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ReEvISION HISTORY

1.0 12 Nov 2004 Initial Release

25 30 Sep 2005 -

2.6 21 Aug 2006 =

3.0 21 Jul 2011 =

&1 31 Jul 2011 -

3.2 13 Dec 2011 =

05 07 Eeb 2017 Updated .to current format (all sections revised)
Information updated for USB camera models.

4.1 27 Feb 2020 Updated laser safety information.

4.2 06 Oct 2020 Updated laser safety information.

FUTURE VERSIONS OF THE MANUAL

Changes are periodically made to the product and these will be incorporated into new editions of the manual. New
versions of Andor manuals are made available through MyAndor http://my.andor.com/login.aspx so please check for new
versions of the manual. If you do not have an account please register at http://my.andor.com/Reqgister.aspx. If you find an
error, or can suggest an improvement to this manual, please contact Andor Customer Support with details of the issue.
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INSTRUMENTS

SAFETY AND VWARNING INFORMATION

PLEASE READ THIS INFORMATION FIRST

1. IMPORTANT: This product may come with the optional CC52 Collector/Collimator with Alignment Laser, which
emits laser radiation that is potentially hazardous, so please read the laser safety information following this
section very carefully.

2. IEC Technical Document IEC TR 60825-14 recommends the presence of a Laser Safety Officer (LSO)
depending on the laser class. However, national guidelines should be referred to.

3. Ensure that the ‘Working with Optical Fibres’ guidelines in this user guide is followed as these are easily
damaged.

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

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

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

7. The Mechelle a is a precision scientific instrument containing fragile components. Always handle with care.

8. 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.

9. The Andor Mechelle is for use in research laboratories and other controlled scientific environments.
10. This equipment has not been designed and manufactured for the medical diagnosis of patients.
11. Do not expose the product to extreme hot or cold temperatures.

12. Do not expose the product to open flames.

13. Do not allow objects to fall on the product.

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

15. There are no user-serviceable parts in the product. If the enclosure is opened the warranty will be void.

16. Only use accessories that have been specified and approved for use with this product by Andor.

Version 4.2 rev 06 Oct 2020 6
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MANUAL HANDLING

Due to the delicate nature of some of the components within, care must be exercised when handling this product. Proper
manual handling techniques are important when unpacking and installing the system to ensure that the integrity of the
product is safeguarded and individuals involved are not exposed to unnecessary manual handling risks, such as:

e Lifting a load that is too heavy

e Poor posture or technique during lifting
e Dropping a load

e Lifting objects with sharp edges

SHIPPING AND STORAGE CONDITIONS
Unpacking and Inspection:

e  Carefully unpack the unit and retain packaging to return equipment for servicing.

e If the equipment appears damaged in any way, return it to sales outlet in its original packaging.
No responsibility for damage arising from the use of non-approved packaging will be accepted.

e Ensure all items and accessories specified in the packing list are present.

If any items are missing, please contact your local sales representative.
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SpeciaL WARNINGS ABOUT LASERS

CAUTION - USE OF CONTROLS OR ADJUSTMENTS OR PERFORMANCE OF PROCEDURES OTHER THAN
THOSE SPECIFIED HEREIN MAY RESULT IN HAZARDOUS RADIATION EXPOSURE

e This product includes lasers, or is designed to be upgraded with lasers, so you must be aware of the hazards
associated with the use of the powerful laser radiation that can be emitted by this product

e laser radiation differs from ordinary light primarily because its optical power can be concentrated into a
narrow, low-divergence beam, whereas, for example, a standard light bulb diffuses its light in all directions and
thus spreads out its power. It’s a bit like the difference between walking outside on a sunny day versus having
the sun’s light concentrated on your skin using a magnifying glass

e  Skin damage or deeper injury can be caused by lasers, but the eye is especially susceptible as laser light can
be collimated into a narrow beam that can enter the eye and permanently damage the retina with life-changing
consequences.

e Be aware that visible laser light is dangerous as well as invisible, that this laser product is not fully safe as you
usually have access to hazardous laser radiation. Laser safety for this type of product is about reducing risk,
rather than being able to eliminate it because access is required for the performance of this product

e Andor strongly recommend that all facilities have an established system for the safe use of lasers as per their
national regulations and occupational health and safety legislation. IEC TR 60285-14 Safety of laser products
— Part 14: A user’s guide and the American National Standard for the Safe Use of Lasers (ANSI Z136.1) are
standard references for good practice

Use oF THE OpTIONAL CC52 CoLLECTOR/COLLIMATOR WITH ALIGNMENT LASER

The intended use of this laser product is only when the Laser Module is connected into the CC52 Collector/Collimator
(see Section 2.4). The Laser Module should only be powered when fully assembled in this configuration to reduce the
exposure to laser radiation. The Laser Module by itself and the Laser Module when connected just to the fibre should
not be powered as the laser output in these two scenarios is unnecessary and is greater than that emitted by the CC52
Collector/Collimator.

If cleaning, assembling or disassembling this equipment, ensure that the power is disconnected.

Version 4.2 rev 06 Oct 2020 8
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GUIDELINES FOR THE SAFE OPERATION OF LASER PRODUCTS

Please note that not all of the following guidance may apply to your product, e.g. you may not have invisible
lasers.

1. Never look into a laser beam either directly or indirectly.

2. Read the safety instructions supplied with all equipment in the system.

3. Ensure that the laser equipment is used in accordance with national guidelines.
4

Ensure all personnel requiring access to the product are fully trained in both using the product and the general
use of lasers.

5. Ensure users are familiar with the hazardous properties of lasers, especially that laser safety hazards differ
from those of normal light/radiation sources as they are highly-concentrated, very low divergence beams of
radiation.

6. Ensure end-users are familiar with the operation of the laser’s key switch control, interlocks, emission LEDs
and other safety features.

7. Restrict and control access to the area(s) where laser(s) are in use to those persons who are trained in the
dangers of lasers and trained on the safety precautions to be observed when working with lasers.

8. Ensure that all interlocks are connected and functioning correctly, where applicable.
9. Ensure suitable laser warning signs are prominently displayed in the area the system operates.
10. If the system is not in use, turn the laser off using the key switch, where applicable.

11. Do not attempt to disassemble the unit housing the lasers or any part of the system. If there is a problem
please contact Andor directly (see Section 1.1, ‘Technical Support’).

12. On a daily basis, or before every use, verify that the laser interlock circuit (if applicable) is working by
confirming that the laser emission indicator on the source(s) turns off when any of the following are done:

e The microscope ocular eyepieces are activated/engaged for viewing.

e The articulated transmitted light arm on inverted microscopes is tilted back from the functional vertical
position before using the system.

e Each beam splitter is removed from the unit.
e Any other interlocks on your system.

13. Fluorescent cards should be used to visually locate and indicate the output of invisible wavelengths at all
times, where applicable.

14. Additional precautions may need to be implemented as the necessary precautions will be specific to each
system installation, configuration and typical mode of use. The responsible Laser Safety Officer must assess
and implement the necessary precautions to avoid possible exposure to hazardous radiation during use.

15. We recommend that a copy of the latest edition of IEC 60285-1 Safety of laser products — Part 1: EqQuipment
classification and requirements is purchased by the Laser Safety Officer for reference, as well as IEC 60825-14
Safety of laser products — Part 14: A user’s guide.
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LAaser Crass PrRAcTICAL DIFFERENCES
The practical differences between the main classes are as follows as defined in IEC 60825-1 Annex C and Table F.2:

Class Overview* Eye D|ffu§e Skin Fire Hazard Detail
Reflections

Safe under Laser products that are safe during use,
reasonably including long-term direct intrabeam
1 foreseeable Safe Safe Safe Safe viewing, even when exposure occurs while
conditions using telescopic optics.
Laser products that emit visible radiation
that are safe for momentary exposures but
Low power; Safe mometarily, can be hazardous for deliberate staring into
eye protection due to natural the beam.
normally aversion ) o )
) ) The time base of 0,25 s is inherent in the
2 afforded by behaviour, i.e. Safe Safe Safe . )
) ) definition of the class and presumption
aversion you will close ) ) ) o
) ) is that there is very low risk of injury for
& active your eye lids and
momentary exposures that are somewhat
responses look way
longer.
Not considered intrinsically safe, the risk is
limited because
— unintentional exposures would rarely
reflect worst-case conditions of (e.g.)
beamalignment with a large pupil and
worst-case accommodation with the entire
Direct beam energyentering the eye,
intrabeam Not considered — of the inherent reduction factor (safety
3R* viewing may Safe Safe Safe in) i
intrinsically safe margin} in the MPE,
be hazardous
— of natural aversion behaviour for exposure
to bright light for the case of visible
radiationand by the response to heating of
the cornea for far infrared radiation.The risk
of injury increases with exposure duration,
and exposure may be hazardous for ocular
exposure under worst-case conditions or
for intentional direct intrabeam viewing.
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Diffuse

Overview* . Hazard Detail *
Reflections

Lasers which

approach
the Class
Direct intrabeam 3B AEL may Risk of igniting
viewing produce minor | flammable Laser products that are normally hazardous
normally skin injuries. materials for when intrabeam ocular exposure occurs
3B Hazardous Normally safe
hazardous, i.e. However, this | same lasers (i.e. within the NOHD) including accidental
direct viewing of is only likely mentioned under | short time exposure
beam with eye if the beam “Skin”
has a small
diameter or is
focussed.
High power;
diffuse
May be Often represent
4 reflections may | Hazardous Hazardous Everything above Class 3B
hazardous a fire hazard
be hazardous
* See IEC 60825-1 Table F.2 T See IEC 60825-1 Annex C

* CDRH Class llla is almost identical to Class 3R and 21CFR § 1040.10 (b) (8) describes the hazard as “depending upon the

irradiance, either an acute intrabeam viewing hazard or chronic viewing hazard, and an acute viewing hazard if viewed directly with

optical instruments”.

The following terms are defined as follows:

Intrabeam ocular exposure: Getting your eye in the way of a laser beam.

Nominal Ocular Hazard Distance (NOHD): Distance from the output aperture beyond which the beam irradiance
or radiant exposure remains below the appropriate corneal maximum permissible exposure (MPE).

Accessible Emission Limit (AEL): Maximum accessible emission permitted within a particular class, i.e. the limit
at which one class transitions into another.

Maximum Permissible Exposure (MPE): Level of laser radiation to which, under normal circumstances, persons
may be exposed without suffering adverse effects.

Version 4.2 rev 06 Oct 2020 11
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LASER PRODUCT SAFETY STANDARDS

If your product contains lasers, it has been designed and manufactured to comply with the international laser product
safety standard IEC 60825-1 and the U.S. CDRH Regulation 21CFR § 1040.10 to reduce risk as far as is reasonably
practicable. Our Customer Support Team, where applicable, install the system according to the same standards, but if
there has been an agreement that you should install all or part of the laser product system, then you take responsibility
to install this according to the same standards.

Evye PROTECTION

Eye Protection is not required for the safe use of the device as the only radiation observable (without intentional
misuse) is directionally stable, diffuse and highly divergent from the designated aperture which is static and labelled.

If eye protection is deemed desirable by the local Laser Safety Officer, Andor recommends the following products:
e 360 nm to 510 nm — Kentek KXP-4001 Spectacles
e 510 nm to 670 nm — Kentek KRA 6702 Spectacles

WoRkING WITH OPTICAL FIBRES

1. Only service personnel authorised by Andor should remove or inspect fibres as these are part of the installed
protective housing

2. The laser radiation passing through fibres is potentially hazardous, so great care should be taken to avoid
exposure to this radiation

3. Ensure fibre cables are not bent tightly or general mishandled as this may damage the internal optical fibre

4. Ensure that the minimum bend radius is never exceeded when handling, which is recommended to be 300
mm

5. For transport or storage, fibre cables should be coiled with a diameter of 300 mm or greater
6. Optical fibres are prone to damage by bending local to the connector

7. The coupler is not designed to withstand pulling of the fibre. If the fibre is pulled, the system performance
could be compromised or the system may fail

8. Locate the laser source and any other connected devices within 2 m of each other so that the interconnecting
fibres are not stretched, bent, or constrained

Version 4.2 rev 06 Oct 2020 12
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LASER SAFETY AND ProbucT COMPLIANCE LABELS

GENERAL SymBoOLS
A
A

LASER RADIATION
DO NOT STARE INTO BEAM
CLASS 2 LASER PRODUCT
WHEN LASER CONNECTED

T e AA-OPT O0GT
| ; CC-1%0 ks 3030
| e

ME-OPT-0007 650 nm CW 0.5 mW max.

Collector/Collimator

g . CLASSIFIED PER IEC 60825-1:2014
with Alignment Laser

LASER APERTURE

Note that as this is a Class 2 product, the laser aperture isn’t marked as stated in IEC 60825-1 § 7.8; however, it
should be clear that the laser is emitted from the large opening to the left of the “starburst” laser safety warning
symbol.

LASER CLASSIFICATION AND WARNING

This is a Class 2 product that will harm your eyes if you stare into it. See section on ‘Laser Class Practical Differences’
above. Do not stare into the beam.

RabpiaTioN OuTPUT

The ‘maximum output’ defined by IEC 60825-1 § 3.58 and § 7.9 is “the maximum accessible emission that is used to
determine the class of the laser product”. Note that this is as measured using a 7 mm aperture stop at 100 mm from
the accessible aperture of the collimator as per Condition 3, which simulates eye exposure. However, the total optical
power right at the output of the collimator is equal to the Classification Radiation Output marked on this product.

STANDARDS INFORMATION

IEC 60825-1:2014 has been used to determine the classification of the product and to provide the Radiation Output
marked on the product.

Version 4.2 rev 06 Oct 2020 13
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ME-OPT-0009 Laser ALIGNMENT MoDULE SAFETY LABEL
y

2 LASER APERTURE ¢

LASER RADIATION
AVOID DIRECT EYE EXPOSURE
CLASS 3R LASER PRODUCT

ME-OPT-0009
650 nm CW 1.5 mW max.
CLASSIFIED PER IEC 60825-1:2014

Mechelle Laser
Alignment Module

LASER APERTURE

The indicated position of the Laser Aperture is where the laser is emitted from this product.

LASER CLASSIFICATION AND WARNING

This is a Class 3R product that could harm your eyes if they are exposed to the beam. See section on ‘Laser Class
Practical Differences’ above for more details. Avoid direct eye exposure to the laser beam.

RabiatioN OuTpPUT

The ‘maximum output’ defined by IEC 60825-1 § 3.58 and § 7.9 is “the maximum accessible emission that is used to
determine the class of the laser product”. Note that this is as measured using a 7 mm aperture stop at 100 mm from
the accessible aperture of the module as per Condition 3, which simulates eye exposure. However, the total optical
power right at the output of the module will be higher, typically 5.35 mW at the closest point of human contact.

STANDARDS INFORMATION

IEC 60825-1:2014 has been used to determine the classification of the product and to provide the Radiation Output
marked on the product.
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ME-OPT-0009 FiBre OutPuT LASER APERTURE SAFETY LABEL

2

APERTURE

LASER

%

As the fibre can be disconnected from the ME-OPT-0007 Collimator/Collector, laser radiation can be emitted from the

output, so it is labelled as a ‘Laser Aperture’. Although the output would be classified as Class 2 because it is typically
0.15 mW under IEC 60825-1 Condition 3, this is superfluous as it is attached to a Class 3R product, the Laser Module.
Note the total optical power right at the output of the fibre is higher, typically 1.65 mW.

CDRH CEeRTIFICATION LABEL

This self-certifies that we comply with the U.S. CDRH laser regulations.

'ANDOR

an Oxford Instruments company

Manufactured by
Andor Technology Ltd

Belfast BT12 7AL U.K.
www.andor.com

Complies with 21 CFR
1040.10 and 1040.11
except for conformance
with |IEC 60825-1 Ed. 3.,
as described in Laser
Notice No. 56, dated May
8,2019

/
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SECTION 1: INTRODUCTION

Thank you for choosing the Andor Mechelle, which offers several innovations to the spectroscopist. The Andor
Mechelle spectrograph is based on the echelle grating principal and has a patented optical design, which gives
extremely low cross-talk, equally spaced order separation and maximum resolution, compared with other spectrographs.
The Mechelle offers a simultaneously recorded wavelength range from UV to NIR with very high resolution and no
overlapping wavelengths.

e The Mechelle features patented, corrected off-axis optics enabling the user to achieve maximum throughput
and optimum Gaussian line shape and resolution. This translates to a wide wavelength range from the deep
UV through to NIR, with full spectral continuity, no gaps and no overlapping wavelengths. You get the whole
spectrum in one single acquisition. The maximum wavelength range is set by the detector sensitivity and the
low wavelength limit is set by the absorption of air.

e The spectrograph has a rugged compact design with no moving parts, enabling the Mechelle spectrograph
to withstand more physical handling than other high performance spectrographs. This makes the Mechelle an
ideal spectrograph for OEMs and non-lab based applications, from zero gravity experiments to operation in high
temperature environments. The unit can also be evacuated for working in the deep UV.

e Andor have utilised many years experience in spectroscopy to deliver a software platform designed for
spectroscopists. The Solis software allows direct control over spectrograph functionally. A user-friendly on-
screen dashboard allows the user to acquire data, calibrate spectral displays, and manipulate post acquisition
data. The speed of the system is only dependent on the integration time, readout rate of the camera and the PC
capabilities.

e The Andor Solis software is also compatible with other spectroscopic data analysis like GRAMS/AI. Mechelle
spectrographs are integrated with CCD, sCMOS or ICCD detectors form Andor Technology, which enables
the user to rapidly obtain accurate data. This makes the Mechelle spectrograph highly attractive to many
spectroscopic applications like Laser Induced Breakdown Spectroscopy, Raman spectroscopy or Laser ablation.
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1.7 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 USA
Andor Technology Ltd. Andor Technology
7 Millennium Way 300 Baker Avenue
Springvale Business Park Suite # 150
Belfast Concord
BT12 7AL MA 01742
Northern Ireland USA
Tel. +44 (0) 28 9023 7126 Tel. +1 (860) 290-9211
Fax. +44 (0) 28 9031 0792 Fax. +1 (860) 290-9566
Asia-Pacific China
Andor Technology (Japan) Andor Technology (China)
5F IS Building Haitong Times Business Center,
3-32-42 Higashi-Shinagawa Building B2 West,
Tokyo 140-0002 No.11 West Third Ring North Road,
Japan Haidian District,
Tel: +81 3 6732 8968 Beijing,
Fax: +81 3 6732 8939 100089

China
Tel: +86 (0) 10 5884 7900
Fax. +86 (0) 10 5884 7901

* The latest contact details for your local representative can be found on the Contact and Support page of our website.
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1.2 DISCLAMER

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

PURPOSE.
IN NO EVENT SHALL ANDOR BE LIABLE FOR ANY LOSS OR DAMAGE, WHETHER DIRECT, INDIRECT, SPECIAL,

INCIDENTAL, CONSEQUENTIAL OR OTHERWISE HOWSOEVER CAUSED WHETHER ARISING IN CONTRACT, TORT
OR OTHERWISE, ARISING OUT OF OR IN CONNECTION WITH THE USE OF THE INFORMATION PROVIDED HEREIN.

1.3 CoPYRIGHT AND ProTECTIVE NOTICES

The copyright in this document and the associated drawings are the property of Andor Technology Ltd. and all rights
are reserved. This document and the associated drawings are issued on condition that they are not copied, reprinted or

reproduced, nor their contents disclosed.

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

1.4 TRADEMARKS AND PATENT INFORMATION

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

The Andor Mechelle is supplied with the following standard components:

Description Quantity

Mechelle 5000 echelle spectrograph 1

50 pym core,
1 UV-enhanced fibre optic 1x2m
cable (ACC-ME-OPT-8004)

I12C, shutter and
temperature cable

SMA adapter Solis or Mechelle SDK-
gé‘\; : . 1 Software -
= (and insertion tool) (if ordered)

NOTE: Refer to Camera Specifications sheet for parts supplied with the specific camera model.

Slit type and model, and optional shutter are ordered separately.

1.5.17 OpmioNaL COMPONENTS

Optional and replacement parts are listed below:

Description Order Code

Mercury-Argon calibration lamp with SMA connector ACC-LK-HGAR-OCE
Deuterium-Halogen lamp, radiometrically calibrated (230 to 1,050 nm) LK-DHRD-OCE-CAL
UV-NIR light collector/collimator with alignment laser for F/# = 2 collection ME-OPT-0007
Mechelle shutter unit (recommended when using iKon-M DU934P-yy-9FL) ME-SHT-9002
Mechelle 25 x 25 pm slit ME-SLT-25x25
Mechelle 10 x 50 pm slit ME-SLT-10x50
Mechelle 50 x 25 pm slit ME-SLT-50x25
Mechelle 25 x 50 pm slit ME-SLT-25x50
Mechelle 50 x 50 pm slit ME-SLT-50x50
Mechelle 100 x 50 pm slit ME-SLT-100x50
Mechelle 200 x 50 pm slit ME-SLT-200x50
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SECTION 2: PRODUCT OVERVIEW

2.1 ExternAL COMPONENTS OF THE MECHELLE
This section outlines the main components and features of the Mechelle.

Input
Interface
(Shutter
Housing)

Carrying Handles

Camera

Shutter and Mounting Flange

Temperature
Cable
Connection

Support Feet

Figure 1: The Mechelle spectrograph

Input Interface (Shutter Housing)

For coupling to optical source via a fibre-optic and/or slit. A shutter can be built into the housing as an option (e.g.
for CCD cameras to avoid image smearing during readout or for ICCD cameras to take background or protect the
photocathode between experiments).

Shutter Cable Connection

For connection of the temperature sensor and optional shutter to the detector.
Carrying Handles

Two handles can be used to transport the Mechelle and fold down when not in use.
Camera Mounting Flange

For connection to camera e.g. Andor iStar CCD or sCMOS (4 off, 6/32 x 3/8 UNC).
Support Feet

Two support feet provide a stable platform for the Mechelle. These can be secured to an optical bench or removed.

Version 4.2 rev 06 Oct 2020 20



Mechelle X0l ANDOR

INSTRUMENTS

2.2 INTERNAL COMPONENTS OF THE MECHELLE

The main internal parts of the Mechelle are summarised below (refer to Appendix B for the principles of operation and
also www.andor.com/learning-academy/echelle-spectrographs-a-flexible-tool-for-spectroscopy-raman-and-libs-spectroscopy).

Purge Port \E ———
|_ Entrance Correction lens 1 Sealed, N, filled
Input Slit i Window’A\// Chamber
from L|ght'> — B e Collimating
Source / Mirror
Shutter /
(if fitted) Correction lens 2
EE—
Shutter | \V e = Fonelle
Housing : ””’1“ G\l?g\
Dou.ble Exit Window
Prism To Camera
Purge
urg (Detector)
Focusing
Mirror
Lens

Figure 2: Internal Components of the Mechelle (for illustration only)

Entrance Window

The entrance and (exit) window prevents ingress of dust and contaminants, and allows the internal space to be sealed
and purged with N, for best UV transmission.

Correction Lenses:

Two custom-made correction lenses are utilised to achieve good imaging resolution.
Collimating lens

This element ensures that light incoming on the dispersive element (prism) is collimated.
Echelle Grating

This type of grating provides good efficiency performance over a large number of orders and wavelength range. Its
groove density also dictates the spectral resolution.

Double Prism
The broadband double prism design is used to achieve semi-equal order spacing for ultra-low cross-talk.
Exit Window

The exit (and entrance) window prevents ingress of dust and contaminants and allows the internal space to be sealed and
purged with N, for best UV transmission.

Purge Ports

The shutter housing can also be flushed with dry gas to remove any water vapour using the two purge ports to maximize
UV light transmission..

-0
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2.3 ENTRANCE APERTURE SLIT

The standard Mechelle is supplied with the SMA connector and brass tool (Figure 3, left). The maximum aperture height
recommended to avoid order crosstalk is 50 um. The entrance aperture can be either, a direct fibre input, a slit or a
pinhole. When a fibre-optic input is used, the best arrangement for maximum throughput is to have the fibre itself as the
aperture. In that case the fibre diameter should not exceed 50 pm.

In some applications fibre-optics cannot be used, particularly in the UV region, due to the lack of throughput, so a Slit
Disc must be used (Figure 3, right).

Figure 3: (Left) SMA connector and brass insertion tool, (Right) Slit disc and brass insertion tool

The most common slit size used is a rectangular 25 pm x 50 pm (W x H) slit. Other apertures such as a 50 pm x 50 ym, or
50 pym pinhole can also be used. However, these wider slits will provide a lower resolution than the 25pum x 50pm slit, but
yield a higher throughput. The maximum recommended slit width is 200 pm.

NOTE: If a 10 pm x 50 um slit is used the resolution of the system will improve but throughput will be reduced.

The exchange procedure for the SMA and other adapters is shown in Section 6.3.

2.3.1 OpTioNAL ST & FC FIBRE ADAPTERS

Optional ST and FC fibre adapters can also be used with the Mechelle spectrograph.
NOTE: After changing slit to fibre, the unit must be recalibrated.

Figure 4: (left) FC Connector, (right) ST Connector
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2.3.2 SHUTTER

The Shutter is an optional item on the Mechelle system.

e If an ICCD camera is used, the image intensifier acts as the shutter (however a mechanical shutter may still be
used as a way to minimise photobleaching of the intensifier).

e If a CCD camera is used, a shutter must also be used to ensure that no light falls on the sensor during the
readout.

The shutter (if fitted) is located behind the slit in the shutter housing. The shutter housing contains an electronic shutter
driver which connects through the Shutter/Temperature cable.

To improve the optical performance (especially in the UV region) the shutter housing can be flushed with dry gas to
remove any water vapour. This can be done via the two access holes (normally sealed by grub screws) which are located
at the top and bottom of the shutter housing, as shown in Figure 5.

Flushing Port .
Grub Screws

Figure 5: Shutter housing and flushing ports

The slit rotation can be adjusted using an Allen Key as shown below in Figure 6.

Figure 6: Adjusting slit
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2.4 OptioNAL CCH2 ColLECTOR/COLLIMATOR WITH ALIGNMENT LASER

NOTE: Please see laser safety advice at beginning of user guide.

To increase the light collection efficiency (F/# or N.A.) of the Mechelle, a UV-NIR achromatic collecting/collimating lens/
mirror system, the CC52, has been designed. It has been optimised to ensure that all photons with wavelengths in the
range 200 - 950 nm are collected at a high F/2 aperture and ‘squeezed’ into the Mechelle F/7 aperture.

CC52 COLLECTORICOLLIMATOR

SOURCE
SMA FIBER

Figure 7: The CC52 Collector/Collimator

F/number 2

Focal Length 52 mm

Aperture 30 mm

Object Distance 200 mm to Infinity
Wavelength Range 200 - 950 nm
Fibre Optics Connector Standard SMA
Items Included 3V adapter
An alignment laser is also provided with the CC52. When coupled to the collector / collimator, the user can optimize the

light collection from a precise point in the sample/experiment where the laser spot is best focused. After optimization,
the fibre is disconnected from the laser and coupled to the Mechelle input.

e To focus the CC52 loosen the locking screw and move the fibre coupler in and out inside CC52 to achieve the
smallest laser spot at the sample and collection area of interest. If the light source is at 50 cm or more from
CC52, remove the front lens from the CC52.

e Remember to lock the position by tightening the locking screw.

NOTE: These accessories are not provided as standard with the Mechelle spectrograph and must be ordered
separately.

Figure 8: Laser Alignment Module Fitted to the Collector/Collimator.
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SECTION 3: INSTALLING THE MECHELLE SPECTROGRAPH

3.1 UNPACKING & HANDLING

Carefully remove the Mechelle from its packaging. Refer to the packing list to confirm all components are correct and
undamaged. Allow the spectrograph to sit in the laboratory environment for a couple of hours to adapt to the ambient
temperature.

3.2  ATTACHNG THE CAMERA AND CAMERA ALIGNMENT PROCEDURE

NOTE: If you have purchased an Andor camera (such as the iStar) with your Mechelle spectrograph, it is normally
attached and pre-aligned at the factory.

Figure 9: Mechelle with iStar Camera Attached

1. If the camera is not attached, or has been removed the camera must be aligned and focused again when it is
put back on.

2. Attach the camera to the mounting flange - 4 off, 6/32 x 3/8 UNC (refer to your camera manual).

3. Loosen the grub screws (x3) and the cap head screw (x1) located on the top, bottom and one side of the camera
flange.

Camera Alignment
Grub Screw

| mechealle

Flushing Port
Grub Screw Figure 10: Camera Flange (left side view)
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Camera Alignment
Grub Screw

Camera Alignment
Grub Screw

Figure 11: Camera Flange (right side view)

4. Couple a spectral lamp to the spectrograph (e.g. Mercury-Argon).

5. Rotate and focus the camera to achieve the smallest spots possible (3 pixels FWHM in CCD and 5 pixels
FWHM in ICCD in x-direction).

6. Also ensure that the 253 nm line from Hg source falls near the following pixels (X = 500, Y = 300) with +10

pixels margin.

7. Tighten the grub screws (x3) and the cap head screw (x1).

8. To check the alignment, use a CW source (e.g.Tungsten or desktop lamp) and re-calibrate. The pattern on the
image as shown on this example should be as near to horizontal as possible.

A=

9. To focus the camera, move it forward/backwards in increments. The spot on the image as shown below should
be as small as possible (This image is also used to align the slit).

A

s
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3.3 CALBRATION SOURCE

To wavelength calibrate the Mechelle spectrograph a spectral calibration source is needed. A Mercury/Argon lamp is
recommended for Mechelle calibration. Example wavelengths shown below- please refer to information suplied with

your reference lightsource.

Hg Wavelengths (nm) Ar Wavelengths (nm)

253.652
296.728
302.150
302.347
313.155
313.184
334.148
365.015
365.484
404.656
407.783
433.922
434.749
435.833
491.607
546.074
576.960
579.066

696.543
706.722
714.704
727.294
738.398
750.387
763.511
772.376
794.818
800.616
811.531
826.452
842.465
8562.144
866.794
912.297
922.450
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3.4 ConNNECTING A USB Basep CAMERA

Refer also to the manual for your specific camera model- information for an Andor iStar model shown below:

1. Connect the USB cable between the camera and a USB port of the control PC.The iStar CCD is connected via
USB 2.0 and the iStar sCMOS via USB 3.0).

External trigger DRG ;utpgts

EXTERNAL TRIGGER OUTPUTA.B.C
/ ARM
DIRECT GATE

WATER CONNECTION

ON/OFF SWITCH
Power
socket

AUX OUT

On/Off PRE-TRIG IN

switch—
Grounding point

UsSE 2.0

USB 30
EARTHING STUD (OPTIONAL LOCKABLE INTERFACE)

Figure 12: iStar CCD USB 2.0 (left), iStar sCMOS USB 3.0 (right)
2. Connect the I°C shutter/temperature cable between the Mechelle and the camera.

NOTE: The shutter is optional when using the Mechelle with the Andor iStar intensified camera. However it is
recommended to protect the image intensifier photocathode from photobleaching during experimental ‘dead-time’.

3. Proceed to Section 3.5.
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3.5 INSTALLING ANDOR SOLIS SOFTWARE FOR VWINDOWS (8, 8.1 AND 10)

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

2. Insert the Andor Solis CD. The InstallShield Wizard should now start. If it does not start automatically, run the
file setup.exe directly from the CD.

Select appropriate location for installation of software and drivers on your computer / network.
When prompted, select required Camera model e.g. iStar or iKon-M and the requested details.
Continue installation and restart your computer - when prompted - to successfully complete the installation.

The shortcut icon for Solis will appear on the desktop on re-start.

N o o A~ o

The Camera and Spectrograph are now ready to be connected to a PC / laptop and powered on.

3.6 New Haroware WizarD

When connected to a PC for the first time, the New Hardware Wizard screen will appear.
1. Select the ‘No, not this time only’ option then click Next>.
2. Select the ‘Install from a list or specified location (Advanced) option then click Next>.

3. 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.

4. Click the Finish button to complete the installation.
Note: If the USB model camera is connected to a different USB port, steps 1 — 4 will have to be repeated on the
first connection only.

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

Note: You can check that the camera is correctly recognized and installed by opening the Device Manager (Devices

and printers) in Windows, Control Panel. The Mechelle and camera will show under the Devices list.

NOTE: On the first startup of Solis, you may be required to direct the software to the drivers. If so, select the
directory that Andor Solis was installed to.

3.7 START-UP DIALOG

On start-up of Solis software a dialog may appear if multiple cameras are connected to your PC.
1. Highlight the Andor camera model (The Serial Number can be found on the label on the camera)

2. Click OK to continue with the selected camera.
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SECTION 4: USING THE MECHELLE

4.1 LAUNCHING THE SOFTWARE

The Mechelle and camera can be controlled via Andor Solis and the software is launched by clicking on the Andor Solis
icon which was created when the software was installed.

Andor 50LI5 64-bit

4.2 SETTING UP THE MECHELLE IN THE SOFTWARE

From the Main Window, select Hardware, Spectrograph Setup, e.g.:
Hardware] View Window Help

Spectrograph Setup
Shutter Control

Ternperature Ctrl+T

Remote Comms Setup
Qutput DACs
O's

The Setup Spectrograph dialog box appears. Select Andor from the Manufacturer drop-down menu and Mechelle as
the Spectrograph.

M anufacturer [hndnl Mechelle Setup |

Spectrograph lMecheIIe

Calibrate Az Red-Blue

The Mechelle Setup button should then appear. Click this button to access the Mechelle parameter user interface.

Users can alternatively access this interface from the Main Solis menu through Calibrate, X-Calibration by
Spectrograph:

[ Caiihrate-] Command  Hardware View W
Manual X-Calibration
¥-Calibration by Spectrograph |

Change Units
Dispersion Optirmiser

Remove X-Calibration k
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In this instance, the Spectrograph X-Calibration dialog box appears:

' Spectrograph X Calik

Current Spectrograph is the Spectrograph_Mone
Hhwis Label | \Wavelength - W avelength

Center Wavelength EDﬁ Micrometer Setting 8.3.3.33?;

Dffzet I Grating | 2004730

Rayleigh ‘W avelength |[433 it Contral

Apply Calibration to Current Data Set Drata Set Pisel Width
Apply Calibration to Hew Acquisitions Acquizition Pisel Width 26

Move Spectrograph

Calibrate Spectrograph Setup

Click on the Spectrograph Setup tab and the Spectrograph Setup dialog box appears.

In the XML Setup File field of the Mechelle Setup dialog box, click on the _] button, then locate and select the
appropriate .xml file for the Mechelle model being used.

XML Setup File

C:‘l,ProgramDaE‘lﬁ.ndE:rSoIi-s‘l,l‘n,l'“'ledﬂelléWedmlle 5000 Mechelle 5000, xml

Click the Open button.

Click OK. If prompted to restart, do not restart at this point during the setup procedure, as the configuration file
(holding the Mechelle setup parameters) will be saved later.

The Mechelle Setup screen will then appear again.
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4.2.1 EXTRACT SPECTRUM

The ‘extract spectrum from acquisitions’ option must be selected if the user wishes the spectrum to be generated or
updated following every acquisition.

For real-time analysis, ‘extract spectrum in video mode’ or ‘extract spectrum during kinetic series’ should be
enabled. For acquisition rates greater than 10 Hz in kinetic mode, it is recommended to un-select these options as the
spectrum extraction from the image takes ~ 100 ms and can therefore impact the actual acquisition rates. In this case,
after acquisition of the echellogramme images at the desired rate, spectra are then extracted post-acquisition.

4.2.2 ORDER LINES

The ‘draw order lines on the image’ option superimposes a theoretical echellogramme of the expected orders position
based on current wavelength calibration. It is an extremely useful visual tool to check the system calibration accuracy.
Displaying order number and center wavelength on the image provide also additional useful information during the
calibration process.

NOTE: After the application restarts, the draw order lines on image button will also be shown on the right side of the
main window toolbar. This button also toggles this option ON and OFF.

The Calibration Temp window indicates the Prism temperature during calibration and the Current Temp window
indicates the actual prism temperature.

4.2.3 TEMPERATURE AND CALIBRATION

The Calibration Temp. field indicates the prism temperature at time of last calibration and the Current Temp. field
indicates the actual prism temperature.

Users must select option ‘Image temperature adjustment’ (right hand side) to ensure Echellogramme calibration
accuracy is maintained if prism temperature changes. It is recommended that ‘Save current calibration’ (bottom left) is
selected to ensure new wavelength calibration are permanently saved.

4.2.4 OPTIONS (OTHER)

The ‘Crosstalk removal order’ feature ensures that potential ghost spectral features generated from a given order into
adjacent orders is removed.

The ‘channel height’ relates to the expected height (in pixels) of the echellogramme orders (up to 5 pixels). The higher
the order, the more signal from the echellogramme will be used to extract the spectrum but with slightly higher chance of
ghost spectral features appearance.

‘Automatic peak finder’ allows spectral features to be labeled with the closest atomic species selected in the periodic
table (see section 4.5.2)
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Close all dialogue boxes, then save:

"File

Acquisition  Calibrate

Command Hardware

View Window Help

Open...
Cloze
Send To..

Color scheme

Save

Save As...

Export As...

Batch Conversicn...
Virtual Memaory...
Additional FITS Keys...

Cenfiguration Files

Mew Program

Run Program

Chrl+ 0

i J (]

W ¢
L.-,IJ ag] fj
5—.5'} J

Ctrl+5

3 Load...

Ctrl+M I

Save...

Ctrl+E

Save on shutdown

NOTE: The configuration file must be named either istar.cfg or AndorSolis.cfg.

QT E-

I=
S

Recent Places

Desktop

Libraries

A

Computer

Mame

. Mechelle
|| AndorSelis.cfg

Date modified

09/08/2016 09:28
13/12/2016 14:50

Type
File folder
CFG File

File name:

iStar

Save as type:

[Andor Corfiguration Files {~.cfg)

After the Save button is pressed, choose to overwrite the existing file if appropriate.

Then Click OK.

File Saved
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THE APPLICATION MUST THEN BE RESTARTED BEFORE THE MECHELLE SYSTEM CAN BE USED.

After the system restarts, the Solis splash screen will appear followed by the Main Window again.

On the Main Window, click the 'd button and the Setup acquisition dialog box will appear.

¥ML Setup File

Entract Spectum
Extract zpectrumn from acquisitions
Entract spectrum in video mode

[] Extract spectrum during kinetic series

Temperature

Calibration ternperature

Current temperature

Calibration

[] Restare calibration

[7] 5ave curent calibration

Select the required parameters then click OK.

Order Lines

Calar...
Diraw order numbers on image Color...
Diraw center wavelength on image | Colar...

Options

Diraw order lines on image

L]

Crosstalk removal order
Channel height
Image temperature adjustment

[7] Automatic peak finder

Following restart of the Application, select the appropriate detector acquisition parameters in Setup CCD (for iStar
CCD or iKon platforms) or on the real-time control interface (for iStar sCMOS). For details on how to setup the different
acquisition parameters of detectors that can be coupled to Mechelle, please refer to the relevant user guide for either

iStar CCD, iStar sCMOS or iKon CCD.

NOTE: The CCD should also be cooled at this point. The camera and software guides provide full details of how

data can be acquired and manipulated.

If light coupling configuration to the Mechelle is done through a fibre, please ensure that the fibre optic is
secured to the Mechelle SMA/FC adapter (itself securely secured in the Mechelle input housing).
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4.3 AcCQURNG DaTA

To acquire your data, click the @ button on the Main Window. The configuration file (.cfg) that comes with the Andor
software enables the system to make an acquisition using a number of default conditions including sensor exposure
time, intensifier gate width and delay, camera trigger mode and kinetic series/single acquisition mode..

The acquired data will appear in Data Windows #0 and #1, as shown in the example below.

#0 will show the raw data as an image and #1 will show the extracted spectrum from #0.

=
[ ag ™ Wiald 644 Datail®b.d L _sig{isiod] (7Y — =
Horin ugnal e et scosaston e 1S Kl

HiBbLU45 Vil Dataiddy M slgl813.i)

Figure 13: Example of Acquired Data.

NOTE: For further information on how to interact with the acquisition window to change display preferences (e.g.
intensity scale or zoom), please consult the user’s guide for the camera you are using.

-0
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4.4 \WavELENGTH CALBRATION USING A MERCURY-ARGON SPECTRAL LAMP

The Mechelle Spectrograph and camera are pre-aligned and calibrated at the factory - it is however strongly
recommended to perform a calibration on first operation of the system after reception and in the laboratory environment
of use.

The Mechelle must be re-calibrated if any of the following occur:
e The ambient temperature changes more than +5°C from calibrated temperature
e The fibre optic is changed
e The Entrance Slit is changed to a fibre, or vice versa
e The camera is moved or re-aligned
e  The shutter housing is removed

To do this you should switch on a reference source (the procedure below uses a Mercury-Argon lamp with a wide spread
of spectral features from UV to NIR) and acquire a signal.

NOTE: If the Mechelle has a slit option, make sure that the Mercury lamp is set at 50 cm from slit and filling the
F# of the Mechelle.

Look at the image of 253.652 nm line in #0, which should appear near the middle of the detector (X = 500, Y = 300 for
Mechelle 5000) it should look similar to that shown below:

e
4 (0PSO E M JLLE O o MiZ08
[

[ e meamemenaan Lo T — izl
o,
e

an e

Figure 14: Data captured from an Hg Ar calibration source
If the Mechelle has a fibre option, couple the other end of the fibre to the lamp.

NOTE: At that stage ensure that the brightest features on the image are not saturated. If it is not the case, please
reduce the detector exposure time, gate pulse width or gain (in the case of iStar).
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4.5 (CALBRATION

Click the 'ﬂ? button on the main window and the Select Calibration File dialog box will appear:

i 1Blines.wel
] 18lines.wel
- Vlines. wel

Blirnes, wel

_ -

hi window size

Start the calibration procedure by selecting the 1lines calibration file and a large search window as shown in the image
below. The files with higher number of lines will be used sequentially as calibration progresses successfully.

ibration file -

& 10lines wel
- {1Blines.wel

The Search window size option defines the side of the area (in pixels) that the software will use to search for a the
position of a spectral line contribution on the echellogramme image. Based on the previous or default calibration, the
program will look for each calibration line within the defined search area.

If too low a number is selected, the calibration procedure may not find some of the calibration lines. Too large a number
increases the risk of teh software finding the wrong line.

If a reasonably good calibration exists, a suitable selection for this parameter is from 20 to 50.

When the calibration button is pressed, the Results of Mechelle calibration screen appears. The success of the
calibration can be judged from this information.

Found Lines: Lire Details:
% i
Initiad 30322
Maasuned (4748 297.4
Calculated 4748 2974
Besiduals |0 0
PiHM 428 AR

Finsidual Masimum

IMPORTANT: Flease Confirm that your 26565 line

15 located at (474 v:297)

Lize Calbiation Resuits [Sava)
Cricaanc] Cobeation Resdts (Canced)

If the error “Error only n lines found out of n” appears check the following:
1. Search window size is too small.

2. Spectral lines are very weak. To compensate, increase detector exposure time, gain or gain pulse width.
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The Found Lines table (see the previous page and Figure 15 below), contains the calibration wavelengths and their
order numbers. The third column represents the intensity of this line in counts.

The table on the right-hand side, entitled Line Details, shows initial, measured and calculated positions of a given
calibration lines. All co-ordinates are in units of the pixel size. The initial position of the lines as calculated from the “old”
set of wavelength calibration constants, i.e. calculated from previous calibration.

The second row contains the measured pixel co-ordinates and the third row contains the pixel co-ordinates calculated
from the “new” (not yet stored) wavelength calibration constants.

The fourth row contains the residuals, i.e. the difference between the calculated and measured co-ordinates.
The fifth row shows the full width half maximums calculated for each of the lines.

The residuals, both in the horizontal (X) and vertical (Y) directions, are plotted in a diagram. The size of the plotted area
equals the size of the search window.

If one line calibration file is used, the residuals (in X and Y direction) equal zero.

The optimum wavelength calibration is performed if the selected “calibration wavelength file” contains several (>5) lines,
as shown:

Found Lines: Line Details
S fie
Initisl 29616
253,65 9 36644
25365 8 1486 Measured IZ?I.ES 2929
40465 50 5308 Calculated  |271.89 292.79
43583 46 7485 T |
YT - e Residusls 0.3 01
PuvHRM 47 .74
Resdusl Masimum

Use Calbistion Results [5ave]
Discard Calibration Resuks (Cancel]

Figure 15: Calibration results screen for 6 lines

A good calibration based on several lines should have a maximum residual of less than one pixel in the x and y
directions for lines within the echellogram funnel. Lines outside the funnel are used for extra calibration accuracy, but
the spectrum is only extracted from within the funnel; lines outside the funnel may have residuals slightly greater than

1 pixel. If the red dot on the target moves away from the centre of the cross-hairs when the Found Lines are tabbed
down, the calibration is unsuccessful and must be discarded. This plot is the graphical representation of the Residuals
values from the Line Details section. The calibration is accepted by pressing the Use Calibration Result (Save) button.
If residuals are bigger than Residuals Maximum, the software will not allow the calibration to be saved.
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Figure 16: Example showing unsuitable caibration

Version 4.2 rev 06 Oct 2020 38



INSTRUMENTS

Mechelle X%l ANDOR

After the “new” calibration parameters have been saved, all subsequent measurements will be based on these. It is
advisable to perform a one-line calibration first, as described above using a large search window, then use several line
calibration file and restrict the search window to 10 - 20 pixels. This will ensure that the optimum calibration will not
identify the wrong line. Also make sure none of the lines saturate the detector.

NOTE: To use a large number of calibration lines (>12 lines), it is recommended to use the Accumulation mode
of the detector to increase the signal-to-noise ratio of the acquired signal and therefore ensures that weaker
calibration lines are properly detected and located on the echellogramme.

e Iﬁ [Auto-Save
Acquisition mode Accumulate | I On/Of Setip

Trigger hmsmd 'l s
- I~ On/Off Sefup.
Gate Mode [pDG on | |l y
[Betip CED || Setup Gater | Photon Counting | Step i Glue |
D ECED ke
Readout frame a5 |Image hd Exposure lime (secs) haﬂ
Fieadout time per I 1 -] Accumulate frame rate [Hzl|0-5'33
ol Number in accumulation |1U
Setup Readout Mode...
[~ Cosmic Ray Remaoval
SekpCookr- Dusralion of acquisiton is 16.860 secs.

Figure 17: Accumulate Settings

45,1 CaUBRATION FILES

There are a number of calibration files in the list. Each file contains the calibration line information for wavelength
calibration. This file can be prepared using any editor. An example of such a Wavelength Calibration file is shown here:

& 11lines.wc... g]

File Edit Format View Help

11,

75,0.253652
76,0.253652
74,0.253652
65,0.206728
64,0.206728
61,0.312566
52,0.365015
53,0.365015
33,0.576959
35,0.546075
43,0.435854

The first line of the file contains a number of calibration lines. Each line entry contains the spectral order of the line and
its wavelength in pm given with an accuracy of at least 6 decimal places. Items are comma-separated. The spectral
order can be calculated as follows:

Spectral order = Order wavelength constant / wavelength (um)

The table below shows the Order wavelength constant for each Mechelle model:

MECHELLE MODEL/ CAMERA MODEL ORDER WAVELENGTH CONSTANT

ME 5000 / DU934 (iKon-M) 20.139
ME 5000 / DH334T (iStar 334 CCD or iStar sCMOS) 20.139

NOTE: The .xml file also contains this information.
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Use the nearest integer of the calculation quotient as the spectral order number. If the quotient is close to half way
between two orders (e.g. 75.38) the same line can be entered in two spectral orders, namely order 75 and 76. In such a
case the line should be entered as two separate entries in the calibration file.

4.5.2 DIsSPLAYING RESULTS

After the system has been calibrated and the image has been captured, the spectracan be displayed according to the
preference of the user. From the Main Window, select Display and choose Display preferences.

The Display preferences dialog box will be displayed:

£ ™
Display Preferences @ u

D |SD I Image I Commonl

Peak Search

Scale To Active

[ Auto Scale To Active

Peak Labeling
Labels on @) peaks or () troughs
Maximum number of labeled peaks
Font size
Crientation (degrees)
Mumber of decimal places
Use @ weighted or () pixel peak
Weighted range (in pixels)
[] Label peaks in ALL overlaid spectra

[T select range for wavelength peak labeling
300 500

ok || cancel || appy || nep

Figure 18: The Display Preferences Menu
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The user can then select the format required.

Individual elements can also be filtered using a Periodic Table selector. This is initiated by clicking the E----i button on the
Main Window.

The Periodic Table of Elements dialog box will be displayed as per figure 18 below. The user can then select the
atomic species of interest (alongside their ionisation levels) to identify the relevant element from this screen.

1 B |

H 2 13 14 15 18 17 [ He
Hydrogen 1

Li || Be E C|N|O F || Ne

Ma|Mg| 3 4 5 & 7 & 9 0 1 12 |a|s|[p|s|c|a

K| Call Sc|| Ti |V Cr || Mn| Fe || Co | Ni | Cu | 2Zn || Ga | Ge || &s | Se || Br || Kr

Ab || Sr Y Zr || Mb || Mo || Tc || Ru || Rh | Pd || Ag | Cd In Sn || Sb | Te | e
Cs || Ba || ®La || Hf || Ta || W || Re || Os || It Pt || Au | Hg || TI | Pb || Bi || Po || &t || Rn
Fr || Ra || +&c || Rt | Db || Sg || Bh || Hs || Mt | Uun || Uuu || Uub Uug Uuh
lonization Levels

“Lanthanides | Ce || Pr || Md || Pm || Sm || Eu || Gd | Tb || Dy | Ha || Er | Tm || ¥b || Lu v |

Il
wrctinides (| Th | Pa || U [ Mp | Puf am || om | Bk || cf | Es || Fm || M || No | L o

W

ok | [ cenca | [ Toggean |

Figure 19: The Periodic Table Menu

The results of the Display preference and/or Periodic table selections are displayed on the Main Window, where the
software has labeled the spectral features based on theoretical wavelength (according to NIST database) of the atomic
species selected.

i St Cltrdn Grmard wbeer Duley Sede Fob
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When the cursor is moved to a point on the spectrum window, the cursor on the image moves to the corresponding line:
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4.6 CrossTak

Cross talk is the unwanted contribution from one order crossing to the adjacent order (or orders) that shows as an extra
‘ghost’ line on the spectrum. Cross-talk amplitude depends on many parameters:

1. The Distance between orders: Larger distance results in smaller cross talk. This distance depends on the
optical design of the Mechelle and cannot be changed. The Mechelle has a large distance between orders
because of the patented dual prism design.

2. Channel height: This is software controlled and cross talk is proportional to the channel height, note that when
channel height is reduced, the amplitude of the signal will also be reduced.

3. Slit height of fibre diameter: Cross-talk also increases with slit height (or fibre diameter).

There is no standard definition of cross talk and all Echelle-based spectrograph manufactures (except Andor) do not
specify the cross talk.

To set up the number of orders for which crosstalk correction should be applied, open the Mechelle Setup screen then
select the required number from the Crosstalk Removal Order drop-down menu:

#ML Setup File

Extract Spectrum Order Lines

L]

Entract spectrum from acquizsitions Diraw order linez on image
Extract zpectum in videa mode Draw arder numbers on image
[T Extract spectrum during kinetic series Diraw center wavelength on image

Temperature Optiong
Calibration termperature Crosstalk remowal order
Current termperature Charnel height
Image temperature adjustment
Calibration

[ Automatic peak. finder
[ 7] Rrestare calibration

[ Save cument calibration
] ’ Cahicel

Figure 20: Selecting the Crosstalk Removal Options
To remove cross-talk lines, click the button.
NOTES:

1. This function removes up to three orders. For example, if large (> 50um) fibre is used, more than one cross
talk will be seen. Also if the sensor over-saturates and smears then more than three orders may be seen.
Please ensure that no saturation is present of the sensor during acquisition to ensure recording of the best
qualitative data.

2. When cross talk is removed, the software will show a zero value to indicate that cross talk lines have been
removed.
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4.7 SUB-SPECTRUM
To see a full spectrum, a full image (e.g. 1024 x 1024 pixels) must be read out which could take more than one second.
In order to speed up number of spectrum per second, a sub-Spectrum can be used.

Click the button and the Wavelength Select screen will appear with the Wavelength Range option:

Wavelength Select [X]

YWavelenagth Range

" Full Spectum

Select Sub Spectrum. The Wavelength Select dialog box will then appear:

Wavelength Select
Wavelength - Demgrrr e g

“Wavelength Range

700 | {* Sub Spectum

SLIDER i

£ Full Spectrum

The slider shown above can then be used to select the required wavelength. The slider has three labels displayed above
it displaying the start, centre and end wavelengths currently in effect. The values displayed correspond to the position
and width of the slide bar in relation to the wavelength scale shown.

The start, centre and end wavelengths can be changed in one of two ways:

1. By dragging the slider with the mouse. This is done by positioning the cursor within the slider (cursor changes
to pointing hand), holding down the LEFT mouse button and dragging the slider to the new centre wavelength
required. Placing the cursor at either side of the slider allows you to nudge it towards the cursor (use the LEFT
mouse button for coarse nudges and the RIGHT mouse button for fine nudges). The size of the nudges can be
defined by the user but the defaults are 10nm for course nudges and 1nm for fine nudges.

2. By using the Wavelength Control dialog box shown below. This is accessed by positioning the cursor on the
wavelength value on the slider then clicking the LEFT mouse button. The dialog box then appears:

Wavelength Control

Type in the required wavelength then click Ok.
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The sub-image area required is calculated by the software and displayed in the image window (#0) (see figure 21
below). Only the sub-image is then read out and a sub-spectrum is extracted from it.

NOTE: In Full Spectrum mode, the software automatically calculates the background subtracted from spectrum.

In Sub-spectrum mode, the software does not calculate the background therefore a background corrected is
required.

Ll

e 1 =y
1 10
£l & 5

:
=
e B I

[

g

EE R
| ST — T 7 UN ) #1_siiaen, 718 [FaTeaTaer. tive fTies | 3004881 Datai 31,038 §i_Livel 120981
[ | ko Vi i o —

= St 1B

Figure 21: Example of a sub-image area
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4.8 EcHELLE GRATING EFFICIENCY

Echelle gratings produce a series of different orders over the entire spectral range of interest (e.g. the ME5000 model
produce around 80 orders). When the grating is used in the Littrow angle, the grating efficiency at its maximum in the
middle of each order. However the efficiency drops to about half of this value at the extremities of each order. An Echelle
grating is blazed for all wavelengths in a spectral range for a given diffraction order.

il
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Efficiency %
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Figure 22: An lllustration of Echelle Grating Efficiency

1000

The effect of the grating efficiency can be clearly observed when a Continuous Wave (CW) light source is used. Figure
23 below shows a typical spectrum of deuterium CW light source. Echelle grating efficiency can be corrected with the
aid of Standard lamps (also known as “black body” lamps) and software logarithm.
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Figure 23: Deuterium CW Light Source Spectrum
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4.9 STANDARD LAMPS

Operating and maintaining black body sources is a difficult and skilled task and is usually only done by national
standards labs such as the National Institute of Standards and Technology (NIST) in the USA (formerly known as NBS). A
more practical calibration source is a CW incandescent tungsten filament lamp that has been calibrated against a black
body source. These filament lamps are known as primary working standard lamps; some are of particularly elaborate
design with special filaments and stress-free envelopes, but all give good uniform illumination and are operated from
well regulated power units.

These primary working standards remain at NIST, but NIST will supply a secondary working standard and its power unit,
calibrated from the primary working standard, or they will calibrate a lamp and power unit supplied by you (National labs
in other countries offer similar services). Also there are some commercial companies selling these standard lamps.

The lamps are supplied with calibration data consisting of a printed list of Irradiance outputs at different wavelengths

at a specified distance from the lamp. These secondary standards are expensive and have short life times (about 200
hours). General purpose filament lamps, graded for good uniformity, are more commonly used as standards; these have
been calibrated against a secondary standard and give traceable accuracies of 5% to 10%.

Since the Mechelle has a very wide wavelength range, the standard lamp used must cover the same wavelength range
or more. Unfortunately these is no lamp can cover 200 nm - 975 nm, therefore two lamps are required to carry out this
procedure. Typically a deuterium lamp is used from 200 - 400 nm then a Quartz Tungsten Halogen (QTH) lamp is used
from 380 - 975 nm. Deuterium lamps are arc lamps filled with deuterium at low pressure. They produce high, spectrally
smooth, UV output with little visible and IR, this makes them ideal as UV spectral irradiance standards. For reasons we
will not go into here, accuracy and reproducibility in this wavelength range is about half that attainable in the visible range.
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Figure 24: Spectral irradiance output of a deuterium standard lamp and QTH

Many commercial companies supply both QTH and deuterium standard lamps with regulated power units, and cover
the wavelength range of 200 nm - 1100 nm. Figure 24 above shows a typical output data from a commercially available
Deuterium-Tungsten lamp.

Before commencing relative intensity correction the following criteria must be met:

1. The standard calibration data relating to your particular standard lamps are saved in text files (*.txt) in specified
directory. These files will most likely have been supplied by your lamp vendor. Each line of the file contains a
wavelength (in nm) and an irradiance value (UW cm? nm™") separated by one or more spaces or tabs. If a file is not
supplied with your lamp, you may use a text editor to create one of your own from the lamp vendor’s data sheet.

NOTE: The two files must have at least 50 nm overlap.
2. Full-spectrum mode is selected
3. Accurate wavelength calibration is carried out
4. Select setup acquisition mode to either “single scan” or “Accumulate”
Refer to detector specification to find the detector spectral range, e.g. iStar 18F-03 spectral range (180 - 850 nm).

-0
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4.10 GRATNG EFFICENCY CORRECTION PROCEDURE

To correct for grating efficiency, either click the button or select Acquisition, Setup date type from the drop-down
menu, select Counts (R.E.C.) then click on the Do correction button.

NOTE: R.E.C. stands for Relative Efficiency Correction.

" Counts

" Counts (Bg conected)

" Counts (per second)

" Caunts (Bg conected per second)
" ¥ Absorptance

" ¥ Reflectance

¥ Transmittance

" Flatfield

" Absorbance units

" Absorption Coefficient [/m)
" Attenuation

" Dats"Ref

" Log10

" Radiometry
% Counts (R.E.C) Do Comection..

0K | Cancel I

The Relative Efficiency Correction dialog box will appear:

Salect uzable wavelsngth rangalnm) 00 [e=0

Selectavelan egion balween calbvaled ight source: [0

Calbrated ight source 1 (2.9 D2)

[C:\Program Files\Andor StariD2 55
Calbrated fght souce 2 e.g. Halogen]
[EPragram Files\andar StartHalagen_FIB.s=
& Conlruse, and abizin new Background and Refemeee
ok ! Cancel

e Select usable wavelength range, this is a combination of spectrograph range and Detector spectral range, e.g.
if an Detector iStar 18F-03 is used (spectral range 180 - 850 nm) with an ME5000 (wavelength range 220 - 975 nm).
The minimum wavelength will be determined by the ME5000 (200 nm) and the maximum wavelength will be
determined by the detector (850 nm), therefore the usable wavelength range will be 220 - 850 nm

e  Select wavelength overlap between the two calibrated light sources, e.g. if a deuterium lamp/QTH lamp is used,
the overlap should be set around 390 nm

e  Select the appropriate standard calibration data file saved on the computer.
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Switch off the light source and then click Take Background:

Switch off light source andl take background

Refer ta light source manual for waifing time

Toke Backgiound Use Curent Data

Switch on calibrated light source 1 and wait for it to stabilise (refer to the light source manual for the waiting time).
NOTE: Source 1 is the source with the shorter wavelength range (e.g. deuterium)

Click Take Reference 1:

Switch on calibrated light source 1. and waitfor it to stabilise

Referto light source manual for waiting tine

Take Feference |

Switch off source 1, switch on source 2 and wait for it to stabilise.

Click Take Reference 2:

Switch on colibrated light source 2. and waitfor itto stabilise

Faaler to light source manusl for wating time

Take Relerencs 2

Your calibration is now complete. It is recommended to save the configuration file, so you don’t have to repeat this
calibration again if you switch off the PC.

On the Save Configuration dialog box, click Yes:
Select same configuration file name (istar.cfg for the iStar detector or AndorSolis.cfg for CCD), then click Save.
Replace the existing configuration file by clicking on Yes and the new configuration is now saved.

Click OK.
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After completing the previous steps, the relative efficiency correction is now complete and the system ready for use.
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NOTE: Window #1 above contains the following five tabs:

1. Source: the manufacturers data for the lamp.
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3. Cf: the correction factor calculated for source data and Ref data:

4.

5.

(=l

AT

-

. An example is shown below:

L fef

i
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4.10.1 REC ExampLE 1

The following example shows the effect of the relative efficiency correction.

e The following figure shows the row data (live) from a mercury lamp, if shows that the intensity of the 546 nm line
has double the intensity of the 253.7 nm line.

N B * 20 scqunhion
-

e The following figure shows the same data after applying the relative efficiency correction. Here the intensity of
546 nm line is much lower than the 253.7 nm line.

. [ TE ) » 0 scoutition
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4.10.2 REC BExampLE 2

The following figure shows the signal from a QTH lamp after applying the relative efficiency correction. It is clear that
there are very large noise levels at the lower wavelengths (200 - 350 nm). This is caused by a lack of signal from the light

source.

ive[Souice :436.448 baraiiigas e sig(izaan)

This part of the wavelength can be removed by changing the usable wavelength range in the relative efficiency
correction. This can be done by following the procedure shown on the next page.
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4,11 ReLatve EFFicieNcY CORRECTION

Click the 2| button and the Relative Efficiency Correction dialog box appears:

Relative Efficiency Correction

Select usable wavelenglh rangeirm) 350 800

Select overlap region between caibraled Ight sowces  [J90
Caltvated ight souce 1 feg D2)

[C:\Program Fileshander S1aDZ 55

Caltwated hght source 2 [e.g Halagen)

[E8Program Fileshéndor StaHaogen_FIE =5

¢ Continue, and obtain new Backgiound and Fiefemece

Ok Cancsl

Change the usable wavelength range to be between 350 - 800 nm.

NOTE: Do not take a new Background or Reference at this point. Click Ok and the Save Configuration dialog box
will appear:

Save Configuration

Your calibration is now complete, Do you wish to save it to a configuration file (*.cfg)?

Yes No

Click Yes and the Save As dialog box will then appear:
Save As E‘El

Savein | L3 Andor iStar = = BB

;DAndut Basic
ju_]Graphcs
|EMechelle
‘ui_Jshamlo:k USE Drivers
|[#)istar cfg

File name:

Save astype: |Andor Configustion Files [ cfg] | Cancel

Type in the required filename (e.g. istar.cfg), then click Save. When a new acquisition is taken, the new wavelength
range will be shown:

B #1 bincholle Spectioraph

54

s £1630.601 Dave:dd6st Wi ssgieeu P — 7T J:630 bazaiisii  #0 sig(see.e3d

Figure 25: Corrected signal from QTH lamp after changing the usable wavelength range
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411,17 BEFFecT oF AMBENT TEMPERATURE ON THE RELATIVE EFFICIENCY CORRECTION

When the ambient temperature changes, the refractive index of the prisms will change which result in a shift of the
orders in the vertical direction, i.e. the light of a certain wavelength will fall on a different pixel on the sensor. Since there
is a small variation between the response of pixels, therefore the relative efficiency correction will not be valid and the
corrected signal should look like that shown below:

il

EEET] S a4

BoiTurs | B1405.175 Baraii7485 81 sig(7824) P 3 TR ey i UL 1807 baraidses

Figure 26: Effect of the temperature change on relative efficiency corrected signal

NOTE: If the ambient temperature is changed by +3°C, the Relative Efficiency Correction will not be valid and the
corrected signal will look similar to the above, but the wavelength calibration will remain accurate.

4.11.2 ReLanve EFFiciENcY CORRECTION WITH SUB-SPECTRUM

To carry out the relative efficiency correction with sub-spectrum, the following procedure must be carried out:
1. Firstly, take a full spectrum as described previously.
2. Click the EI button to select the wavelength range required and click update.
3. Close the wavelength selector window.
4. Click ,jl and carry out the Relative Efficiency Correction Procedure.
NOTES:

1. Do not take a scan between selecting the wavelength range and relative efficiency procedure. If you do, the
button will not be active, i.e. ‘J

2. If the wavelength range is changed, the following message will be displayed:

Relative Efficiency Correction Error

The calibestion has changed,

Please redo the Relative Effidency Correction procedure

Nate: axguiskion settings have been changed to Full Image for the et acguiskon only

The REC procedure must then be repeated. The software will also change the acauisition settings to Full Image for the
next acquisition only to prepare for Relative Efficiency procedure. Just click the *Z| button and carry out the procedure
again.

3. If the sub-spectrum set is between 400 - 975 nm, only a QTH Standard lamp is needed, so the deuterium
lamp is not necessary
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SECTION 5: TROUBLESHOOTING

The optics in the Mechelle spectrograph are factory adjusted before delivery and the design features few adjustable
or moving parts. Therefore it requires minimal interaction once setup in the software and in use. Refer to the
troubleshooting sections of your camera and software guides. If you need further assistance please contact Andor
Customer Support. The details of your nearest representative can be found on our website.
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SECTION 6: MAINTENANCE

DO NOT TRY TO OPEN THE MECHELLE SPECTROGRAPH. IF YOU OPEN IT, THE WARRANTY WILL BE VOID.

Maintenance of the Mechelle spectrograph is minimal. There are no user-serviceable parts inside the spectrograph. The
optics in the Mechelle spectrograph are factory adjusted before delivery. Inside the Mechelle spectrograph there are
sensitive parts that must be handled by authorised personnel only in a dust free, clean environment. Please observe the
following general precautions:

e When the Mechelle is not being used, it is recommended to protect the fibre optic input connection with the
protection cap, included in the delivery

e Never use aggressive cleaning substances, e.g. benzene, spirit, nitro solvents, etc. commonly found in labs.
Such substances may destroy or damage the surface on which they are applied

e During use, the Mechelle should be protected from hard shocks or strong vibrations
¢ The Mechelle should be protected from high humidity levels and temperature changes

e Itisimportant not to scratch the surface of the fibre ends, as this significantly will reduce the light input. It is
therefore recommended to always keep the protection cap on each end of the fibre when it is not in use. The
fibre itself should be cleaned only by dry dust free air or adequate fluids for optical surfaces
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0.1 PURGING THE SHUTTER HOUSING

Although the main enclosure of the Mechelle is sealed and filled with Dry Nitrogen (or evacuated), air is also present in
the small space between the camera and the spectrograph in the shutter housing. This may reduce the throughput of
the spectrograph in the UV. This can be flushed out with dry gas to remove the water vapour. Flushing is done via the
two ports (1x each side of the camera flange, normally sealed by grub screws).

0.2 EXCHANGING APERTURE SLIT OR FIBRE ADAPTERS

When larger fibre (>50 uym diameter) must be used, a combination of slit and fibre can be used. The slit will determine the
resolution of the spectrograph and the large fibre will ensure higher transmission of light. In this case the SMA connector
is removed, the slit disk is attached to the Mechelle then the SMA connector attached after the slit disk as shown below.

Optional FC and ST adapters (see Section 2.3.1) are fitted in the same way.
NOTE: After changing slit to fibre, the unit must be recalibrated.

Figure 27: Fitting an SMA connector over the slit disc using the brass insertion tool

0.3 REePLACEMENT PARTS

There are no user replaceable parts- for assistance please contact your nearest Andor representative (see Section 1.1) if
required.
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SECTION 7: TECHNICAL SPECIFICATIONS

7.7 GENERAL SPECIFICATIONS

Wavelength Range* 200 — 975 nm with spectral continuity, no gaps
Focal Length 195 mm
Aperture F/7
Spectral resolution (A./A\) FWHM 4000 (4 pixels FWHM) 5000 (3 pixels FWHM)
Dispersion A/16400/channel
Channel height 5 pixels, 3 pixels, 1 pixel, switch selectable
Channel width 1 pixel
Min distance between orders 9
Max distance between orders 14
Number of channels in range 25500
Horizontal Magnification 0.81
Vertical Magnification 1.66
Stray light 1.5x10-* measured at 20 nm from 633 nm laser line
Optical Axis 165.1 mm [6.50 inches] with feet
155.1 mm [6.1 inches] without feet
Shutter rate 1 Hz (optional)

* This is the Mechelle wavelength range and if a shorter spectral range detector is used, this range will be reduced. For example, if an
iStar DH334T-18F-03 was used (spectral range = 180 - 850 nm), the overall wavelength would be 200 - 850 nm.

7.2 MECHANICAL SPECIFICATIONS

Length 350 mm [13.8”] without camera

Width 100 mm [3.94”] without feet
Height 200 mm [8.66"] without feet
Weight 10 kg [22 0]

7.3 OPERATING & STORAGE CONDITIONS

Operating Temperature 20°C to 30°C ambient
Storage Temperature < 70% (non-condensing)
Storage Temperature -25°C to 50°C
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7.4 ME-OPT-0007 ColLMATOR/COLLECTOR WITH ALIGNMENT LASER SPECIFICATIONS

Wavelength 650 nm nominal (640 nm to 665 nm)
Beam Diameter at Laser Aperture 25 - 47 mm
Adjustable Beam Divergence* 0-10.29° (0 — 180 mrad)*
05 mwima.
Maximum Power Output at Aperture As previous

* Beam divergence is defined as the full-angle, i.e. from edge to edge.
F When not virtually collimated, the beam converges to a 2 mm approx. focal spot and then diverges again.

T See comments in ‘Laser Safety and Product Compliance Labels’ about ‘Radiation Output’ definition in IEC 60825-1

7.5 ME-OPT-0009 LLASER ALGNMENT MODULE SPECIFICATIONS

Wavelength 650 nm nominal (640 nm to 665 nm)
Beam Diameter at Laser Aperture 2 mm
Beam Divergence Value* 12° (209.44 mrad)

Maximum Power Output for

Classificationt 1.5 mW max.

Maximum Power Output at Aperture 5.35 mW typ.

* 1 As previous table

7.6 SpreciFicaTioNs FOR Fisre OutruT AttacHED TO ME-OPT-0009 Laser MobuLE

Wavelength 650 nm nominal (640 nm to 665 nm)
Beam Diameter at Laser Aperture 50 pm
Beam Divergence Value* 26.45° (461.64 mrad)
Maximum Power Output at Aperture 1.65 mW typ.

* 1t As previous table
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APPENDIX A: MECHANICAL DRAWINGS
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APPENDIX B: REFERENCE INFORMATION

EcHELLE THEORY

Echelles are a special class of high-angle gratings, rarely used in orders below m = 5 and sometimes used in orders
beyond 100. Because of order overlap, some type of filtering is normally required with higher-order grating systems.
This can take several forms, such as cut-off filters, detectors insensitive to longer wavelengths, or cross-dispersion
in the form of prisms or low-dispersion gratings. The latter approach leads to a square display format suitable for
corresponding types of array detectors.

Figure 28 below shows the grating angles and figure 30 shows the optical layout of the spectrograph.

Figure 28: Equation Angles

a = incidence angle
(3 = diffraction angle
d = grating constant (d = 5 - 30 ym)
f = focal length
O = blaze angle = 60°
m = diffraction order (m ~ 50)
N = total number of grooves W/d

W = width of grating
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B1.1- GrATING EQUATION
e mA=d(sina+sin) »>mA_=k —\_overlap
e (3> 0 when incident and diffracted rays on the same side of grating normal

* Max. intensity for wavelengths satisfying the grating equation at angles a + 3, = 26—>mA_ = d (sina + sinp )

* Special case a =, = 6 = condition for auto-collimation

The design of the echelle system can be optimised for resolution giving VAN ~5 x 104, however this would only have a
bandwidth of ~60 nm. To simultaneously observe a broad atomic spectrum, from 200 nm, where line density is high, to
~920 nm (main spectral response for sulphur species), the resolution will be in the region of 5 x 103.

CROSS DISPERSION ORDER-SORTER ECHELLE GRATING

SEFARATED
ORDER
SPEGTRA

—, DIFFRAGTION - MANY ORDERS OYERLAP

Figure 29: Schematic representation of echelle grating order-sorter combination

B1.2 - ECHELLE LAYouT

The layout of the echelle is shown in figure 30 below. The patented, dispersion balanced order sorting system provides
a uniform distribution of the spectral orders. The order sorter works like an achromatic lens, correcting the non-uniform
order distribution caused by a single prism order sorter, as used in other échelle spectrographs. This results in efficient

use of the sensor area and allows a large bandwidth to be easily achieved.
Echelle Grating

Collimating
> Mirror

W

Flatfield -
Lens

\
Focusing Mirror . ’

4

Pinhole

Double Prism
Figure 30: Optical layout of the echelle design

Figure 31 Shows the Mechelle layout using a patented combination of prisms and grating to obtain equally spaced
orders at the focal plane of the instrument, as well as simultaneous large bandpass and high spectral resolution.
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Figure 31: Equally separated spectral orders by using prism and grating design

Figure 32 shows the result of using a single prism. Without this order sorting system, the resolution together with high
bandwidth cannot be achieved:

|

Figure 32: Single prism used for separating spectral orders compressing the orders towards IR.
A single grating would result in compression of orders in UV.

The bandwidth or free spectral range, F,, for any single order, m, can be defined by the following equation:
)’o
F — P’ m \
A 10
mﬁ - (Zm)
Where \°_is the centre wavelength of any order as shown in figure 33 below. This enables the resolution, R, (equation

below) of the spectrograph to be calculated, where FWHM is the minimum or desired Full Width at Half Maximum on the
CCD or ICCD detector, and CCDWidth is the width of the image area on the CCD.

CCDWidth (m_. +0.5)

R = min
FWHM

The overall bandwidth depends on the number of orders that can be placed on the detector multiplied by the bandwidth
of each order as given by F.. The number of orders that can be placed on the detector is determined by the distance Lr,
(shown in figure 33) between the orders. The design utilised by the Mechelle lead to 80 orders being imaged at the
instrument focal plane.
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Figure 33: Detailing four spectral orders, indicating distance between orders, LT and centre wavelengths

B2 - SAMPLE IMAGES

A =046.074 nm
m =37

A =263652 nm A =203652 nm A =203652 nm
m =80 m=79 m=78

Figure 34: Image of Mercury-Argon lamp obtained using Mechelle ME5000 fitted with iStar DH334T
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APPENDIX C: OTHER INFORMATION

Terms AND CONDITIONS OF SALE AND WARRANTY INFORMATION

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

WasTE ELECTRONIC AND ELECTRICAL EQUIPMENT REGULATIONS 2006 (WEEE)

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

Version 4.2 rev 06 Oct 2020 65



	SECTION 1: INTRODUCTION
	1.1 	Technical Support
	1.2 	Disclaimer
	1.3 	Copyright and Protective Notices
	1.4 	Trademarks and Patent Information
	1.5 	Supplied Components
	1.5.1	Optional Components


	SECTION 2: PRODUCT OVERVIEW
	2.1 	External Components of the Mechelle
	2.2 	Internal Components of the Mechelle
	2.3 	Entrance Aperture Slit
	2.3.1 Optional ST & FC fibre adapters
	2.3.2	Shutter

	2.4 	Optional CC52 Collector/Collimator with Alignment Laser

	SECTION 3: INSTALLING THE MECHELLE SPECTROGRAPH
	3.1 	Unpacking & Handling
	3.2 		Attaching the Camera and Camera Alignment Procedure
	3.3 	Calibration Source
	3.4 	Connecting a USB Based Camera
	3.5 	Installing Andor Solis Software for Windows (7, 8 and 10)
	3.6 	New Hardware Wizard
	3.7 	Start-up Dialog

	SECTION 4: USING THE MECHELLE
	4.1 	Launching the Software
	4.2 	 Setting up the Mechelle in the Software
	4.2.1 Extract Spectrum
	4.2.2 Order Lines
	4.2.3	Temperature and calibration
	4.2.4 Options (other)

	4.3 	 Acquiring Data
	4.4 	 Wavelength Calibration Using a Mercury-Argon Spectral Lamp
	4.5 	 Calibration
	4.5.1 Calibration Files
	4.5.2 Displaying Results

	4.6 	 CrossTalk
	4.7 	Sub-Spectrum
	4.8 	Echelle Grating Efficiency
	4.9 	Standard Lamps
	4.10 	Grating Efficiency Correction Procedure
	4.10.1 REC Example 1
	4.10.2 REC Example 2

	4.11 	Relative Efficiency Correction
	4.11.1 Effect of Ambient Temperature on the Relative Efficiency Correction
	4.11.2 Relative Efficiency Correction with Sub-Spectrum


	SECTION 5: TrOUBLESHOOTING
	SECTION 6: MAINTENANCE
	6.1 	Purging the Shutter Housing
	6.2 	Exchanging Aperture Slit or Fibre Adapters
	6.3 		Replacement Parts

	SECTION 7: TECHNICAL SPECIFICATIONS
	7.1 	General Specifications
	7.2 	Mechanical Specifications
	7.3 	Operating & Storage Conditions
	7.4 	ME-OPT-0007 Collimator/Collector with Alignment Laser Specifications
	7.5 	ME-OPT-0009 Laser Alignment Module Specifications
	7.6 	Specifications for Fibre Output Attached to ME-OPT-0009 Laser Module
	APPENDIX A: MECHANICAL DRAWINGS
	APPENDIX B: REFERENCE INFORMATION
	APPENDIX C: Other INFORMATION





