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Notes:
The terms Measurement and Inspection are used interchangeably throughout the manual.
[bookmark: _Toc279324745]Introduction
[bookmark: _Toc279324746]Introduction to the LIS-P2-W
The LIS-P2-W is a multipurpose characterization tool based on the principle of Luminescence Imaging. The tool is designed to measure silicon blocks (optional), wafers, and solar cells.
[bookmark: _Toc279324747]CE certification
The LIS-P2-W is CE compliant.
[bookmark: _Toc279324748]Introduction to the operations manual
This manual details all items relating to the safe operation of the LIS-P2-W.
It is required to read this manual before operating the system. Please contact BT Imaging if any items are not understood or appear not to function correctly. Please also refer to the trouble shooting guide.
[bookmark: _Toc279324749]System usage restrictions
Use the system only for the purposes and tasks described in this manual or in related system documentation. Always perform tasks according to the instructions provided in the documentation.
Do not attempt to operate the system until you have read and fully understood the restrictions described in this section. Violating these usage restrictions may void the system warranty and any support provided by BT Imaging may result in billable charges.
[bookmark: _Toc279324750]Unauthorized Service
Do not attempt to service the tool yourself. Service should be performed only by personnel certified and authorized by BT Imaging.
[bookmark: _Toc279324751]External Equipment
Do not connect any external equipment to system connectors, or install any equipment on the system, unless approved in writing by BT Imaging.
[bookmark: _Toc279324752]Third Party Software
Installing software or drivers that are not described in this manual may disrupt tool functions. Please contact BT Imaging for questions or assistance.
[bookmark: _Toc279324753]Screen Savers
Do not install a screen saver program on the tool. Screen saver programs can result in errors and lost data.
[bookmark: _Toc279324754]Installing/Upgrading System Software
Only BT Imaging Engineers should install or upgrade system software.

[bookmark: _Toc279324755]Installation
The system is to be installed by BTI personnel or personnel approved by BTI for installation. Personnel approved to install the LIS-P2-W will be trained and receive an installation training manual.
[bookmark: _Toc279324756]Maintenance
Only BTI qualified personnel are to service the tool. Any service performed without approval from BTI voids the tool warranty. Only original BTI parts are to be used.
[bookmark: _Toc279324757]Dimensions and Weight 

Front View


Side View

Top View


LIS-P2-W tool weight is approx TBA


Optional Block trolley weight is approx 86kg
[bookmark: _Toc279324759]Safety

	
	Warning – The following information can have implications to your health and safety, it is imperative you read this carefully and understand it fully before operating the equipment



[bookmark: _Toc279324760]Introduction
This chapter contains an overview of all safety concerns (hazards, precautions, procedures and ergonomics) associated with the operation and service of your LIS-P2-W system.
The LIS-P2-W system has been designed to meet all known safety requirements applicable to BTI’s lab equipment. When operating normally, the LIS-P2-W system presents no hazards to its operator or other personnel. The lockable service panels and interlocked sample door shield operators and other personnel working in the vicinity of the instrument, from all hazards that may arise from the operation or failure of the various sub-systems that comprise the instrument. Only qualified service personnel are authorized to open or remove the service panels.
The information and instructions presented in this chapter are intended to help you work with the system in a safe, effective and efficient manner. The emergency and safety procedures are provided to help you develop safe practices and establish safe conditions for working with the system.
[bookmark: _Toc279324761]Laser Safety Information
[bookmark: _Toc279324762]Classification and Standards Information
This product is a Class 1 laser product as defined in IEC60825-1:2007 and AS/NZS2211.1:2004. The label shown below is attached to the bottom right of the front of the tool as shown below.
    

[bookmark: _Toc279324763]Internal laser radiation
This product contains an embedded Class 4 laser that has an invisible laser beam with a maximum output power of 75 W at a wavelength of 808 nm, and an embedded Class 3R laser that has a visible laser beam with a maximum output power of 3 mW at a wavelength of 650 nm. All laser radiation emitted inside this product is completely confined within the protective housing and cannot escape from the device during any phase of the user operation described in this documentation. The lasers and the ancillary optical delivery system are NOT SERVICABLE by the user.  Additional laser warning labels are affixed inside the product. These labels are intended for authorized service agents of BTI.

CAUTION:  Use of controls or adjustments or performance of procedures other than those specified herein may result in hazardous radiation exposure.
[bookmark: _Toc279324764]System Power
230 VAC power at 5 A, 50/60 Hz single phase. The system power switch is at the back of the tool as shown below.

Figure 2‑1: 	system power switch at the rear of system
[bookmark: _Toc279324765]Emergency Off (EMO) Button
[bookmark: _Toc279324766]Purpose of the EMO button
Emergency shutdown can cause damage to equipment and corrupt software files. Use the Emergency Off button only in the event of an actual emergency, or when it seems that an emergency event is about to take place (for example, an electrical shock to personnel, electrical burns, smoke coming out the system, system failure during operation causing mass corruption, etc.).


[bookmark: _Toc279324767]Location of the EMO
The EMO is a large red button on the front of the system, as shown below. 

             
      
Figure 2‑2: 	EMO on front of system
[bookmark: _Toc279324768]Operation of the EMO
In the event of an emergency, depress the EMO button. This action will cut the power to the laser driver.
To restart the system after the emergency is resolved you must first release the EMO from its depressed position. Turn the EMO clockwise and pull. The EMO returns to its normal state.
Shut down and restart the entire system as described in 4.1.







[bookmark: _Toc279324769]Sample drawer interlock switch
The sample drawer is fitted with a magnetic mechanical safety interlock. The interlock locks the door whenever the laser is illuminating, to prevent exposure to laser light.
 
Warning - Do not attempt the defeat the sample door interlocks.
During laser operation the “LASER ON” sign on the front instrument panel is illuminated. 


Figure 2‑4:	Laser SIGNAL Light

[bookmark: _Toc279324770]Cell Stage
To lift and lower the cell stage use only the cell stage handle as shown below and described in 6.3.
          
Figure 2‑6	correct lifting and lowering of the cell stage


Warning - Do not use the cell stage bracket as a handle. 
The bracket rests on the cell stage locating point in its lowered position and will pinch hands if it is used.
The image below illustrates incorrect operation.
    
Figure 2‑7	incorrect lowering of the cell stage

Do not touch the probe frame lever when lifting the cell stage up.
 Lifting the probe frame lever will cause the probe frame to release and the cell stage will fall.



    Probe Frame handle
Probe Rail Lever – Do not use as a handle

Figure 2‑8	probe frame handle
[bookmark: _Toc279324771]System safety considerations
Ensure laser cooling is on before making measurements.
Do not touch internal system parts other than stage handles.
Raise and lower system stages gently.
[bookmark: _Toc279324772]Sample safety
Silicon samples can have sharp edges. BTI recommends to take safety precautions when handling Silicon samples, such as wearing gloves.




[bookmark: _Toc279324773]Hazard labels



Figure 2‑9:	Hazard labels







[bookmark: _Toc279324774]Location of Hazard labels 










Figure 2‑10:	hazard label locations

[bookmark: _Toc279324775]Manual Handling Safety
Consideration must be given to manual handling issues arising from the movement of samples for inspection into the unit. Please ensure that appropriate personal protection equipment (PPE) is used. As a minimum we recommend the use of gloves to avoid abrasions and to assist in hold the work piece from falling when being handled.


[bookmark: _Toc279324776]System Description
[bookmark: _Toc279324777]System Structure
The following sections show illustrations of the key parts of the system, with key hardware items labelled.
[bookmark: _Toc279324778]LIS-P2-W System
Electronics compartment
Illumination compartment
Emergency off button
Sample drawer
Sample door handle

Figure 3‑11:	system front view
	Chiller connection points
Pneumatics control console
Air extraction fans

Service console
Facilities console

Figure 3‑12:	system rear view



[bookmark: _Toc279324779]Workstation

Figure 3‑14:	work station

[bookmark: _Toc279324780]Laser chiller (Optional)
                   
Figure 3‑15:	laser chiller



[bookmark: _Toc279324781]Applications Software
This section describes the application software functionality.
[bookmark: _Toc279324782]Workstation application software functionality
Workstation application software layout
The image below shows a screen shot of the main application software screen, in which key areas of the screen are labeled.
Image analysis window
Tool bar
Menu bar



Results tab
Status bar
Parameters tab

Figure 3‑16:	work station software layout







Description of workstation application screen areas
The table below provides a description of the work station application screen areas.
	Screen Area
	Function

	Menu bar
	The Windows menu bar provides the user with drop down menus of key functions. The functions are described in the following tables.

	Tool bar
	The tool bar provides shortcut ICONs for the most commonly used functions.

	Parameter tab
	The parameter tab is used to define or edit inspection parameters.

	Results tab
	The results tab shows the data results of the inspection.

	Image Analysis
	The image analysis window displays the inspection image and contains shortcut ICONs to perform image analysis.

	Status bar
	The status bar shows the status of the system.


Description of workstation application area functions
Below are descriptions of the work station application screen area functions.
Menu bar
 
Menu bar - File
	Drop down name
	Function

	New
	Not active.

	Open
	Not active.

	Save
	Not active

	Close
	Not active.

	New profile
	Allows a new Measurement Profile to be created.

	Save profile
	Allows a new Measurement Profile to be saved.

	Print window
	Prints the current screen to a connected printer.

	Log Off
	Allows user to log off

	Exit
	Closes the application software.



Menu bar - Edit
	Drop down name
	Function

	Cut
	Not active

	Copy
	Not active.

	Paste
	Not active.

	Edit Profile
	Not active

	Customise Parameters*
	Allows user to customise parameters in  Block, Wafer and Cell settings. (Not active at User level)

	Preferences
	Allows basic System, Workstation and Sample parameters to be defined.



Menu bar – Edit – Customise Parameters




	Item Properties
	Function

	Restricted
	All users can customise this item – When checked, it allows 

	Parent
	

	Name
	

	Description
	

	Default
	

	Private?
	

	Default State – Locked?
	

	Default State – Visible In:
	







Menu bar - Meas
	Drop down name
	Function

	Auto-save
	Allows auto-save of the measurement.  Options are: Never, Always, and Prompt.

	Dark PC
	Allows measurement of Dark PC.  Options are: Off and Prompt.

	Lens
	Allows switching to different lens. (Not active at User level).

	Acquire
	Initiates an inspection with the loaded Measurement Parameters.



Menu bar - Results
	Drop down name
	Function

	Copy to new profile
	Allows an existing measurement to be copied to profile.

	Advanced Search
	Allows browsing of the results data.

	Export
	Allows exporting of the results data.

	Delete
	Allows deleting of the results data.

	Reprocess QSS-PC data
	Not active.

	Generate report
	Generates preformatted data reports.



Menu bar - Tools
	Drop down name
	Function

	Image Viewer
	Starts the Image Viewer window.

	XY Viewer
	Starts the XY Viewer window.

	User Manager
	Starts the User Manager window. (Not active at User level)

	Change User Passpord
	Allows user to set or change password.

	Database Manager
	Allows users to Backup, Restore, or delete Database and Images.  (Not active at User level)

	Flatfield Manager
	Allows users to exercise Flatfield related activities.  (Not active at User level)

	DIO Diagnostic Panel
	Starts the DIO Test and Diagnostic Panel window.  (Not active at User level)

	Unlock Doors
	Allows user to unlock the door.  If executed during data acquisition the data collection process will aboard.

	System Reset
	Resets PLC controller



Menu bar - Window
	Drop down name
	Function

	Window Manager
	Displays memory status and name of active windows

	Close Inactive
	Closes inactive windows

	Close All
	Closes all windows, other than the main application.



Menu bar - Help
	Drop down name
	Function

	About
	Displays the current version of software.



Tool bar

Figure 3‑17:	tool bar
	Tool Category
	Tool Name
	Function

	User
	Log off
	Allows user to Log on or Log off.

	User
	Switch
	Allows user to switch to a different user account.

	Sample Type
	Block
	Allows Block sample measurement types.

	Sample Type
	Wafer
	Allows Wafer sample measurement types.

	Sample Type
	Cell
	Allows Cell sample measurement types.

	Browse
	Profile
	Allows searching for Profiles.

	Browse
	Results
	Allows searching for Results.

	Browse
	History
	Displays the system inspection history.

	Browse
	Search/Adv
	Allows advances searching.

	Results
	Machine History
	Allows selected browse type information to be viewed.

	Results
	Load
	Loads the Measurement Name and results selected from the drop down list.

	Acquire
	Go!
	Initiates an inspection with the loaded Measurement Parameters.



Parameter Tab
The Parameter tab is used to define inspection settings. Inspection settings are generally different for each sample type, however the parameter tab layout is common for all sample types. There are additional parameters available for some sample and measurement types. In the following sections each sample type Parameters tab is shown. For Block all settable parameters are described. For Wafer and Cell Samples and further Measurement Types, only unique parameters are described.
The Parameters for the Profile Parameter Tab and Measurement Parameter Tab are the same. The difference is that the Profile will determine which parameters are visible or editable in the Measurement Parameters Tab. Profiles and Measurements are described in later sections.
The purpose of this section is to provide a description of each parameter.

Block Sample Type
Below are screen shots of the Block Parameters tab. The three images were taken at the top of the parameters scroll bar, middle and bottom.

Figure 3‑18:	block paramters tab
Below are descriptions of the items in the Block Parameters tab, separated by category.
Info
	Group Name
	Name
	Function

	
	Name
	For Profiles - name given to the Measurement Profile.
For Measurements - name given to the Measurement and associated results.

	
	Index
	Allows user to index measurement incrementally if need be.

	
	Comment
	Comment given to the Profile or Measurement.



Measurement Session
For Blocks, there is only one measurement type possible, which is Uncalibrated PL Image.
Sample Parameters
	Group Name
	Name
	Function

	Identifier
	Sample ID
	Name given to identify the sample.

	
	Batch
	Name given to identify the batch, if a batch of samples are being measured.

	Processing Stage
	
	Used to identify the processing stage of the sample. A drop down menu provides several stages to choose from. Available selections are: Characterization, Raw Wafer (as cut), Surface damage etched, Textured (alkaline), Textured (acidic), Emitter diffusion, Single Side Etched, AR coating, Screen printing, Firing, Edge isolation.

	
	Silicon Type
	Used to identify the silicon type of the sample. Available selections are: Mono-crystalline and Multi-crystalline.

	
	Reflectance (%)
	Used to specify the reflectance of the sample from 0 to 100%.

	Size
	Custom
	Custom size is selected by default. This requires the user to enter the x and y dimensions of the sample.

	
	X (mm)
	X size of the sample.

	
	Y (mm)
	Y size of the sample.

	
	Weight (g)
	Used to identify the weight of the sample. Applies to wafers only.

	
	Thickness (um)
	Used to identify the thickness of the sample. Applies to wafers only.

	
	Auto?
	Used to calculate the Thickness of the wafer when the Weight is entered, based on sample size.

	
	Type
	Used to identify the major dopant of the sample. Available selections are: n-type or p-type.

	
	Resistivity
	Used to identify the resistivity of the sample.

	
	Doping Conc.
	Used to identify the doping concentration of the sample.



Camera Settings
	Group Name
	Name
	Function

	Binning
	
	Used to define the grouping of pixels in the image. Available selections: 1x1, 2x2, 4x4, 8x8. For 1x1 all individual pixels are displayed. When grouping pixels, the value of several neighboring pixels are averaged together, and a larger binned pixel displayed. For example in 2x2 binning 4 pixels are averaged together (2 in x direction and 2 in y direction). Grouping pixels may enable a faster acquisition time to be used, but is traded off with reduced lateral image resolution.



Uncalibrated PL Image
	Group Name
	Name
	Function

	
	Exposure Time (s)
	Used to specify the duration for which the image is collected. Typical values are 1-5 s for cells, 10-30 s for raw wafers and blocks.

	
	Illumination Area
	Defines the area of illumination in the sample plane. Large sets the illumination area suitable for stage size of  165x165mm, small sets the illumination area to 35x35mm. When set to Large, the laser intensity at the sample is equivalent to approximately “1 Sun” for a mc-Si screen printed cell. When set to Small, the laser intensity at the sample is equivalent to approximately “10 Suns”.

	Laser Intensity
	Control Voltage (V)
	Used to specify the voltage at which the laser is run. This determines the light intensity incident on the sample. Typical value is 5 V. 5V is equivalent to 1 sun for a screen printed cell. Values below 3 V should not be used.

	
	Photon Flux
	Used to specify the photon flux at which the laser is run.  It will also change in according to the control voltage value.

	
	Stitch Mode
	





Wafer Sample Type
For Wafer samples there are several measurement types available as show below. These include Uncalibrated PL Images, QSS-PC and Calibrated Lifetime Images.
  
Figure 3‑19:	wafer sample measurement types
Below are screen shots of the Wafer Parameters tab for each measurement type. 
	


Uncalibrated PL Image 

Below are descriptions of the unique items in the Wafer Parameters tab – Uncalibrated PL Image.
Uncalibrated PL Image
	Screen Capture
	Name
	Function

	

	Exposure Time (s)
	Used to specify the duration for which the image is collected. Typical values are 1-5 s for cells, 10-30 s for raw wafers. and blocks.

	
	Illumination Area
	Defines the area of illumination in the sample plane. Large sets the illumination area suitable for stage size of  165x165mm, small sets the illumination area to 35x35mm. When set to Large, the laser intensity at the sample is equivalent to approximately “1 Sun” for a mc-Si screen printed cell. When set to Small, the laser intensity at the sample is equivalent to approximately “10 Suns”.

	
	Laser Intensity – Control Voltage (V)
	Used to specify the voltage at which the laser is run. This determines the light intensity incident on the sample. Typical value is 5 V. 5V is equivalent to 1 sun for a screen printed cell. Values below 3 V should not be used.

	
	Laser Intensity – Photon Flux
	Used to specify the photon flux at which the laser is run.  It will also change in according to the control voltage value.





QSS-PC (Quasi steady state-photo conductance) / Transient
 
Below are descriptions of the unique items in the Wafer Parameters tab – QSS-PC/Transient.
QSS-PC/Transient
	Group Name
	Name
	Function

	

	Mode
	Measuring mode: QSS or Transient

	
	Illumination Area
	Defines the area of illumination in the sample plane. Large sets the illumination area suitable for stage size of  165x165mm, small sets the illumination area to 35x35mm. When set to Large, the laser intensity at the sample is equivalent to approximately “1 Sun” for a mc-Si screen printed cell. When set to Small, the laser intensity at the sample is equivalent to approximately “10 Suns”.

	
	Sampling Rate (Hz)
	Analog Digital Converter Rate

	
	Number of averages
	Number of wave forms to be measured and averaged

	
	Lightpulse – Offset (V)
	

	
	Lightpulse – Max Ampl (V)
	Maximum laser control voltage

	
	Lightpulse – Time (s)
	Lightpulse width

	
	Waveform
	Recommended wave forms: TT Special – Exponentially rising and falling wave form.   Others: Sine, Square, Triangle and Ramp wave forms.

	
	Lightpulse – Leading Time (s)
	Periods of time laser is turned on leading to the start of wave form to obtain undistorted wave.

	
	Lightpulse – Trailing Time (s)
	Periods of time laser is turned on after the end of wave form to obtain undistorted wave.

	
	Lightpulse Tail Time (s)
	Length of voltage = 0v periods at the end of the pulse

	
	Averaging Signal
	Moving average of the photo-conductance wave form

	
	Averaging Generation Rate
	Moving average of the generation rate wave form

	
	Binning
	Averaging of the 

	
	Modelling Parameters – Nt
	Density of the traps per volume

	
	   Tau Ratio
	The ratio of trapping and detrapping time constants

	
	   Tau n
	Shockley-Read-Hall time constant for n-type samples

	
	   Tau p
	Shockley-Read-Hall time constant for p-type samples

	
	   J0e
	Emitter’s dark saturation current density

	
	   S
	Surface recombination velocity (cm/s)




Calibrated Lifetime

Below are descriptions of the unique items in the Wafer Parameters tab – QSS-PC, separated by category.
Calibrated Lifetime
	Screen Capture
	Name
	Function

	

	Acquisition Time (s)
	Used to specify the duration for which the image is collected. Typical values are 1-5 s for cells, 10-30 s for raw wafers. and blocks.

	
	Illumination Area
	Defines the area of illumination in the sample plane. Large sets the illumination area suitable for stage size of  165x165mm, small sets the illumination area to 35x35mm. When set to Large, the laser intensity at the sample is equivalent to approximately “1 Sun” for a mc-Si screen printed cell. When set to Small, the laser intensity at the sample is equivalent to approximately “10 Suns”.

	
	Laser Intensity – Control Voltage (V)
	Used to specify the voltage at which the laser is run. This determines the light intensity incident on the sample. Typical value is 5 V. 5V is equivalent to 1 sun for a screen printed cell. Values below 3 V should not be used.

	
	Laser Intensity – Photon Flux
	Used to specify the photon flux at which the laser is run.  It will also change in according to the control voltage value.





Cell Sample Type
For Cell samples there are several measurement types available as show below. These include PL Open-circuit Image, PL Biased Image, Series Resistance (RS) Image and EL Image.
  
Figure 3‑23:	cell measurement session
Below are screen shots of the Cell Parameters tab for each measurement type. There are several images next to each other. The images were taken at the top of the parameters scroll bar, middle and bottom.
PL Open-circuit Image

Below are descriptions of the unique items in the Cell Parameters tab – PL Open-circuit Image.
PL Open-circuit Image
	Screen Capture
	Name
	Function

	

	Exposure Time (s)
	Used to specify the duration for which the image is collected. Typical values are 1-5 s for cells, 10-30 s for raw wafers. and blocks.

	
	Illumination Area
	Defines the area of illumination in the sample plane. Large sets the illumination area suitable for stage size of  165x165mm, small sets the illumination area to 35x35mm. When set to Large, the laser intensity at the sample is equivalent to approximately “1 Sun” for a mc-Si screen printed cell. When set to Small, the laser intensity at the sample is equivalent to approximately “10 Suns”.

	
	Laser Intensity – Control Voltage (V)
	Used to specify the voltage at which the laser is run. This determines the light intensity incident on the sample. Typical value is 5 V. 5V is equivalent to 1 sun for a screen printed cell. Values below 3 V should not be used.

	
	Laser Intensity – Photon Flux
	Used to specify the photon flux at which the laser is run.  It will also change in according to the control voltage value.



PL Biased Image

Below are descriptions of the unique items in the Cell Parameters tab – PL Biased Image.
PL Biased Image
	Screen Capture
	Name
	Function

	

	Exposure Time (s)
	Used to specify the duration for which the image is collected. Typical values are 1-5 s for cells, 10-30 s for raw wafers. and blocks.

	
	Illumination Area
	Defines the area of illumination in the sample plane. Large sets the illumination area suitable for stage size of  165x165mm, small sets the illumination area to 35x35mm. When set to Large, the laser intensity at the sample is equivalent to approximately “1 Sun” for a mc-Si screen printed cell. When set to Small, the laser intensity at the sample is equivalent to approximately “10 Suns”.

	
	Laser Intensity – Control Voltage (V)
	Used to specify the voltage at which the laser is run. This determines the light intensity incident on the sample. Typical value is 5 V. 5V is equivalent to 1 sun for a screen printed cell. Values below 3 V should not be used.

	
	Laser Intensity – Photon Flux
	Used to specify the photon flux at which the laser is run.  It will also change in according to the control voltage value.

	
	SMU – Drive Mode
	Drive mode of the SMU. Available selections: Voltage or Current.

	
	SMU – Voltage (V) / Current (A)
	The value of the drive mode selected. Typical values: Voltage 0.6 V, Current 6 A.





Series Resistance (RS) Image

Below are descriptions of the unique items in the Cell Parameters tab – Series Resistance (RS) Image.
Note: Quantitative RS Image setting should only be adjusted by advanced users.
Series Resistance (RS) Image
	Screen Capture
	Name
	Function

	

	Exposure Time (s)
	Used to specify the duration for which the image is collected. Typical values are 1-5 s for cells, 10-30 s for raw wafers. and blocks.

	
	Illumination Area
	Defines the area of illumination in the sample plane. Large sets the illumination area suitable for stage size of  165x165mm, small sets the illumination area to 35x35mm. When set to Large, the laser intensity at the sample is equivalent to approximately “1 Sun” for a mc-Si screen printed cell. When set to Small, the laser intensity at the sample is equivalent to approximately “10 Suns”.

	
	Laser Intensity (A Image) – Control Voltage (V)
	Used to specify the voltage at which the laser is run. This determines the light intensity incident on the sample. Typical value is 5 V. 5V is equivalent to 1 sun for a screen printed cell. Values below 3 V should not be used.

	
	Laser Intensity (A Image) –  Photon Flux
	Used to specify the photon flux at which the laser is run.  It will also change in according to the control voltage value.

	
	A: Setpoint – SMU Voltage (V)
	

	
	B: Setpoint – SMU Voltage (V)
	

	
	Offset: Setpoint – SMU Voltage (V)
	





EL Image

Figure 3‑27:	EL image
Below are descriptions of the unique items in the Cell Parameters tab – EL Image, separated by category.
EL Image
	Screen Capture
	Name
	Function

	

	Exposure Time (s)
	Used to specify the duration for which the image is collected. Typical values are 1-5 s for cells, 10-30 s for raw wafers. and blocks.

	
	SMU – Drive Mode
	Drive mode of the SMU. Available selections: Voltage or Current.

	
	SMU – Voltage (V) / Current (A)
	The value of the drive mode selected. Typical values: Voltage 0.6 V, Current 6 A.


Results Tab
The Results tab shows the results available for a given Measurement.
If a single measurement type is performed, the results are shown in the Results tab. If a series of measurement types are performed, select the measurement type in the Measurement Parameters Tab and the results of that measurement are shown in the Results tab. Click on the measurement type in the Results tab to view the measurement image.
The layout of the Results Tab is shown below for each Sample Type and Measurement Type. Descriptions of the Results Parameters are given below. Note: the contents of some field in the Results Tab are taken from the Parameters Tab. In the tables below, where this is the case, it is denoted by ‘refer to Parameters Tab’.
Block Sample Type

Figure 3‑28:	block sample type
Info
	Group Name
	Name
	Function

	
	Name
	Measurement and Result name

	
	Type
	Type of database record. Result.

	
	Created
	Time and data created.

	
	Database ID
	Record ID in the database.

	
	Comment
	Comment given at run time



Measurements
	Group Name
	Name
	Function

	
	Uncalibrated PL Image Left
	Used to display the Left PL image of the Block inspected.

	
	Uncalibrated PL Image Right
	Used to display the Right PL image of the Block inspected.

	
	Uncalibrated PL Image Composite
	Used to display the Composite PL image of the Block inspected. The composite image is the stitched image of the entire block face.



Sample Parameters
Refer to Parameters Tab
Uncalibrated PL Image
	Screen Capture
	Name
	Function

	



	Exposure Time (s)
	Refer to Parameters Tab
	

	
	Illumination Area
	Refer to Parameters Tab
	

	
	Laser Control Voltage
	Refer to Parameters Tab
	

	
	Incident Light Intensity (Right Image)
	Voltage of the illumination reference diode.
	

	
	Left Image Path
	Location of image file on server.
	

	
	Center Image Path
	Standard Deviation of the image.
	

	
	Right Image Path
	Location of image file on server.
	

	
	Composite Image Path
	Location of image file on server.
	

	
	Composite Image Minimum Value
	Data value of the minimum pixel.
	

	
	Composite Image Maximum Value
	Data value of the maximum pixel.
	

	
	Composite Image Mean Value
	Mean data value of the image.
	

	
	Composite Image Standard Deviation
	Standard Deviation of the image.
	

	
	Incident Light Intensity (Centre)
	Voltage of the illumination reference diode.
	

	
	Photodiode Current (Centre)
	Current of the photodiode.
	








wafer Sample Type


Figure 3‑29:	wafer sample type - PL
Uncalibrated PL Image
	Screen Capture
	Name
	Function

	








	Exposure time
	Refer to Parameters Tab
	

	
	Illumination Area
	Refer to Parameters Tab
	

	
	Laser Control Voltage
	Refer to Parameters Tab
	

	
	Dark PC Offset
	Shows the Dark Photo Conductance Offset applied to the data. Dark PC is the PC signal without illumination.
	

	
	Dark PC Signal
	Shows the Dark Photo Conductance Signal measured after the inspection. Dark PC is the PC signal without illumination.
	

	
	Photodiode Current
	Current of the photodiode.
	

	
	Incident Light Intensity
	Voltage of the illumination reference diode.
	

	
	Image Path
	Location of image file on server.
	

	
	Image Minimum Value
	Data value of the minimum pixel.
	

	
	Image Maximum Value
	Data value of the maximum pixel.
	

	
	Image Mean Value
	Mean data value of the image.
	

	
	Image Standard Deviation
	Standard Deviation of the image.
	

	
	Ambient Temperature (pre-meas) (⁰C)
	Displays ambient temperature before measurement.
	

	
	Ambient Temperature (post-meas) (⁰C)
	Displays ambient temperature after measurement.
	





cell Sample Type
The Measurements, Info and Sample Parameters areas of the Tab are the same as the Wafer Sample type. The following sections shows and describes the lower section of the Results tab for each cell measurement type.  
PL Open-circuit Image
	Screen Capture
	Name
	Function

	

	Exposure time (s)
	Refer to Parameters Tab
	

	
	Illumination Area
	Refer to Parameters Tab
	

	
	Laser Intensity: Control Voltage
	Refer to Parameters Tab
	

	
	Laser Intensity: Photon Flux
	Refer to Parameters Tab
	

	
	Photodiode Current
	Current of the photodiode.
	

	
	Incident Light Intensity
	Voltage of the illumination reference diode.
	

	
	Measured Voc (V)
	Displays the Voc measured.
	

	
	Image Path
	Location of image files on server.
	

	
	Image Minimum Value
	Data value of the minimum pixel.
	

	
	Image Maximum Value
	Data value of the maximum pixel.
	

	
	Image Mean Value
	Mean data value of the image.
	

	
	Image Standard Deviation
	Standard Deviation of the image.
	

	
	Vacuum Chuck Temperature
	
	

	
	Vacuum Chuck Teperature
	
	



PL Biased Image
	Screen Capture
	Name
	Function

	

	Exposure time (s)
	Refer to Parameters Tab
	

	
	Illumination Area
	Refer to Parameters Tab
	

	
	Laser Intensity: Control Voltage
	Refer to Parameters Tab
	

	
	SMU: Current (A)
	Displays the Current at maximum power point
	

	
	SMU: Voltage (V)
	Displays the Voltage at maximum power point
	

	
	SMU: Mode
	Refer to Parameters Tab
	

	
	Measured Current (A)
	Displays the current measured
	

	
	Measured Voltage (V)
	Displays the voltage measured
	

	
	Photodiode Current
	Current of the photodiode.
	

	
	Incident Light Intensity
	Voltage of the illumination reference diode.
	

	
	Image Path
	Location of image files on server.
	

	
	Image Minimum Value
	Data value of the minimum pixel.
	

	
	Image Maximum Value
	Data value of the maximum pixel.
	

	
	Image Mean Value
	Mean data value of the image.
	

	
	Image Standard Deviation
	Standard Deviation of the image.
	

	
	Vacuum Chuck Temperature
	
	

	
	Vacuum Chuck Temperature
	
	



Series Resistance Image
	Screen Capture
	Name
	Function

	

	Exposure time (s)
	Refer to Parameters Tab
	

	
	Custom Times
	
	

	
	Exposure Time (s)
	
	

	
	Exposure Time (s)
	
	

	
	Exposure Time (s)
	
	

	
	Illumination Area
	Refer to Parameters Tab
	

	
	Voc A Image (V)
	Open-circuit Voltage A 
	

	
	Isc A Image (A)
	Short-circuit Current A
	

	
	Image Path
	Voltage of the illumination reference diode.
	

	
	Image Minimum Value
	Location of image files on server.
	

	
	Image Maximum Value
	Data value of the maximum pixel.
	

	
	Image Mean Value
	Mean data value of the image.
	

	
	Vacuum Chuck Temperature
	
	

	
	Vacuum Chuck Temperature
	
	



EL Image
	Screen Capture
	Name
	Function

	

	Exposure time (s)
	Refer to Parameters Tab
	

	
	SMU: Mode
	Refer to Parameters Tab
	

	
	SMU: Current (A)
	Displays the Current at maximum power point
	

	
	SMU: Voltage (V)
	Displays the Voltage at maximum power point
	

	
	Measured Current (A)
	Displays the current measured
	

	
	Measured Voltage (V)
	Displays the voltage measured
	

	
	Image Path
	Location of image files on server.
	

	
	Image Minimum Value
	Data value of the minimum pixel.
	

	
	Image Maximum Value
	Data value of the maximum pixel.
	

	
	Image Mean Value
	Mean data value of the image.
	

	
	Image Standard Deviation
	Standard Deviation of the image.
	

	
	Vacuum Chuck Temperature
	
	

	
	Vacuum Chuck Temperature
	
	






Image Analysis Window
The screen shot below shows the Image Analysis Window with key items labeled.  
Tools
Panel Size
Load
Colors
Export
ROI 
(Region of Interest)
X-SEC 
(Cross Section)
Scale

Home

Image
Zoom in/out
Cursor
Move

Cursor Pixel Value
Cursor location (X,Y)


Figure 3‑34:	image analysis window
The following sections describe the use of the image analysis tools.
Region Of Interest (ROI)
The ROI tool allows the user to define a specific area in which image analysis is performed. To define a ROI, click on the ROI tool. The ROI is the area inside the red dashed lines. To adjust the ROI, drag the red lines to the desired location. Shown below are two examples with different ROIs. The left example is a typical ROI used for exporting data. The right example is an example of analysis of a specific region of the sample.

Figure 3‑35:	roi
To have the ROI applied to further measurements, set it as required and close the Image window. Use the results file to make further measurements and the defined ROI will be applied.
Cross Section (X-SEC)
The X-SEC tool is used to view pixel intensity line scans through the image. The left image example below shows the X-SEC yellow cursor after clicking the X-SEC button. To adjust the location of the cursor drag it to the desired location. The right example shows the cursor in a different location and the corresponding intensity line scan.
  
Figure 3‑36:	X-SEC
Scale
The Scale tool is used to view the color scale of the image. The image example below shows the Image Window with the Scale tool enabled. The maximum and minimum value of the scale are shown.

Figure 3‑37:	scale



Tools - ROI
This section allows user to manually input the Region of Interest values from for Top, Left, Right and Bottom borders in units of pixels.  The origin (0,0) starts at the upper left of the image.  User has the option to apply the setting to all open windows or sibling images.  

Tools - Scale
The Range tool in this section is used to view and adjust the pixel value range displayed in the image. The buttons 0-100% and 5-95% automatically set the image to display all pixels and 90% of pixels (excluding the bottom and top 5% of pixel values) respectively. The upper and lower limits may also be set manually by dragging the orange bars on the range display, or typing in values.

Tools – Statistics – Histogram
The Histogram tool is used to view a histogram of the image pixel values (number of pixels on y axis, pixel value on x axis). The image example below shows the Image Window with the Histogram tool enabled. The green lines indicate the region of the histogram displayed in the image. Pixels between the green lines are displayed. The interval determines the width of each bar in the histogram.




Tools – Statistics
The Statistics (Stats) tool is used to view the statistics of the pixels in the image. As shown below, the Maximum, Minimum, Mean and Standard Deviation are displayed. Note: if an ROI is applied the statistics are of the image ROI.

Color Map tool
The Color Map tool provides several color scales with which to view the image. Available color schemes are Earth, Fire, Greyscale, Rainbow Inverted, Rainbow, Red Hot and Water. Simple click to dropdown menu and select the color desired. Below is an example of the Earth color.

Figure 3‑41:	color map
Panel Size tool
The Panel Size tool provides three image window sizes in which to view images. This can be useful when viewing several images on the screen. Below are examples of the small and large sizes. The images above are the medium size.
 
Figure 3‑42:	panel size
Home tool
The Home tool restores the image to the un-zoomed and centered location and to the default values in the Measurement profile.
Magnify tool
The Magnify tool allows the user to zoom into the image. To zoom on a location, click the location in the image. Continue to click to zoom further. To zoom out click the home tool. Below is an example of a zoomed image.

Figure 3‑43:	magnify
Move tool
The Move tool allows the user to grab the image and drag it to enable panning to view a different location of the sample.
Cursor tool
Use the Cursor tool to determine the pixel values of individual pixels. The pixel location and values are shown on the Cursor location and Value display at the bottom left of the Image Window.
Load tool
The Load tool is used to load existing .TXT and .BIN data files into the Image Viewer. Click the load button and the open file dialogue box appears. Browse for the file desired and click open. The image is displayed in the Image Viewer.
Export tool
The Export tool is used to export image data from the system for offline analysis.



Status bar
The status bar (shown below) displays the system status. The table below describes the status categories.

	Group Name
	Name
	Function

	
	Users
	Displays the current user name.

	Status
	Stages
	Displays the current stage in use. Possible values are Block, Wafer or Cell.

	Status
	Interlock
	Displays the status of the sample door interlock. Possible values are Active or Inactive.

	Status
	Laser
	Displays the status of the laser. Possible values are Online or Offline.

	Status
	Camera
	Displays the status of the camera. Possible values are Online or Offline.






[bookmark: _Toc279324783]Basic Operations
[bookmark: _Ref234921743][bookmark: _Toc279324784]Powering up 
Connect the keyboard, mouse and screen to the appropriate connection points in the facilities console.
Connect compressed air and chiller to the marked connection points on the pneumatic control console.

Figure 4‑44:	Pneumatic console and chiller connections

Switch on the system main power. At the rear of system, turn the power switch clockwise to the ‘on’ position.


Figure 4‑45:	Mains power switch

Open the electronics compartment door.
Switch on the server. Depress the power on switch on the server. You will see text scrolling on the workstation screen.


Figure 4‑46:	Server power Switch

Wait until Windows has fully loaded on the workstation screen, which will take a few minutes.
Turn on the inspection system. Turn the power switch on the front of the system clockwise to the on position.

Figure 4‑47:	System Power Switch









[bookmark: _Toc279324785]Starting the application software
Double click on the ‘main.exe’ icon on the workstation screen.
The application software will load. The system will initialize, which will take a few minutes. Once initialization is complete the work station will look as below.

[bookmark: _Toc279324786]Logging in
When the application is first started the Login dialogue box will automatically appear, as shown below.

To Login at any other time, click on the Login icon on the tool bar and the dialogue box will appear.
Click on the ‘User’ drop down item, and select your user name from the dropdown list.
Enter your password in the Password field, and click ‘LOGIN’
[bookmark: _Toc279324787]Closing the application and powering down
Close down the application software. Click File/Exit on the menu bar. The application software will close down.
Shut down windows. Click Start/Turn off computer on the workstation screen. Then click ‘turn off’. Windows and the system server will close down.
Turn off the inspection system. Turn the power switch on the front of the system anti-clockwise to the off position.
Switch off the system main power. At the rear of system, turn the power switch anti-clockwise to the ‘off’ position.
[bookmark: _Toc279324788]Logging off
On the tool bar click ‘LOG OFF’. The user is logged off.

[bookmark: _Toc279324789]User Management and Security
The system has 2 predefined user levels – Admin and Users.  Features for each predefined user levels cannot be modified and only one Admin User Level can exist per tool.  Feature availabilities based on user levels are listed in the table below.   

[bookmark: _Toc279324790]Add a new user (Accessible only by Administrator)
User Manager can be accessed from the drop down menu – Tools.  To add a new user, press ADD and enter User Name and Password.  Press OK.

[bookmark: _Toc279324791]Delete an existing user (Accessible only by Administrator)
Open User Manager under Tools.  Select a user name and press DELETE and OK.  

[bookmark: _Toc279324792]Flatfield manager
Flatfield Manager is used to obtain necessary calibration images for correct for illumination non-uniformity and camera lens distortion effects.  PL and EL flatfield setup can be done for all three lenses – Standard, Hi-mag, and alkaline. 
[bookmark: _Toc279324793]Acquire/export new flatfield images – To be completed
[bookmark: _Toc279324794]Import Flatfield PL images – To be completed
[bookmark: _Toc279324795]Generate Flatfield EL images – To be completed





[bookmark: _Toc279324796]Starting an inspection 
The following procedure describes how to start an inspection from the work station.

Select an Inspection Profile or Measurement name to use for the inspection. To do this, click on the Profile or History tool buttons on the tool bar. Then select a name from the Active drop down. The basic Measurement Parameters, such as Acquisition Time and Laser Voltage, are shown under the Data area.
Click Go to start the inspection. The dialogue box below appears. Enter the Measurement name in the pop up keyboard and any other parameters prompted. Click Acquire.

The measurement starts. Progress is shown as below.

The measurement completes.
The Dark PC Offset dialogue appears. Remove the wafer from the system and close the Sample door. Click ok. The Measurement results are displayed.



[bookmark: _Toc279324797]Overview of inspection and measurement techniques
This section describes the basic principles of inspection and measurement techniques available. For more detail please refer to BT Imaging’s web site (www.btimaging.com) which contains technical papers on these topics.
[bookmark: _Toc279324798]Luminescence Imaging overview
[bookmark: _Toc279324799]Luminescence principle
Luminescence is the emission of light that is observed upon an external excitation of specific materials such as semiconductors. In semiconductors (like Silicon) band-to-band luminescence is emitted when electrons from the conduction band recombine with holes in the valence band, as shown in Figure 5‑47:	Illustration of band to band electron-hole recombination and defect band recombination. The LIS-P2-W is designed to detect band-to-band luminescence only.

[bookmark: _Ref238459971]Figure 5‑47:	Illustration of band to band electron-hole recombination and defect band recombination
Different types of luminescence are distinguished by the way that external excitation is achieved; a common application of luminescence are light emitting diodes (LED's) in which luminescence is stimulated by applying an external voltage.
[bookmark: _Toc279324800]Luminescence Imaging
The luminescence emission is captured with a single shot taken with a specialized camera (i.e. a photograph of the luminescence emission is taken). The system uses a high resolution camera, allowing measurement of the luminescence intensity variation across the sample with high lateral spatial resolution. Regions with high luminescence intensity appear brighter in the resulting images.
Other tools exist which perform luminescence mapping (i.e. pixel by pixel raster scanning to produce a two-dimensional distribution of the luminescence intensity). Imaging is advantageous, since it is able to provide a high resolution image of the sample with very short acquisition times.
All luminescence imaging applications discussed here are performed under so-called steady state conditions, which means that the external excitation source is turned on and is held at constant intensity during the image acquisition (i.e. while the camera shutter is open).
The camera that is used in the LIS-P2-W series is sensitive to the spectral range of luminescence corresponding to band-to-band recombination in Silicon, and is therefore directly correlated with the minority carrier lifetime, which is a key electrical parameter and primary factor determining final cell efficiency.
[bookmark: _Toc279324801]Image interpretation
The local luminescence intensity is determined by the concentration and lifetime of the carriers in that region of the sample. The higher the luminescence, the brighter the image pixels are. In regions where Luminescence intensity is reduced the pixels are darker. Causes of reduced luminescence can be: lower general lifetime of carriers, lower doping (concentration) of carriers, local defects which act as carrier recombination sites and reduce the lifetime of the local carriers. Local defects may be: elemental impurities, physical defects in the crystal (e.g. cracks, crystal dislocations), grain boundaries in mc-Si, and others.
Grain Boundary
High PL signal
Low PL signal
Region with high impurities
Dislocations

Figure 5‑48:	PL image of a multi crystalline ingot edge wafer









[bookmark: _Toc279324802]Photo Luminescence (PL) Imaging
In PL imaging, the sample luminescence is generated by excitation from the system’s integrated high power laser. The system camera takes an image of the luminescence.
The illumination has uniform intensity over the entire sample. As such the images show the ‘true’ luminescence distribution over the sample with no artifacts due to sample excitation or local series resistance.
Since PL is non contact it can be used on  Blocks, raw wafers, partially processed wafers at any process step and finished cells.
[bookmark: _Toc279324803]Electro Luminescence (EL) imaging
In EL imaging, the sample luminescence is generated by excitation from the system’s integrated electrical probe frame and specialized power supply. The system camera takes an image of the luminescence.
The excitation electricity is driven through the cell bus bars. Due to the resistance of the cell, there is a voltage drop in the excitation, which results in lower excitation further from the bus bars. As such the images have an excitation non uniformity effect superimposed over the ‘true’ luminescence distribution of the sample. Additionally and local series resistance distributions will change the excitation voltage drop and result in lower local luminescence.
Since EL requires electrical contact with the sample it can be used on metalized cells and finished cells only.
[bookmark: _Toc279324804]Series resistance (RS) imaging
Series resistance is a key electrical parameter for finished cells. Higher series resistance results in lower cell output power.
The system supports two methods of series resistance inspection. These are called PL-RS and RS. In both methods PL images are taken while current is extracted from the sample.
Since RS requires electrical contact with the sample it can be used on metalized cells and finished cells only.
[bookmark: _Toc279324805]PL-RS
In this method the user defines the magnitude of the current to be extracted. A PL image is taken. The image shows both regions of high RS (which appear bright) and areas with general background PL differences due to low lifetime etc. In the image areas with high RS (bright areas) are clearly seen. This is a powerful technique which can be used for R&D and trouble shooting.
[bookmark: _Toc279324806]RS
In this method the system automatically takes a series of images and calculates the series resistance. It also automatically removes all background PL features such that the image is of RS features only.
In the image, areas with high RS (bright areas) are clearly seen. Additionally the intensity of the local pixels is a measure of the ‘true’ series resistance and is reported in Ohm.cm. This is a powerful technique which can be used for characterization, R&D and process improvement. Note that this technique is not calibrated or referenced to other series resistance techniques.


[bookmark: _Toc279324807]Photo Conductance (PC) Measurements
Photo Conductance (PC) is a well accepted measurement technique in the Photovoltaic industry. PC is used to measure the lifetime of silicon. The LIS-P2-W has a PC sensor integrated into the wafer stage. The system laser is used at high injection to make PC measurements. PC measurements are not based on imaging; they provide an area average lifetime of the center area of a wafer sample.
[bookmark: _Toc279324808]Minority Carrier Lifetime (MCL) Imaging
As described above the PL intensity is the product of carrier concentration and lifetime. To enable MCL imaging, the PL image is calibrated with the ‘absolute’ lifetime from the PC sensor. This calibration is required for each sample.
[bookmark: _Toc279324809]Summary table of inspection and measurement techniques and sample types applicable
	Capabilities
	Silicon Wafer
	Silicon Solar Cell

	PL Image
	
	

	PC Lifetime
	
	

	MCL Image
	
	

	EL Image
	
	

	RS Image
	
	





[bookmark: _Toc279324810]Sample Stages and Sample Handling
This section describes the sample stages of the system and best practices for sample handling.
BTI recommends users wear gloves when handling samples.
[bookmark: _Toc279324811]Overview of the system sample stages
The illustrations below show the different sample stages of the system with key items labelled.

Figure 6‑49:	Wafer Stage

Figure 6‑50:	cell Stage


Figure 6‑51:	cell Stage with probe frame down



Figure 6‑50:	block Stage

[bookmark: _Toc279324812]Wafer stage
The wafer stage is used for inspecting and measuring unpassivated and passivated wafers. Since no electrical contact is required for wafers it does not require a vacuum chuck. The wafer stage has an integrated Photo Conductance sensor, which is used for QSS-PC measurements and to calibrate Minority Carrier Lifetime images.
[bookmark: _Toc279324813]Putting the wafer stage into Position
The following procedures describe the best practice for putting the wafer stage into position.
[bookmark: _Ref234593495]Procedure to change from cell stage to wafer stage
Ensure the probe frame is locked to the cell stage. Pull the probe frame locking handle all the way down as shown below.
   
Figure 6‑52:	cell Stage with probe frame down and locked
Disconnect the electrical and air connectors on the cell stage
[image: ]  [image: ]
Figure 6‑53:	disconnect electrical and air connectors
         
The Cell stage is located in place with V-Blocks (as shown), remove the entire cell stage by lifting the stage in a gentle upwards direction. Place the cell stage in the cradle provided.
[image: ]V Blocks

Figure 6‑54:	removing cell stage and location of v blocks


Warning – Please ensure the previous steps are followed closely as removal of the cell stage prematurely may damage the equipment and has the potential to cause injury.


The wafer stage must now be lifted into position. Take hold of the wafer stage using the grab handles provided (as shown) on either side of the stage and lift the stage upwards. The stage will rachet upward and lock into place (as shown)
[image: ]  [image: ]
Figure 6‑55:	grab then lift wafer stage

 
Warning – Do not attempt to lift the wafer stage without first completely removing the cell stage from the measurement drawer, equipment and personnel damage can result.
        
[bookmark: _Ref234341326]Procedure to change from Block stage to wafer stage
Pull the block stage towards the front of the tool. It will move about 1cm and unlock.
[image: ]
 Using two hands lift the block stage out of the tool and place in a storage location.
[image: ]
Using the underside of the wafer stage, pull the stage all the way up until it can go no further, then gently lower it until it locks in the up position, as shown below. The wafer stage is now ready to be used.
    [image: ]     [image: ]
[bookmark: _Toc279324821]Loading wafers
Gently place the wafer onto the wafer stage. A magnetic strip is provided to locate the wafer.

[bookmark: _Toc279324822]Removing wafers
Pull the wafer forwards and to the right. Gently lift the wafer out of the tool with two hands.


[bookmark: _Ref234829316][bookmark: _Toc279324823]Cell stage
The cell stage is used for inspecting and measuring part processed and finished cells where electrical contact is required. Since electrical contact is required a vacuum chuck is integrated into the stage. The cell stage has an integrated probe frame. The probe frame has two positions: down and up. In the down position the electrical probes make contact with the cell. In the up position the probe frame is raised away from the cell and out of the line of sight of the laser and camera.
[bookmark: _Toc279324824]Putting the cell stage into Position
The following procedures describe the best practice for putting the cell stage into position.
[bookmark: _Ref234341415]Procedure to change from wafer stage to cell stage
Take hold of the wafer stage grab handles and lift the stage slightly until the stage unlocks and drops into the retracted position (as shown)
[image: ]         [image: ]
Figure 6‑56:	lift then lower wafer stage

Place the entire cell stage into the measurement drawer by positioning the locating rods into the v-blocks ensuring they are positioned correctly and securely. Note – The cell stage is automatically detected to be in position, if not in position correctly an error will display in the application software.

Warning – Do not attempt to install the cell stage without first completely lowering the wafer stage as shown. Equipment and personnel damage can result.


Figure 6‑57:	lower cell stage into v blocks

Gently lower the stage into position ensuring the locating pins fit snugly into the V blocks. 

[image: ]  
Figure 6‑58:	Connect electrical and air connectors
Connect the Electrical & Air connectors 
Push the probe frame locking handle towards the back of the tool to unlock the probe frame and raise the probes.

[image: ]    
Figure 6‑59:	Raise Probe Frame using frame handle


Now that the probe frame is unlocked, lift it up and all the way back using the cell stage handle.
  
[image: ]     
Figure 6‑60:	cell Stage with probe frame raised




Procedure to change from Block stage to cell stage
Remove and store the Block stage as described in 6.2.1.2
Put the cell stage into position as described in 6.3.1.1
[bookmark: _Toc279324828]Procedure to load a cell and lower the probe frame
With the probe frame in the up position, gently place a cell onto the cell stage. Use the magnetic locating strip to easily locate the cell in the centre of the stage. Ensure the cell bus bars run from left to right, as shown. Switch on the vacuum with the vacuum switch on the front of the cell stage.
[image: ] 
Figure 6‑61:	insert cell into cell STAGE & location of vacuum switchVacuum Switch






Lower the probe frame onto the cell stage with the cell stage handle.
    
Figure 6‑62:	lower probe frame

The probe bars can be moved forwards and backwards to be accurately positioned over the bus bars. Use two hands to move the bars forwards and backwards. Use one hand for fine adjustment. The bars remain in position by resistance and no locking is required.

Figure 6‑63:	adjust probe rails






The probes are lowered by pulling the probe frame handle towards the front of the tool.
    
Figure 6‑64:	Lock Probe rail with Probe rail lever

[bookmark: _Toc279324829]Procedure to raise the probe frame and remove a cell
Push the probe frame handle towards the back of the tool to raise the probes. Do not push the handle as far as it will go, as this will raise the cell stage partially.

Figure 6‑65:	Unlock Probe Rails with lever

  
Figure 6‑66:	Raise Probe Frame with handle
Using the Cell stage handle, lift the probe frame up and all the way to the back of the tool and push until it locks.
[image: ] 
Figure 6‑67:	Remove Cell

Turn off the vacuum with the vacuum switch and remove the cell.

Block stage (Optional item)
The Block stage (Optional item) is used for inspecting blocks (also known as bricks). Since blocks are much larger than wafers/cells a special stage is required to lower the block surface to be inspected into the field of view of the camera, and to allow the block to be moved horizontally in order to capture an image of the entire block surface.
Putting the block stage into Position
The following procedures describe the best practice for putting the block stage into position.
[bookmark: _Ref234593543]Procedure to change from wafer stage to block stage
Put the wafer stage in the undocked position as described in 6.3.1.1.
Push the Stage support brackets towards the back of the tool as far as they will go.
    
Remove the Block stage from its storage location. The Block stage is heavy so two hands and correct posture should be used.
Place the Block stage onto the Block location points as shown below. The metal dowels on the sides of the Block Stage will slot into the holes in the tool as shown. Push the stage towards the back of the tool and it will slide approx 1cm to lock into place.
    
[image: DSCF1098]



Close the Block storage compartment door.
Procedure to change from cell stage to block stage
Put the cell stage in the undocked position as described in 6.2.1.1.
Put the Block stage into position as described in 6.4.1.1.
Procedure to load a block
Place the Block onto the Block stage on the Block trolley. Locate the block against the block locators to ensure the Block is square on the stage.

Push the trolley to mate with the Block stage in the tool.
    
Pull the locking pin up to unlock the trolley stage, then push the stage into the tool and depress the locking pin into the hole in the block stage in the tool.
    
Move the Block trolley away from the tool.
Procedure to move the block horizontally in the system to collect the entire block image
Slide the Block to the right side of the stage using the handle, as shown.

Using the application software, start a Block measurement. Background calibration is done, then the dialogue below appears.

Click acquire of the left image button, and the image is acquired.

Slide the Block to the left in the tool.

Click acquire of the right image button, and the image is acquired.

Click the stitch button and the entire block image is shown.

The image can now be viewed and analyzed as normal.
[bookmark: _Toc279324830]Working with Measurement Profiles
A Measurement Profile is a template, which is used to define the parameters which appear on the Measurement Parameters Tab.
[bookmark: _Toc279324831]Uses of Measurement Profiles
[bookmark: _Toc279324832]Restricting Access by User Name
Measurement Profiles are selectable by User Name such that a specific User is only allowed access to Measurement Types and Parameters defined by the Administrator. This can be useful for restricting access.
[bookmark: _Toc279324833]Defining a Template for a large measurement series
If a large volume of samples are to be measured, it is efficient to create a profile for the measurements. This allows the user to select the parameters prompted at run time.
[bookmark: _Toc279324834]Profile Basics
Within the Profile Parameters Tab, parameters may be set to be Visible, Prompted or Locked. The table below describes the functionality. The Icon images are shown at the left of the parameter on the Parameters Tab.
	Name
	Image
	Description
	Icon

	Visible?
	[bookmark: OLE_LINK1]
	By checking Visible (as shown), the user will be able to see the parameter in the Measurement Parameter Tab. If unchecked the user will not see the parameter.
	

	Prompt?
	
	By checking Prompt (as shown), the user will be prompted to enter a value for the parameter at run time. If unchecked the user will not be prompted.
	

	Locked?
	
	By checking Locked, the value of the parameter in the Measurement Parameter Tab and at run time is not editable. If unchecked the user may edit the parameter value.
	unlocked
locked


[bookmark: _Toc279324835]Creating a new profile
From the Menu bar select: File/New Profile. The Create Profile dialogue box appears.

Enter a name for the Profile, and a comment if desired.
From the Parameter Mode drop down, select: Use Existing Parameters, or Default. Click OK.
By selecting Use Existing Parameters the parameter values displayed in the Parameters Tab before clicking New Profile are loaded. This can be a useful shortcut if an existing Measurement Setup is close to the template you desire. By selecting Default, the system will use preset parameter values.
The Profile Parameters Tab appears, as shown below. A detailed description of each parameter is provided in the Application Software section.

Select the sample type desired. The categories for that sample type are shown. Enter any parameter values desired, and select if the parameter is to be Visible, Prompted or Locked. Do this for each Sample Type and Measurement Session desired.
Click the Save button at the top of the Profile Parameters Tab, or click File/Save Profile from the Menu bar. Click the Back button when done.
[bookmark: _Toc279324836]Editing a profile
From the Tool bar click: Profile. Select the Profile you wish to edit from the drop down list. Click Load.
From the Menu bar select: Edit/Edit Profile.
The Profile Parameters Tab appears, with the Profile selected loaded for editing.
Edit the profile as desired and save.

[bookmark: _Toc279324837] Performing Inspections
This section describes how to make measurements. Measurements can be made by using a Measurement Profile or an existing Measurement. The following sections describe how to do this.
[bookmark: _Toc279324838]Loading an existing Measurement Profile
On the Tool bar click the Profile button.
Select the Profile desired from the drop down list. Click Load. The Profile is loaded.
[bookmark: _Toc279324839]Loading an existing Measurement
On the Tool bar click the History button.
Select the Measurement/Results name desired from the drop down list. Click Load. The Measurement is loaded.
[bookmark: _Toc279324840]Overview of Making Measurements
Once a Profile or Measurement is loaded, the user can make a measurement as follows.
Load the sample. This is describes in the sample handling section.
Make any parameter modifications as needed.
Click the green Go button on the Tool bar. The dialogue box below appears. Enter the Measurement name and any other parameters prompted. Click Acquire.

The measurement starts. Progress is shown as below.

The measurement completes and the Measurement results are displayed.
The following sections describe how to make different Measurement Types of different Sample Types.
[bookmark: _Toc279324841]PL Image Measurements
PL image measurements are available for bothall sample types. The procedure for Blocks is different from Wafers/Cells.

PL Image Measurements on Wafers
Load the sample. This is describes in the sample handling section.
Make any parameter modifications as needed.
Click the green Go button on the Tool bar. The dialogue box below appears. Enter the Measurement name and any other parameters prompted. Click Acquire.

The measurement starts. Progress is shown as below.

The Dark PC Offset dialogue appears, as shown below. Remove the wafer from the system and close the Sample door. Click ok. The Measurement results are displayed.

PL Image Measurements on cells
Note: vacuum must be switched on to make cell measurements.
Load the sample. This is describes in the sample handling section.
Make any parameter modifications as needed.
Click the green Go button on the Tool bar. The dialogue box below appears. Enter the Measurement name and any other parameters prompted. Click Acquire.

The measurement starts. Progress is shown as below.

The measurement completes and the Measurement results are displayed.
PL Image Measurements on Blocks
Load the sample. This is describes in the sample handling section.
Make any parameter modifications as needed.
Click the green Go button on the Tool bar. The dialogue box below appears. Enter the Measurement name and any other parameters prompted. Click Acquire.

The dialogue below appears.

Click acquire of the left image button, and the image is acquired.

Slide the Block to the left in the tool.

Click Acquire of the right image button, and the image is acquired.

Click the stitch button and the entire block image and results are shown.

[bookmark: _Toc279324842]QSS-PC and Calibrated LIfetime Measurements on Wafer
Background: The LIS-P2-W contains a Sinton Instruments WCT-120 photo conductance measurement system, which is used as the sample stage for PL measurements on wafers. That system can be used for injection level dependent quasi steady state photo conductance (QSSPC) minority carrier lifetime measurements [1].
Load the wafer sample.  Select Sample Type – WAFER
Under Measurement Session, select QSS-PC and Calibrated Lifetime measurements
Make any parameter modifications as needed (See Default Values in Section 12.5)
Press ACQUIRE/GO to enter “STEP 1” - Injection level dependent lifetime data         
Logarithmic Scale
Linear Scale
Lock the Scale
Home (to see all data)
Threshold Adjust
Zoom
Hand Tool
Legend

Note: The dialogue window shows the same data in three different colours.
	Color
	Name
	Description

	Grey
	Raw Data
	Data as measured

	Red
	Smoothed Data
	Analyzed with averaging and binning

	Green
	Cropped Data
	Remainder of the data after setting the cut-off value to discard unwanted noisy data.  This is the data to be used for further analysis.



Drag the yellow cursor to determine the cut-off injection level.  This can also be done in the slider at the bottom.  All the data below cut-off value (of Dn) are noisy and should be discarded from the analysis.  
Press NEXT when done to enter STEP 2 – Verify and accept modelled data.  The six fitting model parameters located at the bottom can be varied to obtain the best fit between experiment and theory.  Brief explanations regarding each of the six model parameters are listed in the table below.
	Fitting parameters
	Descriptions

	Nt
	The density of traps per volume. Typical values in multicrystalline silicon are between 1012 cm-3  and 1015cm-3

	TauRatio
	The ratio of trapping and detrapping time constants, which is related to the nature of the trap.  Typical values are <10-2

	n0
	The Shockley-Read-Hall time constants for electrons and holes of the dominant recombination active defect in the bulk. Note: For n-type samples these two variables change their roles.

	p0
	

	Joe
	The dark saturation current density of the emitter. For non-diffused samples Joe=0 and the surface recombination component S/d then represents the recombination at both surfaces. Typical values are between 10-12 A/cm2  and 10-14 A/cm2 for diffused emitters.

	S
	The surface recombination velocity in cm/s, typical values are around 10cm/s for very well passivated surfaces,  or around 1000cm/s for the rear surface in screen printed cells, 106 cm/s for unpassivated surfaces of as-cut wafers.









Example 1: High lifetime sample with negligible trapping effect
Reset – Resets the fitting parameters back to original

Re-centre – Since “Fit Model” only varies the parameters within the displayed range.  Multiple iterations of “Re-centre” are required to bring the slider back to the middle to expand the range beyond current slide range in order to refine auto-fit.

Fit model – Allow automatic fit between model and measured data

Fitting Parameters – Can be adjusted manually or automated using “Re-centre” and “Fit Model”

Cropped data – Raw/measured data

Trap-affected Model – Model included trapping effect

Trap-unaffected Model – Model not including trapping effect

Trap-corrected Data – Data with trapping effects corrected (if applicable)


1-sun indicator



Example 2: A good fit for a multi-crystalline wafer.  

7. 	Adjust fitting parameters to model against cropped data.  User can also use “Fit Model” to auto fit the curves.
8.	Select which Calibration Point to use to calibrate.  Then SAVE AND EXIT to see Graph of Tau vs. Dn.

9.	At the end of work flow a calibrated PL image will pop up displaying the local minority carrier lifetime results in µs.  
[bookmark: _Toc279324843]Transient Measurements on Wafer
Note: This section will be added later.
[bookmark: _Toc279324844]EL Measurements
Note: vacuum must be switched on to make cell measurements.
Load the sample. This is describes in the sample handling section.
Make any parameter modifications as needed.
Click the green Go button on the Tool bar. The dialogue box below appears. Enter the Measurement name and any other parameters prompted. Click Acquire.
The measurement starts. Progress is shown as below.

The measurement completes and the Measurement results are displayed.
[bookmark: _Toc279324845]Series Resistance (Quantitative RS) Measurements
Note: vacuum must be switched on to make cell measurements.
Load the sample. This is describes in the sample handling section.
Make any parameter modifications as needed.
Click the green Go button on the Tool bar. The dialogue box below appears. Enter the Measurement name and any other parameters prompted. Click Acquire.
The measurement starts. Progress is shown as below.

The measurement completes and the Measurement results are displayed.
[bookmark: _Toc279324846]PL RS Measurements
Note: vacuum must be switched on to make cell measurements.
Load the sample. This is describes in the sample handling section.
Make any parameter modifications as needed.
Click the green Go button on the Tool bar. The dialogue box below appears. Enter the Measurement name and any other parameters prompted. Click Acquire.
The measurement starts. Progress is shown as below.

The measurement completes and the Measurement results are displayed.


[bookmark: _Toc279324847]Viewing and Analyzing Results
This section describes how to retrieve, view and analyze results.
[bookmark: _Toc279324848]Finding Results
[bookmark: _Toc279324849]Simple results Browsing
From the tool bar select the sample type desired, and click Result.
Click the result drop down and recent results are listed.
Select the result desired from the list.
Click load.
The results are loaded to the Results Tab.
[bookmark: _Toc279324850]Results browsing by search string
From the tool bar select the sample type desired, enter a search string into the Search string field and click Search.
Click the result drop down and matching results are listed.
Select the result desired from the list.
Click load.
The results are loaded to the Results Tab.
[bookmark: _Toc279324851]Finding results with the advanced search feature
From the tool bar click Advanced.
The Advanced Search dialogue appears, as below.

Use the tools to find the desired results file.
Options are: Sample Type, Measurement type, Search String etc. You can also increase the number of results by entering a value into Limit Results.
Select the result desired from the list once found.
Click OK.
The results are loaded to the Results Tab.
[bookmark: _Toc279324852]Analyzing results
Load the sample results into the Image Viewer.

Figure 9‑68:	image viewer
Use the Image Analysis tools to perform the desired analysis. A detailed description of the analysis tool functions is provided in the application software section. Analysis may also be performed in third party analysis packages by exporting the images.







[bookmark: _Toc279324853]Exporting Results
This section describes how to export data and images.
[bookmark: _Toc279324854]Exporting Images from the Image Viewer
Export data as follows:

Click the Export button in the Image Viewer. The Export dialogue appears, as shown above.
Select the file format desired. Options are: BMP, JPG, TXT or BIN. JPG quality is selectable (lower quality has smaller file sizes). TXT saves the data as a text file. BIN saves the data as a binary file. Note binary files may only be reloaded into the system software.
Select the ROI desired. Options are: Current or Full (i.e. no ROI)
Select the Range desired. Note the Range only affects JPG files. Options are: Current, Percentile and User. Current describes the image range applied when the export button was clicked. Percentile uses 5-95% or 0-100%, as described in the applications software overview. User allows you to specify the min and max values.
Select X-SECT and/or Color Bar if these are desired to be shown in the image.
Select Palette desired. Options are: Current, Grey or Color.
Click OK. The Export Image Dialogue appears as show below.
Enter a file name and location to save the file. Click Save.

[bookmark: _Toc279324855]Exporting Data and Images from the workstation menu bar
Export data as follows:
From the Menu bar select Results/Export. The Export dialogue appears as below.

To find the results desired user the filters. Select the sample type, measurement type and a search string if needed until your results appear in the Query Results field.
Click on the data entry in the table you wish to export.
Click on Data and/or Images depending on what you wish to export. Refer to the Applications Software section for details of each parameter.
Click Export. The Export dialogue appears as below.

Browse to define the location to export the information to then click Current. The data is exported.
[bookmark: _Toc279324856]Back Up/Restore/Delete Database (by Administrator Only)
ADMINISTRATOR HAS THE OPTION TO BACK UP, RESTORE AND DELETE DATABASE WITHIN DATABASE MANAGER.  THE TABLE BELOW EXPLAINS THE OPTIONS UNDER DATABASE MANAGER.
	Options
	Definitions

	Database
	Includes Parameters and Results

	Data
	Includes Images & Graphs

	Systems Tables
	Includes System Configuration Settings


[bookmark: _Toc279324857]Back up database
From the drop down menu, select Tools, then Database Manager
Under BACKUP OPTIONS, select an option to exercise Back Up.  User table above as your guideline.  Press BACKUP
Choose a folder location for backup and press SELECT.  

Backup in progress, press DONE when completes.

[bookmark: _Toc279324858]Restore database
From the drop down menu, select Tools, then Database Manager
Under RESTORE OPTIONS, select an option and press RESTORE
Locate and open a backup folder

Select database.btdb file and OPEN
Acknowledge the warning message.  If a user chooses to proceed, press OK.  Otherwise CANCEL.

[bookmark: _Toc279324859]Delete database
From the drop down menu, select Tools, then Database Manager
Under DELETE OPTIONS, select an option and press DELETE
Acknowledge the warning message.  If chooses to proceed, press OK.  Otherwise CANCEL.
[image: ]


[bookmark: _Toc279324860]Applications notes
[bookmark: _Toc279324861]“1 sun” equivalence definition
The term “1 sun” illumination is used loosely. It is not a precise value. In this manual we use it to mean the laser illumination intensity at the sample that generates an equivalent Voc for a standard screen printed cell that a sun simulator would generate.
[bookmark: _Toc279324862]Illumination area
Defines the area of illumination in the sample plane. Settings are Large or Small. Large sets the illumination area suitable for stage size of 165x165mm. This mode is used for imaging entire wafers and cells up to 6 inches in size. The illumination intensity can be set from approximately 0.1-1 suns equivalent in this mode. Small sets the illumination area to 35x35mm in the centre of the stage. This mode is used when higher illumination intensity is required. When set to Small, the laser intensity at the sample can be set from approximately 1-10 Suns.
[bookmark: _Toc279324863]Sample types and  Acquisition time and illumination intensity considerations
[bookmark: _Toc279324864]Unpassivated as cut wafers
Both Mono and Multi crystalline as cut wafers have relatively low PL intensity. This is due to the dominance of the unpassivated surface. As such relatively long acquisition times are needed to produce good quality images.
[bookmark: _Toc279324865]Passivated wafers
Passivation generally increases the PL intensity observed by approximately 10x for multi crystalline SI and 100x for mono crystalline Si. As such shorter acquisition time are required.
[bookmark: _Toc279324866]Cells
Cells are passivated, and have similar behavior as passivated wafers.
The table below shows typical ranges of PL acquisition times for different sample type and illumination modes
	Sample Type
	Large Illum, “1 sun”
	Large Illum, “0.1 sun”
	Small Illum, “10 sun”
	Small Illum, “1 sun”

	Unpassivated as cut Multi crystalline Si (~1ohmcm)
	10-20 seconds
	N/A
	1-2 seconds
	10-20 seconds

	Unpassivated as cut Mono crystalline Si (~1ohmcm)
	10-20 seconds
	N/A
	1-2 seconds
	10-20 seconds

	Passivated Multi crystalline Si (~1ohmcm)
	0.5-5 seconds
	5-30 seconds
	0.1-0.5 seconds
	0.5-5 seconds

	Passivated Mono crystalline Si
	0.1-2 seconds
	1-10 seconds
	N/A
	0.1-2 seconds

	Cell Multi crystalline Si
	0.5-5 seconds
	5-30 seconds
	0.1-0.5 seconds
	0.5-5 seconds

	Cell Mono crystalline Si
	0.1-1 seconds
	1-10 seconds
	N/A
	0.1-1 seconds


[bookmark: _Toc279324867]Typical Measurement Default Values

Sample Type: Wafer
	Uncalibrated PL Image
	

	Parameter
	Default Setting

	Exposure Time (s)
	20

	Illumination Area
	Large

	Laser Intensity - Ctrl Voltage (V)
	5



	QSS-PC
	
	
	

	Parameter
	Default Setting 
(High lifetime)
	Default Setting
(Passivated mc-Si)
	Default Setting (Passivated mono)

	Mode
	QSS-PC
	QSS-PC
	QSS-PC

	Illumination Area
	Small
	Small
	Small

	Sampling Rate (Hz)
	300000
	300000
	300000

	Number of Averages
	5
	5
	5

	Light Pulse - Offset 
	1.27
	1.27
	1.27

	Light Pulse - Max Amplitude (V)
	5
	5
	5

	Light Pulse - Time (s)
	0.2
	0.04
	0.04

	Wave Form
	TT Special
	TT Special
	TT Special

	Light Pulse - Leading Time (s)
	0.02
	0.02
	0.02

	Light Pulse - Trailing Time (s)
	0.02
	0.02
	0.02

	Light Pulse - Tail Time (s)
	0.02
	0.02
	0.02

	Averaging Signal
	30
	30
	30

	Averaging Generation Rate
	30
	30
	30

	Binning
	30
	30
	30

	Modelling Parameters (Nt)
	1E10
	5E+14
	3E+13

	Modelling Parameters (Tau Ratio)
	0.01
	0.01
	2E+6

	Modelling Parameters (Tau n)
	0.0005
	1E-06
	1E-05

	Modelling Parameters (Tau p)
	1E-03
	1E-04
	1E-04

	Modelling Parameters (J0e)
	1E-14
	1E-12
	1E-09

	Modelling Parameters (S)
	10
	1000
	1000





	Calibrated Lifetime
	

	Parameter
	Default Setting

	Acquisition Time (s)
	1

	Illumination Area
	Large

	Laser Intensity - Ctrl Voltage (V)
	5



Sample Type: Cell
	PL Open-circuit Image
	

	Parameter
	Default Setting

	Exposure Time (s)
	1

	Illumination Area
	Large

	Laser Intensity - Ctrl Voltage (V)
	5



	PL Biased Image
	

	Parameter
	Default Setting

	Exposure Time (s)
	1

	Illumination Area
	Large

	Laser Intensity - Ctrl Voltage (V)
	5

	SMU Mode
	Voltage / 0.5v



	Series Resistance (RS) Image
	

	Parameter
	Default Setting

	Exposure Time (s)
	1

	Illumination Area
	Large

	Laser Intensity (A Image) - Ctrl Voltage (V)
	3

	Laser Intensity (B Image) - Ctrl Voltage (V)
	5

	A: Setpoint - SMU Voltage (V)
	Voc

	B: Setpoint - SMU Voltage (V)
	Input increase to "5"

	
	0

	
	-0.01

	
	-0.03

	
	-0.1

	
	-0.3

	Offset: Point  - SMU Voltage (V)
	-1



	EL Image
	

	Parameter
	Default Setting

	Exposure Time (s)
	1

	SMU - Mode
	Current

	SMU - Current (A)
	6





[bookmark: _Toc279324868]Routine System Maintenance
[bookmark: _Toc279324869]Airtrap
 The reliable long-term operation of pneumatic equipment requires that the compressed air used in it be cleaned of moisture and mechanical inclusions. The air trap is made up of a regulator and a mist separator to provide optimum results in applications such as clean air blow operations. (Nominal filtration rating: 0.3 µm) Replace the element every 2 years or when the pressure drop becomes 0.1 MPa, whichever comes first, to prevent damage to the element.
[bookmark: _Toc279324870]Troubleshooting Guide
This section describes issues the user may encounter and a response to the issue.
	Action
	Issue
	Response

	Loading a measurement
	Parameter tab does not appear
	Select a profile and then select the measurement result. Alternatively restart the software.

	Start a measurement
	Camera temperature dialogue appears and remains on the screen
	Restart the software. If this does not resolve the situation power down the entire system and restart.

	Using parameters tab
	Save button appears at top of window
	Ignore the button

	making measurement
	'Control