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Section 1 - Safety and Warning Information

Caution

PLEASE READ THIS INFORMATION FIRST BEFORE USING YOUR PRODUCT

1. Ifthe equipmentis used in a manner not specified by Andor, the protection
provided by the equipment may be impaired.

2. Do not position this product so that it is difficult to operate the mains
disconnecting device. See

3. Before using the product, please follow and adhere to all warnings, and
safety, manual handling, and operating instructions located either on the
product, orin this manual.

4. Keep thismanualin asafe place for future reference.

5. Users must be authorised and trained personnel only; otherwise, this may
resultin personal injury, and/or equipment damage and impaired system
performance.

6. There are no user-serviceable partsinside the product and the enclosure
must not be opened. Only authorised service personnel may service this
equipment.

7. If using liguid cooling, ensure that the coolant supply is connected prior to
powering the camera. Please also read all of the information relating to the
use of coolantin

8. Protective earthis anintegral part of the protection against electric shockin
this product and is provided via the earth pin of the external power supply.
Ensure that thisis plugged into the building earth system via the mains socket.
Do not tamper with any of the earthing measures.

9. Any External AC/DC Power Supply used with this product must meet the
requirements specified in
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10.

1.

12.
13.

14.

15.

16.

17.

18.

No parts should be replaced by the customer, except for the mains cables or
the fuse, which must be of the same type and rating as that supplied and as
specifiedin or

, and certified in accordance with yourregion’s safety
regulations.

Make sure all cables are located so that they will not be subject to damage,
especially the mains cable.

While running an experiment, keep room temperature as stable as possible.

Performance of the system may be adversely affected by rapidly changing
environmental conditions or operation outside of the operating conditions
specifiedin

Ensure that adequate ventilation is provided as specified in

This product is designed to be used in anindoor environment. If the customer
chooses to use this outside, then it is their responsibility to provide adequate
protection. Andor assumes no liability for damage or obligation to repair
under warranty relating to use outside of the environmental requirements
specifiedin

Medical Diagnosis: This equipment has not been designed and
manufactured for the medical diagnosis of patients.

Electromagnetic Compatibility (Cameralink 10-tap Variant) — Caution: This
product was designed for and tested using the IEC/EN 61326-1 EMC standard
for Class A emissions and a Basic immunity environment. Class A means that it
is not designed for a domestic or residential environment, and Industrial
immunity refers to the fact that it is designed to cope with the interference
foundin a typical industrial environment This equipment is not intended for
use in residential environments and may not provide adequate protection to
radio receptionin such environments.

Electromagnetic Compatibility (Cameralink 3-tap and USB3 Variants): This
product was designed for and tested using the IEC/EN 61326-1 EMC standard
for Class B emissions and a Industrial immunity environment. Class B means
that itis designed for a domestic or residential environment, and Industrial
immunity refers to the fact that it is designed to cope with the interference
foundin a typical industrial environment.
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19. Electromagnetic Compatibility: Asrequired by IEC/EN 61326-1, we must
inform you that electromagnetic emissions in excess of that required by that
EMC standard for the emissions class of this product canin theory occur due
to its connection to other equipment.

20. EMC Permissible Loss of Performance (USB3 Variant Only): This product
complies with international EMC standards, but please note that thisincludes
a permissible loss of performance as allowed by IEC/EN 61326-1:2021 for a
highly unlikely event that could theoretically occur during 4 kV contact ESD
strikes: 1 frame of in-transit data (i.e. not stored data) may be lost during a
transaction. This issue has never been seen during normal use and theoretical
probability decreases with decreasing speed, i.e. probability of occurrence
during full-bandwidth kinetic series is extremely unlikely, but occurrence
during software-triggered frames is almost impossible.

21. Electromagnetic Compatibility: This product has been designed and tested
to perform successfully in a normal (basic) electromagnetic environment,
e.g. atypicallife science test laboratory, as per the EU EMC Directive. It is not
designed to operate in a harsh electromagnetic environment, e.g. close to
the following equipment: EMI/RFI generators, electrostatic field generators,
electromagnetic orradioactive devices, plasma sources, arc welders, x-ray
instruments, intense pulsed sources, or other similar sources of high energy
fields whose emissions are not within the normal range expected under the
EU EMC Directive.

22. lonising Radiation: Please note that 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.

23. This productis a precision scientific instrument containing fragile
components. Always handle it with care.

24. Do notwet or spill liquids on the product, and do not store or place liquids on
the product.

25. If spillage occurs on the product, switch off powerimmediately, and wipe off
with a dry, lint-free cloth.

26. If any ingress of liquids has occurred oris suspected, unplug the mains cables
and do not use. Contact customer support.

27. See
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28. Do notexpose the product to open flames.

29. Do not allow objects to fall on the product.
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1.1

Label Symbols

C€

EU CE Mark by which we indicate that this product meets the requirements
all the relevant EU Product Directives that require this mark, including the
Low Voltage Directive for safety (as this product is manufactured in North-
ern Ireland, it does not require the UKCA Mark)

EU WEEE (Waste Electrical and Electronic Equipment) Mark which indicates
that this should not be disposed of in domestic waste but at a suitable
recycling site

@

China EPUP (Environmental Protection Use Period) Mark that indicates that
this product is expected to last for 20 years approximately before ending-
up in the waste and recycling system

D.C. voltage symbol
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1.2 Unpacking Information

Carefully unpack the unit and retain the packaging materials to transport or return
equipment if required:

 Ifthe equipment appears damaged in any way, return it to sales outlet in its
original packaging.

» Noresponsibility for damage arising from the use of non-approved
packaging will be accepted.

» Ensure allitems and accessories specified at the time of ordering and as
detailed on the packing list are present: if any items are missing, please
contact your salesrepresentative.
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1.3 Revision History

Version Released
1.0 17 Jul 2012

1.1 29 Oct 2012
1.2 150ct2013
1.3 16 Jan 2014
1.4 13Feb 2014
1.5 09 Jun2014

1.6 15Sep 2014
1.7 03 Feb 2015

Description
Initial Release
General minor updates throughout
General enhancements to presentation (all Sections)

Text revised to improve clarity of information (all Sections).

Zyla Components revised to show standard supplied components
more clearly (Section 1.5)

Additional accessories revised to match current options available
(Section 1.5.1)

Additional information added for use forlens mount adaptors (Section
4.2)

Updated fiming diagrams and tables for Rolling and Global Shutter
Modes (Section 2)

Updated to show 12-bit datarange and gain channels options
(Sections 2.6 and 2.7)
Added Information to support the Zyla 4.2 model (all Sections).

Added Rolling Shutter Global Clear modes (Section 2.6)

Timing data updated fo align with current data (Section 2.6)
Information added for Water Cooled Zyla models (all Sections).
Furtherinformation on frame rate performance foreach model under
different shutter and ROl modes added (Section 2.5)

Updates to include support for Zyla USB 3.0 model (All Sections)

Added new section to cover disabling USB host controller power
management (Section 3.7.1)

Updated frame rates table for USB 3.0 models (Section 2.5)

Updated presentation throughout to match current company
branding

Updated Figures 4 (Section 1.6.4), 7( Section 2.1) and 12 (Section 2.4)
to enhance quality

Included updates to show support for Windows 8 (Sections 3.4 and 3.7)

Updated accessories list to show that longer lengths of USB 3.0 cable
are available, but not supplied or verified by Andor (Section 1.5.1)

Updated information for Zyla 5.5 model: low vibration fan (as used in
Zyla 4.2) fitted to air-cooled units from February 2015 onwards, max.
Ambient temperature changed to 30°C.
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Version Released
1.8 17 Nov 2015
1.9 01 Feb 2016
1.10 19 May 2016
1.11 10Jun 2016
1.12 12Sep 2017
1.13 11 Apr2019
1.14 13Jun 2019
1.15 16 Apr2020
2.0 18 Feb 2021
3.0 23 Nov 2022
3.1 28 Jan 2025

Description

Edited Mechanical drawing for water cooled models to show
distance from C-mount to camera faceplate when installed is 6mm
nominal

Revised Rolling Shutter Sections (Section 2.6.2.3 10 2.6.3.12)
Corrected cross-reference to Mechanical Drawings (Section 3.2)

Mechanical drawings updated (Appendix A)

Updated PCl slotf for USB Card to x4 or greater- previously was x4 only
(Sections 3.4 and 3.6).

Added BIOS options checking and setting for Camera Link models
used with non-Andor supplied PCs (Section 3.8)

Added note regarding a potential loss of performance in an ESD strike
event (Safety and Warning Section)

Expanded cooling information for water cooled models (Section 3.3,
Appendix B)
Added Emergency power off section (Section 4.5)

Updated software, PCle cards and PC requirements to current spec.

Added part numbers for power connector and socket (Section 1.6.5)
Updated USA and Asia-Pacific addresses (page 9) and front cover.

Updated mechanical drawings of back view of USB3, water cooled
and Camera Link Zyla variants (Appendix A). Updated back view
images of Zyla (Section 1.6.2). Minor updates to format throughout

Updated China office address, updated front cover

Added new sections 2.7.7 LightScan PLUS, 5.4 Zyla Chamber Design,
Service Guidance and 6.9 Condensation Effect Noticeable in Images.
Added Appendix A with technical, general, environmental, and
power specifications. Updated branding throughout.

Reordered some sections to adhere to camera manuals standard
format. Updated safety and warning information. Updated power sup-
ply specifications. Added China RoHS table. Added REACH state-
ment.

Added Windows 11 to Minimum Computer Requirements (Section
4.6.1)
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1.4 Updates to the Manual

Changes are periodically made to the product, and these will be incorporated
into new editions of the manual. Please check for new releases of the manual at:
andor.oxinst.com/downloads. If you find anissue in this manual, please contact
your customer supportrepresentative with a description of the issue.

Version 3.1 28 January 2025

10


https://andor.oxinst.com/downloads/

Section 2 - Intfroduction

Thank you for choosing the Zyla Scientific CMOS (sCMOS) camera. You are now in
possession of arevolutionary new sCMOS camera, a breakthrough technology
based on the next-generation CMOS image sensor (CIS) design and fabrication
techniques. The camera offers two image sensors of 5.5 Megapixels (Zyla 5.5) and
4.2 Megapixels (Zyla 4.2). It is available in both air cooled, and water cooled forms
and with Camera Link and USB 3.0 connection options.

Figure 1: TheZyla sCMOS Camera. Left: Water Cooled model, right: air cooled model
The Zyla sCMOS camera offers:

» Extremely low noise

Rapid frame rates

Wide dynamic range

High quantum efficiency (QE)

High resolution

Large field of view

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 Zyla, camera please feel free to contact Andor directly, or via your local
representative or supplier.
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2.1 Technical Support

If you have any questions regarding the use of this equipment, please contact the
representative from whom your system was purchased, or:

Europe
Oxford Instruments Andor
7 Millennium Way
Springvale Business Park
Belfast
BT127AL
Northern Ireland

Tel. +44 (0) 28 9023 7126

Asia-Pacific

Oxford Instruments KK

Sumitomo Fudosan Osaki Twin Building East,

5-1-18 Kita-Shinagawa,
Shinagawa-ku,
Tokyo141-0001,

Japan

Tel: +81(0)4510 3528

USA
Oxford Instruments America Inc.
300 Baker Avenue

Suite # 150

Concord

MA 01742
USA

Tel. +1 (860) 290-9211

China
Oxford Instruments, China - Beijing
Floor 1, Building 17,
No.31 Xishiku Street, Xicheng Dist.
Beijing 100034
China
Tel: +86 (0)10 5884 7900

The latest contact details for your local representative can be found on our

website andor.oxinst.com/support
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2.2 Copyright and Protective Notices

The copyright in this document and the associated drawings are the property of
Andor Technology Ltd. and allrights 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 Ltd. or any third party.
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2.3 Disclaimer

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.

INNO 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, AI 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.

Version 3.1 28 January 2025
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2.4 Trademarks and Patent Information

Andor Technology Ltd. is a wholly owned subsidiary of Oxford Instruments plc. All
other marks are property of their owners.

Manufacturers Information

Oxford Instruments Andor

Andor Technology Ltd., Belfast, BT12 7AL, UK.

Version 3.1 28 January 2025
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2.5 Supplied Components

The standard components supplied with the Zyla are shown below:

Table 1: Supplied components.

Description Quantity
i —
‘-\\\“\\\\ I C/ Zyla 5.5 or Zyla 4.2 sCMOS Camera with Integral Lens
\‘“-lllllll ||||‘|l|!““ \[ ’) | Mount Adaptor (C, CS or F-mount: as selected af 1
L fime of ordering]
| Ol
Description Quantity
5% ; Power supply unit (PS12) 1
Q Country specific power cable 1
Camera to PC Interface cable(s)
USB 3.0 and 3-tap 1x3m
10-tap 2x3m
6 Multi1/O timing cable 1x3m
-0
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Description Quantity
PCle frame grabber card 1
Coolant hose inserts (for water cooled models 5
only)
Anti-static strap 1
l I i mg""* E 6
cr— Quick start guide 1
Hex key set (1.5 mm) 1
~ -0




2.6 Camera Model Options

There are a number of models of Zyla camera based off of a common
architecture and shared design. The differences for each model can be identified
from the product codes and descriptions outlined below:

Table 2: Model options.

Description
Zyla 4.2 PLUS, 4.2 Megapixel, Rolling shutter, 100 fps, Camera Link 10-tap ZYLA-4.2P-CL10
Zyla 4.2 PLUS, 4.2 Megapixel, Rolling shutter, 53 fps, USB 3.0 ZYLA-4.2P-USB3
Zyla 5.5, 5.5 Megapixel, Rolling and Global shutter, 100 fps, Camera Link 10-tap ZYLA-5.5-CL10
Zyla 5.5, 5.5 Megapixel, Rolling and Global shutter, 40 fps, USB 3.0 ZYLA-5.5-USB3
® 19
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2.7 Optional Components

There are arange of optional and additional accessories available
including:

Table 3: Optional components.

for Zyla

Description ‘ Order Code

SRRF-Stream+ real time super resolution for Zyla 4.2 PLUS

CS-mount adapter

F-mount adapter

Auto extension fubes (set of 3) for C-mount

Auto extension fubes (set of 3) for Nikon F
Re-circulator for enhanced cooling performance

Oasis 160 Ultra compact chiller unit

5 meter cable for use with Axion frame grabber for Camera Link 10-tap mod-
els. (2required)

3 meter 7-way Multil/O timing cable, offering Fire, External Trigger, Shutter and
Arm.

SRRF-Stream-
Zyla-4pP

ACC-MEC-05609
ACM-05574
OA-ECMT
OA-ENAF
XW-RECR

ACC-XW-CHIL-
160

ACC-ASE-13532

ACC-ACZ-05612

Please see the product specifications or contact Andor or your nearest Andor

representative for further information.

Longer lengths of USB 3.0 cable are available from other suppliers such as

Stemmer/CEl.

Version 3.1 28 January 2025
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Section 3 - Product Overview

This section provides an overview of the main features of the Zyla.

Zyla 4.2 PLUS and 5.5 are available as water cooled or air cooled models. Zyla 4.2
PLUS comes equipped with a 4.2 Megapixel sensor and rolling shutter as standard.
Whereas Zyla 5.5 has a 5.5 Megapixel sensor, with both rolling and global shutter
options. Both models can be fitted with USB 3.0 or Cameralink connectivity. Please
see your individual purchase order for details on your specific model.

Figure 2: Zyla water cooled (left) and Zyla air cooled (right) models.
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3.1 Rear Panel

The rear panel of both USB 3.0 and Cameralink models is shown below.

-

Figure 3: Zyla Back Plate Connections (Left) Cameralink versions (Right) USB 3.0 version
1. 1/O 15-Way D Type Connector

2. 12V DC Power Connector, see "Power Supply Information”on page 150 for
more information.

3. CL1 connector, thisis the connection for the 3-tap (single cable) Camera
Link version of the Zyla camera.

4. CL2 connector, this connection is required for the full 10-tap (double cable)
Camera Link version of the Zyla 5.5 and Zyla 4.2 camera and is not present on
the Zyla 5.5 3-tap version.

5. On/Off Switch

6. USB 3.0 Connector, thisis the connection for the USB 3.0 version of the Zyla
camera. It is not present on the Camera Link versions.
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3.1.1 Multi I/O Timing Cable Pin Outs

5 1

15 11

Table 4: Multi I/O Timing Cable Pinouts 15-way D type connector

1 ARM 9 Reserved
2 AUX_OUT_1 10 Reserved
3 FIREn 11 Reserved
4 FIRE 12 Reserved
5 AUX_OUT_2 13 Reserved
6 Ground 14 Reserved
7 External Trigger 15 Reserved
8 Spare (l)

External Trigger and Spare input are 5 V TTL input. By default they trigger on a
rising edge.

* Fire, Fire n, Arm, AUX_OUT_1 and AUX_OUT_2 outputs are all TTL timing
outputs (please also refer to for
information onimpedance matching)

» TTL1/O can be individually inverted via software (e.g. Solis or SDK)
* Pins 9to 15 arereserved and should not be used.

» AUX_OUT_1 supplies the ‘FIRE ALL’ output by default. This is the logical AND of
the FIRE pulses associated with Row #1 and Row #n (the last row read outin
the image frame). Therefore the FIRE ALL pulse represents the time within a
frame when allrows on the sensor are simultaneously exposing.

* AUX_OUT_1is also configurable as FIRE, FIRE n and FIRE ANY. The FIRE ANY
pulse represents the fime within a frame when any row of the image frame is
exposing. Refer to for the behaviour of these
signals and to the SDK3 manual for configuring the AUX_OUT_1 output.
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This configurable output is only available on cameras with FPGA version numbers 2
20120802 and Solis versions 2 4.22.30001.0 (SDK users require version 2 3.5.30001.0).

» AUX_OUT_2 outputisreserved for future use.

» 1/0O Timing Interface cable (Andor part number ACC-ACZ-05612) gives
access to all of the above I/O functions (excluding Ground and Reserved).
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3.1.2 Impedance Information

Ext Trigger & Spare Inputs

Zyla Camera
5V
> 2.4V Logic level 1 ======= il
Input triggers on 1K Ohms
posiitve edge =
< 0.8V Logic level 0 == == === - - 5K6 Ohms
Arm, Fire, Fire n and AUX_OUT Qutputs
Zyla Camera
s*’. 1 - ——Tge=e=———- > 2.0V
15 Ohms =
= >1K Ohms
== < 0.8V
Figure 4: Zyla connection impedance information
e
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3.2 Cooling Hose Connectors

There are two connectors to allow connection of water Cooled Zyla models to a
water cooler orre-circulator. Hose inserts are provided to enable connection to

coolant hoses.

Coolant pipes for
connection to water
cooler or re-circulator

Figure 5: Zyla Cooling Hose Connectors

Please referto"Connecting a Cooling System” on page 36 for details of connector
and hose type compatibility and for connection and disconnection information.
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3.3 Camera based Super Resolution (SRRF-Stream+)

Certain Andor camerasincluding Zyla 4.2 PLUS have been developed to enable
super-resolution imaging to be achieved using a normal microscope. This
technology is called SRRF-Stream+. Itis a cell friendly and easy to use approach to
achieving sub-diffraction limited resolutions. It is based on the SRRF (Super
Resolution Radial Fluctuations) method of Gustafsson et al (2016). The benefits of
this camera and software method are:

» Canuse normal fluorophores and labelling protocols
» Uselow illuminationintensities e.g. LED illumination

» No need for specialised microscope: an existing microscope may be used
with a suitable graphics card and compatible Andor camera

This makes it not only a cell-friendly way to perform super resolution imaging, but
also makes high resolution imaging accessible a much wider range of researchers.
There is little change to the existing imaging workflow. Resolutions down to ~100
nm may be obtained by this method depending on the specific microscope and
labelling.

For fullinformation on camera based super-based super resolution and camera
compatibility please refer to SRRF-Stream+ Super Resolufion.

If you have purchased a SRRF-Stream+ license for your camera please see our
support documentation to get started:

e SRRF-Stream+ Quick Start Guide

e SRRF-Stream+ User Guide

Version 3.1 28 January 2025


https://andor.oxinst.com/products/srrf-stream
https://andor.oxinst.com/downloads/view/srrf-stream-quick-start-guide
https://andor.oxinst.com/downloads/view/srrf-stream-user-guide

Section 4 - Installation

Caution

Prior fo commencing installation, the user should refer to the safety and warning information
and unpacking instructions at the beginning of this manual.

Due care must be taken when lifting the camera. Ensure that the mounting and connected
assembily is secure and able to support the weight of the camera.

Power cabling and control cables should be routed to prevent accidents, damage and
accidental unplugging while avoiding bend radii of less than 30 mm.

Temperature and humidity must meet the specifications defined in technical specifications.

Version 3.1 28 January 2025
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4.1 Transport and Storage

» The camerais packed in normal transport packaging for shipping.

» Allow the product to reach the ambient temperature after unpacking-
especially if moving from a colder environment to a warm environment as
this may lead to condensation.

Storage

» Temperature and humidity must meet the specifications defined in
"Environmental Specifications" on page 148.

« Ifitis to be stored after use at a temperature below the coolant freezing
point, ensure that all liquid coolant has been expelled from the camera.

Version 3.1 28 January 2025
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4.1.1 Using Lens Mount Adaptors

The Zyla has a T-mount thread as standard. There are 3 standard lens mount
adaptors available that can be specified at the time of ordering, enabling the
Zyla to suit standard mounting options. These are as follows:

e C-mount
e CS-mount
e F-mount

The Zylais supplied with the selected lens mount adaptorlocked into a nominal
position of 1 mm from the top surface of the Zyla faceplate. Adaptors can be
removed, inserted and adjusted (for focus optimization) as required

Lens mount | ] v Lens mount adaptor set

adaptor y —=, 4 atnominal position 1 mm

| \ from top surface of the
Zyla faceplate.

Zyla '
Ol
>
C C J]|C D)
(T 1T wlhar 1 nlla T I 1Ty

Figure é: Lens mount adaptor fitted to Zyla (In this example a CS-mount adaptor is shown).
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4.1.2 C-mount or CS-Mount Adaptor
The C-mount adaptor can be adjusted as follows:

1. Loosen the 2 locking screws located in the front face of the adaptor if
required using supplied 1.5 mm Allen key.

C-mount
locking screw
locations

Figure 7: C-mount adaptor

CS-mount locking
screw locations

Figure 8: CS-mount adaptor

2. Manually screw the C-mount into position until the desired focus is achieved.
It must not be screwed the entire way into the faceplate.

3. Lock the C-mountinto position using the 2 locking screws and 1.5 mm hex
key.

Maximum torque applied must not exceed: 0.6 Nm
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4.1.3 F-mount Adaptor

The F-mount should be screwed into the camera faceplate by hand.

Locking Collar

Figure 9: F-mount adaptor

1. Manually screw the F-mount adaptor until the desired focal position is
achieved.

2. Manually tighten the collar down to the camera faceplate to lock the mount
in position.
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4.1.4 Mounting the Camera using the Mounting Flange

The camera mounting face features 4 off M4x0.7 tapped holes x7.0[0.275] deep.

These can be used to secure the camera to an appropriate mounting as an
alternative to using the lens mounts.

Caution

The weight of the camera is approx.1 kg ensure that the mounting and the system itis con-
nected to provides adequate support.

Version 3.1 28 January 2025
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4.2 Cooling

Integral Thermal Protection

Care should be taken to ensure that the camera does not overheat, as this can
cause system failure. Overheating may occur if either of the following situations
arises:

Air-cooled Models

» The air vents on the sides of the head are accidentally blocked

» The ambient air temperature is more than 30°C (Zyla 5.5*), or 27°C (Zyla 4.2)
*For Zyla 5.5 models manufactured prior to February 2015 max. ambient is 35°C.

To protect the camera from overheating, a thermal switch has been attached to
the heat sink. If the temperature of the heat sink rises above predefined limit then
the current supply to the cooler will cut out and a buzzer will sound. To reset this, it is
necessary to exit the software and switch off the camera, correct the issue, let the
system cool then restart the camera and software.

Water-cooled Models
* The coolant system is not operating correctly

To protect the camera from overheating, a thermal switch has been attached to
the heat sink. If the temperature of the heatrises above predefined limit then a
buzzer will sound. To reset this, it is necessary to exit the software and switch off the
cameraq, correct the issue, let the system cool then restart the camera and
software.

TE Cooling (Air-Cooled Models)

The Zyla sCMOS sensor is cooled using a thermoelectric (TE) cooler. TE coolers are
small, electrically powered devices with no moving parts, making them reliable
and convenient. ATE cooleris actually a heat pump, i.e. it achieves a
temperature difference by transferring heat fromits ‘cold side’ (the CMOS-chip)
toits ‘hot side’ (the built-in heat sink). Therefore the minimum absolute operating
temperature of the Zyla sensor depends on the temperature of the heat sink. The
maximum temperature difference that a TE device can attain is dependent on
the following factors:
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Heatload created by the Zyla sensor (dependant on pixel readout speed)

Number of cooling stages of the TE cooler

Operating current

Hot side temperature of thermoelectric cooler

Even with a fan, a heat sink typically needs to be at least 10°C hotter than the air
(room) temperature to fransfer heat efficiently to the surrounding air. Therefore
during normal operation the temperature of the heatsink within the camera head
will be warmer than the ambient (room) temperature.

TE Cooling (Water Cooled Models)

For water cooled models the dissipation of heat from the TE cooleris achieved by
circulating coolant liquid through the heat sink. The high specific heat capacity of
water provides efficient heat dissipation, allowing the sensor to be operated at -
10°C. Benefits of water cooling include:

1. Reduced vibration as there is no cooling fan required, which may be useful
for ultra-sensitive measurements and

2. Improved dark current.
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4.3 Connecting a Cooling System

The standard camera uses air cooling to cool the sensor to 0°C. A model with liquid
cooling can be used for deeper cooling to -10°C.

Important Considerations when using Liquid Cooling Systems

Caution

Before attempting to insert or remove the coolant hose connections, ensure that all coolant
has been drained from the hoses and integral coolant channel within the camera head.

Care must be taken to avoid permanent damage to the camera system resulting from either
leakage of coolant during connection/removal of hoses or spillage of any residual coolant
contained within the camera head once the hoses have been removed.

Always ensure that the temperature of the liquid coolant circulated through the camera head
is above the dew point of the camera ambient temperature and humidity conditions. Refer to
for guidance.

Use of coolant at or below the dew point can result in permanent damage to the camera
head, due to formation of condensation on internal components.

Never use damaged, split or worn hoses as leaks may find their way to the mains electricity
supply and create a hazard.

The water cooling system of the camera is rated for operation up to 2 bar (200 kPa). If your
water supply exceeds this value, then an overpressure safety device or regulator must be fitted
to restrict the water pressure to less than or equal to this rating.

In the event that replacement hose inserts/barbs are required, please place an order using the
correct product code.

Always remove residual coolant from the camera head if the camera is to be stored after
operation especially if the storage conditions are below the freezing point of the coolant.

There are two connectors to allow connection of Water Cooled Zyla models to a

water cooler orre-circulator. Hose inserts are provided to enable connection to
coolant hoses. See forconnector
positions.

Hose Inserts

Hose inserts are provided to enable connection to coolant hoses.

» Coolant Hose Inserts: Two barbed coolant hose inserts (replacement part
code 6MM-HOSE-BARBS) are supplied as standard, suitable for connection to
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6 mm [0.25"] internal diameter soft PVC tubing / hose.

¢ Recommended tubing: 10 mm [0.4"'] outside diameter, i.e. a wall thickness of
2mm [0.08"]. Alternative hose dimensions and materials should be
thoroughly tested to ensure a leak tight sealis achieved with the barbed

inserts.

6 mm
[0.25"1 @ OD" |

Coolant Hose Connector

Barbed end for
connection to
Coolant Tubing

6 mm
[0.25"1@ID
—————— A

2 mm 008" ™ <

Coolant Tubing

10 mm
[0.4] @ OD
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4.4 Coolant Recommendations

* Coolant temperature: Refer to the temperatures specified in Technical
Specifications. Note that cooling performance may be affected by distance
between camera head and cooler.

* Recommended coolant: water or water/glycol mix depending on the ambient
environmental temperature during operation.

De-ionized water (without additives) may be used as the coolant. Some mains
supply wateris heavily mineralized (i.e. “Hard”) which could cause depositsin the
water circuit inside the camera. This can reduce the flow-rate and cooling
efficiency.

Caution

The liquid cooling system of the camera is rated to 2 bar (200 kPa). If your water supply
exceed:s this value, then an overpressure safety device or regulator must be fitted to restrict the
water pressure to less than or equal to this rating.
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4.4.1 Connecting the Coolant Hoses

1. Pressthe hose connectorinto the connection on the camera head, ensure it
clicks into place and repeat for the second hose.

0 = nalll —

2. Confirmthe hoses are connected securely by applying pressure on the top
front of the camera body and pulling backwards on the hoses.

Bleemr— Pl—

3. The coolant hoses are now connected.
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4.4.2 Disconnecting the Coolant Hoses
1. Pressthe latch on the camera hose connection away from the hose.
2. Hold the latchin and pull the hose backwards.

3. The hose should release from the camera connection with little resistance.

If the hose does not release, ensure that the latch on the camera connection is pressed in fully.
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4.5 Connecting the Camerato the PC

The camera connects to a PC via USB or Cameralink that provides a standard,
robust and high-speed connection with the control PC. It isrecommended to use
the supplied PCle card as this will ensure consistent performance. Other ports on
the PC may share bandwidth with other devices and peripheral components. This
may cause reduced, orinconsistent performance.
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4.5.1 Installing the Camera Framegrabber Card

Camera operation with PCle cards not supplied by Andor cannot be guaranteed.

Fasten the Card
to the slot with
a screw { Unused brackets Secure the card
T to the PC
Gently press the Unused filler brackets
card into
cL the slot

Gently press the
card into the slot

CL2

(10-tap card only) 2 ) < I1SASlot USB 3.0 PCle

i Slot
Camera Link Connection

Connection

Figure 10: Installing the FrameGrabber PCle card (Left) Camera Link versions and (Right) for USB
3.0.

1. Unplug all cables from the rear of the computer
2. Openthe PC enclosure to gain access to the expansion slots.
3. Locate asuitable PCle sloft:

» 10-tap version: Framegrabber card operatesin x8 or greater (i.e. x16
and x8 slots) ONLY.

» 3-tap version: Framegrabber card operatesin x4 or greater (i.e. x16, x8
or x4 slots).

» USB 3.0 version: Framegrabber card operatesin x4 or greater (i.e.x16,
x8 or x4 slots).

If you are unsure which slotis correct, please consult the PC user manual.
4. Remove the filler bracket corresponding to the slot you intend to use.

5. Remove the controller card carefully fromits protective ESD packaging and
insert the card connector fully into the expansion sloft.
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6. Ensure the card’s mounting bracket is flush with any other mounting or filler
brackets to either side of it, then secure the controller card in place.

7. Replace the computer cover and secure with mounting screws if applicable.

8. Reconnect any accessories you were using previously.
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4.5.2 Connecting the Camera to the PCle Card
4.5.2.1 Connecting via USB

Connect the USB cable from the camera to the appropriate PCle card on the
control PC.

4.5.2.2 Connecting via Cameralink

Connect the Cameralink cable from the camera to the appropriate PCle card
on the control PC. Camera Link cables are labeled to assist with correct
installation.

4.5.2.3 Connecting the Camera to the Power Supply

Connect the mains power cable between the camera powerinput (12V DC)and
the 12V DC power supply unit. Route cables carefully so they do not pose a
tripping hazard or atrisk of being unplugged. Avoid tight bends or strain at the
connections. Connect the power supply unif to the mains power supply.
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4.6 Installing Software and Drivers
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4.6.1 Minimum Computer Requirements

e 2.68 GHz Quad Core + 4 GB RAM

Hard Drive:
o Minimum 850 MB/s continuous write for Zyla CL 10-tap models
o Minimum 250 MB/s continuous write for Zyla CL 3-tap models

* Minimum 450 MB/s continuous write for Zyla USB 3.0 models

PCI Express x8 or greater for Zyla CL 10-tap models

PCI Express x4 or greater for Zyla USB 3.0 and CL 3-tap models

Windows (8.1, 10and 11) or Linux
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4.6.2 Installing Software or Drivers

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 Software Development Kit (SDK). For sCMOS cameras, SDK3
isrequired whereas, SDK2 is required for CCD and EMCCD cameras. If purchased
please visit andor.oxinst.com/downloads to request a software or driver
download.

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

1. Terminate & exit any applications which are running on the PC.

2. Insert orrun the provided or downloaded copy of Andor Solis or SDK. The
InstallShield Wizard should now start. If it does not start automatically, run the
file Solis setup.exe file.

3. Select appropriate location forinstallation of software and drivers on your
computer / network.

4. If prompted, select Zyla.

5. Continue installation and restart your computer - when prompted - to
successfully complete the installation.

6. The camerais now ready to be connected to a PC /laptop and powered
on.
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4.6.3 New Hardware Wizard

When the Zyla camerais connected to a PC for the first time, the New Hardware
Wizard screen will appear.

1.
2.

Select the ‘No, not this fime only’ option then click Next>.

Select the ‘Install from a list or specified location (Advanced) option then
click Next>.

Navigate to the directory where the Andor Solis software was installed to on
the PC, then click Next> so that the Installation Wizard can start.

Click the Finish button to complete the installation.

If the camera is connected to a different USB port, steps 1 -4 will have to be repeated on
the first connection only.

A system message will appear to indicate that the device has been
successfully installed.

You can check that the camera is correctly recognized and installed by opening the
Device Manager (Devices and printers) in Windows, Control Panel. The camera will show
under the Devices list.
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4.6.4 Checking & Setting BIOS options (for PCs not supplied by
Andor)

Enter the BIOS menu when starting PC. For Dell workstations, press F12 at start-up
and select System Setup in the One Time Boot Menu. For Dell workstations 3 options
in the Performance menu of the BIOS need to be checked/set:

» C-States Control-Disable C-States
» Intel Speed-step — Disable Speed-step

 Memory Node Interleaving —Set from NUMA to SMP. Note: This optionis only
available on larger workstations with 2 physical processors and may have a
different name- ensure that NUMA is disabled

Renesas Electronics USE 3.0 Host Controller Properties ﬁ

General | Advanced | Driver | Details I Resources

Firmware Version : 2020

v Disable USE 3.0 power management functions

OK || Cancel
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Section 5 - Operation

Caution

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

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

5.1 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.

Switch off the power at the mains socket and remove the mains lead from the external power
supply.
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5.2 Power Up Sequence

1.

N o O A~

Ensure that the camera is powered on at the mains power supply. (There is an
ON/OFF switch on the backplate of the camera).

Ensure that the USB or Camera Link cable is connected between the camera
and the PC.

Switch on the camera using the ON/OFF switch at the rear panel of the
camera.

Start up the PC.
Launch your camera control software e.g. Solis or SDKS3.
The camera will now start up under control of the software.

Refer to your software manual for set-up and image acquisition information.
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5.3 Power Down Sequence
1. Exit the camera control software.
2. Switch the camera off using the switch on the rear panel .

3. If not using the camera for some time, disconnect from the mains power
socket.
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5.4 Using the Camera

Once set-up the camera is controlled through the camera control software.
Please refer to the information supplied with the camera conftrol software
(available separately) for further details e.g. Andor Solis or SDK3. Some important
features and concepts are outlined in the following sections.
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5.5 sCMOS Structure and Operation

sCMOS technology has been developed specifically to overcome many of the
limitations that have marred other scientific detector technologies, resultingin an
imaging detector that provides exceptional performance for many applications.

3
2
\ \ APS with column A/D
4 L
S e
™
. T - -

Asillustrated above, the CMOS sensoris an *Active Pixel Sensor” (APS) whereby
each pixel has its own integral amplifier and the sequence of operationis as
follows:

Vertical Scan Circuit

Photodiodes + Amplifiers + Switches

1. Light hits sensor and generates charge (electrons).

2. The photo-generated charge is converted to an analog voltage inside each
pixel amplifier

3. Pixel voltage is fransferred to the column bus via arow select signal

4. The analog voltage is then converted to a digital signal via columns of A/D
(analog to digital) converters.

5. The final digitized signals are then read out sequentially at a pixel readout
speed of up to 280 MHz for the Zyla 5.5 and 270 MHz for the Zyla 4.2 (in x2
halves).
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The diagram, above is representative - the light sensitive area is contiguous as the
photodiodes for each pixel are buried within the sensor. Each pixel also has a microlens to
maximize sensitivity to light.

For Rolling Shutter mode operation, pixels in each row are exposed and the charge converted
to a voltage simultaneously before being digitized then read out sequentially.

ends this exposure simultaneously.

For Global Shutter mode, each pixel in the sensor begins an exposure simultaneously and then
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5.6 Dual Amplifier Dynamic Range

The Dual Amplifier architecture of the sSCMOS sensorin Zyla eliminates the need to
choose between low noise or high capacity, in that signal can be sampled
simultaneously by both high gain and low gain amplifiers. As such, the lowest noise
of the sensor can be harnessed alongside the maximum well depth, affording the
widest possible dynamic range. Traditionally, scientific sensors including CCD,
EMCCD, ICCD and CMOS, demand that the user must select ‘upfront’ between
high or low amplifier gain (i.e. sensitivity) settings, depending on whether they
want to optimise for low noise or maximum well depth. Since the true dynamic
range of a sensoris determined by the ratio of well depth divided by the noise floor
detection limit, then choosing either high or low gain settings will restrict dynamic
range by limiting the effective well depth or noise floor, respectively.

Forexample, consider alarge pixel CCD, with 16-bit Analog to Digital Converter
(ADC), offering a full well depth of 150,000 e- and lowest read noise floor of 3 e-.
The gain sensitivity required to give lowest noise is 1 e-/ADU (or ‘count’) and the
gain sensitivity required to harness the full well depthis 2.3 e-/ADU, but with a
higherread noise of 5 e-. Therefore, it does not automatically follow that the
available dynamic range of this sensoris given by 150,000/3 = 50,000:1. This is
because the high sensitivity gain of 1 e-/ADU thatis used to reach 3 e- noise means
that the 16-bit ADC will top out at 65,536 e-, well short of the 150,000 e- available
from the pixel. Therefore, the actual dynamic range available in ‘low noise mode’
is 65,536/3 =21,843:1. Conversely, the lower sensitivity gain setting means that the
ADC will top out at ~ 150,000 e-, but the higherread noise of 5 e- will still limit the
dynamic range to 150,000/5 = 30,000:1 in this ‘high well depth mode'. The sSCMOS
sensor offers a unique dual amplifier architecture, meaning that signal from each
pixel can be sampled simultaneously by both high and low gain amplifiers. The
sensor also features a split readout scheme in which the top and bottom halves of
the sensor are read out independently. Each column within each half of the sensor
is equipped with dual column level amplifiers and dual analog-to-digital
converters, represented by the block diagram below:
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Low Noise Dual Single
Dual Column Slope 11-bit
Level Amplifiers ADC

Column
Bit Line /
L

Digital
Memory

Digital
Memory

Common
Common Common Clountter
Calibration Ramp ey
Signal Signal

Figure 11: Amplifiers and ADC of the sCMOS Sensor

The dual column level amplifier/ADC pairs have independent gain settings, and
the finalimage ("High contrastimage of fixed labeled cell. Intensity line profile
through single row demonstrates pixel regions that were sampled by high gain
(low noise) and low gain (high capacity) amplifiers." on page 59) is reconstructed
by combining pixel readings from both the high gain and low gain readout
channels to achieve a wide intra-scene dynamic range, uniquely so considering
the relatively small 6.5 um pixel pitch.

The method of combining signals from two 11-bit ADCs can be divided into four
basic steps.

1. Atthe end of the analog chain the “Signal” voltage is applied to two
independent amplifiers: the high gain amplifier and the low gain amplifier.
This results in two separate digital data streams from the sensor

2. The camera selects which data stream to use on a pixel per pixel, frame by
frame basis using a threshold method

3. The datais then compensated for DC offset and gain. Again, thisis done on
a pixel by pixel basis using the compensation data associated with the data
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stream. The gain corrects for pixel to pixel relative sensitivity, pixel node
amplifier and the high and low amplifier relative gains

4. The pixels are then combined into asingle 16-bitimage for tfransfer to the PC

The user maintains the choice of opting to stay with 12-bit single gain channel
data if dynamic range is noft critical, resulting in smaller file sizes. This in turn offers
faster frame rates when continuously spooling through the Camera Link interface
and writing to hard disk.

Table 5: Typical performance of supported gain settings of the Zyla 5.5 (Jan 2012 onwards)

Effective pixel Spooling File

Amplifier Gain (Current ode Sensitivity e-/ | Data saturation limit / s o
Andor SDK / Solis description) ADU (typical) | Range P
e- frame)
12-bit (highwell capacity)  GS/RS 7.5 12-bit 30,000 8 Mb
12-bit (low noise) GS 0.42 12-bit 1,700 8 Mb
12-bit (low noise) RS 0.28 12-bit 1,100 8 Mb
16-oit (low noise and high well - ¢ 0.45 16-bit 30,000 10.5 Mb
capacity)
16-oit (low noise and highwell - oo 0.45 16-bit 30,000 10.5 Mb
capacity)

Table é: Typical performance of supported gain settings of the Zyla 4.2

Effective pixel Spooling File

Amplifier Gain (Current

Sensitivity e-/ | Data

Andor SDK / Solis description) Mode ADU (typical) | Range saturation limit / Size (per
e- frame)
12-bit (high well capacity) RS 7.5 12-bit 30,000 6.1 Mb
12-bit (low noise) RS 0.28 12-bit 1,100 6.1 Mb
16-bif (low noise andhighwell ¢ 0.45 16-bit 30,000 8.1 Mb
capacity)
® 58
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Figure 12: High contrast image of fixed labeled cell. Intensity line profile through single row
demonstrates pixel regions that were sampled by high gain (low noise) and low gain (high
capacity) amplifiers.
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5.6.1 Using ROIs (AOIs)

Region of Interest (ROI) also called Area of Interest (AOI) can be selected so that
only a defined region of the sensoris used. When a sub image has been defined,
only data from the selected rows will be digitized.

Selecting a sub image increases the frame readout rate and reducesimage
storage requirements. Examples of sub-image selection and spooling rates are
shownin

It should be noted that for small ROIs (e.g. < 512x 512 pixels), the achievable frame
rate for 3-tap and 10-tap becomes identical. This is due to the fact that the
amount of data transmitted across the Camera Link interface for these ROls is
relatively small and the limiting factor becomes the rate at which data can be
read off the sensor.

It should also be noted that while ROIs can also be set up for any area of the
sensor, those which are vertically centred on the sensor mid line will result in the
maximum frame rates.
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5.7 Understanding Read Noise in sCMOS

sCMOS technology boasts an ultra-low read noise floor that significantly exceeds
that of even the best CCDs, and at several orders of magnitude faster pixel
readout speeds. For those more accustomed to dealing with CCDs, it is useful to
gain an understanding of the nature of read noise distribution in CMOS imaging
Sensors.

CCD architecture is such that the charge from each pixel is transferred through @
common readout structure, at least in single output port CCDs, where charge is
converted to voltage and amplified prior to digitization in the Analog to Digital
Converter (ADC) of the camera. This results in each pixel being subject to the
same readout noise. However, CMOS technology differs in that each individual
pixel possesses its own readout structure for converting charge to voltage. In the
sCMOS sensor, each column possesses dual amplifiers and ADCs at both top and
bottom (facilitating the split sensorreadout). During readout, voltage information
from each pixelis fed directly to the appropriate amplifier/ADC, a row of pixels at
a fime (see Technical Note on Rolling and Global Shutter modes).

As a consequence of each pixel having its own individual readout structure, the
overallreadout noise in CMOS sensors is described as a distribution, as exemplified
in "Representative histogram showing read noise distribution at fastest readout
speed of Zyla 5.5, 560 MHz (280 MHz x2). The median value of 1.38 e- means 50%
pixels have read noise less than 1.38 e- and 50% have greater than 1.38 e-. The line
at 6 e-represents a typicalread noise value from a well optimized Interline CCD -
all pixels in a CCD essentially share the same noise value" on the next page below,
which is arepresentative noise histogram from a Zyla 5.5 camera at the fastest
readout speed of 560 MHz (or 280 MHz x 2 halves). It is standard to describe noise in
CMOS technology by citing the median value of the distribution. In the data
presented, the median value is 1.38 electron RMS. This means that 50% of pixels
have anoise less than 1.38 electrons, and 50% have noise greater than 1.38
electrons. While there will be a small percentage of pixels with noise greater than 2
or 3 electrons, observable as the low level tail ftowards the higher noise side of the
histogram, it must be remembered that a CCD Interline camera reading out at 20
MHz would have 100% of its pixels reading out with read noise typically ranging
between 6 and 10 electrons RMS (depending on camera design).
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Figure 13: Representative histogram showing read noise distribution at fastest readout speed of
Zyla 5.5, 560 MHz (280 MHz x2). The median value of 1.38 e- means 50% pixels have read noise
less than 1.38 e- and 50% have greater than 1.38 e-. The line at 6 e- represents a typical read
noise value from a well optimized Interline CCD - all pixels in a CCD essentially share the same
noise value
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5.7.1 Binning

Binning is a process used for both CCD and sCMOS sensors in which the signal for a
number of pixels is combined into asingle array with a single signal output. For
CCD sensors combining the charge from arrays of pixels e.g. 4 pixels (2x2 binning)
into single larger “super-pixels” allows the read noise (the dominant noise source in
CCD:s) to bereduced since there are less read events. Binning is therefore
commonly used for CCD cameras to increase the signal to noise ratio and speed
of readout, at the expense of lowerresolution. For further information refer to the
technical note:

However, for cameras with sSCMOS sensors such as in the Andor Zyla, Neo, Sona
and Marana models, the binning process is performed slightly differently. Binning is
processed by the FPGA after the pixels have beenreadout- therefore there is not
the speed increase observed in CCD cameras from the reduced number of pixels
being read out. After FPGA processing the pixel information is fransmitted to the
control PC - this may be faster when binning is applied under some conditions. For
further information refer to the technical note:
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5.7.2 Spurious Noise Filter

The Spurious Noise filter corrects for pixels that would otherwise appear as spurious
‘salt and pepper’ noise spikesin the image. The appearance of such noisy pixels is
analogous to the situation of Clock Induced Charge (CIC) noise spikes in EMCCD
cameras, in that the overall noise of the sensor has been reduced to such alow
level, that the remaining small percentage of spurious, high noise pixels can
become an aesthetic issue. The filter actively corrects such high noise pixels,
replacing them with the mean value of the neighbouring pixels The filter can be
switched on and off by the user prior to data acquisition.

Spurious Noise Fliter ON -Spurious Noise ‘Fl_iter' OFF

Figure 14: Demonsiration of Spurious Noise Filter (Filter On left, Filter Off, Right) on a dark image, 20
ms exposure time, 200 MHz (x2 halves) readout speed
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5.7.3 Blemish Correction Filter

This Blemish Correction filter identifies and compensates for three types of
blemishes during the FPGA processing step:

1. Hot pixels
2. Noisy pixels
3. Unresponsive pixels

sCMOS sensors are particularly susceptible to hot pixel blemishes. These are
spurious noise pixels that have significantly higher darkcurrent than the average.
Through deep TE cooling of the sensor (e.g. -45°C for Sona/Marana), it is possible
to dramatically minimize the occurrence of such hot pixels within the sensor,
meaning that these pixels can still be used for useful quantitative imaging.
However, if deep cooling cannot be achieved it is necessary to use interpolative
filters to minimize the hot pixel blemishes. These filters work by taking the mean of
the surrounding 8 pixel values and replacing this hot pixel blemish with this mean
value. Such interpolation over pixel blemishes can be detrimental in some
applications that depend on total quantitative integrity over a limited set of pixels,
forexample in localization based super-resolution microscopy (such as PALM and
STORM techniques) and astronomy. In these applications it is essential for the user
to be able to switch off interpolative corrections. Furthermore, having access to
the location of these blemishes allows an accurate map of ‘good’ pixels to be
determined by the user. A new service allows the end user to request a ‘hoft pixel
map' of their sSCMQOS sensor from Andor. This map will be generated based on the
experimental conditions outlined by the end user. From the latest generalrelease
of Andor SDK3 (version 3.7.30004) and Solis (version 4.24.30004) blemish correction
can be switched on and off by the user. Refer to the SDK and Solis User Guide and
help information forinstructions.
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5.8 Sensor Readout Optimisation

To allow the camera to be optimized for the widest range of applications it is
important to have flexibility in the readout options available, some of these
include the following:

» Gain Channel Control

» PixelReadout Rate

» ROIsubimage settings

» Triggering / Synchronization options (see "Trigger Modes" on page /7)

The effect of different shutter modes, readout speed and different ROIs on frame
rates is shown in "Maximum sustainable frame rates for all electronic shutter
modes, readout speeds and gain channel combinations for various (vertically
centred) ROIs" below.

Table 7: Maximum sustainable frame rates for all electronic shutter modes, readout speeds and
gain channel combinations for various (vertically centred) ROIs

Zyla 5.5 3- | Zyla 5.5 10- | Zyla 4.2 10- | Zyla 5.5 USB | Zyla 4.2 USB

Region of | Shutter | Bit- tap tap tap 3.0 3.0
Interest Mode | depth | 200 | 560 | 200 | 560 | 216 | 540 | 200 216 | 540
MHz | MHz | MHz | MHz | MHz | MHz | MHz | MHz | MHz | MHz
, 12-bit 30 30 36 100 - - 36 40 - -
Rolling
16-bit 22 22 36 75 2 2 30 30 2 g
2560 %2160
12-bit 18 30 18 49 - - 18 40 = =
Global
16-bit 18 22 18 49 - - 18 30 - -
2ol 12-bit 38 39 38 105 40 100 38 53 40 53
olliN
< 16-bit 29 29 38 98 40 100 38 40 40 40
2048 x 2048 :
12-bit 19 39 19 52 - - 19 52 - -
Global )
16-bit 19 29 19 52 - - 19 52 - -
2ol 12-bit 72 79 72199 76 192 72 107 76 107
olliNn
= 16-bit 59 59 72 199 76 192 72 80 76 80
1920 x 1080
12-bit 35 79 35 97 . . 35 98 = =
Global
16-bit 35 59 35 97 - - 35 80 - -
2ol 12-bit 152 419 152 419 161 403 152 419 161 403
olliN
< 16-bit 152 419 152 419 161 403 152 419 161 403
512x512 _
12-bit 73 201 73 201 - - 73 201 - -
Global )
16-bit 73 201 73 201 - - 73 201 - -
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Zyla 5.5 3- | Zyla 5.5 10- | Zyla 4.2 10- | Zyla 5.5 USB | Zyla 4.2 USB
Region of | Shutter tap tap tap 3.0 3.0

Interest Mode 200 | 560 | 200 | 560 | 216 | 540 | 200 | 560 | 216 | 540
MHz | MHz | MHz | MHz | MHz | MHz | MHz | MHz | MHz | MHz

12-bit 596 1639 596 1639 631 1578 596 1639 631 1578

Rollin
R e 16-bit 596 1639 596 1639 631 1578 596 1639 631 1578
X
12-bit 260 716 260 716 - - 260 716 - -
Global
16-bit 260 716 260 716 - - 260 716 - -

The write speed of the PC hard drive can impose a further restriction on the maximum sus-
tainable frame rate.
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5.8.1 Gain Channel Control

The Zyla offers the user a choice of two 12-bit gain channels (i.e. high orlow gain)
ora combined ‘16-bit’ setting. The user can choose to stay with 12-bit single gain
channel data if dynamic range is not critical, resulting in smaller file sizes. This in furn
offers faster frame rates when continuously spooling through the Camera Link
interface and writing to hard disk. The 16-bit dual gain channel should be chosen if
dynamic range is more important than having the fastest frame rates. Please refer
to"Dual Amplifier Dynamic Range" on page 56 formore detailed explanation of
the dual amplifier dynamic range operation.
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5.9 Pixel Readout Rate

The Pixel Readout Rate defines the rate at which pixels are read from the sensor.
The faster the readout rate the higher the frame rate that can be achieved. The
ability to change the pixel readout rate isimportant to achieve the maximum
flexibility of camera operation.

Slowerreadout typically allows lower read noise but at the expense of slower
frame rates. The following readout rates are available on the Zyla ("Typical Read
Noise for Rolling and Global Shutter modes” below below shows the typical read
noise at eachreadout rate):

e Zyla 5.5:200 MHz (100 MHz x 2 halves) and 560 MHz (280 MHz x 2 halves)
e Zyla4.2:216 MHz (108 MHz x 2 halves) and 540 MHz (270 MHz x 2 halves)
Table 8: Typical Read Noise for Rolling and Global Shutter modes

Read noise (e-) Rolling Shutter (typ- Read noise (e-) Global Shutter (typ-
ical) ical)

200 MHz 1.2 2.6
Zyla 5.5

560 MHz 1.45 2.6

216 MHz 0.9 N/A
Lyla 4.2
540 MHz 1.1 N/A

Please referto "Understanding Read Noise in sCMOS" on page 61 formore
information onread noise and the camera performance sheet forread noise
values at the various readout speeds.
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5.10 Rolling and Global Shutter

The sSCMOS sensor used by the Zyla 5.5 offers a choice of both Rolling and Globall
shutter, providing superior application flexibility. Rolling and Global shutter modes
describe two distinct sequences through which the image may be read off a
sCMOS sensor. Inrolling shutter, charge is transferred from each row in sequence
during readout, whereas in global shutter mode each pixel in the sensor
effectively ends the exposure simultaneously. However, lowest noise and fastest
frame rates are achieved from rolling shutter mode.

Traditionally, most CMQOS sensors offer either one or the other, but very rarely does
the user have the choice of both from the same sensor. For the Zyla 5.5, it is possible
to select between eitherreadout mode from the same sensor, so the most
appropriate mode can be selected for the specific application. The Zyla 4.2 offers
rolling shutter only.
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5.10.1 Rolling Shutter

In Rolling Shutter mode, adjacent rows of the array are exposed at slightly different
times as the readout ‘waves’ sweep through each half of the sensor. Therefore,
eachrow will start and end its exposure slightly offset in time from its neighbour. In
the case of the Zyla 5.5, at the maximum readout rate of 560 MHz (as each half of
the sensoris at 280 MHz), this offset between adjacent row exposuresis ~10 us. The
rolling shutter readout mechanism s illustrated in Figure 8 below. From the point of
view of readout, the sensor is split in half horizontally. Rows are read out from the
centre outwards, row afterrow. At the start of an exposure, the wave sweeps
through each half of the sensor, switching each row in turn from a ‘keep clean
state’, in which all charge is drained from the pixels, to an ‘exposing state’, in
which light induced charge is collected in each pixel. At the end of the exposure,
the readout wave again sweeps through the sensor, tfransferring the charge from
eachrow into the readout node of each pixel. The important pointis that each
row willhave been subject to exactly the same exposure time, but the row at the
top (or bottom) edge of the sensor would have started and ended its exposure
~10ms (1080 rows x 10 us/row) after the rows at the centre of the sensor (when
using 560 MHzreadout rate).

Exposure start Exposure Readout

Figure 15: Rolling Shutter Exposure and Readout

Rolling shutter can be operated in a ‘continuous’ mode when capturing a kinetic
series of images, whereby after each row has beenread out it immediately enters
its next exposure. This ensures a 100% duty cycle, meaning that no time is wasted
between exposures and, perhaps more importantly, no photons are wasted. At
the maximum frame rate for a given readout speed (e.g. 100 fps at 560 MHz for the
Zyla 5.5) the sensor is continuously reading out, i.e. as soon as the readout fronts
reach the top and bottom of the sensor, they immediately return to the centre to
readout the next exposure.
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A potential downside of rolling shutter is spatial distortion resulting from the above
described exposure mechanism. This has historically been more apparent in
devices such as CMOS camcorders, where the entire image field could be moved
(forexample by the user rapidly panning the camera) at arate that the image
readout could not match; thus, objects could appear at an angle compared to
their actual orientation. Inreality, despite the time-offset readout pattern, rolling
shutter mode is appropriate for the majority of scientific applications, especially
where the exposure time is equal to or greater than the sensorreadout time,
discussed later.
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5.10.2 Global Shutter

Global shutter mode, which can also be thought of as a ‘snapshot’ exposure
mode, means that all pixels of the array are exposed simultaneously. In most
respects, global shutter can be thought of as behaving like an Interline CCD
sensor. Before the exposure begins, all pixels in the array will be held in a ‘keep
cleanstate’, during which charge is drained into the anti-bloom structure of each
pixel. At the start of the exposure each pixel simultaneously begins to collect
charge andis allowed to do so for the duration of the exposure time. At the end of
exposure each pixel transfers charge simultaneously to its readout node.
Importantly, global shutter can be configured to operate in a continuous
‘overlap’ mode (analogous to Interline CCD), whereby an exposure can proceed
while the previous exposure is being readout out from the readout nodes of each
pixel. In this mode, the sensor has a 100% duty cycle, againresulting in optimal
time resolution and photon collection efficiency. However, the mechanism of
global shuttermode demands that areference readout is performed ‘behind the
scenes’, in addition to the actual readout of charge from each pixel. Due to this
additionalreference readout, global shutter mode carries the tfrade-off of halving
the maximum frame rate that would otherwise have been achieved inrolling
shutter mode. In addition, global shutter also increases the RMS read noise by a
factor of 1.41 overrolling shutter readout. The figure below shows a simplified
illustration showing sequence of eventsin global shutter mode:

Exposure start Exposure Exposure End

Figure 16: Global Shutter Exposure and Readout
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5.10.3 Selecting Rolling or Global Shutter

The selection of Rolling Shutter or Global Shutter modes for the Zyla 5.5 depends on
your specific experimental conditions. A summary of the key parameters for each
mode is shown in the table below.

Table 9: A comparison of rolling and global shutter modes

Global Shutter Mode (Zyla 5.5

Parameter Rolling Shutter Mode

only)
Frame Rate Maximum available Maximum frame rate is halved
Read Noise Lowest Increased by 1.41
Spatial Dis- Dependent on object dynamics and frame
. None
tortion rate

Rolling Shutter Mode: with the enhanced frame rates and lower noise, is likely to
suit the maijority of scientific applications. Aslong as the frame rate is such that the
camerais temporally oversampling object dynamics within the image area,
negligible spatial distortion will be observed. Such oversampling is good imaging
practice, since it is undesirable to have an object travel a significant distance
during a single exposure.

Global Shutter Mode: for some specific applications global shutter will be viewed
as a necessity.
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5.10.4 Examples of Typical Applications for Global Shutter Mode

» Applications that require ‘microsecond’ time gating synced to a pulsed light
source: e.g. Laser Induced Breakdown Spectroscopy (LIBS). Global readout
involves a step that simultaneously transfers the signal charge of each pixel
into the corresponding readout node for that pixel. This transfer step is 2 us (at
560 MHzreadout rate), facilitating fast exposure end, i.e. ‘Electronic gating’

‘Double Exposure’ applications: e.g. Particle Imaging Velocimetry (PIV),
which requires that two back-to-back exposures are acquired with minimal
time separation between them. The global shutter 2 us transfer fime into the
readout node defines the minimum time between two consecutive
exposures

Applications that require exact time correlation between two (or more)
points of animage that are separated vertically within the image: Inrolling
shutterit takes 10 us perrow for the 2x readout fronts to move across the
image from the centre outwards, reading out one row at a fime. At 560 MHz
pixel readout rate, thisrepresents 10 ms to cover the distance from centre to
outermost rows. That means an object at the centre of the image will begin
and end an exposure ~10 ms before an object located at the very top or
bottom (although remember that each object will be subject to the same
overall exposure time). If a particular application requires that ‘moving or
changing’ objects separated by relatively large distances (vertically) be
subject to the same beginning and end of exposure, then global shutter
mode is required

Applications where the entire field of view is fast moving (relative to exposure
time): e.g. high speed machine vision inspection, such as PCB inspection
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5.10.5 Rolling and Global Shutter Mechanisms

In Rolling Shutter mode, charge transfer happens on a per row basis whilst in global
shutter charge transfer happens for the whole sensor or globally. To read out a
pixel in Rolling Shutter mode, the following occurs within the analog circuitry:

1. Theread out nodeisreset

2. The node level (reference level) is measured

3. Chargeis transferred from photodiode to node
4. The node level (signallevel) is measured
5

. Referencelevel (step 2) is subtracted from signallevel (Step 4) to getreal
signal

This process is commonly referred to as CDS (Correlated Double Sampling) and is
done in the analog domain before digitization. The reason it is required is due to
what is known as reset noise, this arises because every fime the node isreset it does
not settle at exactly the same level and hence the actuallevel must be measured
(Step 2.) and subtracted from the signallevel (Step 4) to get the real signal.

Rolling Shutter Mode: charge transfer happens on a perrow basis; therefore each
row follows steps 1 -5, until the entire sensoris read out. The disadvantage of this s
that the start and end exposure fime moves by the row read out time foreach
subsequent row. So whilst each row of pixels is exposed for exactly the same
length of time they do not all start and end at exactly the same time.

Global Shutter Mode: the start and end of the exposure do occur at exactly the
same time for every pixel (not just for pixels in the same row); therefore Step 3. has
to occur for all the pixels at the same time. Because of this, the reset and reference
read occur before this global transfer for every row. Since the same read out
circuitry is used for every row there is nowhere to store the measured reference
level for every pixel and so areference frame is actually digitized and read out
from the sensor and then the signalis digitized and read out from the sensor. The
two are subtfracted to get the ‘real signal’. Reading two frames to get areal signal
frame effectively halves the Cycle Time when compared to Rolling Shutter.
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5.11 Trigger Modes

The Zyla camera has the following triggering modes:

Internal Trigger - the camera determines the exact time when an exposure
happens based on the acquisition settings entered by the user. This is the
most basic trigger mode and requires no external intervention.

External Trigger - the camera and software are in a high state of readiness to
accept atrigger from an external source. Refer to

for the minimum pulse width required to
guarantee a trigger. The external frigger is fed via the External Trigger input
on the I/O Connector on the camera head.

Software Trigger works in the a similar manner to External Trigger mode
whereby the camera and software are in a high state of readiness and can
react extremely quickly to a trigger eventissued via software. This mode is
particularly useful when the user needs to control other equipment between
each exposure and does not know in advance how long such control will
take orif the time taken changes randomly.

External Startis a mode where the camera will wait for one external trigger
event to occur after the acquisition sequence has been started. Once this
external trigger eventis detected, the camera will start the Internal Trigger
read out process and will progress as if the camera was in internal trigger
mode.

External Exposure Trigger is a mode of operation where the exposure time
and cycle time are controlled by the external trigger input.

The TTL inputs and outputs may be used to synchronize the camera operation with
external events or equipment.

The individual outputs are described in the following sections.

The AUX_OUT_1 output can be configured via software (Solis or SDK) to provide
one of the following outputs: FIRE, FIRE n, FIRE ALL, or FIRE ANY.

The default state provides ‘FIRE ALL on this output.

The polarity of the TTL inputs and outputs can also be inverted (individually) via
either Solis or SDK.
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‘Row 1’ is the first row read out in the image frame. ‘Row n’ is the last row read out in the image
frame.

The trigger diagrams in the following sections are for outlining the events and timing of outputs
in the various frigger modes and not to scale.
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5.11.1 Software Acquisition Events

Software Acquisition Events are only accessible via SDK- these are not available in
Solis, iQ or other software but may be used internally. Refer to the SDK3 manual for
further information on configuration of Software Acquisition Events.

Compare the two diagrams below: The first diagram "Rolling Shutter - Original
Acquisition using SW Trigger. Example: 3-tap, RS, 560 MHz 30 ms exposure, full
image." below shows the situation prior to the introduction of the software events.
In this case the user had to wait until the image frame was completely tfransferred
to the PC before they received any notification that the exposure had
completed. Thisresults in a cycle time of approximately 79 ms or a frame rate of
12.6 fps, for this example. With acquisition software events ('Rolling Shutter - New
Acquisition using Events and Faster SW Trigger. Example: 3-tap, RS, 560 MHz 30 ms
exposure, fullimage." on the next page)and in particular the ExposureEndEvent
the user will be notified as soon as the exposure is complete in advance of readout
completion. This in conjunction with faster SW trigger, means that the next
acquisition can be started much sooner, resulting in an improvement in frame
rate, 25 fps. In addition, the Fire ALL signal can be used to control light sources/z-
stages.

Invalid exposure-wait for SW trigger
10ms 1 20ms

Rowl — ¢

1 1 :
: : 1
i H i |
Row n ] : 1
) 1
: |
1

FIRE ALL :
1

(Gated light
source)

Exposure 30ms

Readout into
DDR2

10ms : e

Cl Transfer 3Ams

SW Trigger

Sms ! 1 5ms

Cycle Time h 30+10+34+5=79ms (12.6fps)

Figure 17: Rolling Shutter - Original Acquisition using SW Trigger. Example: 3-tap, RS, 560 MHz 30
ms exposure, fullimage.
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Figure 18: Rolling Shutter - New Acquisition using Events and Faster SW Trigger. Example: 3-tap, RS,
560 MHz 30 ms exposure, fullimage.
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5.11.2 Signal Information

Acquisition Start: This is an internal pulse purely forillustrative purposes and
indicates when the camerareceives a command from software to start the
pre-programmed acquisition sequence

FIRE: (Exposure for Row 1): In Rolling Shutter mode, the FIRE output from the
camera indicates to the user the exposure time for the first row

FIRE Row n: (Exposure for Row n): The exposure for Row 2 is delayed by one
row time relative to Row 1, Row 3 is delayed by one row fime relative to Row
2, etc. for allrowsin the frame (up to Row n) - the rows within the selected ROI
which are furthest from the sensor centre. This signal is connected to an
external output from the camera known as FIRE Row n.

FIRE ALL: The Fire ALL output from the camera indicates when all rows within a
frame are being simultaneously exposed.

FIRE ANY: The FIRE ANY output indicates when any row within a frame is being
exposed.

ARM: The ARM output from the camerais used in external and software
triggering modes to indicate when the cameraisready to accept an
incoming trigger. If ARM is low when a trigger event occurs, it will be ignored

Global Clear: The entire sensor can be held in a global clear state which
ensures that there is no charge build-up on the sensor

Prescan Readout Cycle: Once an acquisition sequence has been started,
the camerais placed into a special cleaning cycle called ‘Prescan Readout
Cycle’ which ensures that charge build up on the sSCMOS sensoris keptto a
minimum while waiting for the trigger event. The Prescan Readout Cycle
consists of repeatedly reading a virtual row from the sensor. Once the trigger
isreceived, a new exposure phase is initiated.

Charge Transfer: This signal indicates when charge in the pixel is transferred to
the measurement node and effectively ends the exposure. The charge is
transferred while the pulse is HIGH.

For clarity this signal is not shown in Rolling Shutter diagrams.
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Frame Readout Phase: This signal shows the period during which the signal
frame isread out from the sensor

EXT Start Delay: This is the delay between the start of the External Trigger
pulse and the start of exposure of row 1.

*: Marks the start of an exposure.

*: Marks the end of exposure.
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5.11.3 Timing Parameters and Ext Triggering

The timing tables accompanying each of the triggering diagrams that follow
indicate the exposure and cycle times achievable in each triggering mode for the
Zyla. These are based on Frame and Row Periods as shown below.

5.11.3.1 Timing Parameters and Ext Triggering for Zyla 5.5

Table 10: Timing Parameters based on Sensor Clock Speed (Zyla 5.5)

Sensor Readout Rate

Parameter
200 MHz 560 MHz
1 Row (2624 clock cycles) 25.41 us 9.24 us
1 Full Frame (2160 rows) 27.44 ms 9.98 ms

The time taken toread out a fullrow is equal to 2624 clock cycles. The sensor s split
into 2 halves with each having anindependent data output from the sensor. This
means the Frame Period is 1080 rows x 2624 clock cycles. For sub-images the frame
readout time isrelated to the number of rows being displayed.

In External and External Start Triggering Modes, the minimum trigger pulse width
detected by the Zyla 5.5 camera is shown below in "Minimum EXT Trigger Width
(Zyla 5.5)" below

Table 11: Minimum EXT Trigger Width (Zyla 5.5)

Sensor Readout Rate
200 MHz 560 MHz
EXT Trig Pulse Width ( 2 clock cycles) 19.37 ns 7.04ns

Parameter

5.11.3.2 Timing Parameters and Ext Triggering for Zyla 4.2

The timing tables accompanying each of the triggering diagrams that follow
indicate the exposure and cycle times achievable in each triggering mode for the
Zyla 4.2. These are based on Frame and Row Periods as shown below.

Table 12: Timing Parameters based on Sensor Clock Speed (Zyla 4.2)

Sensor Readout Rate

Parameter
216 MHz 540 MHz
1 Row (2592 clock cycles) 24.00 us 9.60 us
1 Full Frame ( 2048 rows) 24.54 ms 9.83ms
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The time taken to read out a fullrow is equal to 2592 clock cycles. The sensor s split
into 2 halves with each having anindependent data output from the sensor. This
means the Frame Period is 1024 rows x 2592 clock cycles. For sub-images the frame
readout time isrelated to the number of rows being displayed.

In External and External Start Triggering Modes, the minimum trigger pulse width

detected by the Zyla 4.2 camera is shown below in "Minimum EXT Trigger Width
(Zyla 4.2)" below

Table 13: Minimum EXT Trigger Width (Zyla 4.2)

Sensor Readout Rate
Parameter

216 MHz 540 MHz

EXT Trig Pulse Width ( 2 clock cycles) 20 ns 7.4ns
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5.11.4 Rolling Shutter Internal Triggering (Non-Overlap Mode)

Internal Tigger Mode allows the user to configure an exposure fime and cycle
time. For Internal Triggering Non-overlap mode, the exact acquisition sequence
depends on the exposure fime and cycle time set as shownin

. The following diagrams show the behaviour of TTL
outputs ‘Fire’, Fire n’, ‘Fire ALL’ and ‘Fire ANY’.

Fire ALL indicates the time period within a frame during which allrows are exposing
simultaneously.

Fire ANY indicates the time period within a frame during which any row is
exposing.

Initially, the entire sensoris held in a global clear state to ensure that there is no
charge build-up on the sensor. Global Clear goes LOW and a frame read out is
initiated. This frame is discarded as it does not contain the correct exposure
period. Reading out a frame effectively begins a new exposure. When the
exposure period has completed, a signal frame read out phase begins. When the
frame has beenread out completely, the Global Clearis held HIGH until the user-
defined cycle time is achieved.

Start
E_)elav

: Cycle Time
Acquisition Start I | T~
Exposure time for Frame 1 Row 1 Exposure time Frame 2 Row 1 Exposure time Frame 3 Row 1
<
FIRE i
Exposure for Row 1 * * * * * *
FIREn
Exposure for Row n
FIREALL
FIREANY =
Global Clear [ ]
Frame Readout i I N I e IR N I o I RS
ase

= Exposure Start * Exposure End

Figure 19: Rolling Shutter Internal Triggering

Table 14: Rolling Shutter Internal Triggering (Long Exposures) Timing Parameters
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Parameter Minimum Maximum

Exposure 1 Row 30s
Cycle Time (1/Frame Rate) Exposure + 1 Frame + 1 Row 20,000s
Acquisition Start Delay - 1 Row
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5.11.5 Rolling Shutter Internal Triggering (Overlap Mode)

Internal Triggering in Overlap Mode allows the user to perform an exposure and
acquire images from the sensor simultaneously. This is achieved by starting a new
exposure for a new frame while the current frame’s exposure is being read out
from the sensor.

The cycle time is the same as the exposure time entered by the user in this
scenario.

Short Exposures

When the required exposure time is less than the time it takes to read out a frame
(Short Exposures), the cycle time is always defined by the time taken toread out a
frame.

Cycle Time
ExTorsw _ [l _s=—"——>
E)é:usuret\me Expéosuretwm& Exposure time Eximsure time
Fraime1 Row Frarglez Row1 Frame 3 Row 1 Frgme 4 Row1
£ * £ % A 1 x
EIRE > S S >
Exposure for Row 1 S S l |
X E;‘F{“”re“m‘% Expusuretimeg Exposure timaf Exposuretime
%, Framg 1 Rowe Frame 2 Rown Frame3 Row§ Frame 4 Hown
R * ¥ L *
FIRE n s S <> < <=
Exposure for Row n [ 1 : [ 1 [ : [
FIREALL
FIREANY — U L L L
Frame Readout Discarded 3 signal Frame | PS Signal Frame | PS Signal Frame. | PS Signal Frame
Phase Frame 1 z El a
# Expozure Start #* Exposzura End

Figure 20: Rolling Shutter Internal Triggering (Short Exposures)

Table 15: Rolling Shutter Internal Triggering (Overlap Mode- Short Exposures) Timing Parameters

Parameter Minimum Maximum
Exposure 1 Row 1 Frame - 1 Row
Cycle Time (1/Frame Rate) 1 Frame 1 Frame + Exposure + 1 Row
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Parameter Minimum Maximum

Acquisition Start Delay 1 Row -

Long Exposures

When the required exposure time is greater than the time it takes toread out a
frame (Long Exposures), the cycle time is defined by the exposure time.

Initially, the entire sensor is held in a global clear state to ensure that there is no
charge build-up on the sensor. Global Clear goes LOW and the first frame read out
isinitiated. This frame is discarded as it does not contain the correct exposure
period. Reading out this first frame effectively begins the first exposure. When the
exposure period has completed, a signal frame read out phase begins. As each
row isread out, the new exposure for that row begins.

Start

Delay Exposure time = Cycle Time
< ~
%; é T -
Acquisition Start | |
»* Exposure time for Frame 1 Row 1 ** Exposure time for Frame 2 Row 1 ** **
- N e SN H
< =< Ed
FIRE )
Exposure for Row 1 *
.. ExposuretimeforFrame1Rown \“ ** **
i P H HH
FIREn IJ
Exposure for Row n H
FIRE ALL —I
FIREANY e
Global Clear
Frame Readout Discarded Frame | Pre-scan | Signal Frame 1 | Pre-scan | Signal Frame 2 | Pre-scan | Signal Frame 3
Phase
= Exposure Start #* Exposure End

Figure 21: Rolling Shutter Internal Triggering (Overlap Mode) (Long Exposures)

Table 16: Rolling Shutter Internal Triggering (Overlap Mode- Long Exposures) Timing Parameters

Parameter Minimum Maximum
Exposure 1 Row 30s
Cycle Time (1/Frame Rate) Exposure Time Exposure fime+ 1 Frame
Acquisition Start Delay 1 Row -
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5.11.6 Rolling Shutter External Triggering (Non Overlap Mode)

In this section, both External and Software Trigger are described in the same
diagram as the acquisition sequence is the same. The trigger event can either be
from the EXT Trigger input or sent via software. While waiting on the trigger event,
the sensoris putinto a “pre-scanread out cycle” andis held in a Global Clear
State which ensures that charge build up on the sensor is kept to a minimum while
waiting for the trigger event. The ARM signal is asserted to indicate itis ready to
detect anincoming tfriggerinput.

Once the trigger eventis detected, Global Clear goes LOW and a frame read out
isinitiated. This frame is discarded as it does not contain the correct exposure
period. Reading out a frame effectively begins a new exposure. When the
exposure period has completed, asignal frame read out phase begins. When the
frame has beenread out completely, the Global Clear is held HIGH until the next
trigger eventis detected.

The external tfriggeris fed via the EXT Trigger input on the I/O Connector on the
camera head.

Cycle Time

e S D
e -
EXT or SW I I I I I
ARM _| | |_
Exp('iuretimeforFrame 1Row1 | Exposure time Frame 2 Row 1 : !
#*
&> ; e
FIRE - L.
ExposureforRow1 = @ ™ L T Y
Exposuitimefchram_g 1Rown : "-.!.Exposuretime Frameg 2 Ri.-.r n
FIREn  E—
Exposure for Row n L :
FIRE ALL I I I
FIREANY —nd —I _I
Global Clear = I__
Frame Readout Discarded : LT Pre-scan e : Signal Pre-scan
Frame Frama 1 Frame Frame 2
Phase
#* Exposure Start # Exposure End

Figure 22: Rolling Shutter External/Software Trigger (Non Overlap Mode)
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Table 17: Rolling Shutter External/Software Triggering Timing Parameters

Parameter Minimum Maximum
Exposure 3 Rows 30s
Cycle Time (1/Frame Rate) Exposure + 1 Frame + 1 Row -
External Start Delay 0 1 Row
EXT Trig Pulse Width 2 Sensor Speed Clock Cycles -
° 90
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5.11.7 Rolling Shutter External Exposure Triggering (Non-Overlap
Mode)

While waiting on the trigger event, the sensor held in a global clear state and is put
into a “pre-scanread out cycle”. On detection of the trigger event, Global Clear
goes LOW and a frame read out is initiated. This frame is discarded as it does not
contain the correct exposure period. Reading out a frame effectively begins a
new exposure. When the external tfrigger input goes LOW, a signal frame read out
phase begins. When the frame has been read out completely, the Global Clear is
held HIGH until the next trigger event is detected.

The external tfrigger pulse width defines the exposure time for allrows, but is only
coincident with the exposure time for Row 1. The exposure for Row 2 will be
delayed by one row time relative to Row 1 and so forth.

The period of the external tfrigger pulse defines the overall cycle time. If the width
of the trigger eventis less than 3 Rows, the falling edge will be missed and a
subsequent falling edge will be required to end the exposure.

Cycle Time

Exposure for Row n

e i
BN >
EXT Trigger 1 I I
ARM —— :
Exposuretimeforléramm Row:1 ExposuretimeFrarﬁeERow1
*< J¥ * ¥ :
: : s L
FIRE - F- I
EXPOSUre FOr ROW 1 e, — . IS ,
FIREn | 1 | | .

FIREALL I I I I

FIRE ANY —I |_|
Global Clear | | | |
Invalid P s Invalid r <
Frame Readout . . Signal Pre-scan nvali . signal Pre-scan
Phase LUL3 Frame 1 Frame Frame 2
#* Exposure Start # Exposure End

Figure 23: Rolling Shutter External Exposure Triggering (Non Overlap Mode)
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Table 18: Rolling Shutter External Exposure Triggering (Non Overlap Mode) Timing Parameters

Parameter Minimum Maximum
Exposure 3 Rows 30s
Cycle Time (EXT Trig Period) Exposure + 1 Frame + 1 Row -
External Start Delay 0 1 Row
EXT Trig Pulse Width 3 Rows 30s
. 92
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5.11.8 Rolling Shutter External Exposure Triggering (Overlap Mode)

In overlap mode, every positive edge of an external trigger will trigger a frame
read out and start a new exposure for the next frame. The period of external
trigger pulse defines exposure and cycle time for each frame read out.

While waiting on the positive edge of the external trigger, the sensoris heldin a
global clear state and putinto a “pre-scan read out cycle”. On detection of the
positive edge, Global Clear goes LOW and a frame read out is inifiated. This frame
is discarded as it does not contain the correct exposure period. Reading out this
first frame effectively begins the first exposure. When the next positive edge of the
external triggeris detected, a signal frame read out phase begins. As each row is
read out, the new exposure for that row begins.

Exposure time = Cycle Time

o o 0
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EXT Trigger I l I | | 1 |
ARM ' 1 1 | |
* Exposure time forFr:ame 1 Row 1 H Exposure time for Fréme 2 Row 1 -*'* *
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H HE T, | H gl ol
FIREn T 1] ¥ L
Exposure for Row n H : g HE
FIREALL f | L 3| L 4 !
FIRE ANY —
Global Clear _I
Frame Readout Discarded Frame Pre-scan signal Frame 1 Pre-scan Signal Frame 2 Pre-scan
Phase
#* Exposure Start #* Exposure End

Figure 24: Rolling Shutter External Exposure Triggering (Overlap Mode) (Long Exposures)

Table 19: Rolling Shutter External Exposure Triggering (Overlap Mode) Timing Parameters

Parameter Minimum Maximum
Exposure 1 Frame + 1 Row 30s
Cycle Time (EXT Trig Period) Exposure Exposure
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Parameter Minimum Maximum

External Start Delay 0 1 Row
EXT Trig Pulse Width 2 Sensor Speed Clock Cycles -
FIRE low period 20 Sensor Speed Clock Cycles -
. 94
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5.11.9 Rolling Shutter External Start Triggering

In this mode the camera will wait for a single external frigger event. Once this

external trigger event is detected, the camera will progress as if the camerawasin

internal trigger mode (see "Rolling Shutter Internal Triggering (Overlap Mode)" on

page 87 and "Rolling Shutter Internal Triggering (Non-Overlap Mode)" on page 85.

The ARM signalindicates to the user when the cameraisready to detect an

External Start Trigger. "Rolling Shutter External Start Triggering (Non Overlap)" below
shows the External Start used in Non-overlap Mode, Long Exposure. The delay from
the External Trigger to start of exposure is 1 Row.

EXT Trigger

ARM

FIRE
Exposure for Row 1

FIREn
Exposure for Row n

FIREALL

FIRE ANY

Global Clear

Frame Readout
Phase

EXT. Start Delay

H , Cycle Time ~:
I I e ~
Exposfaretime forFrame 1 Row 1 Expdsuretime Frame 2 Row 1
¥ ¥ % *
""-.__‘. ['—,r_l_ I '."-.‘I' Ir.,___
R * N S *
Discarded | P signal Discarded P Signal
Frame 5 Frame 1 Pre-scan i 5 Frame 2 Pre-scan
# Exposure Start # Exposure End

Figure 25: Rolling Shutter External Start Triggering (Non Overlap)
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5.11.10 Rolling Shutter Global Clear Internal (Non-Overlap Mode)

Rolling Shutter Global Clear is an extended Rolling Shutter Mode available on Zyla
4.2 only. If enabled, the sensorrows are held in a global clear state to ensure there
is no charge build-up on the sensor. When the camera is taken out of the Global
Clear state, the exposure period begins for allrows in the sensor. When the
required exposure period for Row 1 has completed, a signal frame rolling shutter
readout phase begins. This means all rows have the same exposure start fime but
different exposure end times.

When the frame has beenread out completely, the cameraisreturned to the
Global Clear state until the user-defined cycle time is achieved or external trigger
is detected (if in an external triggering mode).

Rolling Shutter Global Clear mode is best used in conjunction with illumination
controlled by the Fire ALL signal.

Acquisition Start

Start Delay
Cycle Time
* ;
* * Exposure time *f(—) Exposure ime
FIRE Frame 1 Row 1 Frame 2 Row 1
Exposure for Row 1 —_ ] [
* Exposure time Exposire time
Frame 1 Row n * * Framei2 Rown .l
FIRE n
Exposure for Rown N | L 1
FIRE ALL _ | I
FREANY __ | L |
Rolling Shutter .
Global Clear [ [
Frame Readout PS Global Pre-scan Signal frame 1 Glabal Pre-scan Signal frame 2 Global
Phase Clear Clear Clear
# Exposurs Start # Exposurs End

Figure 26: Rolling Shutter Global Clear- Internal (Non-Overlap Mode) - Zyla 4.2

Table 20: Rolling Shutter Global Clear Internal (Non Overlap Mode) Timing Parameters - Zyla 4.2

Parameter Minimum Maximum
Exposure* 1 Frame + 1 Row 30s
Cycle Time (1/Frame Rate) Exposure + 1 Frame + 5 Rows 20,000

Version 3.1 28 January 2025



Parameter Minimum Maximum

Acquisition Start Delay - 2 Rows

*The exposure time reported is the exposure time for ROW 1 and the period for which FIRE ALL is
HIGH.
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5.11.11 Rolling Shutter Global Clear External Triggering (Non-Over-
lap Mode)

Available for Zyla 4.2 only. In this section, both External and Software Trigger are
described in the same diagram as the acquisition sequence is the same. The
trigger event can either be from the EXT Trigger input or sent via software. While
waiting on the trigger event, the sensoris held in a Global Clear State which
ensures that charge build up on the sensor is kept to a minimum while waiting for
the trigger event. The ARM signalis asserted to indicate itis ready to detect an
incoming trigger input. Once the trigger eventis detected, Global Clear goes
LOW assignal frame read out phase begins.

When the required exposure period for Row 1 has completed, a signal frame
rolling shutter readout phase begins. When the frame has been read out
completely, the Global Clearis held HIGH until the next trigger event is detected.

The external trigger is fed via the EXT Trigger input on the I/O Connector on the
camera head.

Cycle Time

EXT or SW

ARM - 1 |

Exposure time Exposure time
* Frame 1 Row 1 # # Frame 2 Row 1

»

FIRE
Exposure for Row 1

Exposure time Exposure time

) Frame 1 Row n * * Frame 2 Row n ¥
FIRE n = >
Exposure for Row n N | |
1 1
FIRE ALL
FIREANY L L
Rolling Shutter q] [ 1
Global Clear

PS Ps

Frame Readout Discarded Frame Signal Frame 1 Discarded Frame Signal Frame 2 |
Clear Ci
Phase gl

* Exposure Start * ExposureEnd

Figure 27: Rolling Shutter Global Clear External/Software Triggering (Non-Overlap Mode)

Table 21: Rolling Shutter Global Clear External/Software Triggering (Non-Overlap Mode) Timing
Parameters
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Parameter Minimum Maximum

Exposure* 1 Frame + 1 Row 30s
Cycle Time (1/Frame Rate) Exposure + 1 Frame + 5 Rows -
External Start Delay 0 1 Row
EXT Trig Pulse Width 2 Sensor Speed Clock Cycles -

*The exposure time reported is the exposure time for ROW 1 and the period for which FIRE ALL is
HIGH.
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5.11.12 Rolling Shutter Global Clear External Exposure Triggering
(Non-Overlap Mode)

Available for Zyla 4.2 only. While waiting on the trigger event, the sensoris held in a
Global Clear State which ensures that charge build up on the sensoris keptto a
minimum while waiting for the trigger event. The ARM signalis asserted to indicate
itisready to detect anincoming frigger input.

Once the external triggerinput goes HIGH, Global Clear goes LOW and the
exposure begins. When the external tfrigger input goes LOW, asignal frame read
out phase begins. When the frame has beenread out completely, the Global
Clearis held HIGH until the next tfrigger event is detected.

The external trigger pulse width defines the exposure time forRow 1, and is
coincident with the exposure time for Row 1. The end of exposure for Row 2 will be
delayed by one row time relative to Row 1, Row 3 will be delayed by one row
relative to Row 2 and so forth for the remaining rows, hence the exposure time for
eachrow is different as allrows have the same exposure start pointin fime but
different exposure end times.

The period of the external trigger pulse defines the overall cycle time. If the width
of the trigger eventis less than the frame read out time, the falling edge will be
missed and a subsequent falling edge will be required to end the exposure.

Cycle Time

<

EXT Trigger | |
ARM - ] I__
Exposure time Exposure time
ol Frame 1 Row 1 # e 3 Frame 2 Row 1 #
FIRE
Exposure for Row 1
Exposurefime ™. 4 Exposure time *
* Frame 1 Row n * Frame 2 Row n N ;
FIRE n >
Exposure for Row n L
FIRE ALL
FIREANY __ | 1 | |
Rolling Shutter | ] | |
Global Clear

PS PS

Frame Readout Global Discarded Frame Signal Frame 1 Global Discarded Frame Signal Frame 2 Global
Phase Clear Clear Clear

* Exposure Start # Exposure End

Figure 28: Rolling Shutter Global Clear External Exposure Triggering (Non-Overlap Mode)
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Table 22: Rolling Shutter External Exposure Triggering (Non Overlap Mode) Timing Parameters

Parameter | Minimum ‘ Maximum
Exposure* 1 Frame + 1 Row 30s
Cycle Time (1/Frame Rate) Exposure + 1 Frame + 5 Rows -
External Start Delay 0 1 Row
EXT Trig Pulse Width 1 Frame + 1 Row 30s
*The exposure time reported is the exposure time for ROW 1 and the period for which FIRE ALL is
HIGH.
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5.11.13 Rolling Shutter Triggering Constraints

The table below shows a summary of constraints when operating in Rolling Shutter

mode:

Table 23: Rolling Shutter Mode Triggering Constraints

. . Fast expos-
Exposure | Max trig- Min frig- ure switch-
Rolling Shutter Triggering Modes S s < ger pulse .
Range ger jitter . ing
width
supported
Internal (Non Over- User seftable exposure time. 1 Row to ) ) Yes
lap) User settable Cycle Time. 30s
Internal Overlap . 1 Row to
(Overlap On| User settable exposure time. 305 - - Yes
External (Non Over- Exposur.e fime userseﬁqble. 3Rowto 2 Sensor
Cycle Time conftrolled via 1 Row Yes
lap) . 30s Clocks
external trigger pulse
Software (Non Exposur‘e fime user se’r’rqble. 3Rowto 2 Sensor
Cycle Time controlled via soft- 1 Row Yes
Overlap) . . 30s Clocks
ware frigger function
Exposure Time controlled by
External Exposure widfh O.f external ‘rngger. pulse. 3 Row to 2 Sensor
Cycle Time conftrolled via 1 Row No
(Non Overlap) . . 30s Clocks
period of external trigger
pulse.
Sciemel BreEe Exppsure time con’rr_olled by (1 Frame 2 Sensor
period of external trigger +1Row) 1Row No
(Overlap On) Clocks
pulse t030s
External Start (Non Usersettable exposure time.  1Rowto 2Frames1 2Sensor Yes
Overlap) User settable Cycle Time. 30s Row Clocks
User settable exposure time.
Global Clear- Cycle Time isread out time for (1 Frame
Internal (Non Over- short exposures. User seftable  +1Row) 1 Row - Yes
lap) Cycle time forlong exposures. to 30s
Zyla 4.2 only.
Global Clear Exposure time user settable.
. . (1 Frame
External/Software Cycle Time conftrolled via 2 Sensor
. . . . +1Row) 1Row Yes
Triggering (Non- period of external trigger Clocks
to30s
Overlap) pulse. Zyla 4.2 only.
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Fast expos-

Mintrig- | o switch-

ger pulse

. ing
width supported

Exposure | Max trig-
ger jitter

Rolling Shutter Triggering Modes

Exposure Time controlled by

Global Clear width of external frigger pulse. (1 Frame

. . 1 Frame +
External Exposure  Cycle Time controlled via +1Row) 1Row 1 Row Yes
(Non-Overlap) period of external trigger to30s

pulse. Zyla 4.2 only.

1. Exposure Time granularity for allmodes is sensor row based so the exposure tfime in the
dialog will always be rounded to the nearest infeger number of row readout times.

2. 1 Row isthe time taken to perform a full row readout (2624 clock cycles Zyla 5.5; 2592 clock
cycles Zyla 4.2), i.e. depends onreadout rate.

3. 1Frameisthe image height of a sensor half, defined in Rows and determined by the ROI
configured, e.g. full frame. This is the number of rows that is read out by each sensor half.
The frame readout time for any ROI can be requested via SDK function. (Refer to SDK3 User
Guide for details).

4. Ashort exposure isreferred to an exposure that is less than a Frame Readout Time.
(Depends on ROl selected).

5. Along exposure isreferred to an exposure time that is greater than a Frame Readout Time.
(Depends on ROl selected).

. 103
Version 3.1 28 January 2025



5.11.14 Global Shutter Triggering Modes

Global Shutter triggering modes are available for Zyla 5.5 only. Global Shutter can
also be thought of as a ‘snapshot’ exposure mode, meaning that all pixels of the
array are exposed simultaneously. Before the exposure begins, all pixels in the
array are cleared of charge using the Global Clear. At the start of the exposure
each pixel simultaneously begins to collect charge andis allowed to do so for the
duration of the exposure time. At the end of exposure, all pixels fransfer their
accumulated charge simultaneously to theirread out node. Global Shutter
requires areference frame to be read out of the sensor in addition to the signall
frame, therefore effectively halving the frame rate that would have been
achieved in Rolling Shutter mode.

The Global Shutter signals shown in the diagrams are as follows:

» Acquisition Start: This is an internal pulse purely forillustrative purposes and
indicates when the camerareceives a command from software to start the
pre-programmed acquisition sequence.

» FIRE: In Global Shutter mode, the FIRE output indicates the exposure period,
which s identical for all pixels. This pulse is available to the user via the FIRE
output pin.

In Global Shutter Mode the behaviour of FIRE Row n, FIRE ALL and FIRE ANY are identical
to that of FIRE and therefore not shown in the diagrams.

* ARM:The ARM output from the camera is used for external and software
triggering modes to indicate when the camera is ready to accept another
incoming trigger pulse.

* Global Clear: Global Shutter uses Global Clear to begin a new exposure.
When this pulse is HIGH, charge is drained from every pixel thus preventing
the accumulation of charge on the sensor. When the pulse is LOW, any
photo-electrons generated are accumulating within the pixels, ready for
transfer to the sense node for subsequent readout. The falling edge indicates
the start of an exposure.

» Charge Transfer: This signal indicates when charge in the pixelis fransferred to
the measurement node and effectively ends the exposure. The charge is
transferred while the pulse is HIGH and is shown in the diagrams to indicate
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there is a specified time between reading out the reference and signal
frames.

* Frame Read Out Phase: This signalindicates when reference and signal
frames are read out of the sensor.

* InterFrame: The interframe defines the minimum time taken between
reference and signal frame readouts.

e *:Marks the start of an exposure.
* *:Marksthe end of exposure.

The timing tables accompanying each of the triggering diagrams that follow
indicate the exposure and cycle times achievable in each triggering mode. These
are based on Frame and Row Periods as shown below:

Table 24: Timing Parameters based on Sensor Clock Speed for Global Shutter

Sensor Readout Rate

Parameter

200 MHz 560 MHz
1 Row (2624 clock cycles) 25.41 s 9.24 us
1 Full Frame ( 2160 rows) 27.44 ms 9.98 ms
Charge Transfer Time 5.5 us 2 us
InterFrame (9 Rows) 228.7 us 83.2 s

1 Row is the time taken to perform 2624 clock cycles. The sensor is splitinto 2 halves
with each having an independent data output from the sensor. This means the
Frame Period is 1080 rows x 2624 clock cycles.
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5.11.15 Global Shutter Internal Triggering (Non-Overlap Mode)

Ininternal non-overlap modes, a new exposure can not start until the previous
exposure has been read out. The exact acquisition sequence depends on the
exposure time. The two scenarios are shown in "Global Shutter Internal Triggering —
Short Exposures” below and "Global Shutter Internal Triggering — Long Exposures” on
the next page. If the exposure time is less than the time it takes to read out a frame,
then the exposure period occurs between reading out the reference and the
signal frames as shownin "Global Shutter Infernal Triggering — Short Exposures”
below.

In this scenario, the reference frame isread out before the Global Clear is
performed. The negative edge of the Global Clear begins an exposure. After the
user-defined exposure time, the Charge Transfer pulse goes HIGH to fransfer
charge from all pixels in the sensor. The signal frame is then read out.

Cycle Time

o S =
Acquisition Start : Exposure time of Frame
— ot
FIRE —I_I ! !
Global Clear [l M
Charge M n
Transfer
Frame Readout Ref Signal Ref Frame Signal
Phase Frame 1 Frame 1 2 Frame 2
#* Exposure Start #* Exposure End

Figure 29: Global Shutter Internal Triggering — Short Exposures

Table 25: Global Shutter Internal Triggering - Short Exposures Timing Parameters

Parameter Minimum Maximum
Exposure 1 Row 1 Frame + 3 Rows
Cycle Time (1/Frame Exposure + 2 Frames + 2 Inter- Exposure + 2 Frames + 2 Inter-
Rate) Frames Frames
Acquisition Start Delay 0 1 Frame
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If the exposure time is greater than a frame read out fime, the exposure starts first
by pulsing the Global Clear. The reference frame is read out during the exposure
such that the end of the reference read out is coincident with the end of the
exposure. The Charge Transfer pulse then goes HIGH to transfer charge from all
pixelsin the sensor. Finally, the signal frame is then read as shown below.

Cycle Time

e ~, .
N -
Acquisition Start J-I
* Exposure time * * *
i N : :
Y i | H
FRE —] | | I
Global Clear N I
Charge Transfer I'I I'I
Frame Readout - Signal L Signal
Phase Ref Frame 1 g [ Frame 2
#* Exposure Start # Exposure End

Figure 30: Global Shutter Internal Triggering — Long Exposures

Table 26: Global Shutter Internal Triggering - Long Exposures Timing Parameters

Parameter Minimum Maximum
Exposure 1 Frame + 4 Rows 30s
Cycle Time (1/Frame Rate) Exposure + 1 Frames + 1 InterFrame + 6 Rows 20,000
Acquisition Start Delay 0 1 Row
° 107
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5.11.16 Global Shutter Internal Triggering (Overlap Mode)

In Internal Triggering in Overlap Mode, the read out of an exposure overlaps with
the next exposure. This allows the user to maximise the Cycle Time for a given
exposure time. The absolute maximum frame rate achievable is the time taken to
read out both the Reference and Signal Frame from the sensor. Asin Non-Overlap
Mode, the user has control over the exposure fime and cycle time.

In this scenario, the exposure begins by pulsing the Global Clear. The reference
frame isread out during the exposure such that the end of the reference read out
is coincident with the end of the exposure. The Charge Transfer pulse then goes
HIGH to transfer charge from all pixels in the sensor. The signal frame is then read
out. During this read out, a new exposure begins by pulsing the Global Clear.

i » Cycle Time !
=< g
Acquisition Start J1 f —
* * ¥ * * *
i Exposure time  : : Exposure time i :  Exposure time &
: Frame 1 \ / Frame 2 & i, Frame 3 %
~ s AN 7 Y s
FRE — - I—I I
Global Clear 1 ; [ [
Charge Transfer ! N N
Frame Readout GEASENE] [Signal Framey Ref Signal Ref Frame Signal
Phase 1 1 Frame 2 Frame 2 3 Frame 3
#* Exposure Start # Exposure End

Figure 31: Global Shutter Internal Triggering (Overlap Mode)

Table 27: Global Shutter Internal Triggering (Overlap Mode) Timing Parameters - Cycle Time
Dependency on Exposure

Parameter Minimum ‘ Maximum
Exposure 1 Frame + 1 InterFrame + 1 Row 2 Frames + 1 InterFrame
Cycle Time (1/Frame Rate) 2Frames + 2 Interframes + 1 Row 2 Frames + 2 InterFrames +1 Row
Acquisition Start Delay 0 1 Row
Exposure 2 Frames + 1 Interframe + 1 Row 305
Cycle Time (1/Frame Rate) Exposure + 1 Intferframe +1Row  30s

Acquisition Start Delay 0 1 Row
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The table shows that the cycle time depends on the exposure selected - within the exposure
range detailed in the first row the cycle time is constant, however for exposures of (2 Frames + 1
Interframe + 1 Row) or longer the cycle time increases with exposure.
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5.11.17 Global Shutter External or Software Triggering

In this section, both External and Software Trigger are described in the same
diagram as the acquisition sequence is the same. The trigger event can either
from the EXT input or sent via software. While waiting on the trigger event, the
sensoris putinto a “pre-scanread out cycle”. On detection of the trigger, the
Global Clear line is pulsed to clear the charge from the sensor. The exposure
period then starts and lasts for the user defined exposure time. The reference
frame isread out during the exposure such that the end of the reference read out
is coincident with the end of the exposure. The Charge Transfer pulse then goes
HIGH to transfer charge from all pixels in the sensor. Finally, the signal frame is then
read. The camera thenreturns to the “pre-scanread out cycle” awaiting for the
next tfrigger.

Acquisition Start |'|
e Cycle Time ~
H -
EXT/SW Trigger ) |
ARM _]i - [ 1 I 1 1
9k, Exposure time
N * * * *
FIRE —-
Global Clear
1
Charge Transfer
Frame Readout Ref Signal Ref Signal Ref Signal
Phase Frame 1 Frame 1 Frame 2 Frame 2 Frame 3 Frame 3

#* Exposure Start #* Exposure End

Figure 32: Global Shutter External/Software Triggering (Non Overlap Mode)

Table 28: Global Shutter External/Software Triggering Timing Parameters (Non Overlap Mode)

Parameter Minimum Maximum
Exposure 1 Frame + 4 Rows 30s
Cycle Time (1/Frame Rate) Exposure + 1 Frame + 1 InterFrame + 5 Rows
Acquisition Start Delay 1 Row 2 Rows
EXT Trig Pulse Width 2 Sensor Speed Clock Cycles

With overlap on "Global Shutter External/Software Triggering (Overlap Mode)" on
the next page, the camera can accept a trigger to begin the next exposure prior
to the signal frame readout completing. Note that external triggers will be missed if
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it is foo fast-refer to "Global Shutter External/Software Triggering Timing Parameters
(Overlap On) - Cycle Time Dependent on Exposure" below for guidelines on time
restrictions.

Acquisition Start |'|
e Cycle Time ~.
S L
EXT/SW Trigger  —] | [T 1
ARM ] | I |
*, Exposure time .;*‘ ‘* * * *
FRE —4 L |—-|  —
Global Clear I ) H)
Charge Transfer M n I
Frame Readout Ref Signal LEFZENT] Signal | GELGELNE | Signal
Phase FENCE | Frame 1 2 Frame 2 3 Frame 3

# Exposure Start # Exposure End

Figure 33: Global Shutter External/Software Triggering (Overlap Mode)

Table 29: Global Shutter External/Software Triggering Timing Parameters (Overlap On) - Cycle
Time Dependent on Exposure

Parameter Minimum | Maximum
Exposure 1 Frame + 1 InterFrame + 1 Row 2 Frames + 1 InterFrame + 4 Rows
CycleTime (1/Frame Rate) 2x (1 Frame + 1 InterFrame + 1 Row)

External Start Delay 1 Row 2 Rows
EXT Trig Pulse Width 2 Sensor Speed Clock Cycles -
Exposure 2 Frames + 1 Interframe + 5Rows  30's

Cycle Time (1/Frame Rate) Exposure + 1 InterFrame + 2 Rows
External Start Delay 1 Row 2 Rows
EXT Trig Pulse Width 2 Sensor Speed Clock Cycles -
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5.11.18 Global Shutter External Exposure Triggering (Non-Overlap
Mode)

While waiting on the trigger event, the sensoris put into a “pre-scan read out
cycle”. On detection of the tfrigger event, the Global Clear is pulsed to clear the
charge from the sensor. The exposure period then starts and lasts for the width of
the External Trigger. During the exposure period, areference frameisread
immediately as the system has no method to know how long the External Trigger
will be HIGH for. When the external trigger input goes LOW, the exposure ends by
transferring the charge in all pixels simultaneously to the measurement node. A
signal frame read out then begins. The period of the external trigger pulse defines
the overall cycle time. If the width of the trigger event is less than the frame read
out fime, the falling edge will be missed and a subsequent falling edge will be
required to end the exposure.

Acquisition Start n

Cycle Time

< >
EXT Trigger __|
ARM 1 — 1 1
e Exposure time 3 3 Exposure time * o Exposure time ¢
., Frame1 N s Frame2 N Frame 3 5\
Z AN rad Z
FIRE —
Global Clear —I

Charge Transfer

Frame Readout Ref Signal Ref Signal Ref Frame Signal
Phase Frame 1 Frame 1 Frame 2 Frame 2 E Frame 3

#* Exposure Start #* Exposure End

Figure 34: Global Shutter External Exposure Triggering (Non-Overlap Mode)

Table 30: Global Shutter External Exposure Triggering — Non Overlap Mode Timing Parameters

Parameter Minimum Maximum
Exposure (EXT Trig Pulse Width) 1 Frame + 3 Rows 30s
Cycle Time ( EXT Trig Period) EXT Trig Pulse Width + 1 Frame + 1 InterFrame + 6 Rows
External Start Delay 1 Row 2 Rows
EXT Trig Pulse Width 1 Frame + 4 Rows
® 112
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The table shows that the cycle time depends on the exposure selected - within the exposure
range detailed in the first row the cycle time is constant, however for exposures of (2 Frames + 1
Interframe + 5 Rows) or longer the cycle time increases with exposure.

oo 113

Version 3.1 28 January 2025



5.11.19 Global Shutter External Exposure Triggering (Overlap Mode)

In overlap mode, every positive edge of an External trigger will frigger a signal
frame read out and start a new exposure. The period of External trigger pulse
defines both the exposure time and cycle time. Note that when an acquisition
starts, the first positive edge of the trigger will initiate the first exposure but also
output a frame that has an incorrect exposure which is therefore discarded. The
next positive edge of the trigger will end the first exposure and start a new frame
read out. From the figure below, it is can be seen that the minimum exposure time
is approximately two frame read out periods. The first read out period is used to
read out the “Signal” frame while the second is used to read out the “Reference”
frame for the subsequent “Signal” frame.

If the period of the external trigger is less than the minimum period discussed
above any positive edge occurring during the “Signal” and “Reference” frames
will be ignored. The ARM signalindicates when positive going edges will be
accepted.

Acquisition Start |'|

P Exposure Time = Cycle Time

EXT Trigger — 1 | I
ARMC T T+ 1
H Exposure time ** Exposure time Exposure time
'*; Signal Frame 1 5'/ Signal Frame 2 “/ Signal Frame 3 \*»
AN = rad
FIRE —
Clobal Clear  —
Charoe Transfer M

Frame Readout Discarded LEiGen ) Signal |GELELG Signal | LEiiElLG
Phase e 1 Frame 1 2 Frame 2 2

# Exposure Start # Exposure End

Figure 35: Global Shutter External Exposure Triggering (Overlap Mode)

Table 31: Global Shutter External Exposure (Overlap Mode) Timing Parameters

Parameter Minimum ‘ Maximum
Exposure (EXT Trig Pulse Width) 2 Frames + 2 InterFrames 30s
Cycle Time ( EXT Trig Period) 2 Frames + 2 InterFrames 30s
External Start Delay (1st Frame Only) 0 ;irt}c;W A CUClEUCINs
External Start Delay (Frame #2... Frame  Charge Transfer Time Charge Transfer Time
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Parameter Minimum Maximum

#n)

EXT Trig Pulse Width SoemerpERe e
Cycles

In global shutter external exposure mode, taking exposures in darkness of 270 ms or more will

lead to increased noise. A reference frame is taken at the start of the exposure and the cam-

era then idles until the end is signalled, which triggers the image readout. The increased noise

is coming from the separation of the reference frame and the image frame. This is less prom-
inent with deeper cooling.
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5.11.20 Global Shutter External Start Triggering

In this mode the camera will wait for a single external frigger event. Once this
external trigger eventis detected, the camera will progress as if the camera was in
internal trigger mode. The ARM signalindicates to the user when the camera is
ready to detect an External Start Trigger. The diagram below shows the External
Start used in an Internal Trigger Non-Overlap Mode.

Aoy EXT.
Start Start
Delay Delay

H Cycle Time
< ety
Acquisition Start I I ~ -
EXT Trigger
ARM —I_
*;Exposure time * * * * *
<
FIRE
Global Clear I I
Charge n |
Frame Readout LERTEN | signal Ref Frame | RO E Ref Frame |EELE
Phase 1 Frame 1 2 Frame 2 3 Frame 3
# Exposure Start # Exposure End

Figure 36: Global Shutter External Start Triggering
Table 32: Global Shutter External Start Triggering Timing Parameters (Overlap Off)

Parameter ‘ Minimum | Maximum
Exposure 1 Row 1 Frame + 3 Rows
External Start Delay 0 1 Frame
EXT Trig Pulse Width 2 Sensor Clock Speed Cycles
Exposure 1 Frame + 4 Rows 30s
External Start Delay 1 Row 2 Rows
EXT Trig Pulse Width 2 Sensor Clock Speed Cycles

Table 33: Global Shutter External Start Triggering Timing Parameters (Overlap On)

Parameter Minimum Maximum
Exposure 1 Frame + 1 InferFrame + 1 Row 30s
External Start Delay 1 Row 2 Rows
EXT Trig Pulse Width 2 Sensor Clock Speed Cycles
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5.11.21 Global Shutter Triggering Constraints

The table below shows a summary of constraints when operating the Zyla 5.5
modelin Global Shutter mode:

Table 34: Global Shutter Mode Triggering Constraints

. . Fast expos-
Exposure Max trig- Min frig- ure switch-
Global Shutter Triggering Modes > o g ger pulse .
Range ger jitter . ing
width
supported
Short Exp: 1
Row to (1
Frame + 3
Infernal (Non Over-  User settable exposure Rows) 1 Frame ) Yes
lap) fime and Cycle Time 1 Row Yes
Long Exp: (1
Frame + 4
Rows) to 30's
+
Internal Overlap User settable exposure (1Frame +1
©elanen e InterFrame + 1 1 Row - Yes
P Row) 1o 30's
User settable exposure
External/Software Time. Cycle Time con- (1 Frame + 4 1 Row 2 Sensor Yes
(Non Overlap) trolled via period of Rows) 10 30's Clocks
external tfrigger pulse
User settable exposure
. . (1 Frame + 1
External/Software time. Cycle Time con- 2 Sensor
. . InterFrame + 1 1 Row Yes
(Overlap OnN) trolled via software trigger Clocks
. Row) to 30
function
Exposure Time controlled
External Exposure oy widith of ex‘rer‘nal fg- (1 Frame +3 1 Frame
ger pulse. Cycle Time con- 1 Row No
(Non Overlap) . . Rows) 10 30's + 3 Rows
trolled via period of
external trigger pulse.
Exposure time controlled
External Exposure by period O.f tveedgeof (2Frames+2 2 Sensor
external trigger pulses.  InterFrames) 1 Row No
(Overlap On) N Clocks
Cycle Time is exposure 10 30s
time
Short Exp: 1
User settable exposure Row to (1 1 Frame Yes
External Start (Non  time and Cycle Time but Frame + 3 2 Sensor
Overlap) sequence initialized via Rows) Clocks
external trigger pulse 1 Row Yes
Long Exp: (1
® 117
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Fast expos-

Exposure Max tri Min frig- ure switch
Global Shutter Triggering Modes P .. g ger pulse .
Range ger jitter . ing
width
supported
Frame + 4
Rows) to 30s
(1 Frame + 1
External Start (Over-  User seftable exposure 2 Sensor
. InterFrame + 1 1 Row Yes
lap On) time Clocks
Row) +30s

1. Exposure Time granularity for all modes is sensor row based so the exposure time in the
dialog will always be rounded to the nearest infeger number of row readout times.

2. 1Row isthe fime taken to perform a full row readout (2624 clock cycles), i.e. depends on
readoutrate.

3. 1Frameisthe image height of a sensor half, defined in Rows and determined by the ROI
configured, e.g. full frame = 1080. This is the number of rows that isread out by each sensor
half. The frame readout time for any ROl can be requested via SDK function. (Refer to SDK3
User Guide for details).

4. Ashort exposure isreferred to an exposure that is less than a Frame Readout Time.
(Depends on ROl selected).

5. Along exposure isreferred to an exposure time that is greater than a Frame Readout Time.
(Depends on ROI selected).

6. Image acquisition must be stopped to change between short and long exposures. Fast
Exposure Switching can occurin the friggering modes shown above but the exposure time
is then limited to the exposure range shown for each sequence.
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5.12 Acquisition Modes
The following acquisition modes can be supported:
« Single Scan

Kinetic Series

Accumulate

Run Till Abort

The term ‘User Frame’, in this section refers to a single frame in Rolling Shutter mode and a
reference/image frame pair in Global Shutter mode.

The term ‘valid trigger’ refers to a trigger that is applied when the camera is ready to accept it.
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5.12.1 Single Scan

Single Scanrefers to an acquisition in which only one user frame is transmitted from
the camera.

A user frame is output from the sensor on receipt of a valid trigger of the selected
type and then transmitted from the camera. Note that any subsequent triggers
within the same acquisition are ignored.
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5.12.2 Kinetic Series

Kinetic Series refers to an acquisition in which a finite number of user frames are
transmitted from the camera. The number of frames in a Kinetic Series is defined by
the user. One user frame is output from the sensor onreceipt of each valid trigger
of the selected type. Valid triggers continue to output user frames from the sensor
until the defined number of user frames has beenreached. Frames are
transmitted from the camera, depending upon the connectivity i.e. 3-tap or 10-
tap Camera Link. Note that after the required number of valid triggers has been
received, any subsequent triggers within the same acquisition are ignored.
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5.12.3 Accumulate

Accumulate refers to an acquisition in which a number of frames in a series are
accumulated togetherinto asingle image. This accumulation of user frames is
performed off-camera. Either all the user frames in a series are accumulated to
give asingle accumulated image or a smaller number of user frames in the series
are accumulated to give a series of accumulated images.
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5.12.4 RunTill Abort Acquisition

RunTill Abort refers to an acquisition in which an infinite number of user frames can
be fransmitted from the camera and the acquisition will continue to run untilitis
aborted.

One user frame will be output from the sensor on receipt of each valid trigger of
the selected type. All valid triggers will output another user frame from the sensor.
Frames are fransmitted from the camera in as quick succession as possible.
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5.12.5 Live Mode

Live Mode refers to a version of Run Till Abort in which each user frame will be the
latest frame output by the sensor and will have the minimum amount of latency
through the camera as possible.

Live mode requires the use of SW Trigger. In order to ensure that frames are
buffered in the on-camera memory for the shortest possible time, the next SW
trigger must not be sent until the user frame has been transmitted from the
camera. This ensures that the on-camera memory only stores a single user frame
at atime and no additional latency builds up.

The frame rate achievable in Live Mode is dependent on the performance of the system that
the camera is attached to.
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5.12.6 Fast Exposure Switch

During an acquisition the user can change the exposure time, within allowable
limits. Once a new exposure value has been written, it will be applied to the next
user frame after the current frame exposure has completed. The exposure time
can be changed any number of times before the acquisition finishes.
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5.12.7 Frame Rate Control

If Internal Trigger is being used, the camera will tfrigger the sensor at the fastest
possible rate by default. The user canreduce this trigger rate by defining a Frame
Rate thatis less than the maximum possible rate. Frame Rate must be set before
the acquisition starts.

This is currently only applicable to ‘long exposures’.
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5.12.8 LightScan PLUS
5.12.8.1 Multiple Readout Directions

The standard mode of operation in sSCMOS cameras is to read out from the centre
of the sensor out to the edge with two halves of the sensor exposing
simultaneously. LightScan PLUS provides the user with a range of different rolling
shutterreadout options. Firstly, the rolling shutter can now be scanned from the
top to the bottom of the sensor or vice versa in one continuous sweep (Figure 34),
adapting the sensor to single port readout. It should be acknowledged however
that this functionality will halve the rolling shutter frame rate, resultingin a
maximum full resolution frame rate of 50 fps.

Figure 37: LightScan PLUS enables the rolling shutter to scan the sensor from top to bottom or vice
versa in one continuous sweep. This is also known as Single Port Readout.

Furthermore, LightScan PLUS offers the user multiple new scanning directions for
the rolling shutter mechanism in which both sides of the sensor can be used
simultaneously, synchronized to two scanning lasers, thus providing the option to
utilize the full ‘Dual Port Readout’ capability of the sensor and provide 100 fps full
resolution frame rate. These new scanning options for sCMOS are also ideal for
dual-wavelength applications where two light sources are scanning across the
image sensor with different wavelengths. The multi-laser readout configurations
are illustrated below.
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Figure 38: Multiple ‘dual laser’ scanning options available. The standard rolling shutter scan mode
(Centre outwards in both directionssimultaneously) is illustrated on the left along with the three
additional scanning options.

For each of the various scanning options outlined above, CycleMax - a feature of
LightScan PLUS — ensures minimum dead fime between scans by enabling the
laser sweep and corresponding rolling shutter scan direction to alternate from top-
bottom to bottom-top, therefore avoiding the need to reset the laser for each
subsequentimage. Furthermore, a programmable trigger delay has been built
into LightScan Plus enabling the user to input a defined delay time between the
camerareceiving an external frigger and the acquisition start. This is important
when using peripheral devices e.g. controlling the illumination source

5.12.8.2 FlexiScan

Flexiscan functionality allows the user to optimize between the conflicting
parameters of confocality (Exposure Window Height), frame rate (Line Scan
Speed dependent) and exposure. A logical way to think about thisis; set the
Exposure Window Height to achieve the degree of confocality (fewerrows gives
more background haze removal), next set the Line Scan Speed to achieve an
exposure time that allows you to get a good enough signal strength to see what
you infend to measure, and finally synchronize the optical scanner speed to this
resultant readout.

Table 35: Global Range of Line Scan Speeds available through FlexiScan for each pixel readout
rate. Also shown is the resultant range of scan times for one full image (full top to bottom or bottom
to top sweep) and the resultant exposure range, assuming a ‘slit width’ of 10 rows.

Parameter *216 MHz *540 MHz
Line scan speedrange (rows/ms) 2.98-41.67  7.43-104
Resultant scan time for one fullimage (ms) 49 - 686 19.69-275.66
Resultant exposure range for slit width of 10 rows (ms) 0.240-3.36  0.096-1.344
oo 128
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Users are advised not to input a value for line scan speed referring to a pre-
selected scanning speed of the illumination light, but to adjust the scanning speed
of the illumination for the synchronization instead.

™ 129
Version 3.1 28 January 2025



Section 6 - Maintenance

There are no user-servicable parts inside the camera. Damage caused by unauthorised
maintenance or procedures will invalidate the warranty.
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6.1 Regular Checks

» The state of the product should be checked regularly, especially the integrity
of the External Power Supply and the mains cable.

» Ensure that the AC mains plug in connection to building power outlet
remains readily accessible to facilitate disconnection from the power supply.

» Do notuse equipment thatis damaged.
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6.2 General Cleaning & Decontamination Inform-
ation

» The product body can be cleaned with a soft cloth and dampened by
water or glass cleaner.

» Neverspray liquids directly on the product; apply cleaning solution to the
cloth, then wipe the product body with the dampened cloth.

» Do notuse abrasive or other detergents to clean the product.

» Decontamination: In the event any product must be returned the customer
must complete a decontamination form to declare the equipment is
contamination free and safe for Andor employees to work on:
andor.oxinst.com/rma
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https://andor.oxinst.com/rma

6.3 Fuse Replacement

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

* Rating: 5 A, 240 VAC
e Type:BS 1362,size:Vax 1" (6.3 x 25.4 mm) cartridge
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6.4 Annual Electrical Safety Checks

« |tis advisable to check the integrity of the insulation and protective earth of
the product on an annual basis, e.g. U.K. PAT testing. However over time the
repetition of dielectric strength tests can damage safety insulation.

» Do notuse equipment thatis damaged.
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6.5 Cleaning the Camera Window

At some point, it may become necessary to clean debris that may have settled on
the sSCMOS imaging sensor window. Cleaning the camera window can provide
effective results providing you carefully follow these step-by-step directions.

Caution

Only open the shutter (if present) using camera control software.
Do not attempt to manually open the shutter (if fitted) with your fingers or other objects.

Scratching the window may require the window to be replaced which is not covered under the
product warranty

Cleaning the window is done entirely at the customers risk, window replacement is not
covered under the warranty. It's better to under-clean than to over-clean.

Tools Required
o Compressed Air Can (or source of clean compressed air)

o Optics Brush

Window Cleaning Procedure

1. Remove the camera from your microscope (or other optical equipment)
and place it on a clean dry surface.

2. Use the camera control software to open the shutter (if fitted).

If your program does not have this feature, try starting along exposure. Over
exposing the sensor to room light will not damage the sensor.

Guidelines for using Compressed Air

If you are using a compressed air can always test-blast away from window
before blowing air on the window. When you test-blast, you'll notice a spray
of condensation shoot out from the can.

e [f condensation does form on the window, do not wipe it off. Allow it to fully
dry before proceeding.

* Always orient the compressed air can in an upright position before
spraying.
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* A clean source of compressed air such as an air canisrecommended- do
not use a compressor that may spray fine droplets of oil, or an unfiltered air
supply that may spray dust particles onto the camera window.

3. With the shutter (if present) open, turn the camera oniits side making it easier
for particles to fall out of the camera head face the window toward you at
the edge of atable.

4. Give the window short blasts of compressed air to work dust particles out of
the camera head.

5. If there are sftill particles stuck on the window use an optics brush to very
carefully dislodge them from the window surface. Then spray the dust
particles out of the camera head with compressed air.

6. Make sure to use compressed air to clean your adapter tubes and focal
reducers as well so you don't get more dust once everything's assembled.
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6.6 Zyla Chamber Design And Service Guidance

The Zyla sCMOS camera platform, like the majority of commercial sSCMOS
cameras on the market use a backfilled design to protect the sensor from
condensation during moderate cooling used to reduce dark current. In fact, the
only commercial SCMOS cameras on the market that utilize a hard metal-on-
metal vacuum seal are Andor’s high-end deep-cooled Sona, Marana, Neo and
Balor sCMOS platforms.

For back-filled designs, one expects a very low-level of moisture ingress into the
sensor chamber over time, pervading through the O-ring seals. These cameras
utilise desiccant materialin the sensor enclosure to absorb any moisture that may
enter. However, eventuadlly the desiccant may become saturated, indicating the
need for the camera’s sensor chamber to be serviced, whereupon the chamber
will be re-backfilled and the desiccant replaced. Saturation of desiccant will result
in condensation forming on the sensor or window when the sensor is
thermoelectrically cooled under standard operation. This will typically manifestin
images from the camera and can appear similar to the effect of rain drops on a
window super-imposed onto the expected image. If water vapour orice forms
inside the sensor chamber when the camera is in operation, it is essential that the
camera be turned off immediately in order not torisk irreparable damage to the
sensor. Please contact Andor Product Support to arrange a Zyla chamber service.

In the Zyla specification sheets under the Operating and Storage Conditions that
relate to temperature and humidity ranges, it is expected that Zyla would operate
foratleast 4 years and often much longer, before chamber condensation can be
expected to present as anissue. Andor offer a standard pre-emptive Zyla
chamber service that can be used to ensure moisture effects are never
experienced during usage. Please Contact Andor Product Support to arrange a
pre-emptive Zyla chamber service.

There is some anticipated variability as to when moisture ingress can be expected
to present as anissue to camera performance following saturation of the
desiccant, based on variability in environmental humidity and air flow around the
camera. For example, while a camera may be operated in a dry air-conditioned
laboratory environment throughout the working day, the laboratory air
conditioning may be turned off overnight, during which the camera chamber
can become exposed to high heat and humidity. Under such circumstances,
backfiled cameras can be more exposed to elevated rates of moisture ingress
into the sensor chamber and preemptive chamber service may be considered on
a more frequent basis.
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6.7 Cooling Hoses and Connections

The user should routinely check all coolant hoses and connections for signs of
leakage, damage or wear. All seals must be intact before powering on camera
system and any worn / damaged items must be replaced immediately.
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6.8 Condensation Effect Noticeable in Images

For back-filled designs, one expects a very low-level of moisture ingress into the
sensor chamber over time, pervading through the O-ring seals. Furthermore, in
cameras that thermoelectrically cool the sensor to reduce dark current, this
moisture would then condense onto the cooled sensor, affectingimage quality.
To mitigate this, all such cameras utilise desiccant material in the sensor enclosure
to absorb any moisture that has entered. However, eventually the desiccant may
become saturated, indicating the need for the camera’s sensor chamber to be
serviced, whereupon the chamber will be re-backfilled and the desiccant
replaced.

Saturation of desiccant will result in condensation forming on the sensor or window
when the sensor is thermoelectrically cooled under standard operation. This will
typically manifest inimages from the camera and can appear similar to the effect
of rain drops on a window super-imposed onto the expected image.

If water vapour orice formsinside the sensor chamber when the camera is
operation, itis essential that the camera be turned off immediately in order not to
risk ireparable damage to the sensor. Please contact Andor Product Support to
arrange a Zyla chamber service.

Please see Section "Zyla Chamber Design And Service Guidance" on page 137 for
further details.
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Section 7 - Troubleshooting

Fault ‘ Cause ’ Solution
Camerabuzzer The camera buzzershould be If this does not occur, ensure that
doesnotsound audible momentarily when the power is connected to the camera
on start-up camerais switched on. and the On/Off switchis set fo On

e Ensure the camerais switched on

e Checkthe Camerato PC
connection. For Camera Link models,
check that the cable is connected
between the CL1 connector position
and the PCle cardin the PC. (For 10-

Camerais not tap variants, check that the CL2
recognized by cable is connected). For USB 3.0
PC models, check that USB 3.0 cable is

connected between the camera
and the USB 3.0 slot on the PC.

e Checkthat the frame grabber card
and drivers have been correctly
installed (see

)

1. Power the camera off and allow it to
cooldown

2. For air-cooled models, ensure fan
vents are not obstructed For water-

Thisindicates that an “over tem- cooled models, ensure that water

Buzzer sounds " . coolant supply is connected and
. perature” condition has . . .
continuously . that chiller/re-circulatoris
occurred within the camera. .
operational

3. Checkthe camerais operating
within the specified environmental
conditions (see

)

Fan not oper- * To protect the internal electronics,
atfing as expec- the fan defaults to full speed if the
° 140
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Fault Cause Solution
camera heat-sink temperature
exceeds 50°C.
ted The fan will continue torun evenif the
user has switched it off via software,
until the correct heatsink
temperature has been reached.
Check that the operating ambient
temperature is within allowable limits
(see
) when cooling the sensor
Camera does to 0°C.
:eo‘ruci;)eczjl trZrT:-e Check that the camera vents are not
© blocked and have sufficient
perature .
clearance to allow air flow.
Check that the fanis switched on (or
for water cooled models, the coolant
system is operating correctly).
These are 5 V TTL outputs which should not
Fire, Aux_Out be used to drive low impedance loads.
and Arm out- Please refer to Section
puts not func- and
tioning correctly forsug-
gested terminations
Thisis a 5 V TTL input which should be driven
External Trigger from a 5 V TTL compatible source. Please
input not func- referto Section
tioning correctly and
for further details.
NEVER USE WATER THAT HAS 1. Switch off the system
BN CHLLED BLLOW TR Dby 2. Wipe the camera with a soft, dry
Condensation  © ONT OF THE AMBIENT cloth. It is likely there will already be
. ENVIRONMENT TO COOL THE cUBILEE el
Appearing On CAMERA condensation on the cooling block
Exterior Of Cam- ’ and cooling fins inside the camera.
era You may see condensation on

the outside of the camera body
if the cooling wateris at too low
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3. Setthe camera aside to dry for
several hours before you attempt
reuse.
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Fault Cause

atemperature or if the water
flow is foo high. The first signs of
condensation will usually be
visible around the connectors
where the water tfubes are
attached.

Solution

4, Before reuse blow dry gas through
the cooling slits on the side of the
camera toremove any residual
moisture. Use warmer water or
reduce the flow of water when you
start using the device again.

This is not anissue when using a Re-
circulator which eliminates the dew point
problem. Refer to "Dew Point Graph" on
page 154
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Appendix

The following sections contain information on product specifications, including
technical, environmental, mechanical and electrical specifications. In addition,
detailed mechanical drawings are presented.
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Appendix A: Technical Specifications

Model Specific Specifications*!

Model Zyla 5.5 | Zyla 4.2 PLUS
Sensor type Front lluminated Scientific CMOS
Active
pixels (W x 2560x 2160 (5.5 Megapixel) 2048 x 2048 (4.2 Megapixel)
H)
16.6x14.0mm 13.3x13.3mm
Sensor size
21.8 mm diagonal 18.8 mm diagonal
. Slow Read 216 (108 MHz x 2
Pixel 200 (100 MHz x 2 sensor halves) sensor halves)
readout
rate (MHz) 560 (280 MHz x 2 sensor halves) Fast Read 540 (270 MHz x 2
sensor halves)
Rolling Global Rolling
Shutter Shutter Shutter
Read noise
. @ 200 @216
(e-) Medlo.r; MHz 0.9[1.2] 2.3[2.5] MHz 0.90[1.1]
[rms]
@ 560 @ 540
MHz 1.2[1.6] 2.4 [2.6] MHz 1.10[1.3]
Maximum
Cuglriunm 64% 82%
Efficiency
3
Sensor
Operating
Temperatur
e
0°C (up to 30°C ambient)* 0°C (up to 27°C ambient)
Al led
ir coole 100 100
Water
cooled
Dark
current, e-
/pixel/sec 0.10
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Model

@ min femp
o4

Air cooled

Water
cooled

Readout
modes

Maximum
dynamic
range
Photon
Response
Non-
Uniformity
(PRNU)

Half-light
range

Low light
range
Pre-defined
Region of
Interest
(ROI)

User
defined ROI
(granularity

Datarange

Interface
options

Zyla 5.5 Zyla 4.2 PLUS

0.019

Rolling Shutter and Global Clear

Rolling Shutter and True Global Shutter (Snapshot) 5

33,000:1

<0.01%
<0.1%

2048x2048, 1920x 1080, 1392x 1040, 512x 512,128 1920x 1080, 1392 x 1040, 512 x
x 128 512,128x128

Yes (1 pixel) ***

12-bit (fastest USB 3.0 speeds) and 16-bif (maximum dynamic range)
USB3.0°8

Camera Link 10-tap

* Max ambient for Zyla 5.5 aircooled models manufactured prior to Feb 2015 is 35°C
** Cooling temperature must be above the dew point

% Minimum RO size: 4 x 8 (W x H) possible for 12- or 16-bit modes and for both Camera Link 10-tap
and USB 3.0 models

General Specifications*!

Linearity (%, maximum) ®>

Pixelsize (W xH) 6.5um
Pixel well depth (e-) 30,000
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FUllightrange & ier than 99.8%

Low light range (< 1000 electrons
signal)

MTF (Nyquist @ 555 nm) 45%
Pixel binning Hardware binning: 2x2,3x3,4x4,8x8

Better than 99.9%

Anti-blooming factor x 10,000
I/O External Trigger, Fire, Fire n, Fire All, Fire Any, Arm

. Internal, External, External Start, External Exposure, Software

Trigger Modes _.
Trigger

Start exposure - End exposure (row 1), Start exposure - End

Software Exposure Events®6
exposure (row n)

Hardware timestamp accuracy 25ns

Internal memory 1 GB

Footnotes
1. Figures are typical unless otherwise stated.

2. Readout noise is for the entire system and is taken as a median over the
sensor area excluding any regions of blemishes. It is a combination of sensor
readout noise and A/D noise.

3. Quantum efficiency of the sensor at 20°C as supplied by the manufacturer.

4. Dark current measurement is taken as a median over the sensor area
excluding any regions of blemishes.

5. Linearity is measured from a plot of Signal vs. Exposure Time, in accord with
EMVA 1288 standard.

6. Software Exposure Events provide rapid software nofification (SDK only) of
the start and end of acquisition, useful for tight synchronization to moving
peripheral devices e.g. Z-stage.

7. '‘Global Clear’ is an optional keep clean mechanism that can be
implemented in rolling shutter mode, which purges charge from all rows of
the sensor simultaneously, at the exposure start. The exposure end is still rolling
shutter. It can be used alongside the Fire All output of the camera and a
pulsed light source to simulate Global Exposure mechanism, albeit less
efficiently than the true Global Shutter exposure mode of Zyla 5.5.
Furthermore Global Clear differs from true Global Shutterin that it can only
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be usedin ‘non-overlap’' readout mode, i.e. sequential exposure and
readout phases rather than simultaneous.

8. Zyla USB 3.0 models should work with any modern USB 3.0 enabled PC/laptop
(provided hard drives or RAM is sufficient to support datarates) as every USB
3.0 port should have its own host conftroller. Zyla USB 3.0 models also ship with
a USB 3.0 PCl card as ameans to add a USB 3.0 port to an older PC, oras a
diagnostic aid to interoperability issues or fo ensure maximum speed.
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Environmental Specifications

Location to be used
Altfitude

Operating temperature

Storage temperature
Operating relative humidity

Pollution degree

Cooling vent clearance

Indoor use only
Up t0 2000 m

0°C to 30°C ambient(Zyla 5.5) 0°C to 27°C ambient (Zyla 4.2
PLUS)

-10°C to 50°C
<70% (non-condensing)

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. Allow 100 mm clearance at
air vents.
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Mechanical Specifications

Weight (Zyla unit only) 1kg
Weight (External Power Supply) 0.33kg
Dimensions See Mechanical Drawings
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Power Supply Information

Electrical Power Specifications

Mains Input for

supplied 100-240 VAC, 50— 60 Hz

External Power

Supply

Power Con- Camera + External Power Supply: 30 W typical/ 56 W max
sumption Camera Only: 25 W typical/ 50 W max

YOIToge Rat- 12V

ing

Current Ratfing 5A
CATIl. An overvoltage category of CAT Il means that the equipment is designed

pSlieric to cope with transient voltages above the rated supply that would be exper-
voltage Cat- . . . .
— ienced by any product connected to a standard single-phase mains socket in a

building.
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External Power Supply Specifications

’ yAY[o!
Supplied EPS Andor PS-12
Low Voltage Supply 12V +/-5%
Input
Low Voltage Supply Cur-
S5A
rent
Low Voltage Supply .
Cable Plug Tyco Electronics 3-1437719-3
Low Voltage Supply oV +12V
C.oble Plug Insertion oV E E 12V
View
Pins1&2:0V
Low Volfgge Supply Pin Pins3 & 4: 12V
Connections

Shield: Unconnected

Functional Earth for 0 Vis connected to Mains Earth

EMC

Low Voltage Supply .

Product Socket Tyco Electronics 6-1437719-4

Low Voltage Supply 2V @/n\o\ oV
Product Socket Inser- 12V ( (( OO0 )) ) l oV
tion view \\\\\:_//

Ripple 200 mV peak-to-peak

Shall start up aload whose in-rush current from a 0.1 Q source resistance
is 1.7 Amin. peak and a pulse width of 10 ms min. measured at half the
peak

In-rush Current Cap-
ability

Certified to IEC 62368-1 in accordance with local safety regulations and

SEISY meets the reinforced insulation from mains requirement of IEC 61010-1

Ensure that the EPS meets the environmental specification of the overall
product

EMC Ferrite Fitted

Environmental
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Appendix B: Mechanical Drawings
Air Cooled Models
[3.150]
80.0
) ) . Mounting Points
[1811] Mounting Points [0.180] 4% 1/4-20 UNC T 5.0 [0.196]
J: 46.0 __l 4xM4 T 7.0 [0.275) 48 _ (2 On Oppasite Side)

82.0

—

/

i

3 [ «

|| I
B 0.24 -0.020

4
{LI_I]_T.LIleLlLD_D
IO (LD | CIOD|

6.0-05
Column 1 ([0689]
175
[0770] [3937]
196 100.0
[5248]
C Mount Shown LE
17.5mm Optical Distance
Can be ordered with CS and F Mount
Zyla 5.5 3-tap version

Zyla 5.5 and Zyla 4.2 10-tap
Std Camera Link 3 TAP

Zyla 55 and 42 USB 3
[Gﬁel

USB3 Type B
Lockable Cable

\Power 12vDC 54
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Water Cooled Models

[3.157]
802

[1811]
40

4xM4 ¥ 70[0.275]

Mounting Points
4 x 14-20 UNG 3 5.0 [0.1%6]
(2 On Opposite Side)

USB3I T
D Type

I.m:kahley Il::':!ahle

820

[3.228]

C_Mount Shown
17.5mm Optical Distance

Can be red with C$ and F Mount
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Appendix C: Dew Point Graph

To avoidissues with condensation, the coolant temperature must be set above
the dewpoint- the temperature at which condensation (dew) will form. In the
relatively dry conditions of an air conditioned lab, or a cool dry climate, use of a
coolant temperature of 10°C should not cause any problems. As relative humidity
or ambient temperature increase however, the dewpoint temperature will also
increase so that the minimum coolant temperature that can be used willhave to

increase accordingly. This will therefore limit the maximum cooling performance
that can be achieved.

Ambient Temperature
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. : .

100 -

90 Il
80
& 704
£
=2
E |
z 60 | 683 humidity ot 30'C_ |
g ambient tempetature:
= dewpoint is -23'C
= |
o
50
40 -
30

20 { L 4 { { {
0 5 10 15 20 25 30
Dew Point (°C)

The first signs that condensation is forming will be on the coolant connections
entering and exiting the camera. Use of coolant at or below the dewpoint can
resultin permanent damage to the camera head due to formation of
condensation oninternal components. Itis therefore very important to ensure that
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coolant temperature is above the dewpoint. Further guidelines are provided in
"Condensation Effect Noticeable in Images" on page 139. The relationship
between Relative Humidity and Dew Point at varying Ambient Temperature is
shown above. There is also an inbuilt calculatorin Solis, as well as a range of
dewpoint calculators on-line that you can enter ambient temperature and
relative humidity o calculate the dewpoint for your conditions.
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Appendix D: Other Information

Terms and Conditions of Sale and Warranty Information

The terms and conditions of sale, including warranty conditions, willhave been
made available during the ordering process. The current version for the US is
available here, for all otherregions (except Japan) please click here.

EU/UK REACH Regulation Statement

Andor’s EU/UK REACH Regulation statement is available at the following link.

Waste Electronic and Electrical Equipment

The company’s statement on the disposal of WEEE can be found in the Terms and
Conditions.
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https://andor.oxinst.com/assets/uploads/documents/Andor/support/Andor-Technology-Inc-Terms-and-Conditions-of-Quotation-and-Sale-for-Goods-and-Services.pdf
https://andor.oxinst.com/assets/uploads/Andor_Technology_Limited_Terms_and_Conditions_of_Quotation_and_Sale_for_Goods_and_Services.pdf
https://andor.oxinst.com/downloads/uploads/reach-statement.pdf

Appendix E: China RoHS Hazardous Substances
Declaration

Hazardous Substance: F &1 &

(=Yo[o| . Chromium VI . Diphenyl
(Pb) Mercury | Cadmium SerEnTER Polybrominated Ethers

= (Ho)F (Cd)s® (Cré+) Biphenyls (PBB) (PBDE)

Component Name &

2 7R

Printed Circuit Board
Assembly (FPGA (U14),
Surface-mount
Resistors and

Capacitors, and Brass
Connectors) X o o o o o

HL AR 2 1 (FPGA

(UT14), 3 1 I e v B 2%

ML 2 2%, DA S o o i

%)

Hex Stand-offs (see

image in tfable below) X 0O 0 0O 0 0O

AVl EE

Screw Locks (see

image in table below) X e) @) (@) (@) O
W 22 B

PS-12 External Power
Supply (TT Electronics
SW3605) Plug

PS-12 &b sLYE (TT
Electronics SW3605) 4
=S
D.C.Power Socket on
USB Board

USB #ix L= 1) H. vt L 5 4
JAE

All other parts
N Wi

@) @) @) @) O O

This table was developed according to the provisions of SJ/T 11364

ARG ACHESI/T 11364 ¥ F1L & G 1l
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O -The content of such a hazardous substance in allhomogeneous materials of
such a component is below the limit required by GB/T 26572

RN ZAT T W) AL AT BT AT B b B b 6 & B AR O R 7s 1% A1 35 W A % A A
JIT AT 1) TR R o 1) B s AR GB/T 26572 0 & I B Bk BL R

X-The content of such a hazardous substance in a certain homogeneous material
of such a componentis above the limit required by GB/T 26572

X - R AT & W) 2 DA% AT I 2L — 35 UM RE b [0 5 R ) GB/T 26572 FIL5E I
B 25K

Component Name #8445 #8 ‘

Hex Stand-offs

N H B 4%

Screw Locks

W2 22 4 52

PS-12 External Power Supply (TT Electronics 3
SW3605) Plug )

PS-12 #h 3% HL VB (TT Electronics SW3605) 4 3k

D.C. Power Socket on USB Board
USB Hi I 117 B 9t HEL 5 4 JAE
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