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SAFETY AND WARNING INFORMATION

PLEASE READ THIS INFORMATION FIRST BEFORE USING YOUR CLARA INTERLINE CAMERA.

©

© ® o »

11.

12.

13.

14.
15.
16.

17.
18.
19.

To ensure correct and safe operation of this product, please read this guide before use and keep it in a safe place for future
reference

If equipment is used in a manner not specified by Andor, the protection provided by the equipment may be impaired

Before using the system, please follow and adhere to all warnings, safety, manual handling and operating instructions located
either on the product or in this manual

The Andor Clara is a precision scientific instrument containing fragile components. Always handle with care
Do not expose the product to extreme hot or cold temperatures

Do not expose the product to open flames

Do not allow objects to fall on the product

Do not expose the product to moisture, wet or spill liquids on the product. Do not store or place liquids on the product. If a
spillage occurs on the product, switch off power immediately, and wipe off with dry, lint-free cloth. If any ingress has occurred or
is suspected, unplug mains cable, do not use, and contact Andor service

The product contains components that are extremely sensitive to static electricity and radiated electromagnetic fields, and
therefore should not be used, or stored, close to EMI/RFI generators, electrostatic field generators, electromagnetic or
radioactive devices, or other similar sources of high energy fields

Operation of the system close to intense pulsed sources (e.g. plasma sources, arc welders, radio frequency generators, X-ray
instruments, and pulsed discharge optical sources) may compromise performance if shielding of the Clara is inadequate

This product is not designed to provide protection from ionising radiation. Any customer using this product in such an
application should provide their own protection

The Andor Clara is for use in research laboratories and other controlled scientific environments
This equipment has not been designed and manufactured for the medical diagnosis of patients

Use only the power supply cord provided with the system for this unit. Should this not be correct for your geographical area
contact your local Andor representative

Only the correctly specified mains supply and fuse must be used
Make sure the electrical cord is located so that it will not be subject to damage

There are no user-serviceable parts beyond the specified user accessible areas of the product and the enclosure must not be
opened. Only authorised service personnel may service this equipment

REGULATORY COMPLIANCE

through testing to EN 61326-1 and EN 61010-1.

c € The Clara complies with the requirements of the EU EMC and LV Directives

This product requires a DC power supply

Version 2.0 rev 24 Mar 2015
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SECTION 1: INTRODUCTION

Thank you for choosing the Andor Clara. Andor’s CCD (Charge Coupled Device) exploits the processing power of
today’s desk-top computers. USB 2.0 connectivity ensures a seamless interface with the camera, as well as generating
and receiving the signals you use to work with most stanadrd pulsed sources. From the outset, the Clara has been
designed for ease of use. Under Solis software control, it serves as both a multi-channel detector and a linear image
sensor, catering for a broad range of imaging applications.

Figure 1: The Andor Clara Interline CCD Camera

This manual contains useful information and advice to ensure you get the optimum performance from your new system.
If you have any questions regarding your Clara, camera please feel free to contact Andor directly, or via your local
representative or supplier. The Clara is controlled through control software such as Andor Solis. Please refer to the
software guide supplied with your software for further information.

1.1 HeLP AND TECHNICAL SUPPORT

When the application is running, click the Ii Button or press F1 on the keyboard and the Andor Solis Help dialog box
will open. Click on the area for which you require help and you will be provided with information relevant to the part of
the application from which help was called.

In addition to the main On-Line Help, the system provides help that relates specifically to the Andor Basic programming
language. If you are working in a Program Editor Window, context sensitive help is available on the ‘reserved words’ of
the programming language. To activate, with the cursor on, or immediately after a reserved word, press Ctrl + F1.

So, whenever you’re working with a particular window, you’ll find a section in the User’s Guide that sets that window
in context, reminding you how the window is launched, letting you know what it can do, and telling you what other
windows and operations are associated with it.

Version 2.0 rev 24 Mar 2015 7
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If you have any questions regarding the use of this equipment, please contact the representative” from whom your

system was purchased, or:

Andor Technology
7 Millennium Way
Springvale Business Park
Belfast
BT12 7AL
Northern Ireland
Tel. +44 (0) 28 9023 7126
Fax. +44 (0) 28 9031 0792

-

Andor Technology (Japan)
4F NE Sarugakucho Building
2-7-6 Sarugaku-Cho
Chiyoda-Ku
Tokyo 101-0064
Japan
Tel. +81-3-3518 6488
Fax. +81-3-3518 6489

AND

J

Andor Technology
425 Sullivan Avenue
Suite # 3
South Windsor
CT 06074
USA
Tel. +1 (860) 290-9211
Fax. +1 (860) 290-9566

-

Andor Technology
Room 1213, Building B
Luo Ke Time Square
No. 103 Huizhongli
Chaoyang District
Beijing,100101 P.R.
China
Tel: +86 (0)10 5129 4977
Fax. +86(0)10-6445-5401

*NOTE: the contact details for your nearest representative can be found on our website:

http://www.andor.com/ContactSupport.aspx?type=s

Version 2.0 rev 24 Mar 2015
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1.2 DiIsSCLAIMER

THE INFORMATION CONTAINED HEREIN IS PROVIDED “AS IS” WITHOUT WARRANTY, CONDITION OR REPRESENTATION OF
ANY KIND, EITHER EXPRESS, IMPLIED, STATUTORY OR OTHERWISE, INCLUDING BUT NOT LIMITED TO, ANY WARRANTY OF
MERCHANTABILITY, NON-INFRINGEMENT OR FITNESS FOR A PARTICULAR PURPOSE.

IN NO EVENT SHALL ANDOR BE LIABLE FOR ANY LOSS OR DAMAGE, WHETHER DIRECT, INDIRECT, SPECIAL, INCIDENTAL,
CONSEQUENTIAL OR OTHERWISE HOWSOEVER CAUSED WHETHER ARISING IN CONTRACT TORT OR OTHERWISE, ARISING OUT
OF OR IN CONNECTION WITH THE USE OF THE INFORMATION PROVIDED HEREIN.

PLEASE NOTE, Al TRANSLATIONS OF THIS USER MANUAL MAY RESULT IN INCORRECT INFORMATION. IN THE EVENT OF A
CONFLICT WITH A FOREIGN LANGUAGE TRANSLATION, ANDOR’S ENGLISH TRANSLATION WILL PREVAIL.
COPYRIGHT AND PROTECTIVE NOTICES:

The copyright in this document and the associated drawings are the property of Andor Technology and all rights are
reserved. This document and the associated drawings are issued on condition that they are not copied, reprinted or
reproduced, nor their contents disclosed.

The publication of information in this documentation does not imply freedom from any patent or proprietary right of
Andor Technology or any third party.

1.3 TRADEMARKS AND PATENT INFORMATION

Andor, the Andor logo and Solis are trademarks of Andor Technology. Andor is an Oxford Instruments company. All other
marks are property of their owners. Changes are periodically made to the product and these will be incorporated into
new editions of the manual.

New releases of the manual are available through MyAndor: http://my.andor.com/login.aspx.

Version 2.0 rev 24 Mar 2015 9
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1.4 COMPONENTS

The standard components supplied with the Clara are shown in Table 1:

Table 1: Standard Components supplied with the Clara

Description Quantity

Clara Interline CCD Camera 1

Description Quantity
USB 2.0 Cable 1x3m
Power Supply Unit
(PS12) 1
and Country specific
Power Cord
‘ Product Manual on CD 1

1.4.1 OPTIONAL ACCESSORIES
There is a range of optional and additional accessories available for your Clara camera including:
e Mounting Flanges
e Multi I/O cable options
e Extension tubes
e Software: Solis, SDK and iQ

Please contact Andor or your nearest Andor representative for further information.

Version 2.0 rev 24 Mar 2015 10
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SECTION 2: PRODUCT OVERVIEW

This section provides an overview of the hardware and main features of the Clara. Further technical information is
outlined in the Appendix A of this manual.

2.1 FronT VIEW

Cooling slots

Camera Window

CCD Sensor C-mount

Figure 2: Clara Front View

2.1.1 CCD Sensor

The Clara features a high performance interline CCD Sensor. The sensor is 1392 x 1040 pixels (W xH) with a pixel size of

6.45 x 6.45 pm. A permanent vacuum, using the Andor “UltraVac” system enables deep cooling and elimination of dark
current.

2.1.2 Camera WiNnDOW

A single camera window protects the sensor and is part of the UltraVac system- refer to the Appendix in this manual for
further information.

2.1.3 C-MounTt

The C-mount enables simple and effective mounting of the camera to a wide range of standard lenses and devices. A
further mount (¥4 -20 UNC thread) is located on the baseplate of the Clara.

2.1.4 CooLING SLoTS

The Clara has a thermo-electric cooled and is air-cooled. A fan allows heat to be drawn away from the CCD sensor and
into the surrounding air. It is therefore important that the cooling slots and fan are not obstructed.

Version 2.0 rev 24 Mar 2015 1
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2.2 REAR PANEL

USB 2.0 Connection Power Input

Power Switch

Cooling Fan

Multi 1/0 Timing
Cable Connection

Figure 3: Clara Rear Plate Connections

2.2.1 USB 2.0 CoNNECTION

For connection of the Clara to the control PC.

2.2.2 CooLING FaN

A cooling fan draws heat from the CCD Sensor. Refer to Appendix A

2.2.3 MuLti I/0O Timing CaBLE CONNECTION

The multi I/O connection enables interconnection, control and synchronisation between a range of devices. Pin-out
information is provided in the following section.

2.2.3.1 Muti I/0O Timing CaBLE PIN Outs

"'9O0000 00O
"'90000000 O
900000000,

Figure 4: Multi I/0 Cable Pin Outs

Version 2.0 rev 24 Mar 2015 12
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Table 2: Multi I/0 Timing Cable Pinouts 26-way D type connector

1 External Trigger 14 /O data bit 4
2 Trigger Invert Input 15 /O databit 5
3 GND 16 |/O data bit 6
4 OutputDACH 17 /O databit 7
5 OutputDAC2 18 GND

6 GND 19  +5V Output
7 Frame Readout 20 GND

8 Fire 21 [>)C Data

9 Interline Shift 22 12C Clock

10 I/O data bit O 23  Shutter Output TTL
11 I/O data bit 1 24 Arm

12 /O data bit 2 25 GND

13 /O data bit 3 26 GND

° External trigger is a TTL input. By default it triggers on a rising edge. This can be inverted by tying Pin 2 to ground. Note that this can also be
inverted in software.

o Frame Readout, Fire, Interline Shift and Shutter Output are all TTL timing outputs

o OutputDAC1 and OutputDAC2 are 16 bit DAC outputs which can be configured by the user to be up to approximately 10.1 Volts. Maximum
output current which can be drawn is 10mA

o +5V Output is a 5V supply to signal to the user that the camera is powered up. Maximum current which can be drawn is 500mA

. I/0 bits (8 off) are user programmable and can either be inputs or outputs. When being used as inputs these default to being weakly pulled high.
The maximum low level input voltage is 1.5V and the minimum high level input voltage is 3.5V. As outputs the maximum “high” level output
current drawn is 0.03mA and the maximum “low” level current which each output can sink is 10mA

® |°C Clock and Data are available for user communication to other I°C devices

2.2.4 PoweR INPUT

The Clara is powered via an external power supply unit (PSU). This is described in Section 2.2.6.

2.2.5 Power SwitcH

A power switch is located on the rear plate of the Clara for convenience.

2.2.6 Power SuppLy UniT (PSU)

The supplied external PSU (PS-12) requires an AC mains input of 100 - 240 V (= 10%), 50/60 Hz (+ 10%). Maximum
supply current = 1.4A, with typical power consumption of approximately 75 W.

The output of the PS-12 is 12V DC at 5.0A maximum. The PS-12 PSU is fitted with an IEC connector for the electrical
supply input. The connection to the Clara is made via a 4-pin socket.

Figure 5: External Power Supply

Version 2.0 rev 24 Mar 2015 13
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The Clara PSU is for use with Telecommunications, Computer, Industrial Controller, and OA Systems and must
only be used indoors

=== The Clara requires a Direct Current (DC) supply.

The electrical mains lead should be certified for use in your country and in applicable countries the plug must be
fitted with a 240V 5A fuse.

If users use any other power supply, they do so at their own risk.

2.2.7 Power CONNECTION PiN-0UTS
A 4 pin power connector is fitted for power connection, details are shown below:

Cable alignment key Cable alignment key

+12v | | -ve -ve +12v

Figure 6: (Left, Camera Connection, Tyco Electronics Part # 6-1437719-4) and (Right, Connector socket Tyco Electronics Part # 3-1437719-3)

WARNING: Ensure that the power switch is in the ‘OFF’ position and the connector orientation is correct before
inserting the power connector. The power connector is ‘keyed’ - Never forcibly insert the connector otherwise
damage to the equipment may occur.

Version 2.0 rev 24 Mar 2015 14
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SECTION 3: INSTALLATION

3.1 SareTy CONSIDERATIONS
e  Prior to commencing installation, please refer to the Safety and Warning Information at the preface of the
manual and the Specifications in Section 7 to ensure all requirements have been met.

e As part of the safety features of the product the Clara must be powered from an SELV (safety extra low voltage)
source. In the case of the standard supplied power supply (PS-12) this unit provides an SELV output and is
designed to have a protective earth connected via the earth pin on the mains plug of the unit. It is important to
ensure that this is connected to the buildings protective earth system.

e  The equipment should be positioned so that the mains supply plug/cord can be easily accessed for

disconnection.

3.2 MOUNTING INSTRUCTIONS

To prevent damage to the Clara, other equipment and/or personnel the camera must be securely mounted before use.
This can be using either one of the following points:

e  The C-Mount on the front face of the camera

e The ¥4 -20 UNC threaded holes on the Baseplate (underside of the unit)

C-mount

uﬂ' | S— )
Above: V4 -20 UNC

Threaded Mounting
Holes (x3) - on baseplate

Figure 7: Mounting Locations for the Clara

3.3 INSTALLING THE CAMERA DRIVERS

—

Terminate & exit any programmes which are running on the PC.

2. Insert the Andor CD. The InstallShield Wizard starts. If it does not start automatically, run the file setup.exe
directly from the CD then follow the on-screen prompts that then appear.

3. Follow the on-screen prompts and select “Clara” as the camera type.

4. Complete the InstallShieldWizard and restart the PC.

Version 2.0 rev 24 Mar 2015 15
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3.4 SysteEm CONNECTION

Connect the elements of your system in the sequence that follows:
e Power up the PC

e Connect the USB cable between the USB connection on the rear plate and any available USB 2.0 port on the
PC

e  Connect the power supply to the Power connection point on the rear of the camera

3.5 INSTALLING SoFTWARE (SoLis or SDK)

NOTE: You must have administrator access on your PC to perform this installation.

The same instructions cover the installation procedure for Andor’s Solis software or Andor’s SDK, which is used in
conjunction with third party software. If you are planning to run your camera through a third party interface you will
require the Andor Drivers, called SDK.

Switch on the PC, insert CD and run the “setup.exe” file on the CD or download location.
e  Confirm the version of software.
e Follow the on screen prompts.

e  Select the installation directory when prompted.

Version 2.0 rev 24 Mar 2015
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SECTION 4: OPERATION

WARNINGS:

e IF THE EQUIPMENT IS USED IN A MANNER NOT SPECIFIED BY ANDOR OR ITS DISTRIBUTORS, THE
PROTECTION PROVIDED BY THE EQUIPMENT MAY BE IMPAIRED.

e READ THE USER GUIDES SUPPLIED WITH YOUR SYSTEM COMPONENTS AND CONTROL SOFTWARE
PRIOR TO USE.

4.1 EMERGENCY MAINS DISCONNECTION
In case of emergency, the disconnecting point of the equipment is the mains power cord connected to the external
power supply, or the mains socket switch.

WARNING: SWITCH OFF THE POWER AT THE MAINS SOCKET AND REMOVE THE MAINS LEAD FROM THE
EXTERNAL POWER SUPPLY.

4.2 POWER-UP SEQUENCE

Once all system components are connected, the Clara may be turned on as follows:
1. Power up the PC
2. Power up the camera, ensuring that power is ON at the mains power socket.
3. Turn ON the rocker switch on the rear panel of the Clara.
4

Launch the camera control software e.g. Solis

4.3 POWER-DOWN SEQUENCE

In order to turn the system off, proceed as follows:
1. Exit the software e.g. Solis
2. Switch the Clara off at the power switch located on the rear panel.

3. If the Camera will not be used for some time, switch off and disconnect the power at the mains power socket.

4.4 Risk MITIGATION

4.4.1 MecHANICAL HOUSINGS

Once installed, the camera and any other system components form the protective housings of the product. No
components, panels, connections or linkages should be loosened or removed to avoid exposure to any potentially
hazardous radiation.

4.4.2 Hazarps DUE To MoisTURE OR LiQuips

Please do not put components including power cables or external power supply in places with high moisture or near
water.
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4.5 UsING THE CLARA

e The Clara is controlled through the control software, for example Solis. Please refer to your Solis Software
Guide for the latest and complete guide to using Solis.

e The following information provides additional information specific to the Clara

4.5.1 CCD Setup OpPTIONS FOR THE CLARA

The clara has a range of setup options available under the Set-up CCD menu in Solis:
ACQUISITION MODE
e Single

e Accumulate

¢ Kinetic
TRIGGERING

e |Internal

e External

e Fast External

e  External Exposure

READOUT MODE
e Image
e  Multi-Track

e  FVB (Full Vertical Binning)
HORIZONTAL PIXEL SHIFT READOUT RATE
e 1MHz at 16-bit
e 10MHz at 14-bit
e 20MHz at 14-bit
HORIZONTAL PIXEL SHIFT PRE-AMPLIFIER GAIN

e 1Ix

° 2X
MODE

e Normal

e Extended NIR

The Horizontal Pixel Shift Pre-Amplifier Gain can be set as required for either lowest possible noise or maximum
dynamic range. Depending on which combination of Acquisition, Readout & Triggering modes are selected, other
additional Timings options become available. The following table lists the parameters for which you may enter a value
in the appropriate text box. As you select an Acquisition Mode you will notice that you are able to enter additional
exposure-related and timing parameters in a column of text boxes.
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Certain text boxes become active as you select each Acquisition Mode. Minimum default values are also shown in the
text boxes. NOTE: The value you enter in one text box may affect the minimum permissible value in another text
box. The system updates the display of minimum permissible values accordingly.

Table 4: Acquisition Modes

ACCUMULATE
AcauisitTioN Mobe No. it KINETIC Cosmic il
(Reabout BEEELEL Ll OF it SERIES OVERLAP* Rav oLz
(secs) (secs) TimMe
MobE) ACCUMULATIONS LENGTH REmovAL
(INTERNAL (secs)
TRIGGERING)
Single Image) 3
Single (FVB) 3
Accumulate (Image) 3 3 3 3 3
Accumulate (FVB) 3 3 3 3
Kinetic (Image) 3 3 3 33
Kinetic (FVB) 3 3

*NOTE: Overlap function allows data to be read out whilst exposure is underway.

4.5.2 ExTtenpep IR Mobe

The Sony sensor used in the Clara offers the unique ability to switch to a mode whereby the QE of the sensor can be
increased in the Near Infrared (NIR). Sony have increased the thickness of the silicon on which the CCD is formed and by
manipulating the voltages applied to the silicon substrate, the depth of the region where red and NIR light can convert to
photoelectrons is increased.

This in turn increases the response of the sensor to these wavelengths with a QE increase from 40% to 60% at 650 nm.
For this mode to become fully active requires the first 1mS of the exposure, so it is not recommended for exposures of
less than 10 mS. In this mode the amplifier is also powered down during the acquisition, thus eliminating the effect of
amplifier glow. This mode is available in Solis by Selecting “Extended IR Mode”.

NOTE: In this mode it is not possible to read out the previous image during the exposure (overlap mode) as the
amplifier is powered down.

4.5.3 FaN SETTINGS

The speed of the cooling fan can also be controlled, useful if working in experimental configurations which are extremely
sensitive to vibration. The vast majority of applications, including optical microscopy, can be used with the default
highest fan speed, since the vibrations from the fan are minimal. However some applications can be extremely sensitive
to even the smallest of vibrations (such as when combining an optical set-up with patch clamp electrophysiology or
atomic force microscopy) and it can be useful to either select a slower fan speed, or to temporarily turn off the fan
altogether for the duration of the acquisition.

If the fan is being turned off altogether, depending on the cooling temperature selected and on the ambient temperature,
the acquisition duration can be as long as 15 - 20 minutes before temperature begins to rise. Then the fan must be
turned on again to give the head time to re-stabilize (dissipate built-up excess heat from the Peltier TE cooler) before the
next acquisition is begins.
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4.5.4 Output DACs

Voltages to control external devices from the Clara can be chosen by selecting the Output DACs function from the
Hardware drop-down menu.

e These DAC outputs allow the user to set an analogue voltage up for external devices.

e  The resolution can be set to 8,10,12,14 or 16 bits. Both DAC outputs can then be scaled to a maximum of
approximately 5V or 10V.

e These do not provide absolute outputs and there will be slight variations between the two outputs.

e Each voltage output can then be adjusted with up to 16 bit resolution. The maximum current which can be
drawn from these outputs is 10mA

4.6 TMING PARAMETERS
Depending on which combination of Acquisition, Readout & Triggering modes is selected, various timing parameters are
available for the Clara as follows:

e Exposure Time (secs)

¢ No. of Accumulations

e Accumulation Cycle Time (secs)

e Cosmic Ray Removal

¢ Kinetic Series Length

e Kinetic Cycle Time (secs)

4.6.1 UsING SHUTTERS

When the Shutter Control option is selected from the Hardware drop-down-menu, or the @ button is clicked, the
Shutter Control dialog box opens e.g.:

You can use this to indicate when and how a hardware shutter should be used. With a CCD, the shutter is used for
background shuttering. Certain settings (e.g. Permanently OPEN & Permanently CLOSED) take effect as soon as you
close the Shutter Control dialog box. Other settings will be applied whenever you acquire data.

¢ Fully Auto is the simplest shutter mode, as it leaves all shuttering decisions to the system. When you perform
Take Signal the shutter opens for the duration of the Exposure Time you have entered in the Setup Acquisition
dialog box.

NOTE: This option will automatically provide suitable shuttering for the majority of data acquisitions. The shutter
will be closed for background data acquisitions and will be opened for all other data acquisitions.

e |If CLOSED for background mode is selected, any shutter driven from the Shutter output will be closed as you
perform Take Background. If you want the shutter to be open so that the Take Background function records
genuine optical background data, deselect the option.

NOTE: Usually a background scan is used to subtract the dark signal and the Fixed Pattern Noise (FPN) of the
sensor. For this reason the background scan is usually performed in darkness. A shutter may be used to stop
light entering the spectrograph or other imaging system. Strictly speaking though, the background acquisition
may be regarded as comprising all light with the single exception of the source. Thus, when you are working with
a pulsed or independently shuttered source, it may be appropriate to have the mode deselected.
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e In Permanently OPEN mode, the shutter will be open before, during and after any data acquisition.

e Permanently CLOSED mode can be useful if you want to take a series of acquisitions in darkness and do
not require the shutter to open between acquisitions. You might, for example, wish to capture a sequence of
background values. The shutter remains closed before, during and after any data acquisition.

e The TTL (Transistor-Transistor Logic) buttons, TTL Low & TTL High, let you instruct the system as to how it
should control the opening and closing of the shutter.

- If you select TTL Low, the system will cause the output voltage from the Clara to go ‘low’ to open the
shutter.

- If you select TTL High, the system will cause the output voltage from the Clara to go ‘high’ to open the
shutter.

The documentation supplied by the shutter manufacturer will show whether your shutter opens at a high or a low TTL
level.

NOTE: The shutter pulse is not capable of driving a shutter. It is only a 5V pulse designed to trigger TTL & CMOS
compatible shutter drivers. Also there is no shutter pulse during the Take Signal and Take Reference data
acquisitions.

TTL & CMOS ClaraCamera
Compatible

P 100
External
Trigger

4700

Clara Camera

5V Use 504} cable & high impedance input (> 1K)

~ 500 cable
CT Famil > »
Fire, Shutter, Interline
Shift, Frame, Arm

Figure 8: Using Clara with an External Shutter

4.6.2 Time TO OPEN OR CLOSE

Shutters take a finite time to open or close and this is sometimes called the Shutter Transfer Time (STT). The
documentation supplied by the shutter manufacturer should indicate the STT you can expect from your particular
shutter. In the case of a CCD detector, the STT gives enough time for the shutter to open before acquisition starts and
enough time to close after acquisition finishes and before readout commences.
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Let us look at the STT in the context of the Andor system. By default, the value you enter in the Exposure Time text

box in the Setup Acquisition dialog box determines the length of time the shutter will be in the open state. However, to
accommodate the STT, the rising edge of the shutter output is sent before the FIRE output signal by an amount equal to
the STT. You should set this value to the Transfer Time of your shutter.

The system also automatically adds the STT to the end of the acquisition sequence, introducing an appropriate delay
between the start of the shutter closed state and the commencement of the data being read out as shown in the
following example diagram:

If you do not have a shutter connected, set the Time to open or close to 0. Setting the Time to open or close to any
other value will insert extra delays into cycle time calculations.

Signals and Delays

- — — Shutter Time — — —m=.
(= Exposure Time)

4 ‘ Shutter Qutput

:l ‘ Fire Output

J--— Read Time— m=
Trigger we- e Fire Pulse Duration ...,

Time to Open Time to Close
(Shutter Transfer Time) (Shutter Transfer Time)

Figure 9: Example lllustration of Signals and delays for a typical Shutter

4.6.3 Exrosure TIME

As mentioned previously, Exposure Time (secs) is the time during which the CCD collects light prior to readout. The
system will default to a minimum Exposure Time should you attempt to enter too low a value.

You will notice that the Exposure Time caption changes to Shutter Time if you have selected a Readout Mode other than
Full Vertical Binning. The caption changes to reflect the fact that the CCD will be exposed to light for the duration of the
Shutter Time (which includes any transfer time).

If your binning pattern is Full Vertical Binning, the shutter, if connected, will remain in the Open position at all times,
except when background data are being acquired. If you want the equivalent of Full Vertical Binning but with shutter
operations, choose Single Track, with the Track Height set to maximum.
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4.6.4 AccumuLAaTE CycLE TiIME & No. oF ACCUMULATIONS
If you have selected Accumulate or Kinetic as the acquisition mode, with Internal triggering, you can also select the
Accumulation Cycle Time and No. of Accumulations.

The Accumulation Cycle Time is the period in seconds between each of a number of scans, whose data are to be added
together in computer memory to form an Accumulated Scan.

The Number of Accumulations indicates the number of scans you want to add together.

4.6.5 KINETIC SERIES LENGTH & KINETIC CYCLE TIME
When Kinetic is selected as the acquisition mode, with Internal triggering you can also select the Kinetic Series Length
and Kinetic Cycle Length (secs).

¢ Kinetic Series Length: the number of scans you require in your series

¢ Kinetic Cycle Length: the interval (in seconds) at which each scan (or accumulated scan) in your series begins
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SECTION 5: MAINTENANCE

ﬁ THERE ARE NO USER-SERVICEABLE PARTS INSIDE THE CAMERA. DAMAGE CAUSED BY
UNAUTHORISED MAINTENANCE OR PROCEDURES WILL INVALIDATE THE WARRANTY.

5.1 CLEANING AND DECONTAMINATION

The most critical aspect of maintenance by the user is to ensure that the system is in a clean environment that is suitable
for sensitive electro-optical equipment. The laboratory should be free of dust, fumes and other materials that could
affect the system.

e To clean the product, turn off power to the camera and only use a damp, lint-free cloth on the external surfaces.
Do not wet the connectors.

e Use water only- do not use solvents, cleaning agents, or aerosols.

5.2 ReGULAR CHECKS
e The state of the product should be checked regularly, especially the integrity of the External Power Supply and
the mains cable.

¢ Do not use equipment that is damaged

5.3 ANNUAL ELECTRICAL SAFETY CHECKS
e |t is advisable to check the integrity of the insulation and protective earth of the AC/DC converter on an annual
basis, e.g. U.K. PAT testing

e Do not use equipment that is damaged

5.4 Fuse REPLACEMENT

In the U.K, Ireland and some other countries, the supplied mains cable has a BS 1363 (or Type G) plug that includes an
integrated fuse. Only replace with fuse of the same type and rating for continued protection. The characteristics of a
replacement fuse are as follows:

e Rated Current: 5 A

e Rated Voltage: 240 VAC

e Size: s x 1”7 (6.3 x 25.4 mm) cartridge
e Type: BS 1362
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SECTION 6: TROUBLESHOOTING

This section provides useful information and solutions for some troubleshooting scenarios. If you have an issue that you
are unable to rectify using this section, please contact Andor Technical Support for further advice.

6.1 CAMERA BUZZER DOES NOT SOUND ON START-UP

1. The camera buzzer should be audible momentarily when the camera is switched on.

2. If this does not occur, ensure that power is connected to the camera and the On/Off switch is set to On

6.2 CAMERA IS NOT RECOGNIZED BY PC

1. Ensure the camera is switched on

2. Check the Camera to PC connection.

6.3 BuzzER SOUNDS CONTINUOUSLY
This indicates that an “over temperature” condition has occurred within the camera. Follow the instructions below to
rectify this situation:

1. Power the camera off and allow it to cool down

2. Ensure fan vents are not obstructed

3. Check the camera is operating within the specified environmental conditions shown in this manual.

6.4 FAN NOT OPERATING AS EXPECTED

e To protect the internal electronics, the fan defaults to full speed if the camera heat-sink temperature exceeds
excessive temperature.

NOTE: The fan will continue to run even if the user has switched it off via software, until the correct heat-sink
temperature has been reached.

6.5 CAMERA DOES NOT COOL TO THE REQUIRED TEMPERATURE

1. Check that the operating ambient temperature is within allowable limits.
2. Check that the camera vents are not blocked and have sufficient clearance to allow air flow.

3. Check that the fan is switched on in the software if using deep air cooling.
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SECTION 7: SPECIFICATIONS

7.1 CAMERA TECHNICAL SPECIFICATIONS

Clara Clara E

Active pixels [W x H] 1392 x 1040

Pixel size 6.45 x 6.45 pm

Image area [W x H] 8.98 x 6.71 mm

Pixel readout rate (MHZz) 20, 10, 1

Read noise (e-) Typical 1MHz 10MHz 20 MHz 1 MHz 10 MHz 20 MHz

2.4 5 6.5 3.0 5 6.5

Minimum temperature air cooled -55°C -20°C

(fan on) @ 25°C ambient

Minimum temperature ‘vibration -40°C Mode not available
free mode’ (fan off) @ 25°C ambient

Dark current, e-/pixel/sec @ 0.0003 0.0015
minimum temperature

Maximum frame rate 11 frames per second @ 20 MHz

Pixel well depth (typical) 18,000 e-

Well depth with binning (typical) 30,000 e-

Maximum dynamic range > 6,500:1 @ 1MHz; 12,500 with binning

Linearity Better than 99%

Dual digitization 16 bit @ 1 MHz; 14-bit @ 10 MHz & 20 MHz
Baseline (bias) offset clamp Yes

Timestamp accuracy 12.5ns

System window type UV-grade fused silica ‘Broadband VUV-NIR’, unwedged
7.2 CAMERA

Dimensions (D x W x Hymm 96.1 [3.84] x 112 [4.41] x 127 [5.00]

[inches]

Weight Weight: 2.2 kg [4 Ib 13 oZ]

Interface USB-2.0

Lens Mount C-mount

Power Requirements 100-240 VAC, 50-60 Hz

12 V@4.75 A (DC)
Regulatory Compliance Compliant with the requirements of the EU EMC and LV Directives through testing to EN

61326-1 and EN 61010-1

Compliant with the North American Safety Standards: UL 61010-1 and CAN/ CSA-C22.2
No. 61010-1-04

Computer Requirements 3.0 GHz single core or 2.4 GHz multi core processor, 2 GB RAM, 100 MB free hard disc
to install software (at least 1GB recommended for data spooling)

USB 2.0 High Speed Host Controller capable of sustained rate of 40MB/s
Windows (XP, Vista, 7 and 8) or Linux

Version 2.0 rev 24 Mar 2015 26



SPECIFICATIONS

7.3 ENVIRONMENTAL

Usage

Altitude

Operating Temperature
Storage Temperature
Operating Relative Humidity
Overvoltage Category

Rated Pollution

Ventilation and clearance
Requirements

ANDOR

company

Indoor use only

Up to 2000 m

0°C to 30°C ambient

-25°C to 50°C

<70% (non-condensing)

CAT Il. An overvoltage category of CAT Il means that the equipment is designed to
cope with transient voltages above the rated supply that would be experienced by any
product connected to a mains socket in a building.

Pollution Degree 2. Normally only non-conductive pollution occurs. Occasionally,
however, a temporary conductivity caused by condensation must be expected.

Do not cover during operation. Do not block cooling fan or vents.

Allow 135 mm at rear of camera for cable clearance.

Further technical specifications are available from our website at:
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APPENDIX A: GLOSSARY

If this is the first time you have used Andor’s CCD, the glossary that follows will help familiarize you with its design
philosophy and some of its key terminology.

CCD

A Charge Coupled Device (CCD) is a silicon-based semiconductor chip bearing a two-dimensional matrix of photo-
sensors, or pixels. This matrix is usually referred to as the ‘image area’. The pixels are often described as being
arranged in rows and columns (rows running horizontally, columns vertically). A typical CCD-chip may comprise 256
rows and 1024 columns, or 578 rows and 385 columns.

The CCD in your camera is a scientific slow scan device (in contrast to the fast scan CCD used in video cameras to
capture moving images). An example of a typical layout is shown here:

Typical CCD Chip

Specification (no. /size of pixels, efc.) varies with model

Y ~

- 1024 elements (¢olumng) >
\OEEERERERAMANOEEOEEEEE
2| BEEEEEEE HRHRE B EEE
s :
g \ {2 Imagelarea
I fed ot et Jed bt foed foed o] fed o e e foed et
| HHEEMEEEE M B R RVEHR
HEHHEEHED JH i |
Y OHEHEEEEEUULLBEEEEEEEE .«
ou <L LILTTT R
T Shift Register N

\
Arnplifier output node” ) \
P v 26 square micron element
*Charge that iz output from the shift register M

may be surmmed on or off -chip depending (Dr pl)<E|]
oh the chip model

Figure 10: An example of the structure of a typical CCD

The Shift Register runs below and parallel to the light collecting rows. It has the same number of pixels as a
light-collecting row, but is itself masked, so that no light can fall on it. When light falls on an element, electrons
(photoelectrons) are produced and (in normal operation), these electrons are confined to their respective elements.
Thus, if an image (or any light pattern) is projected on to the array, a corresponding charge pattern will be produced.
To capture the image pattern into computer memory, the charge pattern must be transferred off the chip, and this is
accomplished by making use of a series of horizontal (i.e. parallel to the rows/shift register) transparent electrodes that
cover the array.

By suitable ‘clocking’, these electrodes can be used to shift (transfer) the entire charge pattern, one row at a time, down
into the shift register. The shift register also has a series of electrodes (which are vertical, i.e. parallel to the columns)
which are used to transfer the charge packets, one element at a time, into the output node of the ‘on-chip’ amplifier. The
output of the amplifier feeds the Analog-to-Digital (A/D) converter, which in turn converts each charge packet into a 14-
bit or 16-bit binary number.
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Readout Sequence of a CCD

In the course of readout, charge is moved vertically into the shift register, and then horizontally from the shift register into
the output node of the amplifier. The readout sequence illustrated below (which corresponds to the default setting of the
Full Resolution Image binning pattern) allows data to be recorded for each individual element on the CCD-chip. Other
binning patterns are achieved by summing charge in the shift register and/or the output node prior to readout (please
refer to Vertical Binning and Horizontal Binning).

Readout Sequence of a CCD (Only subset of pixels shown)

1 2 e 3 3 A 5

Amplifier [+
- Output
Mode

AT K| <SR

4 B o 5 = o 8 I
& <)

i

Read
Out

» HEETE S E NN R EEEE

Figure 11: A representation of the readout sequence of a CCD

Exposure to light causes a pattern of charge (an electronic image) to build up on the frame (or ‘image area’) of

the CCD-chip.

5 Charge in the frame is shifted vertically by one row, so that the bottom row of charge moves into the shift
register.

3 Charge in the shift register is moved horizontally by one pixel, so that charge on the endmost pixel of the shift

register is moved into the output node of the ampilifier.

4  The charge in the output node of the amplifier is passed to the analog-to-digital converter and is read out.

5 Steps 3 & 4 are repeated until the shift register is emptied of charge.

The frame is shifted vertically again, so that the next row of charge moves down into the shift register. The
process is repeated from Step 3 until the whole frame is read out.
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Interline CCD

An Interline CCD is designed to compensate for some of the shortcomings of standard Frame Transfer (FT) CCD’s.
Instead of having a storage area of similar dimensions directly below the active region, an interline sensor has optically
masked columns of pixels adjacent to each active column. This therefore means that the image can be moved behind
the masked region in a single horizontal shift. This shift is known as the interline transfer and is extremely fast (~10psec)
therefore minimising the time between exposures. The image can then be read out, in the normal way, during the
acquisition of the following image. A pictorial illustration of this process is shown below:

-ﬁ.r-—‘. I:I Masked pixel
1 71 v

} ﬂ-@\ . \t.f ‘. Image acquisition

H B R BE

4— Readout register

Figure 12: Image is acquired in the active pixels

p

Image area

Interline shift

begin.

Normal CCD readout
but next image
is now being acquired

Figure 14: Image is vertically shifted behind the mask, one row at a time, into the readout register as with a conventional CCD

Because of the rapid simultaneous shift, it is not necessary to use a shutter, or light source synchronisation, without
introducing image smearing. This single shift also provides an added boost to the frame rate over and above that of
Frame Transfer devices. An obvious drawback of an interline sensor is that half of the image area is obscured. This is
compensated for by fabricating a microlens array over the sensor surface. These tiny lenses focus the light that is incident
on both the active and masked regions, onto the active pixels. In doing so the fill factor is increased to above 70%.
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Accumulation

Accumulation is the process by which data that have been acquired from a number of similar scans are added together
in computer memory. This results in improved signal to noise ratio.

Acquisition

An Acquisition is taken to be the complete data capture process.

A/D Conversion

Charge from the CCD is initially read as an analog signal, ranging from zero to the saturation value. A/D (Analog to
Digital) conversion changes the analog signal to a binary number which can then be manipulated by the computer.

Background

Background is a data acquisition made in darkness. It is made up of fixed pattern noise, and any signal due to dark
current.

Binning

Binning is a process that allows charge from two or more pixels to be combined on the CCD-chip prior to readout
(please see Readout Sequence of a CCD). Summing charge on the CCD and doing a single readout results in better
noise performance than reading out several pixels and then summing them in the computer memory. This is because
each act of reading out contributes to noise.

The two main variants of the binning process are vertical binning and horizontal binning, which are individually described
in the pages that follow. In addition there are several binning patterns that tailor the main binning variants to typical
application usage.
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Vertical Binning

In Vertical Binning, charge from two or more rows of the CCD-chip is moved down into the shift register before the
charge is read out. The number of rows shifted depends on the binning pattern you have selected. Thus, for each
column of the CCD-chip, charge from two or more vertical elements is ‘summed’ into the corresponding element of the
shift register. The charge from each of the pixels in the shift register is then shifted horizontally to the output node of the
amplifier and read out.

Variants of Vertical Binning are used to affect a variety of binning patterns and they are as follows:

e Single-Track: charge is vertically binned and read out from a number of complete, adjacent rows of pixels on
the CCD-chip. The rows form a single track across the full width of the CCD-chip. A value is taken for each
column in the track.

e Multi-Track: Multi-Track mode differs from Single-Track in that you may now define two or more tracks from
which to read out charge. In processing terms, each track is treated as in Single-Track above.

e  Full Vertical Binning (FVB): charge from each complete column of pixels on the CCD is moved down and
summed into the shift register and the charge is then shifted horizontally one pixel at a time from the shift
register into the output node - in effect a value is read out for each complete column of the CCD-chip.

The example below illustrates readout of data from adjacent tracks, each track comprising two binned rows of the CCD-
chip.

Vertical Binning of Two Rows (Only subset of pixels shown)

i~ O
o 3 gg 4 5 6
(= -]
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hd b o Amplifier .}D o] i () 53 (e
T * Output Read
Node [ Oout

<R | €O KO
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Figure 15: Vertical Binning of two rows

Exposure to light causes a pattern of charge (an electronic image) to build up on the frame (or Image Area) of

the CCD-chip.

5 Charge in the frame is shifted vertically by one row, so that the bottom row of charge moves down into the
shift register.

3 Charge in the frame is shifted vertically by a further row, so that the next row of charge moves down into the
shift register, which now contains charge from two rows - i.e. the charge is vertically binned

4 Charge in the shift register is moved horizontally by one pixel, so that charge on the endmost pixel of the shift

register is moved into the output node of the ampilifier.

5 The charge in the output node of the amplifier is passed to the analog-to-digital converter and is read out.

Steps 4 & 5 are repeated until the shift register is empty. The process is repeated from Step 2 until the whole
frame is read out.
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Horizontal Binning (Creating Superpixels)

Shifting the charge horizontally from several pixels at a time into the output node is known as horizontal binning.

Horizontal binning in combination with vertical binning allows you to define so-called superpixels that in Image Display
Mode represent as a single picture element charge that has been binned from a group of pixels. For example, charge
that is binned vertically from two rows and horizontally from two pixels before being read out is displayed as a superpixel
of dimensions 2 x 2 pixels.

On the one hand, superpixels (by comparison with single pixels) result in a more coarsely defined image when the data are
displayed in Image misplay mode. On the other hand, superpixels offer the advantages of summing data on-chip prior to
readout. In the example below, where each superpixel is of dimensions 2 x 2 pixels, charge from two rows is first binned
vertically into the shift register; then charge from two pixels of the shift register is binned horizontally into the output node of
the amplifier. The effect of the combined binning processes is a summed charge equating to a 2 x 2 ‘superpixel’.

Since this example initially involves binning charge from two rows, the process begins in the same way as shown in
Steps 1 - 4 of Vertical Binning of Two Rows then horizontal binning begins.

VERTICAL & HORIZONTAL BINNING (2 X 2 SUPERPIXELS)

(Only subset of pixels shown)
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Figure 16: Superpixels

Charge from two rows has already been vertically binned into the shift register (see Vertical Binning of Two
...5 Rows on page 126). Now charge in the shift register is moved horizontally by one pixel, so that charge on the
endmost pixel of the shift register is moved into the output node of the amplifier.)

Charge in the shift register is again moved horizontally, so that the output node of the amplifier now contains
charge from two pixels of the shift register - i.e. the charge has been horizontally binned.

7 The charge in the output node of the ampilifier is passed to the analog-to-digital converter and is read out.

Steps 4 - 6 are repeated until the shift register is empty. The process is repeated from Step 2 until the whole
frame is read out.
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Counts

Counts refer to the digitization by the A/D conversion and are the basic unit in which data are displayed and processed.
Depending on the particular version of the detection device, one count may, for example, be equated with a charge of 10
photoelectrons on a pixel of the CCD.

Dark Signal

Dark signal, a charge usually expressed as a number of electrons, is produced by the flow of dark current during the
exposure time. All CCD’s produce a dark current, an actual current that is measurable in (typically tenths of) milliamps
per pixel. The dark signal adds to your measured signal level, and increases the amount of noise in the measured signal.
Since the dark signal varies with temperature, it can cause background values to increase over time. It also sets a limit
on the useful exposure time.

Reducing the temperature of the CCD reduces dark signal (typically, for every 7°C that temperature falls, dark signal
halves). CCD readout noise is low, and so as not to compromise this by shot noise from the dark signal, it is important
to cool the detector to reduce the dark signal. If you are using an exposure time of less than a few seconds, cooling the
detector below 0°C will generally remove most of the shot noise caused by dark signal.

Detection Limit
The Detection Limit is a measure of the smallest signal that can be detected in a single readout. The smallest signal is
defined as the signal whose level is equal to the noise accompanying that signal, i.e. a signal to noise ratio (S/N) of unity.
Sources of noise are:

e Shot noise of the signal itself

e Shot noise of any dark signal

e Readout noise
If the signal is small, we can ignore its shot noise.

Furthermore, if a suitably low operating temperature and short exposure time can be achieved, the lowest detection limit
will equal the readout noise.

Exposure Time

Exposure Time is the period during which the CCD collects light prior to readout.
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Noise
Noise is a complex topic, the full exploration of which is beyond the scope of this glossary. Noise may, however, be
broken down into two broad categories as follows:

¢ Pixel Noise

¢ Fixed Pattern Noise

These two categories are described in the paragraphs that follow.

Pixel Noise

Let us first attempt to define pixel noise. Assume that a light signal is falling on a pixel of the CCD. If the charge on the
pixel is read, and the read process is repeated many times, the noise may be taken as the variation in the values read.
The Root Mean Square (.m.s.) of these variations is often used to express a value for noise. As a rule of thumb, the
r.m.s. is four to six times smaller than the peak to peak variations in the count values read from the pixel. Pixel noise has
three main constituents:

e Readout noise
e  Shot noise from the dark signal
e Shot noise from the light signal itself

Shot noise cannot be removed because it is due to basic physical laws. Most simply defined, shot noise is the square
root of the signal (or dark signal) measured in electrons.

Readout Noise

Readout noise (which in our cameras is, in any case, low) is due to the amplifier and electronics: it is independent of
dark signal and signal levels; it is only very slightly dependent on temperature; and it is present on every read, as a result
of which it sets a limit on the best achievable noise performance.

Shot noise from the dark signal is dependent on the exposure time and is very dependent on the temperature; shot
noise from the signal is additionally dependent on the signal level itself. If either the signal or the dark signal falls to zero,
their respective shot noise also falls to zero.

The total pixel noise is not, however, simply the sum of the three main noise components (readout noise, shot noise from
the dark signal, and shot noise from the signal).

Rather, the Root Sum Square (r.s.s.) gives a reasonable approximation - thus:
total = sqrt (readnoise? + darkshot? + sigshot?)
where:

e total is the pixel noise

e readnoise is the readout noise

e darkshot is the shot noise of the dark signal

e sigshot is the shot noise of the signal
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Shot Noise

Shot Noise is due to basic physical laws and cannot be removed. Any signal, whether it is a dark signal or a light signal,
will have shot noise associated with it. This is most simply defined as:

If the signal or dark signal = N electrons, the shot noise is the square root of N.

You can do nothing about the shot noise of your signal, but by choosing minimum exposures and operating the CCD at
suitably low temperatures, the dark signal, and hence the noise from the dark signal, can be reduced.

Fixed Pattern Noise

Fixed Pattern Noise (FPN) consists of the differences in count values read out from individual pixels, even if no light is
falling on the CCD detector. These differences remain constant from read to read. The differences are due in part to a
variation in the dark signal produced by each pixel, and in part to small irregularities that arise during the fabrication of
the CCD.

Since fixed pattern noise is partly due to dark signal, it will change if the temperature changes, but because it is fixed, it
can be completely removed from a measurement by background subtraction.

Pixel

A Pixel is an individual photosensor (or element) on a CCD.

Quantum Efficiency / Spectral Response

The glossary refers to signals as a number of electrons. More strictly speaking these are ‘photoelectrons’, created
when a photon is absorbed. When a UV or visible photon is absorbed by the CCD detector it can at best produce only
one photoelectron. Photons of different wavelengths have different probabilities of producing a photoelectron and this
probability is usually expressed as Quantum Efficiency (QE) or Spectral Response.

QE is a percentage measure of the probability of a single photon producing a photoelectron, while spectral response is
the number of electrons that will be produced per unit photon energy. Many factors contribute to the QE of a CCD, but
the most significant factor is the absorption coefficient of the silicon that serves as the bulk material of the device

Readout

Readout is the process by which data are taken from the pixels of the CCD and stored in computer memory. The pixels,
which are arranged in a single row, are read out individually in sequence. Readout involves amplifying the charge on
each pixel into a voltage, performing an A/D conversion, and storing the data in computer memory. The time taken to
perform this operation is known as the ‘read time’.

Saturation

Saturation is the largest signal the CCD can measure. A signal is measured in terms of the amount of charge that has
built up in the individual pixels on the CCD-chip. A number of factors determine the maximum amount of charge that the
CCD can handle.
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Scan Types: Keep Clean & Acquired

The CCD is continually being ‘scanned’ to prevent its becoming saturated with dark current (see dark signal). If the
Scan is being used simply to ‘clean’ the CCD (i.e. it is a keep-clean scan), the charge from the CCD is discarded.

In an acquired scan, however, the charge undergoes A/D conversion and is acquired into computer memory so that it
can be used for subsequent processing and display: it is ‘read out’ (see Readout above). In this User’s Guide ‘scan’
generally refers to an acquired scan - unless the context specifically indicates otherwise.

Signal to Noise Ratio

The Signal to Noise Ratio (commonly abbreviated as S/N or SNR) is the ratio between a given signal and the noise
associated with that signal. Noise has a fixed component, and a variable component (shot noise) which is the square
root of the signal. Thus, the SNR usually increases (improves) as the signal increases.

The maximum SNR is the ratio between the maximum signal (i.e. the saturation level) and the noise associated with that
signal. At near saturation levels the dominant source of noise is the shot noise of the signal.
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APPENDIX B: MECHANICAL DRAWINGS

Dimensions in mm [inches]
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APPENDIX C: OTHER INFORMATION

Terms and Conditions of Sale and Warranty Information

The terms and conditions of sale, including warranty conditions, will have been made available during the ordering
process. The current version may be viewed at: http://www.andor.com/pdfs/literature/Andor_Standard_Warranty.pdf

Waste Electronic and Electrical Equipment Regulations 2006 (WEEE)

The company’s statement on the disposal of WEEE can be found in the Terms and Conditions.
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