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DXR Raman Microscope 
Basic Overview

DXR User Training

Presenter
Presentation Notes
Greetings.  This presentation is part of a series of presentations designed to help familiarize you with the DXR Raman instruments.  This presentation will cover a basic overview of the DXR Raman Microscope.
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Introduction

DXR Raman Microscope Basics



 
Hardware



 
Capabilities



 
OMNIC



 
“Go” Button



 
Other presentations

Presenter
Presentation Notes
This presentation is broken down into five topics; we start with an overview of the hardware, move into the instrument capabilities, the features of the OMNIC software, how to utilize the Go button on front of the instrument, and lastly, other presentations that cover other topics related to the instrument.
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Overview of System Hardware



 
DXR Raman Microscope

Presenter
Presentation Notes
Here is a picture of a DXR Raman Microscope.  It is a very powerful instrument, with a wide range of capabilities, we won’t be able to cover everything in this initial presentation, but we’ll start with the basics and build from there.
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Lasers, Filters, Gratings



 
Lasers, filters, gratings



 
iButton

• Stores information about that particular component
• Laser iButton has a battery to store lifetime information

Presenter
Presentation Notes
First let’s start with the core components.  The DXR is designed so that the laser, filter, and grating are used exchangeable.  This makes the instrument very flexible, as it is quick and easy to change from one laser excitation frequency to another in about a minute, or change from standard resolution to high resolution.  With currently three options for laser excitation, and a standard and high resolution option for each laser that means there are six possible configurations for excitation.  All three of the component types have iButtons built into them.  These iButtons store information about the component, such as serial number, which wavelength they are for, how many lines on the grating, how many hours the laser has been used, etc.  The laser iButton has a battery so that it always keeps track of its hours no matter how many instruments it gets used on.
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Changing Excitation Lasers



 
Why change the excitation laser wavelength?

• Shorter wavelengths give a more intense signal 
• Raman emission is proportional to 1/4

• Less likely to see fluorescence interference at longer wavelengths


 
Changing the laser wavelength means also changing the filter 
and the grating

• All the DXR Raman Microscope lasers, gratings, and filters are user- 
exchangeable

• Hot-swappable
• SmartLock technology ensures reproducibility
• Software recognizes the components 

• Alerts the user if component incompatibilities
• Resets instrument and alignment to the settings last used with the component set

Presenter
Presentation Notes
One of the most common question involving Raman is, “What laser should I use for my analysis?”.  Part of the answer involves the type of sample being analyzed.  A shorter wavelength laser will give a better response as the shorter the wavelength the more Raman emission you will get, this is due to a one over wavelength to the fourth power relationship.  But a concern with short wavelengths is fluorescence, which is a competing, and complicating, effect to Raman.  Fluorescence is more powerful at shorter wavelengths, and gets less efficient as the wavelength gets shorter.  Thus if your sample is not likely to fluoresce then a shorter, more efficient, laser wavelength is recommended, such as a 532 nm laser.  But if there are fluorescence issues or concerns then a longer wavelength laser is recommended, such as the 780 nm laser.  Also the longer wavelength, 780 nm NIR laser penetrates brown glass bottles better than the 532 nm, green, laser. 

When changing the excitation laser you have to change the filter and grating as well, as all of them are wavelength specific.  The laser is hot swappable, so you can remove one laser, and the next laser you install will immediately be turned on and will start to warm up.  The iButtons make sure that you have all the correct components installed.  The system will not let you mismatch components, so you can’t use a 532 nm filter with a 780 nm laser and grating.  The system will alert you to the issue and will not let you proceed to data collection until all compatible components have been installed.  Also the iButtons are used to identify the components and allow the system to reset the instrument for proper alignment.
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Lasers



 
Raman emission – related to wavelength

• Most efficient Raman emission
• 532 is 4.59X stronger than 780, 1.99X vs. 633 (using the 1/4 relationship)

Polystyrene
8 mW 532 vs. 14 mW 780

Presenter
Presentation Notes
Here we see the effect of longer wavelength on emission efficiency.  These spectra are of polystyrene taken with a 532 nm laser and a 780 nm laser, and are presented on the same scale.  You can see the effect of going to a longer wavelength laser, it results in a less efficient Raman signal, and the 780 nm laser is even set to a higher power than the 532 nm laser.
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Changing Lasers



 
Laser lifetime tracking

Presenter
Presentation Notes
Here we are seeing how the iButton stores and the software displays the lifetime tracking of the laser.  Since there is a battery in the laser iButton the lifetime tracking will be reliable even if this laser was used on multiple DXR instruments.  Most lasers are expected to last about 5,000 hours.  Lasers purchased with your instrument are under warranty for 1 year.
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Changing Filters



 
Change when changing laser wavelength

Presenter
Presentation Notes
Here we see the changing of the filter.  Remember the filter has to be change when you change to a different laser wavelength.  The filter does not need to be changed if you only change the grating from a standard resolution to a high resolution, or vice versa, so long as the laser is not changed.
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Changing Gratings



 
Can change from standard resolution to high resolution


 
Change when changing laser wavelength


 
Grating door

• Keep closed when not in use – keeps out dust and fingers

Open Closed

Presenter
Presentation Notes
As we just mentioned the grating needs to be changed, along with the filter, when you change the excitation laser, or you can change from a standard resolution to a high resolution grating.  When changing the grating there is one important thing to keep in mind.  The gratings have a protective door that should be closed when the grating is not in the instrument.  The door protects the grating from people accidentally touching the surface with their fingers and leaving fingerprint oils on the grating surface.  When changing a grating you need to remember to open the door when the grating is in the instrument and closing the door when the grating is removed.  If the door is left closed when the grating is inside the instrument you won’t see any signal, as it will be blocked by the door.  If you change the laser, filter, and grating and then are not seeing any signal from you sample, one of the first things we recommend that you check is whether the grating door is open or not.  This a very easy thing to overlook, and very easy to correct.
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Gratings



 
Standard Resolution

• 5 cm-1 resolution 
• Spectral range of 50 – 3500 cm-1

• 50 to 3300cm-1 for 780 nm
• Good for resolving peaks



 
High Resolution

• 3 cm-1 resolution
• Spectral range of 50 – 1800 cm-1

• Gains – Higher resolution
• Losses:

• Spectral range is approximately half – “fingerprint region” emphasized
• Signal to noise (S/N) is lower

Presenter
Presentation Notes
I mentioned previously that there are two types of gratings for each laser wavelength, a standard resolution grating and a high resolution grating.  For basic work the standard resolution grating is the recommended option, it gives a wide spectral region, 50 to 3500 wavenumbers for the 532 and 633 nm lasers, and 50 to 3300 wavenumbers for the 780 nm laser.  Having access to the longer wavenumber region allows you to see the C-H stretching region, which can contain very useful information depending on the sample type.  The 5 wavenumber resolution of the standard grating is good for resolving peaks, and it works well with library searching.   The high resolution grating takes the resolution to 3 wavenumbers, but it has a shorter spectral range, 50 to 1800 wavenumbers for all three lasers.  The high resolution grating emphasizes what is called the fingerprint region, where valuable peak information is found.  One of the trade-offs of going to higher resolution is a lower signal to noise, but this can easily be compensated for by collecting data a little longer.

**** Joe’s comments (not part of script)
Maybe we should show them spectra from each grating to better explain this.

Tim – something like caffeine or mannitol with 532 std and high res (once it returns from travel or borrow from Manuf.)
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Alignment and Calibration



 
Alignment tool

• Plugged into left side of the microscope arm, by the nosepiece



 
Process

• Place on microscope stage
• Focus on fiber with 10X Objective
• Run alignment – aligns 3 paths

• Visual alignment – crosshairs in oculars
• Aligns spectrograph 
• Aligns laser

• Run calibration
• Calibrates: the detector, the laser, apertures, laser power, and automatic intensity 

correction

Presenter
Presentation Notes
A very critical aspect of working with Raman microscope is ensuring that you have proper alignment and calibration of the instrument.  Proper alignment means that you can focus in on a small feature, excite it with the laser and get that data from that small feature to the spectrograph and onto the detector.  Misalignment can lead to poor analysis, either of the wrong feature, too much area around the feature, or not getting enough signal back to the detector.  Instrument calibration is critical to ensuring that the wavenumber and intensity axes are correct.  The DXR has very precise laser power control, so part of the calibration process is to also check and ensure proper laser power.  The black box shown on the right hand side is the alignment and calibration tool for the DXR Microscope.  

The alignment procedure aligns three paths within the instrument.  First the visual path is aligned, by centering the red dot from a fiber on the align tool in the center of the crosshairs in the oculars.  Next the path of the laser to the align tool is aligned by the instrument, and then the signal from the align tool to the spectrograph is maximized.  Aligning all the paths is what ensures that what you put in the center of the crosshairs is what gets excited by the laser and that the signal from that sample is what is sent to the detector.  This is how the DXR can have a spatial resolution of one micron or better.

The calibration procedure uses the same tool.  For calibration the align tool uses a neon bulb, a polystyrene sample, and a white light source to calibrate the detector, the wavenumber axis, the intensity or Y-axis, the apertures, and the laser power.  It is important to note that the instrument uses multiple points to calibrate the wavenumber or X-axis, so that the data is reliable for the entire range, not just at one point.
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Alignment and Calibration



 
Alignment tool placement

Align tool on stage Storing align tool

Presenter
Presentation Notes
Here we are showing the placement of the alignment and calibration tool on the microscope stage, on the left.  And on the right we are showing how you can store the alignment tool when it is not in use.  You do not need to unplug and remove it from the enclosure.  Just placing it down and off to the side is all that is needed.
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Illuminators



 
Microscope illuminator – two types

Brightfield (BF) Brightfield/Darkfield (BF/BD)
Uses long life LED Uses powerful tungsten/halogen
Power control knob on top of Separate controller and power

illuminator supply

Presenter
Presentation Notes
The DXR Raman Microscope has a variety of viewing options.  It can be configured with a standard brightfield illuminator, that uses a long life LED, or it can be configured with an optional brightfield/darkfield illuminator which has a powerful tungsten halogen lamp.  The brightfield darkfield illuminator has a separate power supply, where the brightfield only illuminator is powered through the instrument and has an intensity control knob on top of the illuminator.
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Brightfield/darkfield Illuminator



 
Some options on the brightfield/darkfield illuminator

• 1 Darkfield illumination – for indirect sample illumination
• 2 Field stop – for when careful focusing on a sample is wanted
• 3 Aperture stop – for when contrast adjustment is needed

1

2 3

Presenter
Presentation Notes
The brightfield/darkfield illuminator has several options not found on the brightfield only illuminator.  There is the darkfield illumination option which allows for indirect or oblique illumination of the sample.  There are two other features available, the aperture stop and the field stop which control the aperture diaphragm and field diaphragm, respectively.
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Illuminators



 
Brightfield versus Darkfield Images

10 micron polystyrene beads, 100X magnification

Brightfield Darkfield

Presenter
Presentation Notes
The brightfield darkfield illuminator is useful in cases where the sample may not have very good contrast under direct lighting.  The darkfield illuminator uses a light stop to illuminate the sample from oblique angles.  Here we see some ten micron polystyrene beads illuminated under brightfield illumination on the left and darkfield illumination on the right.
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Nosepieces and Objectives



 
Nosepieces

• Brightfield (BF)
• Brightfield/darkfield (BF/BD)



 
Objectives

• Brightfield and brightfield/darkfield
• Adapter – to use BF objectives on BF/BD nosepiece

Presenter
Presentation Notes
Because the two types of illuminators handle sample illumination in different ways, they require different objectives.  The brightfield only objectives have a straight path down to the sample, where the brightfield darkfield objectives have a path along the side of the objective for the light stop and the oblique angles used, along with a path through the center for brightfield illumination.  If you have a brightfield illuminator you have to have brightfield only objectives and a brightfield objective nosepiece.  If you have brightfield darkfield illumination you have to have a brightfield darkfield nosepiece, and will use brightfield darkfield objectives.  Brightfield only objectives can be used on a brightfield darkfield system, but you need an adapter to fit the objectives into the nosepiece, and the objective can’t be used for darkfield work as it won’t have the internal path for the oblique illumination.  In general the brightfield objectives have a smaller diameter than the brightfield darkfield objectives, since the brightfield objectives have only the optical path through the center.  This can be seen by comparing the two nosepieces on the top right corner.  The one at the top corner is a brightfield darkfield nosepiece and the one to the left is the brightfield only nosepiece.

The standard nosepieces we supply are not centered, so you may need to do some minor adjustments when changing between objectives, both in the X-Y plane, and also slight focus adjustments, the Z-axis.
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Microscope Objectives



 
Collection efficiency

Presenter
Presentation Notes
Different styles of objectives will have different capabilities for collecting the Raman signal off of a sample.  In general a brightfield only objective is more efficient at collecting the signal than a brightfield darkfield objective.  An example of this is shown in the two spectra of polystyrene.  The top was collected with a brightfield darkfield  objective and the bottom was collected with a  brightfield only objective.  They are presented on the same intensity scale for comparison.  As can be seen both objectives result in very good spectra, but the brightfield only has collected more signal. 
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Adapters



 
Macro adapter

• Good for cuvettes



 
Extended reach macro adapter

For larger samples that won’t 
fit on the stage or in the 
enclosure

Presenter
Presentation Notes
Not every sample fits under the microscope objectives.  To help analyze larger samples we have two different macro adapters.  The first macro adapter uses a mirror to take the beam ninety degrees and focuses it so you can sample through cuvettes in the sample holder and other samples you can stand on the stage.  When using this macro adapter, you focus on the sample by moving the stage rather than adjusting the focus the way that you normally would.  It is also important to note that the autofocus in the software should not be used with this accessory.

For larger samples that won’t fit inside the covers there is the extended reach macro adapter which takes the beam at ninety degrees and focuses it down the long tube arm.  This adapter is good for large samples such as paintings, sculptures, or large geologic samples.  There is a fine adjust ring behind the objective so you can get good focus on the sample area of interest.
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Microscope Stages



 
Manual


 
Motorized

• Optiscan – 1 micron steps
• ProScan – 0.1 micron steps
• Z-focus

• Joystick

OptiScan ProScan

Manual

Presenter
Presentation Notes
The microscope has several stage options.  It comes standard with a manual stage, but there are two optional motorized stages that add powerful capabilities to the instrument.  A motorized stage enables the user to perform multiple kinds of sample mapping, from easy collection of data from multiple points, to line maps, two dimensional maps, and depth profiling.  The standard motorized stage is the OptiScan stage, and it moves in steps down to 1 micron,  Our high precision mapping stage is the ProScan stage and it can move in steps as small as 0.1 microns, and enables collection of some very highly detailed maps.  Both motorized stages come with a joystick that allows control of all 3 axes of the stage.  And the addition of the motorized stage also enables visual and spectral auto-focus capabilities.
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Video Camera



 
Video camera

• Video microscopy features image capture for documentation and 
reports, and allows specimen viewing at high resolution on the 
computer monitor. 

• Can view your sample using View or Atls software
• Capture images for presentations or reports

Slider set to 
middle position 
for video and 
ocular viewing

Presenter
Presentation Notes
The microscope can be configured with a video camera above the oculars.  This allows you to view your sample through the computer and capture video images for reports.  The video camera is part of the process for mapping samples, as it allows you to select points or areas for mapping.  The system comes with microview software and when you have a motorized stage you will have the powerful Atlus software added on for full mapping functionality.  

A set-up note, if you have a system with a video camera and you want to use the oculars and video camera to look at samples you need to make sure the slider on the eyepieces is correctly set.  For dual viewing make sure the slider is in the middle position, as shown on the right hand picture.  It is easy to have it in the wrong position and wonder why you are not getting a video image or can’t seen anything through the oculars.
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Safety Features



 
Class 1 enclosure

• Also reduces stray light


 
Beam blockers

Presenter
Presentation Notes
The DXR Raman Microscope now comes standard with a Class 1 laser safety enclosure.  This not only keeps the user safe from any scattered laser light, it also removes the chance that stray light might introduce erroneous peaks into your data, as fluorescent lights can introduce features that are hard to distinguish from regular data.  The system employs beam blockers that fall into place when the doors of the enclosure are opened, if the grating door is opened, or if the filter is removed.
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Fiber probes



 
Fiber launcher


 
Cables


 
Alignment and Calibration


 
Class 3B operation – safety eyewear

Presenter
Presentation Notes
The instrument can also be outfitted with a fiber optic probe if wanted.  The regular filter block is replaced with a fiber launcher.  The fiber launcher itself is not wavelength specific, but the probes are, and they have wavelength specific optics in the probe body.  So, you need a different probe for each laser wavelength.  The launcher guides the laser into the excitation fiber of the probe and then guides the returning signal from the collection fiber back into the regular optical path of the instrument.  There is also a special alignment tool specifically for fiber probes.  Fiber optic probes on a DXR are Class 3B laser devices, requiring the use of laser goggles and potentially other safety precautions depending on local and federal requirements.
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Fiber probe



 
Installation of the fiber launcher and probe

Presenter
Presentation Notes
The fiber probe is connected to the fiber launcher, and the third cable is plugged into the back of the instrument, this cable is for the LED on the probe showing when the laser is coming through the probe.  The fiber launcher is place in the instrument, where the filter normally goes.  The necessary laser filters are part of the fiber probe.  Because of the fibers and cable be sure to use the strain relief hardware that is installed on the back of the instrument, and the probe cables attach to it to keep them safe and from unintentionally pulling on the fiber launcher.
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Fiber probe



 
Using the alignment and calibration tool for the fiber probe.

Presenter
Presentation Notes
When using the alignment and calibration tool be aware that there is an indent on the probe, and a it locks into place when the probe is put in the alignment tool.  The alignment tool has the location marked where the indent goes, and also which side the LED should be on as well.  When the probe is properly placed into the alignment tool it is a very snug fit.  The probe will go about one and an eighth inches into the alignment tool.  The best approach is to take your time when putting the probe into the alignment tool, not to try and push too hard, it will settle in with a reasonable amount of pressure, and once the indent lines up you won’t be able to rotate the probe easily.  
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System Maintenance



 
Alignment



 
Calibration



 
Checking magnets



 
Cleaning optics



 
Longer, separate presentation

Presenter
Presentation Notes
System maintenance involves several things for the DXR.  For instrument performance good alignment and calibration are required, and were discussed earlier.  The user changeable components have magnets that need to be kept clean, and the corresponding magnets inside the instrument need to be kept clean as well.  And lastly the microscope optics need to be kept clean as well.  This topic is addressed in detail in another, separate presentation, and I refer you to that presentation for the full details.
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Overview of System Capabilities



 
Single Point Sampling



 
Mapping



 
Confocal Capabilities



 
Depth Profiling



 
Array Automation

Presenter
Presentation Notes
The next topic in our presentation is an overview of the capabilities of the DXR Microscope, and the benefits the capabilities confer on the instrument.  We’ll start with apertures, what they do, and see what benefits they offer.  We will build on the benefits of the various apertures and what functionality they bring, and continue to follow the progression of one benefit to the next. 
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Apertures



 
Pinhole versus Slit

• Definition – aperture: opening through which light will pass
• Pinhole – small, sharp edged opening, good depth of field
• Slit – rectangular opening, large length versus narrow width

• Resolution – smaller opening, higher resolution, but loss of signal

• Confocal – use a pinhole to reject light from regions that are not in 
focal plane

• Applications
• pinhole for microscopy work or small samples, for high resolution
• slit for regular samples, bulk powders, liquids, for more signal

Presenter
Presentation Notes
More information and example data about the apertures is discussed in the DXR Data Collection presentation.



28

Single Point Mapping



 
Select a point or points to analyze



 
Set collection parameters



 
Collect



 
Analyze

Presenter
Presentation Notes
Make sure that the first time you do any mapping that your microscope objectives have been calibrated, and that the correct objective is selected in the software.  These topics are covered in detail in a separate Atlus module.  When properly calibrated the red cross hairs in the video image will match the cross hairs seen in the oculars.
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Mapping



 
Multi-point mapping



 
Line mapping



 
Two dimensional mapping

• X-Y mapping

• Cross sectional mapping – down into the sample, Z-axis



 
Separate Atls presentation that covers mapping and software in 
depth

Presenter
Presentation Notes
Here are the types of mapping that can be done.  From the basic multi point analysis to the different two dimensional methods.  There is a separate presentation on the Atlus software that presents all the capabilities of the software, along with information on setting up the system for mapping.
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Raman signal from focused laser point


 

Non-destructive depth analysis
• Depth selected by focusing Z-axis of microscope stage



 

Depth resolution better than 2 microns achievable

Confocal Capabilities

Detector

Pinhole
Aperture

Objective

Focus
Plane

Sample

Lift sample stage

Presenter
Presentation Notes
A powerful aspect of Raman microscopy is the ability to perform confocal microscopic analysis.  Confocal microscopy is the ability to analyze down into a sample, through the upper layers, by controlling the Z-axis.  Important to this is the ability to reject or reduce background information from other layers of the sample, including fluorescence.  By using a small laser spot, a small aperture, and a high magnification objective it is possible to focus on a small spot on a sample, then by controlling the Z-axis it is possible to focus down into the sample by moving the focal plane down into the sample.  The Z-axis is used to move the sample up, so that the focused laser spot is moved further down into the sample.  The objective and small aperture reject signal from other layers of the sample, allowing signal for only the focused region to reach the instrument detector.  The resolution of this technique is limited by the wavelength of the visible laser and the numerical aperture of the objective stage, this results in an achievable resolution of better than 2 microns.

This approach works with samples that are optically transparent, so clear polymer or mineral samples can be readily analyzed with confocal Raman microscopy. Samples, or containers, that are optically opaque are not effective with this technique.  The depth of analysis is limited ultimately by the working distance of the objective, analysis of several hundred microns is easily achievable, and with a long working distance objective even the polymer layer in the middle of a thick sample, like an automotive windshield, can be studied.



31

Depth Profile



 
Select point for the Depth Profile



 
Check Collection parameters



 
Check Mapping parameters 



 
Collect Map

Inclusion

3 micron inclusions

20 microns

Presenter
Presentation Notes
Use pinhole to look at inclusion/defect.  Can be done manually, or motorized stage for full capabilities.
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Array Automation



 
Array automation software package add-on

• Automated analysis of well-plates, capillary tubes, or tablets (using 
custom holder)

Presenter
Presentation Notes
Array automation is software that allows you to automate collecting of data from an ordered sample such as a well plate, tablet holder, or blister pack.  Included in the software are experimental set up controls, data collection, and powerful data analysis capabilities, including cluster analysis.  Also there is the ability to send data to a LIMS system for even more automation and analysis capabilities.
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OMNIC 8 Software for Dispersive Raman



 
Fully featured software

• Collection
• Complete data collection

• Processing
• Corrections, smoothing, math

• Analysis
• Library searching, peaks, quant.

• Reporting
• Customized reporting features

• Macros can do all the above
OMNIC

Presenter
Presentation Notes
There is a separate presentation that covers data collection, including optimizing parameters on the instrument and in the software
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“Go” Button



 
Where to set it up


 
How to set it up


 
Macros Basic

• Separate presentation

Presenter
Presentation Notes
There is a separate presentation on setting up and using Macros Basic.  In essence all the commands you have in OMNIC are available as functions within a macro, so you can build the whole experiment as one macro.
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Follow-up Presentations



 
Data collection



 
Atls



 
Setting up and using Macros



 
Instrument Maintenance

Presenter
Presentation Notes
Here are some of the other presentations available.
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