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Chapter 71

1. Cautions, Warnings, and Notices

1.1. Photothermal Spectroscopy Corp (PSC)
Office

Photothermal Spectroscopy Corp
325 Chapala St.

Santa Barbara, CA 93101

Email: support@photothermal.com
Tel: (805) 845-6568

For information on our latest products and more, see our web site at www.photothermal.com.

Support
For assistance with applications or instrument service and repairs, please email us at
support@photothermal.com or call the PSC Help Desk at: (805) 845-6568.

For product information, to order accessories and/or consumables, contact your sales associate or
info@photothermal.com.

Feedback

Please send any comments, suggestions, feature requests, bug reports or any other feedback to
support@photothermal.com.
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1.2. Safety

This section outlines safety considerations when operating the mIRage.

1.2.1. High vo/z‘ageA

Hazardous voltage exists inside various enclosures of the instrument. Do not make any attempt to
remove the enclosures of the mIRage instrument or its other system components. Contact the
Photothermal service group for troubleshooting and repair of any electrical components. AC power
must be turned off and disconnected before replacement or repair of any system component. The
user should never touch any wire or electrical contact within the mIRage enclosure with any part of
the body or any electrically conductive tools.

1.2.2. Pinch Point/Crush Hazard

There are potential pinch point/ crush hazards on the mIRage system between microscope
objectives and the sample/sample XY stage and the XY stage and the microscope frame as shown
in the figure below. Points marked A indicate possible pinch points between microscope objectives
and the sample stage. Points marked B indicate possible pinch points in the objective slider
mechanism. Points marked C indicate possible pinch points between the XY stage and microscope
frame. Keep hands and fingers away from these areas when the objective(s) and/or XY stage are in
motion. Both the microscope objectives and XY stage can move automatically.

Figure 7-1. Locations of potential pinch points/crush hazards.
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1.2.3. Laser Safety

& The mIRage system contains one or more internal lasers (Class 3B at 532nm) and works with one
or more external IR lasers. The external lasers are typically tunable within a range of 2.5 to 12 microns,
with laser class between Class 1 and Class 4, depending on the type of laser.

During normal operation, the user is protected from exposure to these lasers by system covers, door
interlocks, and physical blockage of the beam such that no exposure to unsafe laser radiation is permitted.
The laser class of the combined mIRage system is Class 1.

: Caution: Use of controls or adjustments or performance of procedures other than those
specified herein may result in hazardous laser energy exposure.

@ Higher laser power could be accessible in the interior of the product if covers are removed
or the interlock is defeated, one or more of the following laser radiation beams could be exposed:
QCL IR laser: Class 4 laser, average power <100 mW at 3-12um in 1000 ns pulses

OPO IR laser: Class 4 laser, average power <250 mW at 2.5-3.7 um in 10 nsec pulses

532 nm probe laser: Class 3R laser, power <200mW CW (certain models <400 mW)

: Do not open the housing or covers on any part of this product. There are no user
serviceable parts inside the system. If a laser malfunction is suspected, immediately contact PSC
for repair or replacement.

: Once a month, visually inspect the IR laser system housing to verify that no panels or covers
are loose or distorted

In accordance with laser safety requirements, the following laser precautions are affixed to the system:

Laser hazard labels are located on the mIRage system at each removal housing or cover, with the exact
number and type of labels depending on the IR laser(s) selected.

CAUTION CAUTION

CLASS 3B VISIBLE AND INVISIBLE CLASS 4 INVISIBLE LASER

LASER RADIATION WHEN OPEN RADIATION WHEN OPEN
AVOID EXPOSURE TO BEAM AVOID EYE OR SKIN EXPOSURE TO
DIRECT OR SCATTERED RADIATION
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1.2.4. Laser Safety Interlock

The mIRage utilizes an interlock system to ensure safe laser conditions at all times during normal use.
The interlock system uses two miniature-snap action lever switches, mounted on each side of the front
door, wired in series to a laser shutter mechanism. The laser shutter mechanism is in the laser path
along the top of the mIRage, beneath the top cover. When both switches are closed a motor is
energized that lifts a weighted beam block, allowing the beam to pass. The interlock system is
designed and tested to be “Fail Safe” in that no single point of failure can lead to an unsafe condition.

NEVER attempt to defeat the interlock system. NEVER modify or adjust any component of the
interlock system. NEVER intentionally or unintentionally manually press both switches at the same
time. The interlock does not need to be defeated to perform normal maintenance tasks. Contact
Photothermal Spectroscopy Corp immediately if there is any reason to believe that the interlock
system is not functioning appropriately.
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1.3. Notices

The material contained in this manual, and in the online help for the software used to support this
instrument, is believed adequate for the intended use of the instrument. If the instrument or procedures
are used for purposes other than those specified herein, confirmation of their suitability must be obtained
from Photothermal Spectroscopy Corp (PSC). Otherwise, PSC does not guarantee any results and assumes
no obligation or liability. PSC also reserves the right to revise this document and to make changes without
notice. PSC may have patents, patent applications, trademarks, copyrights, or other intellectual property
covering subject matter in this document. Except as expressly provided in the written license agreement
from PSC, the furnishing of this document does not give you any license to these patents, trademarks,
copyrights, or other intellectual property. PSC operating software, the associated manuals and online
help, are proprietary and copyrighted. Purchasers are granted a license to use this software program on
the module and controller with which they were purchased. These programs may not be duplicated by the
purchaser without the prior written consent of PSC. Each licensed program shall remain the exclusive
property of PSC, and no rights or licenses are granted to the purchaser other than as specified above.

1.3.1. Patents

The mIRage system and PTIR Studio software are covered by many U.S. and international patents. For a
list, see https://www.photothermal.com/home/patents/.

1.3.2. Trademarks

mIRage® and featurefindIR™ are trademarks of Photothermal Spectroscopy Corp, 325 Chapala St., Santa
Barbara, CA 93101.

1.3.3. Copyright

This manual and PTIR Studio software are copyright © 2018-2023 by Photothermal Spectroscopy Corp, all
rights reserved.

1.3.4. End User License Agreement

This copy of PTIR Studio (“the Software”) and accompanying documentation is licensed and not sold. This
Software is protected by copyright laws and treaties, as well as laws and treaties related to other forms of
intellectual property. Photothermal Spectroscopy Corp (“the Company”) owns intellectual property rights
in the Software. The Licensee’s (“you” or “your”) license to download, use, copy, or change the Software is
subject to these rights and to all the terms and conditions of this End User License Agreement
("Agreement”).

Acceptance

YOU ACCEPT AND AGREE TO BE BOUND BY THE TERMS OF THIS AGREEMENT BY DOWNLOADING THE
SOFTWARE OR BY INSTALLING, USING, OR COPYING THE SOFTWARE. YOU MUST AGREE TO ALL OF THE
TERMS OF THIS AGREEMENT BEFORE YOU WILL BE ALLOWED TO USE THE SOFTWARE. IF YOU DO NOT
AGREE TO ALL OF THE TERMS OF THIS AGREEMENT, YOU MUST NOT INSTALL, USE, OR COPY THE
SOFTWARE.
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License Grant

This Agreement grants you a royalty-free, non-exclusive license to possess and to use a copy of the
Software. You may install and use an unlimited number of copies of the Software on a shared computer
or concurrently on different computers, and make multiple backup copies of the Software, solely for your
business use. Copies of the Software may be distributed solely for your business use, as long as the
Software is not sold or included in a product or package that intends to receive benefits through the
inclusion of the Software.

Restrictions

You will not disassemble, decompile, or reverse engineer the Software, in whole or in part, except to the
extent expressly permitted by law notwithstanding the limitation.

You may not transfer, loan, rent, lease or sell the Software or parts thereof either free of charge or against
payment to any third party. If a transfer of the Software is unavoidable (e.g., by selling the product) this
transfer can only be done by a representative officer of Photothermal Spectroscopy Corp. You are
obligated to inform the Company in time and in writing about the intended transfer.

Warranty Disclaimer

UNLESS OTHERWISE EXPLICITLY AGREED TO IN WRITING BY THE COMPANY, PHOTOTHERMAL
SPECTROSCOPY CORP MAKES NO OTHER WARRANTIES, EXPRESS OR IMPLIED IN FACT ORIN LAW,
INCLUDING, BUT NOT LIMITED TO, ANY IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A
PARTICULAR PURPOSE OTHER THAN AS SET FORTH IN THIS AGREEMENT OR IN THE LIMITED
WARRANTY DOCUMENTS PROVIDED WITH PHOTOTHERMAL SPECTROSCOPY CORP PRODUCTS.
Photothermal Spectroscopy Corp makes no warranty that the Software will meet your requirements or
operate under your specific conditions of use. Photothermal Spectroscopy Corp makes no warranty that
operation of the Software will be secure, error free, or free from interruption. YOU MUST DETERMINE
WHETHER THE SOFTWARE SUFFICIENTLY MEETS YOUR REQUIREMENTS FOR SECURITY AND
UNINTERRUPTABILITY. YOU BEAR SOLE RESPONSIBILITY AND ALL LIABILITY FOR ANY LOSS INCURRED
DUE TO FAILURE OF THE SOFTWARE TO MEET YOUR REQUIREMENTS. PHOTOTHERMAL SPECTROSCOPY
CORP WILL NOT, UNDER ANY CIRCUMSTANCES, BE RESPONSIBLE OR LIABLE FOR THE LOSS OF DATA ON
ANY COMPUTER OR INFORMATION STORAGE DEVICE.

The Company shall not be liable for any special, incidental, indirect, or consequential damage of any kind
or other damages whatsoever (including, but not limited to damages for loss of business profits, business
interruptions, or other pecuniary loss) arising out of or in connection with the use or non-use of the
Software, even if the Company has been notified of the possibility of such damages.

Governing Law and General Provisions

This Agreement will be governed by the laws of the State of California, U.S.A., excluding the application of
its conflicts of law rules. This Agreement will not be governed by the United Nations Convention on
Contracts for the International Sale of Goods, the application of which is expressly excluded. If any part of
this Agreement is found void and unenforceable, it will not affect the validity of the balance of the
Agreement, which shall remain valid and enforceable according to its terms. You agree that the Program
will not be shipped, transferred, or exported into any country or used in any manner prohibited by the
United States Export Administration Act or any other export laws, restrictions, or regulations. This
Agreement shall automatically terminate upon failure by you to comply with its terms. All copies of the
Software under your control shall be destroyed upon termination. This Agreement may only be modified
in writing signed by an authorized officer of Photothermal Spectroscopy Corp.
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Chapter 2

2. mIRage System Overview

This section introduces the mIRage key capabilities and system components.

2.1. Introduction

The mIRage® IR Microscope is an innovative new system, providing submicron IR spectroscopy and imaging
for a wide variety of applications. Using Optical Photothermal IR (O-PTIR) spectroscopy, a proprietary
technology developed by Photothermal Spectroscopy Corp, Mirage solves two of the biggest problems in
IR spectroscopy:

e Achieving submicron IR spectroscopy and chemical imaging without the need for contact-based
ATR accessories

e Measurement of thick samples in non-contact reflection mode, providing transmission quality IR
spectra that correlate to industry standard FTIR databases

mIRage provides IR spectroscopy and chemical imaging, independent of IR wavelength. Using O-PTIR,
highly sensitive IR measurements are enabled, providing transmission quality absorption without surface
contact. This eliminates the need for thin samples and improves turnaround times.

O-PTIR operates via high speed, pulsed, tunable IR laser light focusing onto the sample surface (below).
When the IR laser wavelength is tuned to an absorption band in the sample, IR absorbing regions of the
sample rapidly heat up. A visible laser beam, focused to a much smaller spot than the IR beam, measures
the photothermal response of the IR absorbing regions with submicron spatial resolution.

For more information see www.photothermal.com
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Microscope objective

attered Microscopé
Objective
Visible
laser
and
detector

Tunable
IR laser

Figure 2-1. The O-PTIR technique of miRage.

O-PTIR enables multiple IR techniques, including Transmission FTIR quality Hyperspectral reflection mode
absorption spectra (below, left), Reflection mode high speed single spectra (below, middle) and
submicron resolution IR microscopy (below, left).

Carbonyl band image 1730 cm?

1800 | 1600 1400 ' 1200 1000 800 O
Wavenumber (em )

200 20 0 20
(um) (pm) (pm)

1800 1600 1400 1200
Wavenumber {em?)

Figure 2-2. Examples of mIRage data sets.

2.2. System Components

This section outlines system components. Refer to this section for power up/power down instructions.

2.2.1. The miRage Microscope.
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Figure 2-3. miRage microscope
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Figure 2-4. miRage LS computer monitors

2.2.2. miRage Controller and Power Supply
e The mIRage Controller has the DSP, FPGA, memory, communication interfaces, A/Ds and D/As. It
is responsible for sending and reading the voltages/signals to and from the microscope as well
as communicating with the computer.
e The power supply supplies DC voltages to the Controller and microscope.

N

m!~age

Controller

Power switch for
both boxes

Figure 2-5. The mIRage controller and power supply.|
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223 Chiller

-

Power switch

Figure 2-6. Chiller for QCL and OPO IR laser sources.

224, QCL Laser

The power switch for the QCL laser is on the back as shown below. Press once to power up the QCL. Press
and hold to power down the QCL.

L — —— BRI ——

.\

wer switch location

Figure 2-7. QCL IR laser po

If your system has an OPO laser, see Section 6.5 for instructions on how to power up this IR laser.
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2.2.5. Zurich Instruments Lock-in Amplifier

L -~

&

U
3

N/
N

©.0 0.0 0.900 0. W oo oo

Power switch on back

Figure 2-8. Zurich Lock-in Amplifier

2.2.6. Olympus Power Supply

¢ This supplies power to camera’s illumination.
e A knob on the front controls the intensity of the illumination.

Figure 2-9. The Olympus power supply

2.2.7. Thorlabs XY stage controller

Depending on your system configuration, your mIRage system will have one of the two Thorlabs XY stage
controllers shown below. Note: If your system has a BBD302 controller, do not adjust any settings or use
controls on this controller.

BBD302 BRUSHLESS SERVO CONTROLLER

110.00000
10.00415°

Power switch

Power switch

Figure 2-10. Thorlabs XY stage controllers.
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228 OPO Controllers

If the mIRage system is supplied with an OPO IR laser, it will have the two OPO controller boxes as shown
in the figure below. One is labeled TC-4 and the other is labeled DD-40. Power up using this sequence:

1) Turn on TC-4 with key switch on its front panel front panel.

2) Turn on the DD-40 by turning the key.

3) Wait for the LAN lights on the front panel of the TC-4 to illuminate.

Figure 2-11 OPO IR laser controller boxes

2.3. Monthly system power cycle
Note: It is recommended to power cycle the complete system roughly once per month to clear any latent

errors. To power cycle the system, use the system shut down process in Section 9 followed by the power
up sequence described in Section 3.1.

2.4. Maintenance

There are no user serviceable parts inside the system and the only maintenance required is to
perform visual inspections, keep the system clean and to maintain the fluid level in the laser chiller. All
maintenance must be performed with the entire system turned off and the power cord to the main power
strip unplugged. See Energy Isolation: Lockout / Tagout procedure below in Sec. 2.4.6
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2.4.1. Chiller maintenance

Details on filling the chiller and the fluid required are in the included manual for the chiller. Please consult
this manual before operating or filling the chiller. Always turn off the IR laser before stopping or servicing
the chiller. Always turn off and remove the power cord from the chiller before checking the fluid level or
adding fluid.

24.2. Enclosure inspection

All laser enclosure panels on the mIRage system should be visually checked for any gaps, at least once per
year. Do not remove any source or cover components during this visual inspection. Notify PSC if any
gaps are observed.

2.4.3. Cleaning

The mIRage system should be kept clean of dust. If cleaning is required, care needs to be taken. The
system should not be connected to the main power supply during cleaning. Cleaning should first be
attempted with a vacuum with soft brush on the intake hose, or other air sources to remove any debris. If
this does not work, the unit can be wiped down on the exterior using a cleaning cloth and isopropyl
alcohol. Take care when doing this to prevent any liquid from going inside the enclosures of the system.

2.4.4. Annual service visit/preventative maintenance

PSC offers an optional annual service visit for the purpose of optimizing the performance of the system
and IR source and to return the system to original factory performance. Please contact PSC for additional
information.

2.4.5. Fuse replacement

The user can replace the external fuses at the power entry module if required with the system. There are
no internal user replaceable fuses in the system. To replace the fuses, the power cord attaching the
system to the main supply must be disconnected first. The cover on the power entry module on the back
of the Power Supply box can then be opened by inserting a small flat bladed screwdriver in the slots on
the top of the power entry module. This cover will angle open from the top and remain connected to the
power entry module. The fuse holder can then be removed by using the small flat bladed screwdriver to
pry out the fuse holder. Once the fuses are replaced, return the fuse holder to the correct orientation so
that the correct voltage is displayed for the voltage of the supply in your installation. Push the cover of
the fuse holder back in place and reconnect the power cord.

: Caution: For continued protection against the risk of fire, replace only with the same type and
rating of fuses. All the fuses are 250V type “T" slow blow fuses. The current rating of the fuses should be
6.3A for both 100 and 115VAC supplies and 3.15A for 230VAC supply.
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24.6. Energy Isolation: Lockout/ Tagout
Before performing any of the above-mentioned maintenance, power must be disconnected from
the system. First turn all system power switches to the OFF position, then switch off the power and all
power strips and finally unplug the power strip power cords from the wall outlet. Tag the power cord
and/or the wall outlet as appropriate so that it is clear a Tagout condition is present.

2.5. Installation

Before shipment, the mIRage system is tested, aligned, and specified parameters set for each
system. The mIRage system requires careful alignment during the installation process and so PSC requires
that the mIRage system be only installed or moved by PSC service personnel.

2.5.1. Inspecting the System

When you receive your mIRage system, look over the shipping container carefully for any signs of
damage. We recommend that you do not open the shipping containers before the PSC representative
arrives for installation. If there is a requirement to open the shipping containers, please check the parts
received against the enclosed packing list.

e If the shipping containers are damaged, notify the carrier and contact the PSC office immediately.
e If the shipping containers are intact but parts are missing, contact the PSC office. The address of
the PSC office can be found at the front of this manual.

The mIRage system and the IR source/sources are carefully packed and shipped in custom foam
boxes. Please retain these shipping containers for shipping the unit for any required service.

2.5.2. Choosing a Location

The weight and dimensions of the mIRage system are included in the mIRage Facilities
Requirements document (00-0035). Please contact PSC for the most current version of this document
and review this document to make sure the location for the system meets the complete requirements
in this document. A table for the system electronics, computer and monitors is not supplied with the
system and must be supplied by the user.

@ The mIRage electronics should be placed on a stable surface and the cooling vents on the side of
the electronics boxes should not be blocked by any obstructions. Also, the user needs to have easy
access to the power switch and power cord on the back of the unit to allow the unit to be disconnected
should that be required.

The location of the mIRage system is also of great importance for the performance of the system.
The primary signals in the O-PTIR measurements are high resolution measurements over a relatively long
time. Strong vibration, air currents or large temperature changes can disturb the measurement. So, the
system should be placed in a location with appropriate consideration. A ground strap is supplied with the
system. This should be attached to the optical table top and then to a suitable earth ground.
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2.5.3. Power Requirements

The mIRage system is set in the factory to 100V, 115V or 230VAC (+/-10%), depending on the country and
can be run from 50-60 Hz frequency. The unit requires minimal power (current less than 5A for 100 or
115VAC and less than 2.5A for 230VAC) and can typically be connected to a standard wall outlet. To
minimize damage to the unit, if installed in a location that has intermittent power, we recommend a surge
suppressor or in the extreme case a power conditioner. An uninterruptible power supply can also be
useful to keep the system operational in cases of a power outage. If using a UPS, make sure to choose
one that has sufficient current capacity for the LS system and enough runtime to arrange to save your
data and safely shut down the system.

2.6. System purging
The mIRage system is supplied with purge gas ports that can optionally be supplied with purge gas to
remove water vapor/CO, from the instrument enclosure. Purging is not always required but may be
helpful in preventing the effects of strong water vapor absorption lines from causing spectral distortions.
See the mIRage facilities requirements manual for instructions on how to connect purge gas to the
instrument.

If your instrument is connected to a purge gas supply, contact the individual responsible for supervising
instrument use to learn how to turn on the purge gas supply if necessary.

A Warning! Purge gas must only be used in compliance with applicable safety standards and oxygen
monitoring if required. The use of purge gases in enclosed spaces without sufficient ventilation or oxygen
monitoring could lead to unconsciousness and/or death if excess purge gas displaces oxygen in the room.
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Chapter 3

3. Preparing for a measurement

This section overviews common steps that will be used for all measurement modes. Specific measurement
modes are detailed in following chapters.

NOTE: This manual describes software operation as of version 4.5.1. Certain features may be unavailable
in earlier software versions. If you are running an earlier version of software contact PSC to see if a
software upgrade is appropriate.

3.1. System preparation

To prepare the system for use, follow the steps below.

1. Power up system components. Use Section 0 to identify components to turn on and their power switch
locations. Power up the components in this order:
e Power up the computer and monitors first.
e Power up all other system components
e (This power up sequence is intended to avoid conflicts when Microsoft Windows assigns COM
ports.)

P
2. Double-click the PTIR Studio icon to open the software.

. L Q) Initialize
3. Click Initialize on the top toolbar.
This verifies communication between all the components and readies the hardware and software for
use. The bottom status bar changes from “Not Initialized” to “Idle” when initialization is complete.
(Initializing may take a couple of minutes.)

Stage Initialization

Ads

X 0.0 pm Idle
Y 0.0 pm Idle
z 0.0 um Idle
7] Retum to previous X.Y postion Abort

Figure 3-1. System initialization.

e When prompted to initialize the Stage:
¢ Click Initialize.
¢ Select OK when the status changes for all the axes to “Initialized and ready”.
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3.2. PTIR Studio Software Overview

The interface has two windows: the Document window (usually on the left) and the Live window (usually
on the right). The two windows are positioned independently on each of the two monitors. The Document
window (Figure 3-2) is where acquired spectra and images will be displayed for analysis. The Live window
(Figure 3-3) is used for live microscope video, sample navigation, focusing, real-time controls, settings,
and system monitoring. The Live window uses a tabbed user interface that dynamically changes
depending on the selected task. The three tabs are Navigate, Spectra, and Image as shown in Figure 3-4.
@ riin s

DEES ¥ an @m0 a @nitlize
File Edit Setup Analysis Tools Help
~ Taining Data-PMM...

2 x

h Spectrum 1- Mirage Amg] . 100
(312 Spectrum 2 - Mirage Amy
H 1000 .
Spectra list || _ Acquired/selected spectra
E
£
‘3,'.;, 500
§
ol
179 1700 1600 1500 1400 1300 1200 1100 1000 900 801
Wavenumber {cm™)
[V] auto scale '
D Channel 1 | & Channel 2
Captured
Name Time .
[ cam.. 11:44:22 VldeO/O-PTIR
. Spectrum
Image list images _
location
markers
0 13.85 27.69 41.54 55.38
Figure 3-2. The Document window (Left monitor)
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Data Inputs Response b
0-PTR v 0.010mV. Carsd 0 L)
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Figure 3-3. The Live window (right monitor,).
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Navigate tab (Sec 3.2.1) Spectra tab (Sec. 3.2.2) Image tab (Sec. 3.2.3)
@ Live
[ Navigate ISpectra [Image | Navigate I Spectra l Image | Navigate l Spectra I Image
Objective
-~ Acquire Single # Acquire Image
minaior Time Required: 15 seconds Time Required: 1 minute 9 seconds
Exposure | 1354 ms Auto R v| | Ssingle v Single
Gain  |100% Auto i
a0 E‘ £ | 13 AutoBackground [] Optimize [¥] Re-Optimize & Focus All 2 Auto Background [#] Optimize [¥] Re-Optimize & Focus All
i ¥ Load 1 Load Prev. ¥ Unload R Spactra IR General IR General
30 Point Density 2 cm™/pt 200cm™/ v Wavenumber Wavenumber
Start 925 cm™ IR Power B% v IR Power 2% v
1737.6 um End 1107 cm™ Probe Power 65% v Probe Power 65% v
_GnV .
= Averages 10 Detector Standard]. v Detector Standard v
= - U= etz @i [0 DetectorGain 10X v DetectorGain | 10X v
| (-|7\ 5] x--133326um 2000 s Background v Confocal Pinhole  Open v Confocal Pinhole | Open v
(L] v=48965um [[como- ] :
B Focus [ i &% [ Line Focus [ Stop Lasers When Done
: :
Size Resolution  Rate Center
591 pm

Figure 3-4. Live window with tabbed user interface.

3.2.1. Live window Navigate

tab

Below is a summary of the Navigate functions available on the Live window. Click on the Navigate tab to
bring these controls into view. These controls are for selecting an objective, controlling illumination

parameters, loading/unloading samples, focusing on the
XY stage. Each of these controls will be described in mor

@ Live _

sample, and moving around the sample on the
e detail below.

} Mode tabs

Objective selection

Camera controls

} Sample load/unload controls

— Focus controls

— XY stage controls

M l Spectra l Image
Objective
| High | | Low |
llluminator
Exposure 1354 ms o Auto
Gain 100 % = Auto
¥ Load Load Prev. # Unload
£ Focus 30
1737.6 um & Foris
Go To...
Sample Position S E3
™ -
l€|[2]>] x=-13332.6 um 2000 pm/s
I Y = 48965 um [ Navigate.. || GoTo.. |
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3.2.2. Live window Spectra tab

The Spectra tab contains all the controls and settings for acquiring O-PTIR spectra (and Raman spectra if
supplied). Spectra acquisition is detailed in Sec. 4.8.

I Navigate @C_"Q I Image

Start acquisition | -~ Acquire Single |

Time Required: 15 secondsTime estlmate
R v| | single ’ } Spectrum configuration

Mirag

£+ | 3 Auto Background Optimize Re-Optimize & Focus All } Backg rou nd/Optlmlze

IR Spectra IR General
Point Density 2 cm™/pt 200 cm™/ v Wavenumber
Start 925 cm™ IR Power 23 % N
End 1107 cm™ Probe Power 6.5% v L_ Spectrum controls
Averages 10 Detector Standard ™
Intelligent Coaveraging O Detector Gain 10X ™
Background Confocal Pinhole  Open N
& Focus (°] 7
- “re || [ Focus controls
Go To... _J

Figure 3-5. Spectra tab on the Live window.

3.2.3. Live window Image tab

The Image tab contains all the controls and settings for acquiring O-PTIR images. Image acquisition is
detailed in Sec. 4.9.

Navigate ] Spectra qlmﬁQ

| & Acquire Image l Start acquisition

Time Required: 3 minutes 25 seconds Tlme eStimate

Sngle : } Single or sequence
4] Auto Background [#] Optimize Re-Optimize & Focus All } BaCkgi’OU nd/OptlmIZG
IR General =
Wavenumber
IR Power 21% i
Probe Power 5% v — Image settings
Detector Gain 10X v

'ﬂ' M Line Focus Stop Lasers When Done -

Size Resolution Rate Center
X103 pm X|005 um/pt | 1200 pt/s -6.0 pm, 48965.0 ym ~ Image size/resolution controls

Figure 3-6. Image tab on the Live window.
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3.3. Sample preparation

The most successful MIRage O-PTIR samples:

e Are greater than 200 nm thick.

¢ Have features of interest wider than 500 nm.

e Have organic materials of interest or other materials with strong IR absorption bands (or Raman if
enabled)

e Have surface roughness/flatness less than 500 nm. Samples with larger surface corrugation can be
measured with O-PTIR but may require refocusing due to the small depth of focus of the probe
beam.

o Are rigidly mounted and/or adhered to a solid substrate. For example, samples like fibers, thin
films, powders, etc. should ideally be adhered/attached in a way that they will not move or vibrate
during a measurement. Contact PSC applications support for specific suggestions on sample
mounting.

¢ Biological cells should be well adhered to a glass slide, cover slip or calcium fluoride flat.

Samples should be mounted on a glass slide or supplied sample holder so they can be easily secured onto
the XY stage.

3.4. Sample loading
If a sample is already loaded, use the Unload button on the Stage panel to unload the sample. Clicking on

Unload will retract the microscope objective turret and move the XY stage to the front of travel for easy
access for sample loading/unloading.

=30

¥ Focus @

G| | (R )
—
J|R2IR

Figure 3-7. Sample loading and unloading

Place a sample or sample holder onto the XY stage and secure with the spring clip. When the sample is
firmly secured on the XY stage, click on the Load or Load Prev. button. The Load button will recenter the
XY stage under the objective turret but will not lower the objective turret. The Load Prev. button will move
to the last XY sample position and then lower the objective to the last Top Focus position. Only use the
Load Prev. button when you are re-installing the same sample or a sample identical thickness as the
previous sample.

® Warning: Using the Load Prev. button on a sample that is taller than the last loaded sample can
cause the objective to crash into the sample, risking damage to both the sample and objective. Only use
the Load Prev. button when loading a sample that is the same thickness as the previous sample (e.g., last
sample and previous sample are both 1 mm thick glass slides).
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3.5. Sample navigation

Sample navigation is controlled by the Stage panel and if desired by the Stage Navigation pop-up control.
To open the Stage Navigation pop-up, click on the Navigate... button on the Stage panel as shown in the
figure below.

¥ Load 1€ Load Prev. # Unload
£ Focus 9

+ P
234005 ym
Ik

Sample Position ==
Speed '

X=0pm 20000 s |
¥ = 54998 pm q Mavigate... )| Ga To..

@ Stage Navigation - a X
9 9

i Sample Type: Standard -

1" x 3" (25 mm x 75 mm) glass
slide mounting area

Figure 3-9. Stage Navigation pop-up control with sample holder and reference sample locations noted. PET=
Polyethylene Terephthalate, PS=Polystyrene, Si=silicon.
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The Stage Navigation pop-up is a graphical view of the sample stage. Clicking on any location in the
Stage Navigation image will move the XY stage to position the selected location under the mIRage
microscope objective. Figure 3-9 shows the mounting locations of the 1" x 3" (25 mm x 75 mm) sample
holder as well as background and reference samples.

3.6. Start Camera

If the camera video view is not already started, click Start Camera to enable live video mode for focusing
and sample XY stage motion. (The camera normally starts automatically unless disabled.) Unless trying to
visualize the probe beam spot, make sure the Start IR/Start Raman buttons are not clicked as the Start

IR/Start Raman buttons block the camera video.
@ Live

Navigate Spectr? | IImage ’ ¥ Start IR :2;‘;;;
3.7. Changing objectives

Objectives can be changed using the Objective selection buttons. Up to four objectives can be selected
depending on the configuration of your system. Generally, start with the 10X (or optionally 4X) low mag
objective for initial sample navigation and then switch to an appropriate high mag objective for O-PTIR
and Raman measurements, depending on your measurement mode. The Zoom in/Zoom out icons will
increase/decrease the magnification to the display screen via digital zoom. These buttons do not change
the microscope objective.

@ Live o
Navigate Spectra l Image
N
Objective Objective = Zoom
i in/out
selection buttons [ High Lo J /
L || buttons
llluminator
Exposure 1.354 ms . Auto H
Gain 100 % 2 Auto | ***

Figure 3-10 Objective selection and digital zoom controls.

3.1. Zoom controls

Depending on the camera model, the mIRage may have two or more digital zoom settings so set the
optical field of view displayed in the video window. To zoom in or out, click on the appropriate icon
shown in the figure above. The current zoom setting (Off, Low, Med, and Max) is displayed between the
zoom in/out icons. It can be useful to use higher zoom settings for mosaics and/or for featurefindIR
particle images to create images with more even illumination across the field.
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3.2. Focusing on a sample
3.2.1. Focusing with the microscope camera

To focus on a sample, use the arrow keys on the Focus control panel to bring the sample into focus. The
three sets of arrows move the objective at fast, medium, and slow focus rates. Generally, use the fast focus
buttons to get close to focus and then the medium and/or slow for fine focusing.

The Go To... button can be used to drive the focus to a desired height. This must only be used when
returning to focus on a sample with a known focus height. The Focus... button is only used for optimizing
the O-PTIR signal level and is not used during sample navigation/visual focus.

£ Focus 89

= 1737.6
B

Slow Med Fast

Caution: Extreme care must be used when focusing on tall samples to prevent the objective from
crashing into the sample causing damage to the sample and/or objective. Familiarize yourself with the
working distances of your objectives and make sure not to lower the objectives below the working
distance.

Make sure to focus on the top surface of the sample

When focusing on a thin sample, ensure that you are focused on the top surface of the sample. Become
familiar with the typical z focus value for the samples you use. To focus on the top surface, start well
above the expected focus position and move the focus down using the medium or slow speed until a
surface comes into focus. For samples with few surface features, it is useful to look for scratches or dust to
indicate where the surface is. Once you have found a surface in focus, click on the live video image to
attempt to center a feature in the video view. If the feature moves to center, you have found the surface
of the sample. If the feature does not move, you are focused on an intermediate image plane of another
optic in the microscope system. Continue moving the focus down until you find the top surface. If you
overshoot, you may find a second surface which is the bottom surface of the sample. Depending on your
sample mounting, you may see different features on the bottom surface, for example adhesive or other
features of the underlying substrate. Learn to recognize the expected features of the top surface such that
you don't accidentally focus on the bottom surface. The focus range is generally limited to prevent
objective crashing for standard 1 mm thick glass slides, but when using thicker samples use extreme
caution when focusing to avoid crashing the objective into the sample, especially when using high
NA/shorter working distance objectives.
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Sample stage XY controls XY stage speed slider

Sample Position E3
Speed

.
- X = -937.6 um 100 pum/s

Y = 2596.5 pm |N‘ e | Go To... J

| x [CoEm |8

M=

1] Retract Z
Go

Polystyrene reference sample top surface Polystyrene reference sample bottom surface

Figure 3-11. Video images of top and bottom of polystyrene (PS) reference sample.

3.2.2. Focus by minimizing probe spot size

It is also possible to rapidly optimize the O-PTIR spatial resolution on some samples by minimizing the
apparent spot size of the probe beam at the sample surface. To visualize the probe beam at the sample,
take the following steps:

1) Select the appropriate objective for the O-PTIR mode you are using.

2) Click on Start IR to direct the probe beam to the sample.

3) Click on Start Camera to also turn on the camera

The camera is now looking at the sample through the probe beam mirror. The sample will not be visible
as it is generally too dim, but the brighter probe beam should be visible on many samples.
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4) Optionally set illumination intensity to zero for better viewing of the IR laser spot.

5) Click on the Zoom in icon
6) Adjust the fine focus buttons to get the sharpest image of the probe laser spot

2) Start IR 3) Start Camera 4) Set Intensity to 0% &
Intensity 0%

-3 Stop IR BN Start Camera oL 5) Zoom in
Exposure | 100.005 ms |~

&

Out of focus Best focus

6) Fine focus

¥ Load 1€ Load Prev.

Figure 3-12. Adjusting focus using minimum probe beam size

3.3. Camera exposure/gain controls

The camera exposure controls are shown below. There are two Auto check boxes, the first for camera auto
exposure and the second for camera auto gain. It is generally recommended to use the auto exposure
only whenever possible. If the sample is very dark or the auto-exposure leads to excessively long
exposure times, it can be useful to turn up the gain or turn on auto gain control.

llluminator
Exposure 5354 ms - Auto Auto exposure check box
Gain 100 % E L] Auto Auto gain check box

Figure 3-13. Camera exposure/gain controls
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3.4. Capturing camera images

Microscope images can be saved using the icons to the left of the video display in the Live window while

the Navigate tab is selected. To capture an image to the current document, click on the camera icon .

To save an image outside the document to a file on your computer or network, click on the disk icon .

Capture image to document @

[&]
Save image to disk

Figure 3-14. Capturing images to the document and saving images to dlisk.
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3.5. Capturing mosaics

In addition to individual optical images a Mosaic of the sample surface can be collected using the Mosaic
function shown below. This function will automatically move the stage in an array and capture optical
images to generate an image over a larger area than allowed by the field of view of the objective.

By Center By Corners 0

Rows (Y) 3 Columns (X) |3

@ Advanced

Number of Images: 9
Start

Region size: 4671 pm x 3508 pm

Time required: 26 seconds

Figure 3-15. Capturing optical image mosaics

3.5.1. Mosaic advanced options

Clicking on the down arrow next to the word Advanced will open up additional advanced options,
including the ability to automatically perform flatfield corrections.

By Center By Corners 0
Rows (Y) 4 Columns (X) D
@ Advanced
Pattern Raster G Flat-field correction
Settle Time 1s Kernel |51 px
Max Images | 101
Number of Images: 8
Sy Start
Region size: 425 pm x 636 pm
Time required: 20 seconds

Figure 3-16. Mosaic advanced options
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Flatfield correction for mosaics

Some objectives can show some darkening towards the edge of the field, especially at low zoom and/or
with large field of view cameras. PSC has implemented a flat field correction algorithm that can be used to
post process optical images to produce a more even field. The flat field correction can also be applied
automatically in mosaic collection by clicking on the Flat-field correction checkbox under the Advanced
option. Use of higher zoom levels for mosaics can also improve the brightness uniformity.

636

42413

(um)

0

0 21205 4241 636.15 848.2

(um)

636.2

42413

(um)

- . T 1 1
0 21205 4241 636.15 848.2
(um)

Figure 3-17. Optical image mosaics without (top) and with (bottom) flatfield correction

Mosaic Settle Time

The settle time field in the mosaic advanced options is a wait time after the stage move and before the
image acquisition. Using a larger settle time will cause the mosaic acquisition time to increase, but will
give more time for the automatic exposure control to stabilize. If AEC is turned off, this settle time can be
made smaller.
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3.6. Setting waypoints

Sample stage positions can be saved using the waypoints function within the PTIR Studio software.

e Click on the pinicon located in the center of the sample position arrows to open the
waypoints popup window.

e Waypoints can be added by clicking the =+ icon and deleted using the = icon.

¢ To move to a particular waypoint, click on the waypoint and then click the move to waypoint
button.

e Waypoints can be named by clicking on the waypoint number and entering a desired text label.

e Waypoints can be saved to a user specified file and reloaded using the save/open icons. (&

[ Sample Position Y=
Speed 112
& + Waypoints a8
Waypoint Location
.1 12112 pm, 2549.1 pm, 2305.3 ...

Move To Waypoint

Clear Waypoints...

Figure 3-18. Waypoint tool
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Chapter 4

4.0-PTIR measurements

4.1. O-PTIR introduction

The mIRage instrument operates O-PTIR in a co-propagating mode where the IR pump beam and the
visible probe beam are focused onto the top of the sample with a reflective (Cassegrain) objective.

Visible probe beam

IR pump beam

Reflective Objective
(Cassegrain)

Sample
Figure 4-1. O-PTIR co-propagating mode

The Optimize steps described later involve arranging for optimal overlap of the IR pump beam and visible
probe beam at the sample.
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4.2. O-PTIR measurement checklist

Following is an abbreviated list of the steps to use for O-PTIR measurements. This section is intended as a
reminder for experienced users or as an outline for newer users. Detailed descriptions of each step follow
later in this chapter as indicated in the Section Reference column.

Table 4-1 Initial setup checklist

Step Section Reference
Purge system if desired 2.6

Select low mag objective 43

Load a sample 34

Navigate to a region of interest 35

Collect an Auto Background 45

Open a blank document 4.7.1

Select 40X (high mag) Cassegrain objective 4.7.2

Capture a video image of sample 34
Select detector 474
Set initial measurement parameters 4.7.5
Tune IR laser to an absorbing wavelength 4.7.6
Start IR 4.7.7
Check signal saturation/adjust gain 478
Optional: O-PTIR autofocus to maximize signal | 4.7.9
OR OR
Focus to achieve minimum probe spot size 3.2.2
Check signal stability 4.7.10
Adjust IR/probe power and gain 4.7.11
Acquire test spectrum 47.12
Ensure no sample damage 4.7.13
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Table 4-2 Spectra measurement checklist

Step Section Reference
Select image for spectra map reference 4.8.1

Set spectral range and number of averages 482
Select spectral measurement mode (Single or Array) | 4.8.3 or 4.8.8
Select spectra measurement point(s) 4.8.3

Click Acquire to acquire spectra to document 483

Save data after acquisition 484
Optional Steps

Enabling automated spectral array collection 4.8.8

Point arrays 4389

Line arrays 4.8.10

Grid arrays 4.8.11
Hyperspectral arrays 4.8.12
Table 4-3. O-PTIR imaging checklist

Step Section Reference
Select O-PTIR image scan area 4.11.1

Select Single image mode 4.11.2

Minimize probe beam size 3.2.2

OR OR
Optimize focus using Line Focus tool 4115
Adjust image settings as desired 4113

Click Acquire to acquire image to document | 4.11.3

Save data after acquisition 484

Optional steps

Image Sequence 4113

Interleaved images 4114
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4.3. Objective selection

The mIRage system is supplied with two objectives, a low magnification objective (typically 10X) and a 40X
reflective objective (Cassegrain). Either objective may be used for sample navigation. The 40X Cassegrain
is always used for O-PTIR measurements. Typically start with the low mag objective for initial sample
‘navigation.

Navigate Spectra l Image

Objective

High Low

4.4. Load a sample and navigate to a sample
location

Load a sample, navigate to a desired location, and focus on the sample as described in Sections 3.4-3.2
and optionally capture one or more optical images to the document.

4.5. Acquiring Auto Background

The Auto Background is a tool for automatically optimizing the performance of the mIRage instrument
and acquiring a measurement of the optical power curve (the “background”) for the selected IR laser
source. The background is used to normalize O-PTIR spectra for variations in the IR power as a function of
IR wavelength. The background will change over time based on temperature and humidity and therefore
it is recommended to acquire a new background before each measurement on a new sample or at least
once every few hours if continuously measuring the same sample.

4.5.1. Optionally purge your O-PTIR system

Before acquiring an auto background, it may be desirable to purge the system to reduce the effects of IR
absorption by water vapor. See section 2.6 and the mIRage facilities manual regarding system purging.

4.5.2. Humidity and temperature indicator

The humidity and temperature of the mIRage system are monitored whenever PTIR Studio software is
running. The current relative humidity and temperature are displayed on the Meter panel of the Live
window and are stored with each acquire spectrum and image. A purged system should generally be able
to achieve <5% internal humidity. If the system is not purged, get in the habit of checking the humidity
and make sure to acquire a new IR power background if the humidity changes by more than 2%.
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ata Inputs Response &

OPTR v| 2.9632mV L b
10mv sV

DC v 6.044V @

ReLtum  ~ 351 % ®

Temp. v 247C

4.5.3. Starting an Auto Background
To start a background, on the document window, Click on Auto Background from the mIRage panel as
shown below.

a 4] Auto Background Optimize Re-Optimize &y Focus All

Figure 4-2. Starting an auto background.

In Step 1, the system will move to the location of a reference sample on the XY stage. Make sure nothing
is blocking access to the background sample (e.g., no tall sample on the stage that would cause an
objective to crash into the sample when it moves to the background sample position) and then click Next.
@ Auto Background X

Step 1

The system is about to move the sample stage to the background position.
Please ensure there is nothing obstructing the objective.

Click Next to drive the stage to the background position.

Back (| Next D Cancel |

Figure 4-3. Moving to the background sample.

In Step 2, adjust the objective focus using the up/down arrow keys in the dialog box to bring the
background sample into sharp focus. Usually there will be some small defects or small particles on the
background sample that can be used to judge best focus. The focus range is limited such that it will stop
after moving a maximum of 50 ym in either direction. If you don't find the background sample focus by
the time the focus axis stops moving, click on the other arrow to reverse direction until you find the
sample focus. Once the surface focus is found, click Next.
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@ Auto Background X
Step 2

Bring the sample into visual focus.

Click Next when focused.

Figure 4-4. Step 2, focusing on the background sample.

In step 3, the Auto Background tool will automatically proceed through a series of stages to optimally
align the system and acquire a background. The three stages are: 1) Optimize; 2) Focus; and 3)
Background. In the Optimize stage the system will automatically align the IR and probe beam for optimal
overlap. In the Focus stage, the system will adjust the top objective focus to maximize the O-PTIR signal.
In the Background stage, the system will measure the optical power of the IR laser as a function of
wavenumber. To monitor these stages, you can click on the small show/hide arrows next to each stage
label, as circled in the figure below. The figure shows what successful Optimize, Focus, and Background
stages should generally look like. If the Optimize and/or Focus stages do not look similar to those shown
below, contact Photothermal for support.
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Q Auto Background

Step 3

Stage 1: Optimize o

Optimizing point 4 of 4.

1100 em™ 1300 em™ 1650 cm™ 2850 cm™

@Stage 2: Focus o

Performing auto-focus.

I I I I I I I I I I I I I I 1
620 622 624 626 628 630 632 634 636 638 640 642 644 646 648
pm

@Stage 3: Background ()
Collecting background (6 of 20).

3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000
om

Time Remaining: 1 minute 36 seconds

T R

Figure 4-5. Auto background in progress.

Once the auto background is completed, inspect the background curve. The shape should generally
resemble the factory reference shown in light gray, though it is completely normal to see some variation,
e.g., somewhat higher or lower power than the factory reference. The ripples in the region from 1300-
1800 are associated with IR absorption by water vapor so the depth of these ripples depends on the
humidity of the laboratory and mIRage system. To reduce the depth of the water absorption lines, purge
your system with dry nitrogen or clean dry air as described in the purging section 2.6.

If you are satisfied with the background results, click Imu. You can optionally specify a
filename for the background and save it to a location of your choice. Otherwise, the system will
automatically save the background to a default location using a date/timestamp for the file name. Once
you click Save and Apply, the XY stage will move back to the last sample location.
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4.6. Re-optimize periodically
The Auto Background described above will optimize the overlap of the IR and probe beams. This overlap
can change over time, especially in environments where the temperature changes significantly e.g., due to
air conditioning or other laboratory temperature changes. It is recommended to periodically run a full
Auto Background (for example every few hours), but for a quicker re-optimization use the Re-Optimize
button on the mIRage panel on the Spectra tab. The Re-Optimize function will move the XY stage to the
background sample position, automatically adjust the overlap between the IR and probe beams, but not
acquire a new background. It is recommended to use Re-Optimize before measuring any new sample or
every hour or so when measuring the same sample over an extended period.

'b 4] Auto Background Optimizé Re-Optimize 4y Focus All

Figure 4-6. Re-Optimize: automated re-optimization of IR/probe beam overlap at the reference sample

Note that the Optimize button on this toolbar is a manual optimization process that is generally not
needed because of the automatic optimize steps in the Auto Background and Re-Optimize functions.

4.7. Getting ready for a measurement
4.7.1. Opening a document

To open a new document, click on File/New/New IR Document or click on the Create new document icon
on the Document window as shown below.

@ PTR Studio @ PTR Studio

[ File | Edit Setup Analysis Tools Help File Edit Setup Analys
I':'Q New » H ORDocumentj I OR

& Open Ctrl+0 ‘ Hyperspectral Document —

Figure 4-7. Opening a new document.

4.7.2. Objective selection

Navigate Spectra [ Image

Objective

High D Low l

It is best to select the high mag Cassegrain objective C40X before starting O-PTIR measurements. Once
you have located an area of interest with the low mag objective, switch to the 40X Cassegrain (High Mag)
objective and focus on the sample before starting O-PTIR measurements.

4.7.3. Optimizing O-PTIR measurement settings

The basic approach for optimizing settings is shown in the Figure 4-8 below.
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Sec.4.7.4

Sec. 3.2

Sec. 4.7.5

Sec. 4.7.6

Sec. 4.7.7

Sec. 4.7.8

Sec. 4.7.9 OR Sec.3.2.2

Sec. 4.7.10

Sec. 4.7.11

Sec. 4.7.12

Sec. 4.7.7

Sec. 4.7.13

Ilitilllllll

Yes

g’

Secs. 4.8 &0

Figure 4-8. Flow chart for optimizing measurement settings
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4.7.4. Detector selection

Select an appropriate detector for your measurement as shown in the figure below.

Detector Use for Notes
Standard Most samples in air that are not
easily photodamaged
APD Colored, dark, and/or delicate Max probe power is limited with

samples that may be damaged APD to avoid detector damage
by higher intensity probe light
Transmission Samples in liquid or other
transparent samples with very
low surface reflectivity

Detector Standard v
Detector Gain

APD
Confocal Pinhole | Transmission

Figure 4-9. Detector selection

4.7.5. Setting initial parameters
Before acquiring IR spectra or images, it is important to select optimal measurement settings that
optimize the signal-to-noise ratio for O-PTIR measurements and IR and probe beam power levels that do
not damage the sample. Good starting values are shown in the figure below. Note that the IR and probe
power level choices on your system may be slightly different, so choose the values closest to the ones
shown below. If enabled, set the IR polarization to 0 degrees. IR and probe power can be adjusted to
optimize signal to noise/minimize sample damage as described in the steps shown in Figure 4-8 and
sections 4.7.8-4.7.13.

——
ze Re-Optimize & Focus All
IR General
Wavenumber \
IR Power 2% v
IR Polarization Odeg
Probe Power 6.7 % v
Detector Standard v
Detector Gain 10X v

Figure 4-10. Good starting values for IR images and spectra.
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4.7.6. Setting initial wavenumber

On the IR General panel, set the Wavenumber to a value corresponding to a likely strong absorption band
in your sample. If you don't know strong absorption bands of your sample in advance, 1450 cm™ is a
good starting point which corresponds to a methyl group C-H bending excitation. If you know your
sample has a strong carbonyl band, you may wish to start at 1725 cm™". Note: If your sample is very
delicate or irreplaceable, you may wish to avoid strong absorption bands when performing the initial
measurement optimization to avoid accidental sample damage during optimization.

4.7.7. Start/Stop IR

To turn on the IR and probe beams to start an O-PTIR measurement, click on ¥ Start IR When the IR
beam is on, an indicator is shown on the real time screen. IR: ON  Probe: ON To turn off the IR beam,
click =¥ Stop IR .

4.7.8. Check for signal saturation/adjust gain
On the Meter screen under the Spectra tab, check the DC signal level. For the standard detector, the DC
signal level must be below 8V. It is best to leave some “headroom” for variations in sample reflectivity, so
usually it's best if the DC is roughly between 4-6 V. Adjust the Gain and/or probe power to ensure the DC
signal is not saturated.

Data Inputs Response o ze [¥] Re-Optimize & Focus All ‘
O-PTIR
0-PTR v| 46783 mV o o IR General
DC ~ 5.017V @ Wavenumber _m
@ IR Power 2% e
Rel. Hum. v 27.6 % L
IR Polarization
Temp. v 257C
. Probe Power 6.7% v
Adjust as needed
Detector Standard v
to kGEp DC < 8V Detector Gain 10X v
Reset Markers

Figure 4-11. Check for saturation of DC signal and adjust probe power and detector gain as needed.

4.7.9. Autofocus to maximize O-PTIR signal

To maximize the O-PTIR signal at the current sample location, click on the Focus... button. The Focus...
button will execute a sweep of the Cassegrain objective focus while monitoring the strength of the O-PTIR
signal. If a sufficient peak is found, the system will automatically move to the focus position with the
strongest signal. The Focus All button works best with samples with relatively smooth surfaces. Samples
with lots of scattering features may require manual focusing using the focus controls on the Stage Panel.
The O-PTIR autofocus can also be accessed through the Focus... button on the Stage panel which
provides access to advanced controls.

Note: If the autofocus does not provide a good clear peak, leave the focus set to where the video image
is sharpest.
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b 4] Auto Background Optimize Re-Optimiz

OFTIR (mV)

o

R 2
i Smoothing [

| Restore Defauies
02

00+

T T T
590 595 600 605 610 15

| Complete ok | [ cancel
Figure 4-12. Optimizing the O-PTIR signal with autofocus.

4.7.10. Check signal stability

Also check that the O-PTIR and DC signals are stable in the MIRage response strip chart after turning on
the IR beam with the Start IR button. This strip chart is available on the Spectra tab. Ignore the initial
transient where the IR and probe beam are being turned on but review the response after a few seconds.
If the DC and/or O-PTIR signal fluctuates strongly, this indicates the IR and/or probe power is too high. In
this case, stop the IR beam, reduce the IR and/or probe power and try again. After the initial transient, the
DC and probe power should appear stable as in the second chart in the figure below.

o (v
-

Unstable response, IR and/or
probe power too high

OPTIR (mV)

pCiv)

Stable response, IR and
probe power ok

Figure 4-13. Confirming O-PTIR signal stability

If the signal is stable, but low, consider increasing the IR and/or probe power to maximize the signal level
while maintaining a stable signal.
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4.7.717. Turn up gain if needed
Once an appropriate probe power is selected, increase the detector gain if necessary to select the highest
gain that does not saturate the detector. Ideally the DC signal will be between 4-6 V, but somewhat
higher or lower is ok. Adjust the gain as described in Sec. 4.7.8.

4.7.12. Acquire test IR spectrum
To prepare to acquire spectra, select the Spectra tab and choose a Start/End wavenumber for the spectra
and a number of Averages. The estimated time to acquire a spectrum is shown under the Spectra tab.
When satisfied with the settings, click on Acquire Single to acquire a spectrum.

IR Spectra @ Live
Point Density 2 cm™/pt 200 cm™/ v . E
: = 2 Navigate : Spectra 1 Image
Start 940 cm™
End 3000 cm™ - -
| -\~ Acquire Single |
Averages 5
Intelligent Coaveraging O [Time Required: 36 seconds ]
Background Normal v IR v Single v

Figure 4-14. Acquiring a spectrum

4.7.13. Check for sample damage
Turn off the IR beam by clicking on the Stop IR button. Inspect the video image of the sample to ensure
there is no photodamage. If you observe photodamage, turn down the IR and/or probe power and repeat
steps 4.7.7-4.7.8. Note that damage from excess IR power tends to make larger damage spots (several
microns across) due to the larger wavelength, whereas excess probe power usually results in smaller
damage spots.

Example damage spot
on polystyrene sample
from excess IR power

Figure 4-15 Inspecting sample for photodamage. This step is best done with the Zoom In button selected.

If there is no evidence of sample damage and the DC and O-PTIR signals are stable, you are ready to
begin acquiring spectra and/or IR images of your sample. See section 4.8 for IR spectra and 4.11 for IR
imaging.
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4.8. Acquire IR spectra
This section details the steps for acquiring O-PTIR spectra with the mIRage. The same basic steps apply for
acquiring Raman spectra. Details of Raman operation are outlined in Chapter 5.

4.8.1. Selecting an image for locating spectra

Once you have captured a video image to the document, the software will generally use the last captured
image as a reference to let you select locations for IR spectra or images. If you want to manually choose a
specific video image to use as your location reference, select the Camera channel and right click on the
desired image, and the click on Send to Array... as shown below.

- Settings Channel 1 Map
Channel |
Camera i COP)’
D Global Coords. 4 Paste

Channel 1 List | Show All

Name Hide All

Copy To Clipboard

<| Send To Array... j

Wte Del

Figure 4-16. Sending a camera image to the Spectra tab for selecting measurement points

4.8.2. Spectral range and averaging
Set the spectral range (Start and End) parameters and the number of averages, as shown below. Note that
increasing the Averages setting will increase the signal to noise ratio of the collected spectra by co-
averaging the selected number of spectra at each location. The SNR will generally increase with the

square root of the number of averages. For example, to increase the SNR by 3X, set the Averages to 9.
IR Spectra
Point Density 2 cm™/pt 200 cm™/ v
Start
End

Averages
Intelligent Coaveraging O
Background Normal R

Figure 4-17. Setting the spectra range and number of co-averages for spectral acquisition
Intelligent Co-averaging

Intelligent Co-averaging is a special acquisition mode that uses statistical denoising techniques to
separate signal from noise during the acquisition process. Specifically, this technique looks for features
that are common between successive spectra while rejecting uncorrelated noise. See Section 7.1 in the
Advanced Operations chapter for more details.
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4.8.3. Single Point Spectra
To acquire a single spectrum manually, perform the following steps:
1) Select Single
2) Select the Navigate (bullseye) icon from the toolbar
3) Position the bullseye to select a measurement point
4) Adjust the spectral range and number of averages as desired.
5) Click the Acquire Single button to acquire a spectrum
The spectrum will be captured to the document and associated with the measured location.

@ Live 2) Select Navigate icon

[Navigate [ spectra [mege [ M@pEeabo e UL
4) Acquire (-‘k Acquire Single b 3

SpeCtru i Time Required: 55 seconds

IR v| [single v

{2 ¥A Avkn RarL a BB Al Y

(um)

3) Position bullseye

1) Select Single spectrum

Figure 4-18. Single point spectra acquisition

-1 T 1 1
-6818.42 -6798.64 -6778.86 -6759.07 -6739.29
(um)

Analysis tools Common spectra filters
File Edit Setuonls Help
NEEADYDE ANa@EPQDOLI L1 S LM MR L 0 A WG 2 @
/MWSHVE:TG&D;V - i - ) S

285 Spectra list
& (2 I

55
(1450, 5.4073)]
s

Spectra
visibility
checkboxes

6

Selected spectra display

Channel &
spectra
marker
visibility
checkboxes 051 Cursor

1

isibilty ‘ N 1800 1750 1700 1650 1600 1550 1500 1450 1400 1350 1300 1250 1200 1150 1100 1050
'Channel by Wavenurber (cm™)
[=a O

1000

-51 B ot Zoom control 4

™
940

Figure 4-19. Spectrum captured into the Document window.
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4.84. Saving data

By default, data is automatically saved to the C:\\ProgramData\Photothermal\PTIR Studio\Backup using a
filename AutosaveNNNN.ptir, where NNNN is an automatically generated sequential number. If you have
more than 10,000 unsaved data files, older Autosave files will be overwritten.

File | Edit Setup Analysis

*:’l_‘, New »
(54 Open Ctrl+O
Close

l':lj Close All Documents

FH save Ctrl+S

Save As... /

<«—1— Keep checked to auto save to Backups directory

. Save data with a specified folder/filename

¥ | Auto-Save new data

To save acquired data to a filename and location of your choice, click on File/Save As..., choose an
appropriate save location, and filename. PSC strongly recommends saving data to a location that is
regularly backed up by your IT department.

4.8.5. Spectra Configuration Recipes

PTIR Studio supports two different recipes for acquiring Spectra, one intended to maximize the SNR of
acquired and another intended to minimize spectrum acquisition time. The key differences between the
two recipes are the sweep speed of the QCL laser and the resulting integration time constant used by the
lock-in amplifier (calculated automatically). The High SNR recipe is generally recommended when trying
to maximize SNR and spectral resolution. The High Speed recipe is recommended when performing large
array measurements where it is desirable to reduce the measurement time. Some systems may be enabled
with other recipes, for example with coarser spectral resolution which can reduce the sensitivity to
humidity in unpurged systems and reduce impact of water vapor IR absorption lines. Contact PSC
applications support if you need help choosing the best recipe or creating additional recipes.

IR Spectra
HighSNR2 cm™/pt200cm™/s v \
Sta

IR Spect
End S

High SNR 2 cm™/pt 200 cm™/s
Averages .
Intelligent Coaveraging ] High Speed 2 cm™/pt 1000 cm™/s
Background Normal v

Figure 4-20. Selecting spectra configuration recijpes
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IMPORTANT: If you change the spectra configuration recipe, you must take a new background using the
newly selected configuration recipe. If you attempt to take a spectrum using a configuration recipe that
does not match the current background, the software will issue a warning.

4.8.6. Basic spectral analysis
Once a spectrum is acquired, it appears in the Document window (left monitor). The spectra can then be
filtered, analyzed, and displayed as desired. Detailed documentation of the spectral analysis tools is
described separately in the mIRage Software Manual, but Figure 4-19 and Figure 4-21 show a brief
overview of available functionality.

Savitzky-Golay filter Step
discontinuity Open in
l Re-color KnowltAll
Normalize spectra (if supplied)
SG |, X A A AT AAD D ?
A ha= -_AA: NET AR\ 0 2R Aas
Average Offset
Remove
baseline

Figure 4-21. Commonly used spectral filter and display tools available on the Document window toolbar.

4.8.7. Spectral metadata

Measurement settings for each spectrum are automatically saved with each acquisition. To view the
spectral metadata, select a spectrum and then go to File/Document properties. A Properties box will open
to the right of the displayed spectrum containing all settings used. There is also a Notes field where
additional sample/measurement details can be entered manually.

Properties 2

File | Edit Setup Analysis Viemmmon @ Add notes if desired
ﬁj New » = \
& Open Ctrl+0 ic
Close l -
l':l.j Close All Documents Y iy
H Save Ctrl+S , *
Save As... " R
Auto-Save new data > Spectrum
Export > measurement settings
Open In KnowitAll , | Click to show metadata

| Document properties

W Print...

Recent files >

Exit
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4.8.8. Automated spectral array collection

There are several ways for the user to collect a series of automated spectra. Point selection, line arrays and
full hyperspectral images can be obtained. To enable spectral arrays, change the system from single
spectra mode to array mode in the Spectra Tab.

Q Live
Navigate ’ Spectra ‘ Image

- Acquire Array

Time Required: 1 minute 56 seconds

IR v Array \/

Single

Array ))

Figure 4-22. Enabling spectral array collection.

The optical view shown in this tab will be the last image captured while in the navigate tab or an image
manually selected using the Send to Array... right click.

Spectra can be selected in one of three ways: (1) Point arrays, (2) Line arrays, (3) Grid arrays as shown in
the figure below.

Point array Grid array Load from CSV

NN /
A @& P QU] 440 WL o0 —— featurefindR

(cells/particles)

Line array Save to CSV

Figure 4-23 Spectrum array selection tools.

The next several figures show examples of each of these array modes.
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4.8.9. Point arrays

A point array is an array of spectra at arbitrary manually selected points. To create a point array, select the
point array icon L+ and then click on desired locations in the optical image. The XY coordinates of each
point selected appear in the left panel.

Note, there are two check boxes on the bottom left.
e The first is for an autofocus before each point in the array, this is useful for rough samples.

e The second option will turn off the IR laser when the array is complete
rOmaPdAUII[4EH AL A Image + G Refresh

Points

Remove Clear Count: 4

117087

-6810.272 pm, 1144708 pm
-6778.85 pm, 1129.408 um
-6787.569 um, 1107.693 um
~6794479 pm, 1137.14 um

Spectrum
measurement
XY locations

1151.09

Spectrum
markers

111152

Options
Auto Focus
[ Stop lasers when done

1091.74

-6818.42 -6798.64 -6759.07 -6739.29
()

Figure 4-24. Point spectral array.

Click on to begin data collection.
4.8.10. Line arrays

To configure a line array, select the line array icon 4+ and draw a line across the region to measure. The
left-hand panel now shows the parameters of the line drawn, which may be adjusted further by the user if
desired. For example, the spectrum spacing, length of the line, and/or number of points can be adjusted.

A O=mEHAVI o[4FH AL Image « i Refresh

Line

Spacing 3pm
Length 27 .
- Adjust as

%] rom .
et desired

Spectrum position markers

(um)

[*]

Enable for

— rough/tilted
‘é""mm/

= PO samples

T e . Y
-6818.42 -6798.64 -6778.86 -6759.07 -6739.29
(rn)

Figure 4-25 Settings for a line spectral array

Click on HEAS 1 to begin data collection.
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4.8.11. Grid Arrays

For a grid array, select the grid array tool H, click anywhere on the optical image and drag a box over the
area of interest. The panel on the left side shows the grid parameters which can be modified by the user.

Note the check boxes on the bottom left.

e Forasimple grid array, leave the hyperspectral check box unchecked. Hyperspectral arrays are
described in the next section.

e The use of autofocus is generally recommended for the collection of larger grid arrays, especially
on rough or tilted samples.

e If using autofocus, if possible, pick a wavenumber that is a common absorption band to all
regions within the array. For organic/polymeric materials, 1450 cm™" is a good choice. For
biological materials, 1660 or 1550 cm™ (Amide I/Il bands) usually produce the strongest signals.
Set the wavenumber for the autofocus in the IR General/Wavenumber control on the Spectra tab.

R OmaPAQUII 4O LA Image - G Refresh
Grid
e o | N
e e -
[ Square Spacing
Width 22 pm 2
> Adjust as 5.
s desired Spectrum position markers
o
[A Scale From Center __‘
7 gl
23
Options.
Pattern Raster v
E}"‘“ R:// Enable in p
Hyperspectral S
T 1 1 1
i Autoocs most cases -6818.42 -6798.64 -6759.07 -6739.29
[A Stop lasers when done (urn)

Figure 4-26. Grid array spectra settings

Click on WEA™ 1 to begin data collection.
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4.8.12. Hyperspectral Arrays
Hyperspectral arrays are a special form of grid arrays that create a different document type that is better
configured for acquiring/displaying large numbers of spectra. The setup is the same as for grid arrays,
except that the Hyperspectral checkbox must be clicked.

Grid —

s o5 | 3

Vert. Spacing 0.5 pm E

[ Square Spaciné

e :
-

Columns

s

[ Scale From Center

(um)
113131

111152

Options.

Pattern Raster v
Order ‘Row 5
[ Hyperspectral

M Auto Focus

[A Stop lasers when done {pm)

1091.74

Figure 4-27. Hyperspectral array collection

Pay special attention to the time estimate for hyperspectral arrays as it is possible to configure an array
that would take much longer than desired to complete. If your initial configuration will take longer than
desired, reduce the number of points and/or increase the spacing between points on the Grid Array
settings and/or reduce the number of averages in the Spectra tab.

@ Live
Navigate l Spectra | Image

-\~ Acquire Array

Time Required: 6 hours 17 minutes

Figure 4-28 Check the time required for a hyperspectral array before starting and reconfigure settings if desired.

Click on WEAR 1 to begin data collection.

Hyperspectral data analysis

See the mIRage Software Manual Chapter 4 for details on hyperspectral data analysis available within PTIR
Studio. Third party software packages can be useful for analyzing large datasets from hyperspectral arrays.
Two packages to consider are Quasar (https://quasar.codes/) and Cytospec (https://www.cytospec.com/).
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4.9. Automated IR Spectra with featurefindIR

featurefindIR™ is a tool that can be used to automatically identify the positions and sizes of
cells/particles in an optical microscope image and then save those positions for automated spectral
acquisition. To use featurefindIR, use the following steps:

1)
2)

6)
7)
8)
9)

Select the Navigate tab, focus on a sample, and navigate to a region of interest.

Adjust the camera illumination/exposure settings as necessary to get a clear optical image with
low noise. (Longer exposure times may be helpful as long as the image doesn't saturate.)

Click on the featurefindIR icon «** at the top of the Live Window.
If the optical image has uneven illumination, click on Flatfield Correction.

Adjust the threshold cursors to highlight particles as desired. Move the left cursor to select
particles that are darker than the background (histogram peak) and the right cursor for particles
that are brighter than the background.

Adjust the threshold cursors until particles are highlighted in gold, while the background is not.
Adjust the Min and Max particle size settings as desired.

Click Calculate to calculate the locations and sizes of identified particles.

Click on Export to CSV... if you want to save the particle table to disk.

10) Click on Accept to use the identified particle locations to Array tool on the Spectra tab. This

imports the particle positions to the Spectra tab for automated acquisition.

11) Review the spectrum array table on the Spectra tab to deselect any locations you want to omit

and if desired, manually add any additional points.

12) Review spectra acquisition parameters and the estimated time required.
13) Click Acquire to start automated acquisition of spectra at each point in the array table.

30701

15351

Mark Particles

%4 Feature Finder = a X
D X (um) Vium)  Size (um) Area (um?
6 -6.66 -1948.33 18.56 270.525
7 -230.28 -1038.8 637 31.839
8 st 93557 3 787
9 3503 193628 277 6045
10 -126.64 -1936.87 873 59.791
1 -15.92 -1932.54 6.8 36.346
12 -219.91 -1832.01 10.74 90.644
13 347 92616 742 43257
14 26250 191984 413 13426
15 -110.06 -1919.86 13.26 138.089
16 -2533 -1912.23 933 68.378
17 -1
s = Particle Table 2
19 -7
" e . ¢ 20 -133.36 -1904.15 9.88 76.671
Y o 4 21 2152 189167 986 76333
Particle l\&pa % 2 24388 18834 231 8504
. ‘ 23 -194.59 -1880.81 252 5.007
,'& & & 24 1052 -1877.64 481 18,161
. 25 -46.05 -1873.49 35 9.619
~ 6 1135 87595 1278 128329
- B G5 & e o= 4 o
e Global Coordinates Export To CSV..
Median Filter Kernel Size |5 px
. . [] Flatfield Correction  Sigma |80 Kernel Size (81 px
Light particle o] e By e
Min
threshold cursor Zym
Max
T T T T T T T T T T T 1
1 m  w e m s a2 ms w3 a8 a3 w2 = s Exclude when center of mass is not on particle
[ [ caatate | [ Accept ” [ cone
J

Figure 4-29. featurefindIR interface
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4.9.1. Selecting dark or light particles

featurefindIR has two cursors, one for selecting particles that are darker than the background and one for
selecting particles that are lighter than the background. Either or both can be used to select particles of

o Feature Finder 2% Feature Finder
£ 3
saug s2460
2225 20235
a 255.0,0.0] 00,00
o | WA
T T T T T T T T T T T T T T T T T T T 43 T T T T T T T 1
o 1 32 a e m s 12 m s 1w ups e W @ ;e s o 18 = 4 e s a2 i s s s im0 w7 ms s s
Mark Particles Mark Particles

Figure 4-30. featurefindIR, cursor positions for dark or light particle

4.9.1. Adding/deleting measurement points
To delete a particle from the spectral array, click on the particle crosshair in the featurefindIR image
window. The selected particle will highlight in the particle table at right. Right click and select Delete to
remove the particle from the spectral array.

| & Feature Finder == o X
] X (um) Yium)  Size (um) Area (uml
6 665 104833 1856 270525
7 228 1988 63 318
8 65t 9357 3N 7567
9 359 93628 277 6045
10 -126.64 -1936.87 am 59791
11592 183254 68 36346
122199 193201 1074 90684
B BT 192616 742 43257
1426259 191984 413 13436
13 -110.06 -1010.86 & 138,089
5 16 2533 8378
17 10584 1085
8 1502 129122
19 ~T9.82 28388
1336 76571
2 28 76333
2 -243.88 -18834 n 8594
23 -194.59 -1880.81 252 5007
24 1052 -187764 481 18161
25 -46.05 -187349 35 9619
% 185 67595 1278 128329
7 Glebal Coordinates
| | 7 Median Fiter Kemel Sizz |5 pe
[ Elatfeld Comection Sigma 80 Kemel Siz= |81 p
— I+ Filter By Size:
Min
2m
T T s SR T T T T T T T T T T 1
°* % ® @ wm W ® m m W m  Us WM W m B 35 [ Exclude when centerof mass s noton partide
M ekl [ coiae | [ Acept | [ concel

Figure 4-31 Deleting particles from a featurefindIR array.
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To add a spectrum measurement point, right click on any point in the featurefindIR image and select Add
Point Here as shown below.

2 Festure Finder - o x
D X(m) Ym)  Size(wm) Area um)
6 656 104833 1856 270525
7 2028 19388 637 31839
8 a4 193557 311 77
9 3593 103628 277 6045
10 12664 -19%687 873 5991
1 -15.92 -1932.54 68 36.346
2 21091 193201 1074 90644
B a7 192616 742 43257
. 14 26259 191984 413 13436
1 “ . 15 -11006 -1919.86 1326 138089
5 6 -2533 01223 933 68378
[+] 7 10584 190566 503 1985
. 8 1502 101038 1282 129122
19 7082 00448 601 28388
0 13336 90415 988 76671
21 2152 e9e7 986 76333
2 24388 18834 33 a5
23 10450 13081 as2 5007
1052 g7Ies 481 18161
25 -46.05 -187349 35 9619
6 -13s 87585 1278 128328
Global Coordinates
S Median Fiter Kernel Size [5 p
[] Flatfield Correction  Sigma |80 Kernel Size |81 px
- Filter By Size:
Min
2ym
Max
T e R R
o s = s s @ s m um w s ows m ® om @ s EXtilde whien Centar of Fiass iL Noton aricle
MaELamees Claate | [ Accept | [ Cancel

Figure 4-32. Adding a point to featurefindIR spectra array

4.9.2. Spectral array map

Once the Accept button is selected, the coordinates for each particle is automatically loaded into the
spectra array interface as shown below.

A @@

Points

Camera ~ 0 Refresh 3] Capture

Remove Clear | Count: 110

47785.01

-2278.302 pm, 4749377 pm -2262.4
-2301.529 um, 47493.98 pm  -2172.6
-2428.247 um, 4748562 pm  -2423.0
-2320.843 um, 4748894 pm  -2244.0
-2442.114 um, 47438.54 pm - -2269.3
-2306.142 pm, 4750207 pm -2194.2
-2188.973 um, 475056 pm  -2186.8
-2325.819 pm, 47504.13 pm  -2208.7
-2314.007 pm, 475058 pm  -2298.6
-2295.657 pm, 47504.29 pm  -2378.9
-2163.235 pm, 47506.55 pm  -2399.2
-2302.371 pm, 47511.32 pm  -2330.8
-2155.055 um, 47511.76 pm  -2264.5
-2267.083 um, 4751288 pm  -2446.4
-2312.949 um, 47574.3d pm - -2285.8
-2373.254 um, 47516.13 pm  -2425.3
-2166.729 pm, 47516.31 pm  -2435.8
-2215.59 pm, 47525.92 pm  -2357.9
-2171.689 pm, 4752896 pm  -2447.5

4771501

(um])
47641

47567

< >

Options
Auto Focus
[J €ameraimage when done

Stop lasers when done

4749289

-244911 -2375.11 -2301.1 -2153.09
fuml

Figure 4-33. featurefindlIR particle map loaded as a spectral array on the Spectra tab.
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4.9.3. Calibrating objective offsets

If the featurefindIR image was acquired using a different objective than the measurement objective, it is
necessary to calibrate the offsets between the two objectives. This will occur, for example, if you select a
10X objective for the featurefindIR image, yet the system will measure with the 40X Cassegrain objective
in co-propagating mode. In this case, the system will step through a process to measure and update the
offsets between the objectives to ensure optimal registration between the featurefindIR particle map and
the measurement points. Here are the steps for objective offset calibration:

1) After clicking Acquire Array, the system will prompt that objective offset calibration will be
performed as shown below. Click on Calibrate to continue.

Objective Offset Calibration

o Positioning calibraticn is required to use the C40X(1)
cbjective. Perform the fine offset calibration now?

Calibrate | | Skip | | Cancel

Figure 4-34. Objective Offset Calibration Prompt

2) The system will move to a saved point on a reference sample with a particle or other small feature
roughly centered in the field of view of the first objective, e.g. the 10X objective. Use the arrow
keys to focus and carefully center the feature on the crosshairs indicated as shown in the figure
below. Once centered, click Next.

3) The system will then move to the measurement objective, typically a higher power objective, for
example the 40X Cassegrain objective.

4) Repeat the process of focusing and centering the feature in the high mag view.

5) Click on Accept to complete the calibration.

6) The spectral array will now begin using the just calibrated offsets between the two objectives.
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Calibrate Objectives

Center the object on the crosshairs,
Use the focus controls if necessary.

Click "Accept’ to save the offsets and continue, or ‘Cancel’ to abort.

Objective: 10X(3)

D —

_ Click for next
| Previous ‘ Next . )
———— objective

Offsets Focus
x -0.65 pm z: 1603.45 pm
¥ -0.05 pm Focus adjust 5

Don't click yet! (Click
after done with both .
objectives)

XY centering

Center feature on crosshair

Calibrate Objectives

Center the object on the crosshairs.
Use the focus controls if necessary.

Click 'Accept’ to save the offsets and continue, or ‘Cancel’ to abort.

Objective: C40X(1)

Click when done o ¥ 5 X 3 =l

Figure 4-35. Calibrating offsets between objectives before spectral array
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At completion of the array the particle array map will be captured to the document along with spectra
from each point in the array table.

4.94. Particle Table

After completion of the spectral array the featurefindIR particle summary can also be accessed in the
spectral document. To view the summary, click on View Particle Info at the bottom of the spectra list as

shown below.

-3 IR Spectrum 42

-1 IR Spectrum 43

IR Spectrum 44

; IR Spectrum 45

-- IR Spectrum 46

-1 IR Spectrum 47

IR Spectrum 48

-1 IR Spectrum 49 W

- Feature Finder
[ View Particle Info ]

Figure 4-36. View Particle Info

Clicking on the View Particle Info button will open the Particle Info summary as shown below. This table
lists the positions and sizes of each particle where an automated spectrum was acquired. This table can be
exported by clicking on the Export to CSV... button.

ﬁ Particle Info - O >
MName ID X ¥ Size (um) Area (um?)

IR Spectrum 1 1 -3350.35 pm -51952.5 pm 7.198016 40,6926

IR Spectrum 2 2 -3336.45 pm -51948.852 pm 1032502 837281
IR Spectrum 3 3 -3390.35 pm -51944.852 pm 5512707 23.8682

IR Spectrum 4 4 -3204.4 pum -51044.557 pm 5.046427 20.00129
IR Spectrum 5 5 -3375.15pm -51947.602 pm 156375 192.0546
IR Spectrum & 6 -3482.05 pm -51938.551 pm 5.094078 20.38079
IR Spectrum 7 7 -3391.6 uym -51937.852 pm  14.36864 1621517
IR Spectrum & a -3503.1 pm -51927699 pm 6795216 36.26572
IR Spectrum 9 10 -3358.35 pm -51929.699 pm 19.7617 3068.7173
IR Spectrum 10 1 -3438.4 pm -51922.898 pm 1222987 1174717
IR Spectrum 11 12 -3465.35 pm -51920.148 pm  14.66613 168.9354
IR Spectrum 12 13 -3548.1 pm -51921.602 pm 16.54982 215.1178

Export To CSV... | | Close

Figure 4-37. featurefindIR Particle Info Summary
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4.9.5. Advanced featurefindIR Options

Global vs Image coordinates

The particle table can either display Global Coordinates (i.e. XY stage locations) or Image Coordinates
relative to the bottom left of the image. Global Coordinates are generally recommended as it makes it
easier to navigate back to a specific particle location for later review.

Excluded When Center of Mass Not on Particle

featurefindIR calculates a spectrum measurement location based on the center of mass of the particle. For
some complex particle shapes or aggregates of particles, the calculated center of mass may be off the
particle. When this checkbox is selected, featurefindIR will not include such locations in the spectral array.

Note: featurefindIR capabilities are being expanded. Contact PSC if you see additional capabilities that are
not documented here.

4.710. Chemical ID

4.70.17. Chemical ID introduction

Chemical ID is an optional software capability available from PSC via separate license that provides the
ability to search acquired spectra against one or more databases of reference spectra to identify potential
spectral matches. The current Chemical ID search capabilities is specifically targeted at microplastic
particle identification and includes high quality reference spectra of 18 of the most common polymers as
well as spectra from some common non-plastic interferents like cellulose, protein, bone, seashell, and
sand. Contact your sales associate if you are interested in adding this capability to your system.

4.70.2 Using Chemical ID

To use Chemical ID, select one or more spectra and then click Analysis/Chemical ID as shown below.

@ PTR Studio
DLAD DB (hmisSAQD
File Edit Setup Analysis Tools Help
Filter
AutoSave327... |~ Normalize
Spectra List Offset
t _Z_»‘ Average
= Gain
Arithmetic
Derivative
Label Peaks
Peak Height
Peak Area
Chemical ID
Recolor
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After execution, a Chemical ID summary table will appear as shown below. Adjust the spectral search
range and the minimum hit quality index (HQI Threshold) as desired. The results will automatically update
with any changes to these parameters.

Min hit quality Best match reference spectrum
Color . HOI
. dex (HQI) I h
selection  'MOeX / Spectral search range Measured spectrum
@ Chemical D 4 / \ - o x
HQl Threshold: 0.5 Upper Limit: |1800cm™ | Lower Limit: |1000 cm™
Name R X (um) Y(um)  Size (um) Area (um?) HighestHQI Chemical ID !

IR Spectrum 1 1 -E 428 194825 3594 10142 0.769 cellulose

IR Spectrum 2 2 | 770 -19474 15796 195968 0815 PMMA

IR Spectrum 3 3 | o -1945.4 14833 172797 0637 PMMA % os

IR Spectrum 4 4 | 1445 193565 5436 23205 0775 PA (Nylon) ::j

IR Spectrum § 5 | e 193525 358 10068 0868 PMMA

IR Spectrum 6 6 | o2 -193705 10527 87031 or1s protein

IR Spectrum 7 7 -E| 1792 19299 2874 6.488 027 ¢ T T T T 5
IR Spectrum 8 8 -E 13275 194585  27.585 59765 0.488 -
IR Spectrum 9 9 -E 191.95 -19304 5.169 20986 062 PMMA ]
IR Spectrum 10 10 -E -84 -1933 14088 155888 0787 PMMA :
IR Spectrum 11 n ] 0ss 1927.85 13755 148593 0809 PA (Nylon)

IR Spectrum 12 2 ] e -19165 3115 7619 0854 cellulose i
IR Spectrum 13 1 ] s 191995 1477 171343 0696 protein i
IR Spectrum 14 14 -E| 19.75 19134 3115 7619 0.868 PMMA

IR Spectrum 15 15 -E| 303 190575 6.267 30.846 0228 Best matCh

IR Spectrum 16 16 -E 56.1 -1905 8758 60236 0879

IR Spectrum 17 17 -E 151.25 190945 15818 196506 052 cellulose

IR Spectrum 18 18 -E 28 -1904.3 11602 105716 079 PMMA

IR Spectrum 19 19 EEE[~] 1esa 189705 6895 37341 0893 PMMA

IR Spectrum 20 [ |BIREES -18943 5532 24033 0756 PMMA

IR Spectrum 21 -E| 144 189165 12048 114006 0509 Pl

IR Spectrum 22 -E| 154.05 188475 2576 5211 0417

78.8% Success Rate Select Database.. | [ Export CSV..

Selected particle Selected particle location

4.70.3. Recoloring spectra by material type
To recolor any spectrum/particle marker in the Chemical ID summary table, click on the Color drop-down
menu for a specific spectrum as shown below and then click on any desired color. To apply the same color
to all spectra/spectra markers of the same chemical type, right click on the recolored spectrum and select
"Apply Color to Chemical ID". Once complete adjusting colors as desired, click on the Accept button.
Clicking on Accept will recolor the markers and spectra in the document file to match your choices. Note
it will also update a system configuration file to use the same colors for the same chemical IDs in the
future. E.g. if you select blue for PMMA, the Chemical ID tool will assign all PMMA spectra/markers to be
colored blue the next time you run Chemical ID.
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Name Id Color X (pm) Y (um) Size (um) Area (pmz) Highest HQl  Chemical ID
IR Spectrum 1 1 [[] 428 -194825 3594 10142 0901 Sand
Rl fmabte Color | 17705 19474 15796 195968 0817 PMMA
R CICTIELCICTMECIN | sos 19454 14833 172797 0638 PMMA
IR = = E = E = = = . = 14445 -1935.65 5436 23.205 0.77 PA (Nylon 6)
REETUrEEEEEE | 87 1193525 358 10068 0871 PMMA
@ Chemical ID
HQI Threshold: (0.5 | Upper Limit: |1800cm™ | Lower Limit: |1000 cm™
Name Id Color X (um) Y(um)  Size (um) Area(um?) HighestHQl Chemical ID
IR Spectrum 1 1 [v] 428 194825 3594 10142 0901 Sand
IR Spectrum 2 2 -] 17705 19474 15796 195968 0817 PMMA
IR SpectrJ Apply Color to Chemical ID I -1945.4 14833 172797 0638 PMMA

Figure 4-38. Recoloring a single spectrum (top) and right click to apply the same color to all spectra with the same
chemical ID (bottom)

Name Id Color X (um) Y (um) Size (um) Area (um?) Highest HQl  Chemical ID
IR Spectrum 1 1 El 428 194825 3594 10142 0901 Sand
IR Spectrum 2 2 -E| 177.05 -1947.4 15796 195968 0817 PMMA
IR Spectrum 3 3 -E| 69.4 19454 14833 172797 0638 PMMA
IR Spectrum 4 4 -E] 144.45 193565 5436 23205 077 PA (Nylon 6)
IR Spectrum 5 5 -E] 187 4193525 358 10068 0871 PMMA
IR Spectrum 6 6 | E| 92 193705 10527 87031 0902 PA (Nylon 6)
IR Spectrum 7 7 -El 1792 -1929.9 2874 6.488 0309
IR Spectrum 8 8 -E| 13275 194585 27585  597.65 0483
IR Spectrum 9 o [HEEE~| 19195 19304 5169 2098 0622 PMMA
IR Spectrum 10 10 -E] -84 -1933 14088 155888 0781 PMMA
IR Spectrum 11 1 -E] 101.95 -1927.85 13755 148593  0.841 PA (Nylon 6)
IR Spectrum 12 12| E| -67 -1916.5 3115 7.619 0937 Cellulose
IR Spectrum 13 13 B 259 191995 1477 171343 072 PA (Nylon 6)
IR Spectrum 14 14 -E| -1975 19134 3115 7619 0876 PMMA
IR Spectrum 15 15 [~ s03 1190575 6267 30846 0337
IR Spectrum 16 16 -E| 56.1 -1905 8758 60236 0858 PP
IR Spectrum 17 17| El 151.25 190045 15818 196506  0.704 Sand
IR Spectrum 18 18 -El 28 -1904.3 11602 105716 079 PMMA
IR Spectrum 19 19 -B 185.1 -1897.05 6895 37341 0897 PMMA
IR Spectrum 20 20 -E| 153.95 -1894.3 5532 24033 076 PMMA
IR Spectrum 21 21 -El 144 -1891.65 12048 114006 0599 PI

Figure 4-39 Chemical ID summary after recoloring spectra by Chemical ID
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Figure 4-40 Spectra and markers in the document recolored to match selection in Chemical ID tool

4.704.

Adding spectra to the Chemical ID database

User acquired spectra can be added to the Chemical ID database using the steps described below. Note
that the PTIR Studio installer installs the default spectral database in this location:

C:\ProgramData\Photothermal\PTIR Studio\database\reference_spectra.xml

To add user acquired spectra to the Chemical ID database, follow these steps:

1) Open a PTIR Studio file with a spectrum you would like to add to the Chemical ID database.
2) Click to highlight the spectrum you would like to add to the database and then right click and
select Add to Database as shown below.
3) Add any metadata you would like to add about the material measured for the reference spectrum.
4) When done, click Add to Database.
5) The added spectrum will be available for the next and all future uses of the Chemical ID tool.
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Copy @ Add To Chemical Database X
Cut -
Database Path: |C:\ProgramData\Photothermal\PTIR Studic|
Paste
Short Name:
Recolor > P—
Rename Vendor:
Delete Product Name:
Expand Order Code: |
CO"BPSE Product Code:
Show CAS Number: '
Hide >
Material Type:
Select >
. o ane Material Form:
Visibility »
Note:
Open In KnowltAll »
I Add To Database... Ii - Cancel I Add To Database

Figure 4-41. Adding user acquired spectra to the Chemical ID spectral database

4.70.5.

Inspecting spectral metadata

If you would like to inspect the spectral metadata for any material in the database, open the reference
database in a text editor.

Important note: Use extreme caution when editing the reference database file as formatting errors can
cause the database to become inoperable.

k?xml version="1.0" encoding="utf-8"?>
<XMLData xmlns:xsd="http://www.w3.0rg/2001/XMLSchema” xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance">

;

Spectrum
block

Spectrum <
block

N

</Spectrum>

<Spectra>
<Spectrum>

<GUID>970elall-89cc-4595-a656-83ebfe86b0al</GUID>
<shortName>epoxy</shortName>

<longName>Two ton epoxy</longName>
<vendor>Devcon</vendor>

<productName>Two ton epoxy</productName>
e vE g IR absorption data
<productCode>31345</productCode> 4/A\‘
<materialType>polymer</materialType>

<materialForm>film</materialForm> //' ‘\\
<spectrum wnStart="960" wnIncrement="2">0.0322962440550327,0.0375939272344112,0.0407033413648605,0.0411862

</Spectrum>
/’ <Spectrum>

<GUID>62b£flc68-d153-4337-a0cl-eb0b652d211b</GUID>
<shortName>HDPE</shortName>

<longName>High density polyethylene</longName>
<vendor>Goodfellow</vendor>

<orderCode>919-318-08</orderCode>
<productCode>ET32-GL-000110</productCode>
<CASnumber>9002-88-4</CASnumber>
<materialType>polymer</materialType>

<materialForm>2-4 mm granule, injection molding grade</materialForm>
<spectrum wnStart="950" wnIncrement="2">0.00453026546165347,0.0108507229015231,0.00997281540185213,0.00873

hd

Spectrum metadata

Wavenumber range
specifier

Figure 4-42. Chemical ID database format
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4.11. Acquiring O-PTIR images
To acquire O-PTIR images, first capture a video image to a document and then in the document window,
select a region of interest for imaging using the Select Scan Area tool as shown below.

4.71.17. Selecting a scan area

Step 1: Select Scan Area tool.
@ PTR Studio
File Edit Setup Analysis Tools Help

NMEEADYDE vEEH4Q O

Step 2: Draw scan box on image

Scan Area tool

79.13

(um)
5275

26.38

0 26.38 $2.75 7913
um)

Confirm Cancel

Step 3: Accept or cancel \ &
DAV NDE MmaEeQD O]

Figure 4-43. Selecting a scan area for an O-PTIR image.

4.71.2 Capturing single O-PTIR images
To capture a single O-PTIR image, select Single from the drop-down menu on the Image tab.
Q@ Live
Navigate l Spectra ‘ Image

#® Acquire Image

Time Required: 6 minutes 2 seconds

' Single v

Single
: Sequence
* ¥4 Auto Background ™ Focus All
Interleaved 1
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4.71.3. Adjust image settings

Next, review the settings for the image on the Live window, under the Image tab as shown below.

@ Live

Navigate ‘ Spectra 1 Image

#® Acquire Image |+ Start image acquisition

Time Required: 6 minutes 2seconds@¢—— | . .
— Image time estimate

Single ¥ ;
= Single image

4] Auto Background Optimize Re-Optimize & Focus All

acquisition
IR General
Wavenumber 1450 cm™ — |
I Wavenumber for
IR Power 12% v .
O-PTIR image
Probe Power 35% v .
Adjust per
Detector Standard v .
Figure 4-8
Detector Gain 2X v
Confocal Pinhole  Open N
Imaging
‘E Line Facus Stop Lasers When Done Set Rate units
Size Resolution Rate \Center
X 100 pm X 0.5 pm/pt 200 pt/s -14870.0 pm, -275139 prr | Adjust as desired,
¥ |50 um ¥ [0.5 pm/pt | Hcrster reviewing time estimate

Figure 4-44. O-PTIR image settings

Resolution adjustment

The resolution sets the pixel size (or pixel resolution) for the image. The spatial resolution of the O-PTIR
technique is around 300-700 nm depending on objective and probe laser wavelength. For high resolution
measurements, it is recommended to use a pixel resolution at least 2X smaller than your desired spatial
resolution. Decreasing the pixel resolution will increase the total image acquisition time. For larger area
images/survey scans, pixel resolution can be made larger to reduce image acquisition time. Guidelines for
pixel resolution are shown in the table below. Higher or lower Resolution settings may be used, but at the
expense of coarser image resolution or longer imaging times.

Table 4-4. Recommended pixel resolution settings for different image sizes

Image size Recommended default Recommended resolution
resolution range

10 um 0.05 um 0.05-0.Tum

100 pum 0.5 um 0.2-1 um

1000 um 5um 2-10 um
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Image scan rate adjustment

The Rate setting in the Imaging panel controls how quickly the sample is scanned. A good default value is
200 points/sec, and the usable range is normally between 100-1000 points/sec. In general, lower rates will
provide better signal-to-noise ratio (SNR), but at the expense of longer image acquisition times. In
m. So, to increase the SNR by 2X, it is necessary to decrease the

imaging rate by 4X. Refer to the Time Required estimate under the Acquire button when adjusting the
imaging rate to see if the acquisition time is acceptable. For lower quality survey scans, it can be useful to
increase the imaging rate. Higher image rates will decrease the image acquisition time, but only up to a
point. Due to scan overhead times, increasing the image rate above a certain threshold will not
significantly decrease image acquisition time. Image rates>1000 pts/sec generally provide diminishing

general, the SNR goes like

improvements in image acquisition time.

To avoid needing to change the Rate between different scan sizes, it is recommended to set the imaging
rate in points/sec. To access the units for the Rate setting, click on the gear icon ® in the Imaging panel.

B Imaging Settings ®
[ Square Size
Square Spacing

pm/pt * | Resolution Units

pm/s v | Rate Units

ptis

Figure 4-45. Setting Rate Units

Selecting desired image channels

Next, ensure that desired channels are selected for the images. The standard channels are O-PTIR and DC.
The O-PTIR image will show the relative IR absorption at the selected wavenumber and the DC image
shows the brightness at each image pixel. The DC image is similar to a brightfield image when using the
Standard detector and similar to a transmitted light image when the Transmission detector is used. It is
generally recommended to keep the Auto Range and Use Min/Max check boxes selected. The Palette can
be changed if desired for different color tables for display. The Palette and display scales can also be
changed in the document after image acquisition.

- Imaging View 1 - Imaging View 2
Channel OPTIR v Max 2.0785 mV Auto Range Use Min/Max Channel DC v Max 4.814V Auto Range Use Min/Max
Palette | Rainbow v Min  0.0001 mV Palette  GrayScale v Min 0.706 V

Figure 4-46. Channel selection for O-PTIR imaging.

#®+ Acquire Image

Once satisfied click the button.
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4.714. Avoiding water vapor absorption lines

Atmospheric water vapor has strong IR absorption bands that can significantly reduce the IR power at
certain wavelengths in unpurged systems. If your system is un-purged, avoid acquiring O-PTIR images at
the strong IR absorption bands. A portion of an O-PTIR background is shown below at left that shows a
series of sharp downward spikes between 1300-1800 cm. These spikes are absorption bands associated
with atmospheric water vapor. Especially at high relative humidity, these absorption bands can
dramatically reduce the IR power delivered to the sample. For this reason, it can be useful to purge the
mIRage with clean dry air and/or avoid acquiring O-PTIR images at the strong water absorption bands.
The table in the figure below lists some strong water vapor bands and the percentage of maximum IR
power measured at 38% relative humidity. Typically, it is sufficient to shift the IR wavenumber by just a
few cm™ to avoid a strong absorption band.

i
’ % of max
6 Wavenumber | power
. 1457 29%
55 1473 49%
. 1489 55%
. 1507 31%
4 1521 37%
1541 28%
1559 24%
’ 1653 41%
. 1685 51%
: 1701 50%
s 1717 51%
; 1735 44%

T T T T T u
18395 1800 1700 1600 1500 1400 1300
Wavenumber (cm™)

Figure 4-47 O-PTIR background showing water absorption bands and table of strong absorption lines

To determine which water absorption bands may be problematic on a specific system or on a specific day,
it can be helpful to examine your IR power background for low power points associated with water vapor
absorption. The easiest way to do this is to open a document and then select Tools/IR Background
Calibration/Add to Document as shown below.

Tools ‘ Help
! I IR Background Calibration 3 I Auto...

Video Capture
Align Pinhole

; Re-Optimize

4

Figure 4-48. Adding IR background to document

New...
Load...
Clear

Clear All

Show
Export to CSV

Add To Document
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You can then examine the background in the document window to identify strong water vapor absorption
peaks to avoid.

The background file can also be exported to a CSV file if desired using Tools/Background/Export to CSV.

Tools Help

IR Background Calibration > Auto... ]
Video Capture New...
Align Pinhole Load...
Clear
Re-Optimize
Clear All
Show
l Export to CSV
‘ Add To Document

Figure 4-49. Exporting background file to CSV

4.71.5. Line Focus tool

One method of optimizing spatial resolution has already been described in in Section 3.2.2, involving
minimizing the size of the probe beam spot in the camera view. Another approach is using the Line Focus
tool which allows the user to optimize the focus position while watching profile traces of the Image
channels while the scan stage scans over the same line continuously. The Line Focus function can be
accessed by clicking on the Line Focus button in the upper left of the Imaging panel, shown below.

Imiaging
Size Resclution Rate Center
X |37.2 pm X 0.1 pm/pt 50 pm/s -28125.2 pm, -2908.2 pm
¥ |33.9 pmn ¥ 0.0 pm/pt Recenter

Figure 4-50. Line Focus too/

Clicking on this button will stop the vertical image scan at the current position and bring up a menu,
shown below which displays scope traces of the Image channels, typically the O-PTIR (MIRage Amp) and
DC channels. Prior scan lines will be displayed while the color gradually fades to white. The user can then
click on the Focus Position up or down arrows to move the objective up or down to obtain the sharpest
contrast in the image. Typically, the focus increment is set to 0.5 pm. In addition, the user can select a
different location in the image by clicking on the image with the bullseye tool and the horizontal light
blue line indicating the location where the Line Focus function is collecting data will move to this new
position. Once the focus position has been adjusted to achieve the steepest slope between features the X
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can be clicked on which will exit the Line Focus menu and restart the image at the beginning to collect a
complete image at the new focus position.

@ LineFocus

Mirage Amp (mV)

T T T T T T T
-11630 -11625 -11620 11615 -11630 -11625 -11620 -11615
X (um) X (um)

Fade Lines: 20 Focus Position: 2186.1992 ym 05 pm

Figure 4-51 Line Focus tool image profiles during focus adjustment

4.71.6. Changing image center (Recenter button)

To change the center of an O-PTIR image after already acquiring one, select the bullseye icon from the
toolbar on the Live window and click on the desired center location on the O-PTIR image on the Image
tab. The sample will move the selected location under the IR/probe lasers. To choose this point as the
center of a new image, click on the Recenter button on the Imaging panel as shown in the figure below.

yO=mEPHPQ

msgng |
ﬂ' P Line Focus Stop Lasers When Done

Size Resolution Rate Center
X 79.8 um ¥ 0.3 pm/pt 80 pm/s -1235.7 pm, 463924 pum
¥ 495 pm ¥ 0.3 pm/pt [ Recenter ]

Figure 4-52 Image Recenter

4.71.1. Changing the number of acquired images

The current software version permits capturing up to three image channels simultaneously which permits
simultaneous imaging of IR absorption (O-PTIR channel), brightness image (DC channel) and Phase. To
enable to disable any of the images, click on the check boxes next to the image number.
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Image channel checkboxes

Objective Probe laser Counterprop.  Fluorescence Widefield

Trans. lllum.
-¥ Stop IR -¥ Start Raman C40X(1)  532nm ~ ) ) 3 IR:ON  Probe: ON
RommdpaUil v Imagel v Image2 v Image3 Capture: %3 Now
- Imaging View 1 - Imaging View 2 - Imaging View 3
Channel | O-PTIR v Max 6838 mV [ AutoRange Channel | DC

v Max 47614V [ AutoRange Channel  Phase v Max 389743dec [ AutoRange
Palette  Rainbow y 10639 mV Valfﬁuy&:ale v|  Min 45056V BlueGreenYelloy | Min -32.113 deg

Image channel selections

4.71.2 The Phase Signal

The Phase channel plots the phase delay of the O-PTIR signal from the lock-in amplifier. Changes in phase
indicate a difference in the delay between the IR pulse and the photothermal response of the sample. The
phase signal is primarily indicative of the thermal time constant of the material under study. In some cases
the phase signal can provide additional/complementary contrast to help identify regions that are different
from their surroundings and may warrant additional investigation. The figure below shows an example of
using the phase channel to identify different material components in a biological cell. In this case the
lipids in the cell showed significantly different phase than the surrounding protein.

1
OPTIR 1660 cm

-1
Phase 1660 cm

(nm)
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4.71.3. Image sequences

PTIR Studio also offers the ability to automatically collect a series of different O-PTIR images at different
wavenumbers and optionally with different settings. To enable sequence mode, select Sequence in the
drop-down menu on the Image tab as shown below.

e Live
Navigate l Spectra | Image

I # Start Sequence |

Time Required: 18 minutes

Sequence v

Single

Sequence

4] Auto Background Focus All

Interleaved

Figure 4-53. Selecting Sequence mode

Selecting Sequence mode will display an Image Sequence control panel shown below.

A Add Image Save Sequence 2. Load Sequence &' Hide Sequence o Add number of

Image 1 ] images desired

Wavenumber

—T——— Set wavenumber for
IR Power 12% V\‘ each image
+ A

\
Optionally adjust
Image 2 - p : y adj
ower between
Wavenumber 1510 cm™ 1 p
wavenumbers
IR Power 12% v 1
[
+ ~ | |7 Add other imaging
parameters if desired
Image 3 ;
Wavenumber
Wavenumber 1440 cm™ 1 R Poner
Probe Power
IR Power 12% v 1 o

Number of Images: 3

Figure 4-54. Settings for image sequence mode

Review the sequence time estimate and adjust imaging parameters if desired. Click to acquire
the image sequence.

4.714. Interleaved images

Interleaved mode automatically acquires two O-PTIR images at two different IR wavenumbers interleaving
scan lines, one at the first wavenumber, one at the second wavenumber until both images are collected.
Interleaved mode is very useful for ratiometric imaging, i.e., calculating the ratio of two O-PTIR images at
different IR absorption bands. The use of interleaved scanning ensures that the two measurements are
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performed very close in time to reduce or eliminate potential effects from thermal drift. Interleave mode
works in the following way:

1) The first line of the image is scanned at Wavenumber 1 (v1)

2) The IR laser is changed to Wavenumber 2 (v2) during the retrace scan
3) The first line of the image is rescanned at Wavenumber 2

4) Steps 1-3 are repeated for all lines in the image

Image at v1 Image at v2

DI [mm——
Line 2 quozoomzmmmzm :\\/,21
Linen o oo E\/l
inen o 2V

Figure 4-55. lllustration of interleaved mode that simultaneously acquires two images at two djfferent wavenumbers.

@ Live - Settings. Channel 1 Map bl
N [ OPTIR v a 2
Navigate ] Spectra ‘ Image e g &
Rainbow b
[ Max “
| E3 Acquire |mage | 0.002mv[§24.095mV/ E
Time Required: 13 minutes s e B e "
Channel 1 List
Interleaved v Name Time E o
. HA0PTR 17201 1:3931PM | = 2z
Single [ OPTIR14501 1:33:31PM o=
Sequence @
%, -
4] Auto Back: d F All
J /0 backgroun itadesved ocus Ca ptu red
T interleave :
Wavenumber #1 1300 cm™ Wavenumber #2 1614 cm™ im ag es °
< 3

Figure 4-56. (Left) Enabling Interleaved mode. (Right) Captured interleave images in document window.

4.71.5. Calculating a ratio image

Why should I calculate a ratio image?

The contrast in O-PTIR images can depend on several sample properties (e.g., reflectivity, thickness, and
thermal/mechanical properties), thus a single wavelength O-PTIR image does *not* necessarily accurately
portray variations in IR absorption alone. For this reason, it is often useful to calculate image ratios that
compare the O-PTIR signals at two different wavenumbers.

Consider an O-PTIR image with a signal intensity S(x, y,v), where (x, y) are the locations on the sample,
and vis the IR wavenumber used to collect the O-PTIR image. This signal can be broken down into two

separate functions:

Eq. 1: S(x,y,v) = A(x,y,v)B(x,y)

(1) A(x,y,v) which represents the IR absorption as a function of (x, ) position and wavenumber v
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(2) B(x,y) which represents the other sources of variation in the O-PTIR signal, for example reflectivity,
sample thickness, and thermal/mechanical properties.

Calculating the ratio of the signal S at two different wavenumbers v7 and v2 gives:

E S(xyvl) _ Alxyv1)B(xy) _ Alxyvl)
4. < S(xyv2)  A(yv2)B(xy)  A(xy.v2)

In this case the reflectivity, sample thickness, and thermal/mechanical properties are constant at each
point in the sample, thus the B(x, y) term in the numerator and denominator are the same and cancel out
in the ratio. The ratio image thus reveals the variation in IR absorption while eliminating effects from other

sample properties.

Calculating ratio images

To calculate a ratio image, do the following:

1) Capture two images at different wavenumbers using Interleaved Mode (Section 4.11.4)
2) In the Document window image list, select the image you want to use as the numerator.

3) Select Analysis/Ratio or click on the ratio icon /'.
4) Click and drag an image at a different wavenumber to the denominator selection “Ratio Image B" as

shown in the figure below and then click Continue.
9 Channel 1 £ Channel 2

o

OPTIR 2925 cm™ . 4+— Select numerator channel
Palette

Volcano v

Mn

Max

[ Auto Range more.,
~ Channel 1 List

Nome Tme

I (RREFI=SMATS «— Click to highlight image for numerator

| Select Images

Images Selections

All channels v Select images to calculate the ratio of . (A/B)

Ratio image A

#)- Cell H Intedeave ptir
IOPTIR 2925 cm™* 2925 1 ffrom interleave example for manual ptir) ‘

=) interleave example for manual ptir
OPTIR 1655 cm™ 1655 1
OPTIR 2925 cm™ 2925 1
DC 1655 cm™ 1655 1
DC 2925cm™ 29251

Ratio image B
PTIR 1655 cm™' 1655 1 ffrom interdeave example for manual ptir) ‘

[ Cross-comelate inputs? LeaVe Unchecked

Figure 4-57. Setting up an image ratio calculation.

5) An image ratio display will open, an example shown below.
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© Image Ratio — o X .
r=PQUeayd Set around 1, adjust
= View optons as necessary
Palette
0
3 [Volearo /” |
? 1
— 2 [J Auto Range
a o
s O nsnceter [~ Leave unchecked
¥
H
2 e
o
~
&
a
©
.
o &
2 S
@
g :
-2884.05 -2875.05
()
o
Ratio Controls Comelation
Scale 1 | Offset <N/A>
Min.Denom [ |  Beaing <N/A>
O knvert ratio Drift Velocty <N/A>
Show modfied Show original Accept Cancel

6) If desired, adjust the Min. Denom to exclude areas from the ratio calculation where the denominator
has minimal O-PTIR signal. This will avoid excessive noise in a ratio image due to dividing by a number
close to zero. The figure below illustrates ratio images calculated with different minimum denominator
settings.

484,
48426

485093
-4850.93

Tam]
Tamy

~
8
a
A
@

-4859.27

48676

-2902.05 -2893.05 -2884.05 -2875.05 -2866.05 -2857.05
(um)

-2902.05 -2893.05 -2884.05 -2875.05 -2866.05 -2857.05
(um)

Ratio Controls Corelation Ratio Controls Comelation
Scale 1 | Offset NA> Scale 1 ] Offeet NA>
Min. Denom @ Bearng <N/A> Min. Denom [6 Bearng <N/A>

Figure 4-58. Adjusting the minimum denominator setting in an image ratio calculation

7) Click Accept to accept your selection and save the ratio image to the document. The image will be

saved in the document under the Ratio channel.
- Settings
Channel

Ratio v
OPTIR 1655 cm™

OPTIR 2925 cm™

DC 1655 cm™

DC 2925 cm™!
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4.71.6. Using O-PTIR images as reference maps for
spectra

Either optical microscope images or O-PTIR images can be used as the reference to choose locations for
O-PTIR (and/or Raman) spectra. To use an O-PTIR image, capture an O-PTIR image to the document. If
not already selected, click on Image in the Image type drop-down menu as shown below. To use a
Camera image, select Camera instead.

Image ~| BN Refresh

Camera

Image

Figure 4-59. Toggling between Camera and Image choices for reference map

4.171.7 Image display settings

The Live window image display can be configured to display either one or two images using the radio
buttons shown below.

v Imagel v Image2

The image channel displayed for the left or right image window can be selected in the Channel dropdown
menu. The min/max range on the live display can also be adjusted, but Auto Range is recommended.

- Imaging View 1
Channel O-PTIR Y

Max 2.3521 mV Auto Range Use Min/Max

0 NAN20 \/
LUSO MV

Palette IdWarm v

O-PTIR v
Disabled

O-PTIR

Phase

DC

Figure 4-60. Selecting an image channel for display on the Live window

The color palette for an image display on the Live window can be selected from the Palette drop down
menu on the image view. This palette selection can be changed on acquired image data in the Document
window.

- Imaging View 1
Channel  O-PTIR v Max 23521 mV Auto Range Use Min/Max
Palette ColdWarm v 0.0038 mV

ColdWarm v

BlueGreenYellowRey
BlueRedGreen
BrownViolet
BrownYellow
ColdWarm

Figure 4-61. Changing the image display color palette.
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4.71.8. Image toolbar icons

The Live window has the following toolbars for use with the currently active image. Similar tools are on
the Document window for use with acquired images.

Ruler tool Pan Reset zoom

ROmadpqQD il

L NN

Center point under Clear ruler tool Zoom Select scan
IR/probe beam area

Figure 4-62. Live window image toolbar icons

4719 Capture Now

O-PTIR images are automatically captured to the document on completion. In some cases, it may be
desirable to capture an image to the document before it has completed (for example if you wish to abort
the current scan but save the already acquired image data). To capture an incomplete document at any
time, click on the Capture Now button. Note that Capture Now may have incorrect image metadata due
to the incomplete image acquisition.

Capture: +@ Mow

Figure 4-63 Capture Now button
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Chapter 5

5.Raman

This section details simultaneous acquisition of Raman and O-PTIR spectra.

Certain mIRage systems may also come coupled to a Raman spectrometer. Due to the fact a visible probe
laser is used during O-PTIR measurements, Raman scattering is always occurring on the sample surface.
By filtering off only the Raman shifted light and sending it to a spectrometer this enables the collection of
simultaneous O-PTIR and Raman spectra. A schematic diagram of this principle is shown below.

Raman
o A pulsed, tunable IR laser (red) Is Spectrometer

guided onto the sample surface
N\,
e The IR laser is made collinear
with the 532nm detection
. Avneous Raman
measurements are acquired

by additionally detecting the
Raman shifted light returned
from the sample surface
e The reflected green
lignt returns to the
detector, and the IR
signal is extracted

The collinear beams are focused

on the sample surface through &
microscope objective

—
When IR absorption occurs, the
thermal response of the sample
surface is monitored by the
green detection laser

5.1. Enabling Raman

To enable the simultaneous mIRage and Raman measurements select the IR+Raman option on the drop-
down menu on the Spectra tab of the Live window as shown below. For samples that are only Raman
active, it is possible to select Raman only without enabling O-PTIR measurements.

ﬁ Live

Navigate | Spectra

llmage

{- Acquire Single ‘

Time Required: 10 seconds

Figure 5-1. Enabling Raman measurements

This opens an additional panel that appears in the spectra tab that contains the Raman controls.
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Raman Spectra Cosmic Ray Filter: Active
Start Resolution 600 v
Center Integration

Raman Pinhole Open v

Figure 5-2. Raman spectra settings

5.2. Raman grating selection

The first choice when collecting a Raman spectrum is the choice of grating. The grating is changed by
clicking on the resolution tab and accessing the grating drop down list. Available gratings may depend
on your system configuration.

Raman Spactra Cosmi Filter: Active
Start 1704 cm™
Center 2300 e

End 39926 cm™

The choice of grating affects both the resolution of the data and the range of Raman shift covered by the
measurement. The grating, resolution and range for each grating are shown in the table below.

Grating Range Resolution
600 lines/mm 3870 cm™! 0.12 nm/pixel
1200 lines/mm 1722 cm™’ 0.06 nm/pixel

5.3. Setting Raman spectral range

After choosing a grating, we now select a “Center” value. This will set the start and end points of the
spectral collection window. This number is usually selected to have a start value of ~ 200 cm™". The
specific start value can be chosen depending on the Raman edge filter cutoff (the filter used to
block the Raman excitation beam from reaching the spectrometer).

5.4. Setting Raman integration time

The integration time is how long the collected Raman beam is exposed to the CCD camera. The CCD
detector will saturate at a value of > 65,000 counts, so ensure the integration time is set low enough to
ensure this doesn’t happen.
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The integration time should be set based on the strength of signal from the sample. In general, use an
integration time of 0.1-0.2 seconds for focusing/pinhole alignment where you need real-time feedback.
For actual sample measurements, an integration time of 1 second is a good default value to start with.
Adjust as needed for desired SNR, while making sure the Raman spectrometer sensor is not saturated (see
Section 5.7). When collecting simultaneously IR and Raman spectra it can be useful to match the
integration time for IR and Raman spectra so that neither measurement is waiting on the other to
complete.

The final setting is the number of averages collected when acquiring a spectrum. In general, the SNR will
increase like the square root of the number of averages. So, 4 averages will provide 2X better SNR. Using
2 or more averages enables the use of the Cosmic Ray Filter, described in Section 5.10.2.

5.5. Fluorescence bleaching delay

The "Fluor. Bleach Delay” parameter will optionally turn on the probe laser and dwell at a location for a
specified time to attempt to photobleach sample fluorescence. Note that this delay will be applied to
every point in a spectral array so it can have a major impact on measurement throughput. If you have
substantial sample fluorescence, try an experiment first to see how much time is required to bleach the
fluorescence to an acceptable level and determine if your measurement permits the required amount of
fluorescence bleaching delay. As an alternative on multi-laser systems, much less sample fluorescence is
typically observed at 785 nm excitation wavelength.

5.6. Starting Raman measurements

Once the desired Raman parameters have been set, the Raman signal from the surface may be displayed
in real time by clicking on the “Start Raman” button at the top of the panel.

3 satRC] | S start Raman | il

The real time Raman spectrum will now be displayed in the Raman preview window in the bottom right of
the Live window. The Raman parameters can then be adjusted to optimize the spectral quality. Once the
desired parameters for both IR and Raman have been entered, simply click on Acquire single to collect
simultaneous spectra.

Acquire Single

5.7. Avoiding Raman saturation

The Raman signal is integrated in a camera-based sensor that has a 16-bit limit, i.e., 65535 counts. Ensure
that your max signal in the Raman Preview window is not over this limit. Note that a fluorescence
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background can boost the total signal up near saturation for long integration times, so check this with the
baseline compensation off. If your signal is saturated, reduce the integration time and if desired increase
the number of averages.

Raman Preview

FO000-

A d t t' ’/>|-II A A
E0000— Vvold saturation J L """""‘""‘""""’W\..-..EHIW‘.. |'|

F rv-ﬁ“’ W
50000— ™ o ~
40000— / \N“\

30000- |'| II

Intensity

20000-

10000, I I I | I I I | I
Sooa 4500 4000 3500 3000 2500 2000 1500 1000 soo u]
Rarman Shift (crm™)

| | auto scale '

Figure 5-3. Raman spectrum illustrating signal saturation

5.8. Raman focus adjustment

To adjust the focus for Raman measurements, either use the minimum probe beam adjustment as
described in Section 3.2.2 or alternately adjust the focus while monitoring the Raman intensity in the
Raman preview window. Note that in some cases the Raman signal level will increase when the IR beam is
defocused, so for best spatial resolution, use the minimum probe beam size adjustment.

5.9. Aligning the Raman pinhole

To align the Raman pinhole, do the following steps.

1) Navigate to the silicon reference sample (see Sec. 3.5 and Figure 3-9)
2) Adjust the Raman settings as shown below

Raman Spectra Cosmic Ray Filter: Active
Start 50 cm™ Resolution 600 v
Center 2310.7 cm™ Integration 0.1s

End 4084.8 cm™ Averages 1

3) Click Start Raman on the Spectra tab and observe the Raman spectrum preview and specifically the
silicon Raman peak around 520 cm™.
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Raman Preview
2800-
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Intensity
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4) On the Raman settings window, reduce the pinhole size to the smallest size where there is still a signal.
5) Click on Tools/Align Pinhole on the Document window menu bar.

@ Pinhole Align Tool x
A Pinhale
« > Raman Pinhole v
A J Cffset: -50000 pm, -327500 pm
Step Size Reset Offsets
1 pm Save Offsets

6) Select the Raman Pinhole from the drop-down menu.

7) Adjust the step size to be around 10% of the current pinhole size. E.g., for a 200 um pinhole, set the
step size to 20 um. (Note: Some mIRage systems will have pinhole alignment units listed in “pts” which is
the number of motor steps to move the pinhole. For systems that use “pts” units, start with a step size of
50-500 pts, and adjust as necessary. Contact PSC support if you would like your system recalibrated to use
microns instead of motor steps.)

8) Click on the up/down/left/right arrows while monitoring the amplitude of the silicon Raman peak.
Adjust until the Raman peak amplitude is maximized. It is sometimes easier to turn off the auto scale on
the Raman spectrum preview to see the peak size grow and shrink. Alternately, leave the auto scale on
and observe the maximum intensity of the vertical graph scale.

9) Change the step size to around 1% of the current pinhole size.

10) Repeat step 8 until the signal is maximized.

11) Once the peak is successfully maximized, click on Save Offsets.

12) If the Raman signal is lost, click on Reset Offsets to return to the original starting position.

13) If you started with a larger pinhole for step 4 than you want to use for your measurement, reduce the
pinhole size to the desired diameter and repeat the above steps for the smaller pinhole.
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5.10. Advanced Raman settings

Advanced Raman settings are available by clicking on the settings button (gear icon) on the mIRage panel
on the Live window and then selecting the Raman tab.

4] Auto Background Optimize Re-Optimize & Focus All l

Settings
Settings Hide advanced options

button IR Raman
Aral

Sit Width [1000 pm

Raman advanced settings

Remove Baseline [ ]
Strength |5 ]

Cosmic Ray Blim.
Threshold 1500 ]

Figure 5-4. Raman advanced settings

57017. Remove Baseline

Remove baseline can be used to remove at least partially suppress a fluorescence background. Use
Remove Baseline with caution as it can alter Raman peak shapes if used too aggressively or on data
without a smoothly varying baseline. Note that there is also an offline baseline removal tool in the
Analysis/Filter menu on the Document window. If you wish to preserve your raw Raman data, leave the
Remove Baseline unchecked, and post-process the spectra using the Remove Baseline capability in the
Analysis/Filter menu. This function is described in more detail in the mIRage Software Manual.

Analysis | Tools Help

| Filter > Savitzky-Golay
Normalize » De-glitch
Offset » De-spike
Average > Step Discontinuity

Figure 5-5. Offline Remove Baseline filter tool available on the Document window

5702 Cosmic Ray Filter
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Cosmic rays are high-energy particles originating from outer space. When a cosmic ray hits the Raman
detector during a measurement, it will create a sharp spike in the data, as shown below.

40004
38004
36004
34004
32004
30004
28004
26004
24004
22004
20004
18004
16004
14004
cosmic ray spike

1000

4004
2004
A e pancy rrpoin ety - e (237360)
! .

f T ¥ 7 T T T
4005.1 3500 3000 2500 2000 1500 1000 500 130.36
Raman Shift (cm™)

Figure 5-6. Example cosmic ray spike

PTIR Studio offers different options to remove cosmic ray spikes, either in real-time at the time of data
acquisition or in post-processing.

Real-time cosmic ray suppression

To enable real-time cosmic ray suppression, click on the Cosmic Ray Elim. checkbox. Note that the cosmic
ray filter is only active when the number of averages is set to 2 or more. The cosmic ray filter compares
two or more spectra to each other and rejects portions of the data that exceed a threshold value from the
median. Thus, a cosmic ray spike on one Raman spectrum will generally not occur at the same detector
pixel on another spectrum and thus will be detected and eliminated from the data. The Threshold value
sets the number of counts above which a cosmic ray spike is detected and eliminated.

Cautions about using the Cosmic Ray Filter

Because the cosmic ray filter is used to reject portions of the spectra where one spectrum is very different
from another, this can cause issues when Raman spectra are unstable. For example, samples with high
fluorescence and a high bleaching rate can lead to successive Raman spectra that are substantially
different from each other, thus causing the cosmic ray filter to reject real data and cause spectral artifacts.
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For samples with no auto-fluorescence, a reasonable threshold for the cosmic ray filter is 500. For samples
with high fluorescence, it can be better to use higher cosmic ray thresholds, e.g., around 1500.

Offline Cosmic Ray Filter

Because of the potential for the real time cosmic ray filter to generate artifacts in the presence of
autofluorescence, it can be desirable to apply a cosmic ray filter in a post-processing step. There are three
options available. Both the De-spike and De-glitch filters on the Analysis/Filter menu on the Document
window can be used to post process single Raman spectra to remove cosmic ray spikes. There is also a
cosmic ray removal tool under the Analysis/Average menu, although this must be applied to at least two
Raman spectra because it uses the same approach as the real time cosmic ray filter.
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Chapter 8

6.Options and Accessories

This section documents the use of certain optional features and accessories. Most optional features and
configured at the time of purchase, but some options are available as an upgrade. Contact your sales
associate if you are interested in acquiring optional features and/or accessories.

6.1. Additional detectors

Some mIRage systems may be equipped with a variety of detectors. There are a maximum of three
detectors in the system, Standard, APD, and Transmission depending on purchased configuration.

6.71.71. APD Detector

The APD detector is typically used when a sample has a strong interaction with the probe laser, causing
sample damage. This detector can operate with very low light conditions, allowing for spectral collection
on these challenging sample types. The spectral collection and IR imaging procedure for the APD detector
is essentially the same as for the Standard detector, with some mirror differences.

Q Live
Navigate | Spectra | Image
’ - Acquire Single l
Time Required: 10 seconds
IR + Raman v |Single vi

(&) Optimize @ Auto Focus

IR Spectra IR General
Point Den 2 cm-1 Speed 100 cm-1 v Wavenumber 1730 cm™
Start 900 cm™ IR Power 2% v

End 1800 cm™ Probe Power 05 % v
—
Averages 1  Detector APD v l>

Intelligent Coaveraging O

Background Normal v

1. To select the APD, choose it from the detector drop down menu on the Spectra panel.

2. When the APD detector is selected, the software limits the levels of probe power that can be used.
available. This is a safety feature to protect the detector, as it can be damaged with higher probe laser
powers. For 532 nm, the max power for APD operation is 1% of the total laser power and for 785 nm
the APD limit is < 5% of the total power.

Optimize the signal and collect data in the same manner as when using the standard detector.

4. It is good practice to switch back to the standard detector when done using the APD.

w
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6.1.2. Transmission Detector

While both the APD and Standard detectors operate in reflection mode, there is also an option to add a
transmission detector below the sample stage. The transmission detector is especially useful on samples
with little reflectivity, for example samples in liquid.

1. When using the transmission detector, if possible, it is best to initially optimize the O-PTIR signal with
the standard detector prior to switching to transmission. Start by acquiring an auto background with
the standard detector to ensure good alignment between the IR and probe beam.

2. To select the transmission detector, select it from the detector drop down menu on the Spectra tab.

3. Using the transmission detector will normally require lower detector gain than the standard detector
because most samples will transmit >90% of the incident probe light.

4. After ensuring the detector signal is not saturated, use the Focus All button to optimize the signal
level.

5. Itis good practice to switch back to the standard detector when done using the transmission detector.
@ Live

Navigate Spectra Image
J- Acquire Single
Time Required: 30 seconds

R v| | Single

(&) Optimize @ Auto Focus
IR Spectra IR General

Point Den 2 cm-1 Speed 100cm-1~  Wavenumber 1730 cm™ \
Start 900 cm™ IR Power 2% v

End 1800 em™ Probe Power % ~
e b
Intelligent Coaveraging [J  Detector Gain 10X v
Background Normal v

Figure 6-1. Selecting the transmission detector
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6.2. Transmission illumination

Transmission illumination is an optional feature of the mIRage that can be configured at the time of
purchase. Transmission illumination uses the condenser/objective underneath the sample to deliver white
light illumination for the optical microscope video view. Transmission illumination is useful for samples
with low reflectivity that do not show good contrast in epi-illumination, for example samples in liquid.

Note: Since the Transmission Illumination module uses the same reflective condenser as is used for
focusing the IR beam for counter-propagating mode, these two modes cannot be used simultaneously.
When counter-propagating mode is enabled and the Start IR button is pressed, transmission illumination
is inactive. Also note that the optimal Trans. Focus position for transmission illumination and counter
propagating mode may be different, so make sure to set the Trans. Focus position as appropriate.

6.2.1. Enabling transmission iflumination

To enable Transmission Illumination on systems with this capability, turn on the Trans. lllum. slider at the
top right of the Live window as shown in the figure below.

Objective Probe laser Counterprop. Fluorescence Trans. lllum.

¥ Start IR 10X(3) 785nm ~ @

Figure 6-2. Enabling transmission illumination

6.2.2. Trans illumination focus adjustment

Once enabled, use the Trans. Focus controls on the Stage panel to adjust the focus position for best
contrast.

tage

¥ Load Load Prev. 4 Unload
£ Focus C

O I
234005
sl

Sample Position =

Speed

2000 pm/s
I Navigate... H Go To... I
£ Trans. Focus 0]
Trans. Illum. focus controls
O I I
13247.38 pm l DC Focus... ” 6o Focus... I
IR | pefautt. || GoTo.. |

Figure 6-3. Adjusting focus for Transmission Illumination
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6.3. Infrared polarization control

This section outlines the use of the optional feature of infrared polarization control.

6.3.1. Polarization control background

Polarization is an optional feature of the mIRage that can be configured at the time of purchase. The
polarization control system consists of a wire grid polarizer placed in the IR beam path that can be rotated
to different angles under computer control. Acquiring spectra and/or O-PTIR images as a function of
polarization can give information about molecular orientation. Note that rotating the polarizer away from
0° will result in reduced IR power. For that reason, it is recommended to maintain the polarization angle
between +45°.

Incoming

polarization
Rotatable

polarizer
Final

polarization
?/
Polarizer 4

axis \

I =1Iycos? 6

Figure 6-4. Concept of the IR polarization control
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Figure 6-5. IR power versus polarization angle.
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6.3.2. Using Polarization Control

1) Enable polarization control using the Polarization slider on the top of Live window. @

2) Select a desired polarization from the IR Polarization drop-down menu.
IR Polarization

Probe Power

Detector

3) Collect an Auto Background using the procedure described in Section 0.
4) Save the Auto Background with a name that includes the polarization angle.

6.4. Raman polarization contro/

Raman polarization is a special optional feature of the mIRage that can be configured at the time of
purchase. If your system is configured with Raman polarization control, the polarization of the probe
beam angle can be adjusted as well on the IR General Panel on the Spectra tab of the Live window.

IR General
Wavenumber
IR Power 100 % N
IR Polarization — IR polarization control
Probe Power 6.7 % N
ProbePolarization [0deg  /¢—————1  Raman (probe) polarization
D v
etector Standard Contr0|
Detector Gain 1X N

Figure 6-6. IR and probe beam polarization contro/

(® stage 3: Background o
Collecting background (20 of 20).

3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000
-
m

Time Required: 2 minutes 47 seconds

Completed stage 3 of 3 W Restart Cancel

\Q Save As M
8 1Background_2023-04-03_13-31-41, +45 degrees.irb v |
Save as type: | (.irb) v
A Hide Folders Cancel

Figure 6-7. Saving auto-background with polarization angle.
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5) Click on the Optimize button on the Spectra tab and save the current Optimize points to a file including

the current polarizer angle as shown in the figure below.

‘ a ﬁ_’:‘] Auto Background D | Re-Optimize & Focus All

Optimized IR Positions

Tools = ’
c Save points )

Remove | | Clear All l
Wave# (cm™) X (um) Y (um) | Load points
2850 -1.55 -2.15 Beam Profile
1650 -2 -073 Focus Capture
1300 -13 -0.55
1100 -1.21 -0.1 ’ f
File name: I IR Optimize Points, +45 degrees.xml v
Save as type: | XML files (xml) (*xml) v
A Hide Folders Save Cancel

Figure 6-8. Saving optimize points to a file containing the polarization angle in the name.

6) Repeat steps 2-5 for all desired polarizations. Recommended polarizations are -45°, 0°, and +45°. If

more polarizations are required, it is recommended not to go outside the range +45°.

7) Select the polarization angle desired for the first measurement.

8) Load the previously saved background for the current polarization.

Tools | Help
I IR Background Calibration > | Auto...
Video Capture New...
Align Pinhole
Clear
Re-Optimize
Clear All
Show
Export to CSV
Add To Document
File name: | Background_2023-04-03_14-36-5% +45 degree@ V| (*.irb)

Cancel

Figure 6-9. Loading a previously saved Auto Background.

9) Load the previously saved Optimize points for the selected polarization.
10) Acquire spectra and/or images of sample at the selected polarization.

11) Repeat steps 7-10 for any other desired polarization angles.
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6.5. OPO Laser

Some mlRage systems can optionally be configured with an additional optical parametric oscillator (OPO)
laser. To use this laser, do the following:

1) Deinitialize the mIRage system.

2) On the Document window select Setup/Hardware Configuration.
3) Select OPO as the Active config as shown below.

4) Initialize the software.

After reinitialization, the software will display the available tuning range and tuning speeds for the OPO.
Note that the OPO tunes much slower than the QCL, so acquiring IR spectra will take longer.

Hardware Configuration X
Configurations
Active config |OPO v

Defauk |
Cance

Figure 6-10. Selecting OPO IR laser (if supplied)

To switch back to the QCL, repeat the above process, but select the Default or QCL option for the Active
config.
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Chapter 9

7.Advanced operation

This section documents certain advanced features. These features provide advanced users additional
flexibility/capability for certain measurements.

7.1. Intelligent Co-averaging

Intelligent Co-averaging is a patented’ technique for significantly improving the signal-to-noise ratio
(SNR) of co-averaged spectra. The Intelligent Co-averaging approach analyzes a series of co-acquired
spectra to separate features that correspond to either signal or noise and then suppresses the noise.
Specifically, this approach analyzes a series of acquired spectra to find spectral features that are common
between the co-acquired spectra (the signal) and rejects features that are different (the noise). Example
results of Intelligent Co-averaging are shown below in Figure 7-1. Intelligent co-averaging can reach SNR
values that are far higher than can be achieved with additional co-averaging.

IR Spectrum 1/0-PTIR
(mV) [mV]

©

<
§00
w
=
-
iy
o

1700

Wavenumber (cm™)

Figure 7-1. Intelligent Co-averaging

1'U.S. Patent No. US10809184B1
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/.1.1. How Intelligent Co-Averaging Works
Each spectrum is deconvoluted into a series of wavelets and corresponding wavelet amplitudes. A signal
to noise ratio (SNR) is calculated for each of the wavelet amplitudes. A high SNR indicates that a specific
wavelet/wavelet amplitude is part of the signal whereas a low SNR indicates the wavelet comprises noise.
The wavelet amplitudes are sorted by SNR into a so called “scree plot” of decreasing SNR. A cursor is used
to set the dividing line between signal and noise. Then the spectrum is recalculated using only the
wavelets and wavelet amplitudes to the left of the cursor. This approach can provide dramatically better
results than simple averaging because it maintains the features that are common between spectra (the

signal) and rejects those that are different (the noise).

/.1.2. Using Intelligent Co-averaging

To use Intelligent Co-averaging, do the following:
1)
Spectra panel on the mIRage window.

2)

On the Spectra tab, click the Intelligent Co-averaging check box on the IR

Select the number of co-averages desired. Usually, 5-10 is a good

IR Spectra

Point Density 0.5 cm™/pt v
End 1800 ecm™
Averages 10

Intelligent Coaveraging

Background Mormal i
number.

3) Click on Acquire.

4) When acquisition is complete, the Intelligent Co-Averaging window pops up.

5) Slide the scree plot cursor left and right while monitoring the resulting spectral quality and
residual. Generally, the best results will occur when the cursor is positioned at a knee in the scree
plot. Be careful not to position the cursor too far to the left or wavelet artifact spikes will appear in
the filtered data.

6) Click on the Both Averages button when done to write the traditional co-averaged and Intelligent
Co-averaged data to the document.

@ select Intelligent Coaveraging Threshold - O X
0 )
25 Linear Average
.5 N Intelligent Average
ol Scree plot 35
3] Denoised spectrum
© 10 -
x4l € 05
£ o
[v2) 0.0 ik

20

Signal/Noise cursor

Noise

Residual

0.0

-05 -

Noise residual

T r T T
5000 10000 15000 1800 1700 1600
Wavelet #

Threshold | 1.66

T
1400
Wavenumber

T T T T 1
1500 1300 1200 1100 1000
Auto Scale Residual

Accept Average: Both Averages

Save both average types

Figure 7-2. Intelligent Co-averaging
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7.2. Data channel editor

The Data Channel Editor can be used to change the display settings of O-PTIR data channels for
spectroscopy and can be used to add custom data channels for O-PTIR imaging and spectroscopy.

The Data channel editor is preconfigured with three standard data channels, O-PTIR, Phase, and DC. The
O-PTIR signal is the amplitude of modulation of the probe beam intensity in response to IR absorption by
the sample. The Phase signal is a measurement of the relative time delay between the onset of an IR pulse
and the photothermal response in the O-PTIR signal. The Phase signal can be useful for visualizing
differences in thermal relaxation times between different regions of a sample. The DC signal is a
measurement of the average intensity of probe light scattered from the sample and is similar to a bright-
field image of the sample. (The DC signal will represent an epi/reflection image when using the standard
detector and a transmitted light image when using the transmission detector.)

These three standard channels should not be modified (except if you wish to change the display color).

Please contact PSC support if you are interested in adding other custom data channels.

7 Edit Data Channels - m] X

Data Signal Label Units Scale Offset Sig. Digits Color Line Type Rm.Bkg Rm.Baseline Rm.Power Rm.Gain
//Z\/*/DEMODS/0/R O-PTIR Y 1000 0 4 I Red 60% B LUNE v V]
//Z\/*/DEMODS/0/Theta Phase deg 1 0 2 Il slack [~ [we ~] O O O O
//Func/Abs{//zif*/demods/0/auxinl)  DC \ 1 0 3 | B UNE v | [] ] [ ]

rNVv—+=235 Save Cancel

Figure 7-3. Data channel edjtor

7.3. Manual Background

Generally, PSC recommends using the Auto Background feature described in Section 0. If there is a
compelling reason to perform a manual background, it can be accessed using Tools/Background/New...

Tools | Help

IR Background Calibration 2 Auto..,

Video Capture Mew...

The manual background will use the currently selected detector, which may not be the detector
configured for the Auto Background. Adjust the background settings as desired, e.g., the Start/End of the
IR sweep and the number of averages and then click Acquire. Click Save... to save the background and
Done to exit.

Figure 7-4. Starting a manual background.
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Collect Background X

Background
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= |
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f | |
1] I I '
! I ; | J
D= 1 1 | [
3100 2500 2000 1500 500
\Wavenumber

Show Factory Reference Autofocus to maximize

- Configuration show admin mode / O-PTIR sig nal
Poirt Density 2 cm™'/pt 200 cm™'/s ~ Auto Focus
. Start 540 cm™
Adjust as i e Save when . .
desired Click to exit
esire Averages complete
Click to start X /
Acquire Export CSV... Save... Done

background

Figure 7-5. Running a manual background

7.4. Manual Optimize

The Optimize function is used to adjust the overlap between the IR and probe beams. In general PSC
recommends using the Auto Background (Sec. 0) and/or the Re-Optimize (4.6) functions as both include
automated Optimize routines on the appropriate reference sample. In specialized cases it may be
desirable to perform an optimize directly on a sample of interest, e.g., when using a water immersion
objective or on a sample of non-standard thickness. In this case, the Optimize function can be accessed
manually using the Optimize button on the mIRage panel of the Live window.

O ) Auto Backgrourid Optimize |[9] Re-Optimize & Focus All

Figure 7-6. Manual optimize button

The Optimize button opens a pop-up window with controls for optimizing the IR/probe beam overlap.
The table in the upper right of the IR Optimize window shows the current Optimized IR Positions, a table
of XY offset positions for each stage of the IR laser. To update optimize positions for any QCL stage:

1) Click on one of the wavenumbers in the position table to select that wavenumber.

2) Click the Scan button. The system will raster the IR beam position while measuring the O-PTIR signal to
produce an image of the signal vs. XY offset (essentially an image of the IR spot).

3) Adjust the position of the IR spot image until it is centered on the cursor

4) Click Update.

5) Repeat steps 1-5 for other QCL stages as desired. Note only one wavenumber can be used for each
QCL stage. The QCL stage tuning ranges are shown at the top of the window.
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6) Click OK to exit.

[ IR Optimize - [u] x
stage3 s [N
r i T i [} L T T
8 g H gf g 3
1) Click on
Size  20x20pm Optimized IR Positions
2o 2um | [ = Toos = wavenumber
3) Click & drag to center  osm T
i— r S 2850 -1.67 12 /
2) Click Scan

4) Click Update

1650 cm™

“183ym  -022pm /

[ v 4

IR Power | 51%

IR Focus 623 pm

(A) Advanced

Points/Line 40

00

Probe Power 35%

IR Focus Step | 10pm 8[
Palette | Volcano . » 4) C||Ck O K When

35.69

g 6 5 2 2 i , Interpolation 7
11.8: & 2 2 6 g7 d
o Sasp s o 7 one
Completed [ ok ][ conce

Figure 7-7. Manual Optimize

7.5. Adjusting focus speeds

Focus speeds can be adjusted by clicking on the settings (gear icon) on the Stage panel. The default focus
speeds are shown below. It is generally recommended to keep these default values unless a slower speed
is desired for fine focusing.

Stage

i ¥ Load ¥ Load Prev. 1 Unload
(@Focus 7] @ Focus Speeds

n Slow Speed 6 um/s

N 23400.5 pm £ FOCUS... Medium Speed | 150 pm/s
Solo- Fast Speed 1500 um/s
@ Trans. Focus Speeds
FOCUS Sett|ngs Slow Speed 20 pm/s

@ stage Control Settings X

Medium Speed | 150 pum/s

Fast Speed 1000 pm/s
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7.6. Changing the backup directory

Unsaved data is automatically saved to the backup directory. The default location for the backup directory
is C:\Program Data\Photothermal\PTIR Studio\Backup.

It is recommended to choose a backup directory location that is automatically backed up by your IT
department to prevent any data loss in the case of a computer hard drive failure. To change the backup
directory, select Setup/Change Backups Directory... and then navigate to a desired backup location and
click OK to select. Unsaved data will be placed in the backup directory using a naming convention of
AutosaveNNNN.ptir, where NNNN is a four-digit sequential number as described in Section 4.8.4.

Setup | Analysis  Tools  Help Browse For Folder x
(1) Deinitialize
Initialize Stage...
) . v Photothermal G
Hardware Configuration... g PTIR Studio
Camera Settings... g
Backgrounds
Admin Mode Backup
Cenfiguration
Edit Data Channels... Logs o
Edit Filter Cubes... g :
Change Backups Directory... Make Mew Folder Cancel

Figure 7-8. Changing the backup directory
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Chapter 10

8. Troubleshooting

This section details outlines some potential sources of trouble and potential remedies. For additional
assistance contact the PSC support hotline. Email: support@photothermal.com Tel: 1-(805) 845-6568.

8.1.

Troubleshooting table

Problem

Potential Cause

Potential solutions

Section references

No O-PTIR signal DC signal Turn down probe 4.7.8
saturated power and/or gain
Sample holder Move away from 3.5
blocking IR beam | sample holder lip
(counter-prop
mode)
Check pinhole Open or align pinhole | Error! Reference
source not found.
Weak signal Sample not at best | Focus All 4.7.9
focus
Poor IR/probe Run Re-optimize 4.6
beam overlap
IR and/or probe Increase IR and/or 4.7.10
power too low probe power
Unstable DC or O- IR or probe power | Turn down IR and/or | 4.7.10
PTIR signal too high probe power
Noisy spectra IR/probe power Increase IR and/or 4.7.10
too low probe power
Weak sample Increase number of 4.8.2
absorption spectra averages
Poor spectral quality IR power Take new auto- 0
background background
change
Poor spatial Use Line Focus Tool | 4.11.5
resolution/O-PTIR to optimize
image blurry
Streaks in O-PTIR Image scan speed | Reduce image speed 4113

image

too high

Page 104 of 111




PHOTOTHERMAL

SPECTROSCOPY CORP

8.2. System Errors

In the case of a system error, try the following steps in order until the issue is resolved

1) Quit and restart the PTIR Studio.
2) Reboot the computer and then restart PTIR Studio
3) Power cycle all the system components, reboot the computer, and then restart PTIR Studio

If the steps below do not resolve your issue, please contact Photothermal Support or your local
representative for further assistance. Please capture a screen shot of any error message(s) you see and
share this information along with any details of steps taken to produce the error.

Email: support@photothermal.com
Tel: 1-(805) 845-6568
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9.System shutdown procedure

The mIRage system is designed to run continuously day and night. If the system is not being used
overnight, it is fine to leave it powered on. For times when the system is not in use, but remains
powered, we recommend leaving the system in the De-Initialized state.

1. Select "Stop IR" to stop any measurements
2. Select the Deinitialize button

For when the system will not be used for extended periods the system should be powered down. Also, if
desired, the system may be powered down over weekends for improved energy efficiency. To power
down the system, use the following procedure:

Select "Stop IR" to stop any measurements

Select the Deinitialize button.

Close PTIR Studio.

Turn off the power to the mIRage power supply, using the switch on the front of the power
supply.

Turn off the QCL laser by pressing and holding down the power button. A tool may be
required to access the power button inside the mIRage enclosure.

6.  Turn off the IR laser chiller.

7. Turn off the Thorlabs stage controller.

8. Turn off the Zurich lock-in amplifier.

9.  Turn off the Olympus illuminator power supply.

10. Turn off the computer using the normal computer shutdown procedure.

11.  Turn off the computer monitors.

12.  Turn off the main power strip to the system, using the switch on the power strip.

Hwn =

wv

Refer to Chapter 2 to locate each of these system components and their power buttons.
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