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1.0 Purpose and Scope 

 
This document describes the Sandia National Laboratories (SNL) Waste Isolation Pilot Plant (WIPP) 
procedure for use of the Horiba XploRA PLUS confocal Raman Microscope.  Calibration and 
operation guidelines are included in the procedure.  This SP is in support of activities described in 
several WIPP Test Plans (TPs) with the majority of the activities for the experimental work in support 
of WIPP-related studies.  Both SNL and contractor personnel will use this SP.  This document is not 
meant to substitute for the manufacturer instruction manuals for the instrument (see references). 
 
Acronyms and definitions for terms used in this procedure may be found in the Glossary located at the 
Sandia National Laboratories (SNL) WIPP Online Documents web site. 
 
1.1 Instrument Description 
 
The Horiba XploRA PLUS is an integrated confocal microRaman system.  The confocal microscope is 
coupled to a full Raman module mounted above which includes a 200 mm focal length spectrograph 
equipped with a 4-gratings turret, laser source(s) and detector. 
 
The different excitation wavelengths are supplied by up to three internal lasers.  The optical path is 
split into two parts; the illumination (laser) path and the collection (Raman signal) path.  On the 
incoming laser path, the laser beam is reflected towards the microscope by the use of a special filter 
(dielectric edge rejection filter).  It is used in injection/rejection mode which firstly directs the laser into 
the microscope and then filters out the Rayleigh scattered light as it returns to the spectrograph 
allowing only the Raman scattered light alone to be transmitted through to the confocal hole and the 
entrance of the spectrograph.  The spectrograph itself is used to disperse the various multi-chromatic 
Raman spectral lines onto the CCD detector for detection and analysis. 
 

Note
Click on the text hiighlighted in blue to view/retrieve that document.
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2.0 Implementation Actions 

 
The user is responsible for reading and understanding the appropriate manuals.  Guidelines for 
implementing and documenting quality assurance (QA) procedures are presented in this document, 
and follow the general guidelines given in Nuclear Waste Management Procedure (NP) 12-1 “Control 
of Measuring and Test Equipment.” 

2.1 Responsibility, Safety and Training 
 
The technical staff, or designee, whose activities warrant the use of this procedure, are responsible 
for implementing the requirements of this procedure and shall conform with SNL Environmental Safety 
and Health programs (ES&H).  Laboratory ES&H procedures and specific instrument hazards are 
described in the ES&H Standard Operating Procedure, Activities in the Sandia National 
Laboratories/Carlsbad Program Group Laboratory and laboratory-specific TWDs and JSAs, which can 
be found at the WIPP Online Documents website. 
 
In addition, the technical staff or designee is responsible for performing the measurements, following 
the requirements of this procedure, documenting the results, and assuring that the use of the latest 
revision of the document is followed.   
 
2.2 Switching On/Off the System 
 
2.2.1 Switching On the System 
 
Normal operation requires only that the lasers and white lamps be turned back on.  The two XploRA 
power supply boxes and the CCD detector remain on permanently and have no switch.  In the 
abnormal event that the entire system will need to be completely turned back on, please complete 
the following protocol: 

 
a) Plug in the XploRA and CCD power supply. 
 
b) Switch on the computer. 
 
c) Switch on the reflection and transmission white lamp power supplies. 
 
d) Switch on the XY stage power supply (Tango). 
 
e) Open LabSpec6 software.  When you start Labspec6 just after the XploRA power supply 

connection, a message appears: 
 

  
 

The XY stage gets in its limits. Make sure that objectives are not too close to the stage. When you 
start the software, all motors are initialized.  Wait for few seconds until this initialization ends. 
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The CCD gets cold automatically when you start LabSpec6.  Wait for the temperature of the detector 
to indicate green on the status toolbar.  The status bar runs along the very bottom of the LabSpec 
main window and is green indicating the detector is at working temperature and red indicates the 
detector is above the working temperature and should not be used. 

 
 
The system is now ready to work. 
 
2.2.2 Switching Off the System 
 
Normal operation requires only that the lasers and white lamps be turned off.  In the abnormal event 
that the entire system will need to be completely turned off, please complete the following protocol: 
 

a) Switch off lasers from the safety box: 
 

 
 

b) Switch off Reflection and transmission white lamp internal and/or external power supply: 
 

                        
c) Switch off XY stage power supply (Tango): 
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d) Heating the CCD.  It is important to heat the Detector before unplugging it to avoid any 
damage.  For this, right click on the Detector icon in the Status Bar and click “Warm to 
ambient temperature.  The cooling temperature is -70°C for IDUS CCD: 

 

 
e) Wait for the temperature to be close to room temperature in the  Linkham drop down menu 

located under the Acquisition tab.  
 
f) Close LabSpec6 software. 
 
g) Switch off the computer.  
 
h) Unplug and Turn off the toggle to the XploRA power supply.  
 

 
 
2.3 Alignment/Calibration Standard(s) 
 
The software allows the operator to do automatic calibration and alignment directly for the system. 
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2.3.1 Alignment - ONLY a service technician can perform alignment.  
 

[Note: Alignment requires the Class 1 enclosure to be removed.  When the Class 1 enclosure 
is not in place, the raman spectrometer is classified as a Class 3B laser.] 

 
2.3.2 Calibration of the system 
 
The PI or designee is responsible for performing the calibrations and measurements following the 
requirements of this procedure, documenting calibrations, and assuring that the latest revision of this 
document is followed. The instrument will be calibrated on the day of use, or prior to use.  It will also 
be calibrated immediately before use if instrument irregularities are observed. 
 
Calibration will be performed using commercially obtained standards that are certified or other 
nationally recognized standards.  The identity, manufacturer, lot number and expiration date of the 
standards used shall be recorded.   
 

- To do the auto-calibration, a Silicon sample is needed: 
o For each grating, a silicon spectrum will be saved with the reference laser (YAG 

532nm).  The software will adjust the zero order for each grating. 
o For laser diodes (785nm and 638nm), just one spectrum is collected with the reference 

grating. If the Silicon line is not perfectly at the right position (520.7 cm-1), the software 
will adjust the laser wavelengths. 

 
a) First click on the “calibration” icon in the Maintenance tab of the LabSpec6 

software or click the AC icon located in the Status Bar at the bottom of the 
screen: Note there are four modes of operation for autocalibration, depending 
on the specific system configuration. Calibration will need to be ran with the 
100x and 50x objective lenses.  

 

          
 

o At the end of the calibration, a message appears to indicate that the system is now 
calibrated: 
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2.3.3 Standards  
 
Only use QA certified standards that are specified by the manufacturer (refer to specific operating 
instructions).  A certified reference standard will not be used past its expiration date listed on the 
container by the manufacturer.  Primarily, silicon is used as the certified standard, but other standards 
such as aspirin, polymer styrene, etc. can be used. 
 
The standards are chosen so that their values provide a validity of instrument alignment.  If the 
calibration fails, the instrument will read a FAIL and must be recalibrated with the appropriate 
standard, grating, and laser setting until calibration passes. 
 
2.4 Procedure 
 

a) Verify that the caps are mounted on the unused microscope exits and that the 10X 
objective is in the imaging turret position. 
 

 
 

b) Turn ON the Laser Safety key located on the Remote Control front panel and verify that 
the Laser Shutter is on the OFF position. 

    
c) Switch on the Computer.  When the Desktop screen is displayed, click on the LabSpec6 

icon to launch the software.  The following screen is displayed: 
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d) When the XploRA is powered ON, the CCD detector Peltier device begins the cool down 
process.  The temperature status is visualized by the background color of the Detector 
field located on the Satus Bar (bottom of the window).  When the working temperature is 
not reached, the background is red.  As soon as the background color is green, the CCD 
detector reaches -70°C and the System is ready to work. 
 

   
 

2.4.1 Acquiring Spectrum with LabSpec6 Software 
 
The LabSpec6 is an interface that allows visualization of the sample and measurement set-up, 
interpretation of the data, and final reporting of the results. 
 

a) Place sample on the microscope stage. 
 
b) Use a visualization device to correctly position microscopic samples.  The video camera 

can be used and will highly increase the positioning precision and ease of use. 
1. Marker 1:  Switch to Video Data Tab; the video camera image is displayed in the main 

window.  The sample and/or the laser beam is visible. 
2. Marker 2:  The Acquisition Control Panel is activated.  This is done to control the 

acquisition parameters, particularly Acquisition > Video Section. 
c) The sample is visible through the video camera or the microscope binocular lenses.  Using 

the sample stage (manual or automatic), move the sample to select the analysis position.  
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d) Once the sample adjustment is done, stop the Video by pressing the   icon.  [Remove 
the visualization optics, if this function is not automated.] 

e) Select Spectra from the Data Tabs menu, then press the  button to launch the Real 
Time Display (RTD).  According to the selected parameters, real time acquired spectra 
will be continuously displayed.  This will help you to improve the sample positioning or 
acquisition parameters like the Acquisition time(s) and other System settings.  

f) Once optimization is complete through the RTD acquisition click on the   icon to stop 
the RTD.  The final acquisition can now be performed, but before launching it, you may 
want to define the project.  The figure below shows the labels which will be added from the 
root folder to the sample name.  If the [Auto save data] tick box is not ticked, then these 
project tags will simply be added to the data information shell. 

 
g) If the [Auto save data] tick box is ticketed and active, then the data will be saved 

automatically into the corresponding folder structure.  

 

h) Then, press the Spectrum Acquisition  icon:  this action launches the acquisition 
according to the defined parameters.  The results are automatically displayed and data 
recorded on the hard disk (if Auto save data box is enabled). 
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2.4.2 Generating a Report 
 
When the acquisitions have been done, it is important to print/save the results including a graph or 
image with the measured parameters. To create a report page, follow the procedure describe below: 
 

a) If not yet done, add the Report tab to the Data Tabs Menu:  Right-click on the Data Tabs 
Menu to display the options window.  Tick on the Report choice.  The Report Tab is then 
created. 

b)  

 
 

c) Using the mouse, select a data window. 
 
d) Click on the Report Data Tabs Menu: the previously selected data window is automatically 

retrieved to the report area.  The report template can be edited, saved, opened according 
to user requirements, as described below.  Note that each data tab (Spectra, Video, Map) 
has its own individual report template. 

 
e) Right-click to display the page properties.  Figure below details the choices.   
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The displayed Properties depend on the activated element on the report page.  
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IMPORTANT:  When an image is added to the report, an empty frame is displayed on 
the report.  Select it then click on Properties to launch the data browser to locate the 
image file which is to be inserted. A .jpg or .bmp format image is required. 
 

f) Print the reporting page using the Print button in the main icon bar, or the right click option 
(Print) on the report template.  

 
2.5 Working with ParticleFinder 
 
ParticleFinder can be used to locate particles on any video image recorded through LabSpec6.  This 
video can either be a single view image, or a montage video image covering a larger field of view. 

 
a) Acquire a video image in the standard way. 
 
b) Then switch to ParticleFinder Module. 
 

 
 

c) Use the thresholds section to segment the image and locate particles.   
 

 
 

a. The upper threshold is used to locate particles which appear dark on a light color 
background.  As the upper limit threshold value is reduced, only the very darkest 
particles will be located; increasing the Upper limit threshold value will allow less dark 
particles to be located.  

 
 

b. The lower threshold is used to locate particles which appear bright on a dark colored 
background.  As the Lower limit threshold value is increased, only the very brightest 
particles will be located; reducing the Lower limit threshold value will allow less bright 
particles to be located. 
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d) Manually adjust the Upper limit and Lower limit thresholds to achieve the desired 
segmentation of the video image.  If unexpected particle location is observed please check 
the Image Processing, Statistics, and Display section.s, and if necessary turn off all Image 
Processing options and turn off the Statistics <<Limits>> functions.  The Display of located 
particles can be configured in the Display section, including options for display of particle 
area, perimeter, and the background (non-particle) colors. 

 
e) Use Image Processing section to provide morphological filters and other tools to improve 

and enhance the particle segmentation. Select the desired filter from the drop down box, 
and the corresponding structural element size (in pixels).  The structural element is the unit 
in which a morphological filter is performed.  A typical structure element is a square of an 
odd number of pixels (e.g., 3x3, 5x5, 7x7, 9x9), and the operation results is applied to the 
center pixel. 

 
f) Use the statistics section to display the statistics of key particle size and shape descriptors 

as defined by the current ISO 9276-6:2008, for the particles located in the video image.  
The mean and standard deviation values for the following parameters are calculated and 
displayed. 

 
 
g) The Histogram displays results for the selected statistic parameter.  Select the statistic 

parameter using the adjacent radio buttons.  The Histogram displays results for the 
selected to show the histogram and the cumulative particle count.  The number of bins 
(channels) can be specified in the <<Bins>> text box – the number of bins must range from 
3-100.  The located particles can be further filtered based on a sizes or shape descriptor. 

 



Use of the Horiba Scientific Xplora Confocal SP 12-37 
Raman Microscope Revision 0 
 Page 13 of 14 
 

a. Select the descriptor (e.g.diameter) by which you want to filter,  
b. Select the minimum and maximum threshold values for the filtering (e.g. 25-50 µm),  
c. Tick the <<Limits>> box. 
d. The particle displays on the video image, and the statistics will be updated to locate 

particles that meet the criterion. Other particles are ignored. 
e. Click on the <<Copy full statistics>> to copy (as text) the full statistics table, with all 

parameters for all particles.  Then paste the data into external software (text reader, 
spreadsheet, excel, etc.) for further processing. 

 
 

f. Click on <<Save full statistics>> to save (to a tab separated values text file) the full 
statistics table, with all parameters for all particles.  The text file can be read by 
standard text readers, spreasheets softwares, etc. 

g. Start Raman RTD by opening the Raman measurement tab.  This function will open 
the standard LabSpec6 <<Move stage/Acquire spectrum>> tool.  Click anywhere on 
the image to move the point underneath the laser spot. 

h. Click on the run arrow in the inset window to start acquiring RTD data, according to the 
parameters set in the Acquisition tab. 

i. To stop the RTD measurement, click on the [Stop All] button. 
j. Start Raman Measurement by opening the Raman measurement tab. This function 

will use the LabSpec6 multipoint spectral array acquisition tool .  Once this icon is 
clicked, the system will automatically move to the center of each particle, and acquire a 
single spectrum according to the parameters set in the Acquisition tab.  The spectra 
acquired by ParticleFinder will be grouped ina standard LabSpec6 spectral array file, 
which can be further processed and analyzed using the standard LabSpec6 functions.  
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Note:  for the ParticleFinder <<Start particle Raman measurements>> function to 
perform correctly, please ensure that the video window is active when the 
measurement is started.  

k. Label the particles on the video image with their acquisition number after spectrum 
acquisition, allowing them to directly be related to the data in the spectrum array file.  
To do this, use the Display > Map display options section in the main LabSpec6 
interface, and teck the boxes for <<Positions>> + <<Index>>, and <<Limits>>. 

 
2.6 Maintenance 
 
The raman microscope shall be stored with the enclosure closed at all times, so as to minimize the 
exposure to dusty, corrosive, or excessively humid environments, temperatures outside the range of 
0--40ºC, and mechanical shock and vibration.  If the raman microscope cannot meet the acceptance 
criteria (see Section 2.3), the troubleshooting from the reference manual will be performed.  If the 
raman microscope still does not meet the acceptance criteria, the Horiba Service technician will be 
contacted.  Until the raman microscope can meet the acceptance criteria, the microscope will be 
labeled accordingly. 
 
2.7 References 

 
Horiba Jobin Yvon, 2015, Doc UM-XpLabSpec6/Eu, LabSpec6 Spectroscopy Suite.  
 
Horiba Jobin Yvon, 2014, Doc UM-XploRA PLUS/En, XploRA PLUS System User Installation and 
Operation Manual. 
 
Horiba Jobin Yvon, 2013, Doc UM-LabSpec6/En, LapSpec6 Particle Finder Module.  
 
ISO 9276-6:2008-09 (E). Representation of results of particle size analysis - Part 6: Descriptive and 
quantitative representation of particle shape and morphology. 
 

3.0 Records 

 
The following records generated through implementation of this procedure shall be prepared and 
submitted to the WIPP Records Center in accordance with NP 17-1, “Records”. 
 

QA Record 

 Scientific Notebook 

 
 

4.0 Appendices 

 
Not applicable. 
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This work of authorship was prepared as an account of work sponsored by an agency of the 
United States Government. Accordingly, the United States Government retains a nonexclusive, 
royalty-free license to publish or reproduce the published form of this contribution, or allow others 
to do so for United States Government purposes. Neither the National Technology and 
Engineering Solutions of Sandia, LLC., the United States Government, nor any agency thereof, 
nor any of their employees makes any warranty, express or implied, or assumes any legal liability 
or responsibility for the accuracy, completeness, or usefulness of any information, apparatus, 
product, or process disclosed, or represents that its use would not infringe privately-owned rights. 
Reference herein to any specific commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the National Technology and Engineering Solutions of Sandia, 
LLC., the United States Government, or any agency thereof. The views and opinions expressed 
herein do not necessarily state or reflect those of the National Technology and Engineering 
Solutions of Sandia, LLC., the United States Government or any agency thereof.  
 
Sandia National Laboratories is a multimission laboratory managed and operated by National 
Technology and Engineering Solutions of Sandia, LLC., a wholly owned subsidiary of Honeywell 
International, Inc., for the U.S. Department of Energy’s National Nuclear Security Administration 
under contract DE-NA-0003525. 
 
Parties are allowed to download copies at no cost for internal use within your organization only 
provided that any copies made are true and accurate. Copies must include a statement 
acknowledging Sandia's authorship of the subject matter. 
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