:

• Charge Compensator: 
Inhibits charging of a non-conducting specimen by emitting a local flow of gaseous nitrogen 
onto the area of interest.

• Charge Compensator with in-situ cleaning function: 
Charge compensation and specimen cleaning by emitting a local flow of gaseous nitrogen or 
gaseous oxygen onto the area of interest.

The specimen is always located in the evacuated specimen chamber of the FESEM.

Using the Charge Compensator for any other purpose may be dangerous and is not allowed.

2.2. Prevention of accidents and of improper use

CAUTION
Risk of injury or damage due to improper operation of the Charge Compensator or the FE-
SEM.
Read the user documentation carefully. Do not operate the Charge Compensator until you 
have completely read and understood this instruction manual.
Read the entire user documentation delivered with the FESEM. 

IMPORTANT
All pursuing tasks of maintenance, service, and repair not described in this instruction 
manual have to be performed by authorised ZEISS service engineer only. 
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2.3. Safety summary

2.3.1. Hazards related to personal injury

Service tasks

DANGER
Danger to life: Hazardous voltage inside the FESEM . 
Only service engineers trained and authorised by ZEISS are allowed to 
service the FESEM.

Operation

CAUTION
Pinch hazard
The Charge Compensator is driven pneumatically. 
Do not put your hand in the travel, while the Charge Compensator is being inserted or re-
tracted.

CAUTION
Suffocation hazard due lack of oxygen, since the specimen chamber is ventilated with 
gaseous nitrogen. Inhaling nitrogen may cause unconsciousness.
During the specimen exchange, keep the chamber door open as short as possible.
Avoid inhaling the air from within the specimen chamber.
Ensure that the area to the FESEM is sufficiently ventilated.

IMPORTANT

Concerning the hazards of nitrogen installations and associated safety precautions refer 
to the current version of IGC Doc 44/09/E: Hazards of inert gases, published by EIGA 
(European Industrial Gases Association), which can be found at the EIGA homepage 
www.eiga.org.
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In-situ
cleaning
function

When handling oxygen, special care is required:

CAUTION
Risk of fire due to oxygen
Materials that do not burn in air, can react vigorously or ignite spontaneously in oxygen-
enriched air.
Never drain off oxygen without use into closed rooms.
Oil and fat (also ointments, gels and disinfectants) can react explosively when in contact 
with oxygen.
Only authorised persons may handle oxygen.
When handling oxygen, do not smoke. Do not work with ignition sources or open flames.

IMPORTANT
Only specially trained service engineers are allowed to install the in-situ cleaning function.

IMPORTANT
Concerning the hazards of oxygen installations and associated safety precautions refer to 
the current version of IGC Doc 04/09/E: Fire hazards of oxygen, published by EIGA (Euro-
pean Industrial Gases Association), which can be found at the EIGA homepage 
www.eiga.org.

Gas cylinders When handling gas cylinders, note the following:

CAUTION
Risk of injury or damage due to the high internal pressure in gas cylinders.
Observe all safety labels on the gas cylinders and all safety instruction given by the gas 
cylinder manufacturer.

IMPORTANT
When handling oxygen cylinders, follow the rules and regulations, which apply in the 
country where the FESEM is installed.
ZEISS recommends a training of staff e.g. by the gas cylinder suppliers.
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Chemicals Certain chemicals are used for maintenance procedures.

CAUTION
TEM oil 300 may be irritating to skin and eyes.
Avoid contact with skin. Wear suitable gloves.
In case of contact with the skin, wash immediately with plenty of water and soap.
In case of contact with eyes, rinse immediately with plenty of water and seek medical
advice.

CAUTION
Isopropanol is highly flammable and irritating to the eyes.
Vapours may cause drowsiness and dizziness.
Keep away from sources of ignition. No smoking.
Avoid contact with skin. Wear suitable gloves.
In case of contact with eyes, rinse immediately with plenty of water and seek medical 
advice.
Do not breathe vapour.

2.3.2. Hazards not related to personal injury

In-situ 
cleaning
function

CAUTION
Specimen can be damaged.
Depending on the nature of the specimen, it can react with oxygen or ignite.
Make sure that your specimen does not react with oxygen (O2) or ozone (O3).

Maintenance CAUTION
Improper execution of maintenance, service or repair work can lead to damage.
Warranty will be voided.
Strictly follow the instructions given in this instruction manual.

CAUTION
Unsuitable lubricants can lead to contamination of the vacuum system.
Use only TEM Oil 300 to lubricate the rod.

IMPORTANT
If you work with non-conducting specimens, the function "alarm contact" (Touch Alarm) 
is not ready-to-operate.
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3. Description

3.1. Overview

3.1.1. Charge Compensator

1 Adjustment knob for X-axis 3 Adjustment knob for Y-axis

2 Adjustment knob for Z-axis 4 Rod

32 41
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3.1.2. Schematics of charge compensator

The Charge Compensator emits a local flow of gas on the specimen surface.

Therefore, the booster voltage of the GEMINI® column can always be switched on. So, all stand-
ard detectors can be used in a regular way.

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

1 Pneumatic retraction mechanism 5 AsB® detector (if equipped)

2 Charge Compensator 6 In-lens detector

3 Gas nozzle 7 EsB® detector (if equipped)

4 Specimen

1 2 3
4

5

6

7
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3.2. Principle of operation

3.2.1. Charge compensation

Charging When a non-conducting specimen is exposed to 
the primary electron beam, charging effects on the 
specimen surface inhibit clear and stable imaging.

The charging effect is caused by secondary elec-
trons (SE) which are released from the specimen 
material thus generating a negative charging 
across the entire specimen surface. Therefore, 
the detectors will be overwhelmed with electrons. 

Charge Com-
pensation

The Charge Compensator operates to avoid the 
charging effect. This is achieved by emitting a 
local flow of gaseous nitrogen onto the area of in-
terest.
You can position a small gas nozzle next to the 
specimen surface. Through this gas nozzle a flow 
of nitrogen is applied to the specimen surface in 
the e-beam irradiated area. The gas molecules 
form a local gas cloud above the specimen sur-
face.

Primary electrons and backscattered electrons 
(BSE) from the specimen surface ionise the gas 
molecules.
The electrons released during ionisation move 
away from the specimen surface, while the posi-
tive charge of the ions neutralises the specimen 
surface. Thus, charging effects are minimised.
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3.2.2. In-situ cleaning (if installed)

Hydrocarbon contamination on the specimen surface may reduce the imaging quality.

By means of the in-situ cleaning function the contamination can be removed from the specimen 
surface.

Ozone form-
ation

One concept of the operating principle is that ozone molecules are responsible for the cleaning 
effect.

A local flow of gaseous oxygen is injected onto the 
area of interest. To do so, a thin gas nozzle is 
placed over the specimen surface. The bouncing 
electrons ionise the gas molecules.

A free, single oxygen atom (O) reacts with an 
oxygen molecule (O2) to form highly reactive 
ozone (O3).

Cleaning The ozone molecule (O3) reacts with organic contamination (C) on the specimen. A carbon mon-
oxide molecule (CO) and an oxygen molecule (O2) are generated. The resulting gases are 
pumped off by the vacuum pump.

The more oxygen is applied, the more intensive the cleaning will be.
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3.3. Technical data

3.3.1. Product indentification

3.3.2. Specification

Workstation Charge Compensator
Charge Compensator with 
in-situ cleaning function

GeminiSEM 500 VP and 
GeminiSEM 300 VP

GIS-CC-Option smart
346061-9002-000

GIS-CC in-situ smart
346061-9004-000

Feature

GIS-CC-Option
GIS-CC-Option smart
GIS-CC in-situ
GIS-CC in-situ smart

GIS-CC-Option 60
GIS-CC in-situ 60

Travel 200 mm 270 mm

Travel speed max. 100 mm/s

Repeatability X-axis: ± 5 µm
Y-axis: ± 5 µm

Z-axis: ± 25 µm

Fine adjustment X-axis: ± 2 mm
Y-axis: ± 1 mm
Z-axis: ± 2 mm
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3.4. System requirements

3.4.1. Requirements to run the Charge Compensator for GeminiSEM series

• SmartSEM® V05.09 or higher

3.4.2. Requirements to run the Charge Compensator with in-situ cleaning 
function for GeminiSEM series

• SmartSEM® V05.09 or higher

At customer’s site:

• Oxygen supply (see specification 3.4.2.1.)

• Double-stage pressure reducer is installed (see specification 3.4.2.2.)

3.4.2.1. Specification oxygen

3.4.2.2. Specification pressure reducer

For example: C200hv/2, Linde Gas, Art.-No. 5441

Oxygen

Quality 5.0

Operating pressure 0.3 bar - max. 0.5 bar

Pressure reducer

Design double-stage

Pressure 200 bar

Adjustment range 0.1 bar - 2 bar

Type of gas Oxygen

Max. operating pressure 2 bar
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For operation in Germany:

For example: C202/2, Linde Gas, Art.-No. 761 6370

IMPORTANT
The installation of a safety valve that triggers at 0.5 bar overpressure is recommended.

3.5. Customer service

For customer service please contact your local ZEISS service represetative.

A list of ZEISS locations and authorised service partners can be found at:

http://www.zeiss.com/microscopy

Pressure reducer

Design double-stage

Pressure 200 bar

Adjustment range 0.05 bar - 1 bar

Type of gas Oxygen

Max. operating pressure 2 bar
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4. Installation

CAUTION
Danger in case of incorrect connection of oxygen
Specimen can be damaged.
Oxygen must be connected to the designated port. 
The installation must be performed by a ZEISS service engineer.

The Charge Compensator is either factory-installed or retrofitted by an authorised ZEISS service 
representative.

The Charge Compensator with in-situ cleaning function is either factory-installed or retrofitted by 
an authorised ZEISS service representative.
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5. Operation

5.1. Charge Compensator

Use the Charge Compensator for specimens that show charging effects.

CAUTION
Pinch hazard
The Charge Compensator is driven pneumatically. 
Do not put your hand in the travel, while the Charge Compensator is being inserted or re-
tracted.

IMPORTANT

Concerning the hazards of nitrogen installations and associated safety precautions refer 
to the current version of IGC Doc 44/09/E: Hazards of inert gases, published by EIGA (Eu-
ropean Industrial Gases Association), which can be found at the EIGA homepage 
www.eiga.org.
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5.1.1. Preparing the Charge Compensator

1 Go to the Control tab of the GeminiSEM 

Control panel.

2 Click on In.

To avoid any risk of collision, the specimen stage 
is driven downwards.

The Charge Compensator is automatically 
inserted into the specimen chamber.
The gas nozzle is placed underneath the 
objective lens.

IMPORTANT
When you use non-conducting specimens, as a matter of principle the touch alarm is not 
ready-to-operate.
However, the gas nozzle is made of a flexible material. In most cases, the gas nozzle will 
not be damaged when touching the specimen.

3 Move the specimen stage upwards 

until it is directly under the gas nozzle.

4 Adjust the gas nozzle position:

a Switch on the electron beam.

b Set a low magnification.

c Select the In-lens detector.

d Centre the area of interest on the 

specimen surface.
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e Use the adjustment knobs (1, 2, 3) at 

the Charge Compensator to position 

the tip of the gas nozzle close to the 

area of interest.

The gas nozzle should be placed as close as 
possible to the area of interest on the speci-
men surface.

21 3
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5.1.2. Controlling the gas injection

1 To start the gas injection:

Set the CC Pressure slider to 100 %.

Dry nitrogen is floating over the specimen sur-

face.

The system vacuum changes slightly.

You may regulate the amount of the injected 

gas 

between 0 % (off) and 100 %. 

Setting 100 % provides the best discharging 

effect.

2 To stop the gas injection:

Set the CC Pressure slider to 0.0 %.

The gas injection is stopped completely which 

allows working in high vacuum mode.

3 To finish the work with the Charge Compensa-

tor, click on Out.

The specimen stage is driven downwards. 

The Charge Compensator is retracted.

IMPORTANT
When selecting the VENT command, the specimen stage is driven to a safe position, the 
Charge Compensator is retracted, and the specimen chamber is ventilated.
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5.2. Charge Compensator with in-situ cleaning function

CAUTION
Pinch hazard
The Charge Compensator is driven pneumatically. 
Do not put your hand in the travel, while the Charge Compensator is being inserted or re-
tracted.

CAUTION
Specimen can be damaged
Depending on the nature of the specimen, it can react with oxygen or ignite.
Make sure that your specimen does not react with oxygen (O2) or ozone (O3).

IMPORTANT

Concerning the hazards of oxygen installations and associated safety precautions refer to 
the current version of IGC Doc 04/09/E: Fire hazards of oxygen, published by EIGA (Euro-
pean Industrial Gases Association), which can be found at the EIGA homepage 
www.eiga.org.

IMPORTANT

Concerning the hazards of nitrogen installations and associated safety precautions refer 
to the current version of IGC Doc 44/09/E: Hazards of inert gases, published by EIGA (Eu-
ropean Industrial Gases Association), which can be found at the EIGA homepage 
www.eiga.org.

IMPORTANT
When handling oxygen cylinders, follow the rules and regulations, which apply in the 
country where the FESEM is installed.
ZEISS recommends a training of staff e.g. by the gas cylinder suppliers.
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5.2.1. Preparing the Charge Compensator

1 Go to the Control tab of the GeminiSEM 

Control panel.

2 Click on In.

To avoid any risk of collision, the specimen stage 
is driven downwards.

The Charge Compensator is automatically 
inserted into the specimen chamber.
The gas nozzle is placed underneath the 
objective lens.

IMPORTANT
When you use non-conducting specimens, as a matter of principle the touch alarm is not 
ready-to-operate.
However, the gas nozzle is made of a flexible material. In most cases, the gas nozzle will 
not be damaged when touching the specimen.

3 Move the specimen stage upwards 

until it is directly under the gas nozzle.

4 Adjust the gas nozzle position:

a Switch on the electron beam.

b Set a low magnification.

c Select the In-lens detector.

d Centre the area of interest on the 

specimen surface.
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e Use the adjustment knobs (1, 2, 3) at 

the Charge Compensator to position 

the tip of the gas nozzle close to the 

area of interest.

The gas nozzle should be placed as close as 
possible to the area of interest on the speci-
men surface.

21 3
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5.2.2. Selecting the gas

Choose one of two types of gas, depending on the application:

• Nitrogen (N2): For charge compensation

• Oxygen (O2): For in-situ cleaning

5.2.2.1. Selecting nitrogen (N2)

Use N2 for specimens that show charging effects.

CAUTION
Suffocation hazard due lack of oxygen. 
Inhaling nitrogen may cause unconsciousness.
Ensure that the area to the FESEM is sufficiently ventilated.

IMPORTANT

Concerning the hazards of nitrogen installations and associated safety precautions refer 
to the current version of IGC Doc 44/09/E: Hazards of inert gases, published by EIGA (Eu-
ropean Industrial Gases Association), which can be found on the EIGA homepage 
www.eiga.org.

1 Click N2.

2 To avoid sensitive specimens getting in con-

tact with oxygen that may be left in the line, 

inject nitrogen for about 10 seconds:

a Set the pressure slider to CCPressure = 

50 % while the specimen is at a long work-

ing distance.

b To stop the gas flow set CCPressure = 0 %. 

3 Drive the specimen to the desired 

working distance.

4 Set the gas injection as described in chapter 5.2.3.
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5.2.2.2. Selecting oxygen (O2)

Use O2 for specimens that show contamination.

CAUTION
Risk of fire due to oxygen
Materials that do not burn in air, can react vigorously or ignite spontaneously in oxygen-
enriched air.
Never drain off oxygen without use into closed rooms.
Oil and fat (also ointments, gels and disinfectants) can react explosively when in contact 
with oxygen.
Only authorised persons may handle oxygen.
When handling oxygen, do not smoke. Do not handle with ignition sources or open flames.

CAUTION
Specimen can be damaged
Depending on the nature of the specimen, it can react with oxygen or ignite.
Make sure that your specimen does not react with oxygen (O2) or ozone (O3).

IMPORTANT
Concerning the hazards of oxygen installations and associated safety precautions refer to 
the current version of IGC Doc 04/09/E: Fire hazards of oxygen, published by EIGA (Euro-
pean Industrial Gases Association), which can be found at the EIGA homepage 
www.eiga.org.

IMPORTANT

When handling oxygen cylinders, follow the rules and regulations, which apply in the 
country where the FESEM is installed.
ZEISS recommends a training of staff e.g. by the gas cylinder suppliers.

1 Click O2.

2 Set the gas injection.

See chapter 5.2.3.
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5.2.3. Controlling the gas injection

1 To start the gas injection:

Set the CC Pressure slider to 100 %.

Dry oxygen is floating over the specimen sur-

face.

The system vacuum changes slightly.

You may regulate the amount of the injected 

gas between 0 % (off) and 100 %. 

Setting 100 % provides the best effect.

2 To stop the gas injection:

Set the CC Pressure slider to 0.0 %.

The gas injection is stopped completely which 

allows working in high vacuum mode.

3 To finish the work with the Charge Compensa-

tor, click on Out.

The specimen stage is driven downwards. 

The Charge Compensator is retracted.

IMPORTANT
When selecting the VENT command, the specimen stage is driven to a safe position, the 
Charge Compensator is retracted, and the specimen chamber is ventilated.
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6. Maintenance and repair

DANGER
Danger to life: Hazardous voltage inside the FESEM . 
Only service engineers trained and authorised by ZEISS are allowed to service the FESEM 
and to perform work on the electrical system of the FESEM.

CAUTION
Changing the oxygen gas cylinder
The oxygen gas cylinder may only be changed by specially trained staff in handling oxy-
gen.
Check with your oxygen supplier, how the oxygen gas cylinder must be changed.

IMPORTANT

When handling oxygen cylinders, follow the rules and regulations, which apply in the 
country where the FESEM is installed.
ZEISS recommends a training of staff e.g. by the gas cylinder suppliers.

IMPORTANT

Concerning the hazards of oxygen installations and associated safety precautions refer to 
the current version of IGC Doc 04/09/E: Fire hazards of oxygen, published by EIGA (Euro-
pean Industrial Gases Association), which can be found at the EIGA homepage 
www.eiga.org.

IMPORTANT

Concerning the hazards of nitrogen installations and associated safety precautions refer 
to the current version of IGC Doc 44/09/E: Hazards of inert gases, published by EIGA (Eu-
ropean Industrial Gases Association), which can be found at the EIGA homepage 
www.eiga.org.
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6.1. Lubricating the rod

Possible reasons:

• Rod does not move smoothly

CAUTION
TEM oil 300 may be irritating to skin and eyes.
Avoid contact with skin. Wear suitable gloves.
In case of contact with eyes, rinse immediately with plenty of water and seek medical ad-
vice.
After contact with the skin, wash immediately with plenty of water and soap.

CAUTION
Isopropanol is highly flammable and irritating to the eyes.
Vapours may cause drowsiness and dizziness.
Keep away from sources of ignition. No smoking.
Avoid contact with skin. Wear suitable gloves.
In case of contact with eyes, rinse immediately with plenty of water and seek medical ad-
vice.
Do not breathe vapour.

CAUTION
Danger of contaminating the vacuum system when using unsuitable lubricants.
Only use TEM oil 300 for lubricating the rod.

Parts required No.

TEM oil 300 0484-955

Isopropanol -

Cloth, lint-free -

Gloves, lint-free -
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Procedure:

1 Go to the Control tab of the GeminiSEM Con-

trol panel.

2 Click on Out.

The Charge Compensator is being retracted.

3 Clean the rod with isopropanol.

Use a clean, lint-free cloth.

4 Spread some drops of TEM oil 300 across the 

rod.

Use a clean, lint-free cloth.
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6.2. Unbending the gas nozzle

Possible reasons:

• Gas nozzle has been bent accidentally

Procedure:

1 Ventilate the specimen chamber.

2 Carefully unbend the gas nozzle using suitable pliers.

6.3. 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 ZEISS-service engineer.

DANGER
Danger to life: Hazardous voltage inside the FESEM . 
Only service engineers trained and authorised by ZEISS are allowed to service the FESEM 
and to perform work on the electrical system of the FESEM.

Parts required No.

Small pliers -

Keyword Symptom Possible reason Recommended action/s

Gas nozzle Gas nozzle is bent. Gas nozzle has touched an 
obstacle accidentally.

Unbend the gas nozzle. 
Refer to section 6.2.

Inserting Charge Compensator does not 
move in.

Stage has not been initialised. Initialise the stage.
Refer to the Software Manual 

SmartSEM®
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7. De-installation and disposal

The Charge Compensator is de-installed and disposed of by authorised ZEISS service engineer 
only.

8. Abbreviations

AsB® Angular selective backscattered

BSE Backscattered electron

CC Charge Compensator

EHT Extra high tension

EsB® Energy selective backscattered

FESEM Field emission scanning electron microscope

N2 Nitrogen

O2 Oxygen

SE Secondary electron
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9. Glossary

Backscattered electrons High energy electrons that are liberated from the specimen surface 
when the specimen is hit by the primary electron beam.

Charge Compensator Option that allows you to minimise charging effects by emitting a local 
flow of gaseous nitrogen onto the region of inerest on the specimen 
surface.

Charging Effect of the electron beam building up an electric charge within a non-
conducting specimen. Effects: poor imaging, physical movement of the 
specimen.

In-situ-cleaning Cleaning the specimen surface by emitting a local flow of gaseous 
oxygen onto the region of interest on the specimen surface.

Primary electrons Narrowly bundled beam of accelerated electrons that hit the specimen 
surface.

Secondary electrons 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.
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