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7.1 Hardware Session Overview
This section describes the use of the X-Ray, E-Neut (Low Energy Electron Neutralizer), Ion Gun (Sputter Gun and Neutralizing Gun), C60 Ion Gun[Option], Analyzer and Detector. The X-Ray gun is used for XPS acquisition and SXI imaging.  The E-Neut is used to perform charge compensation.  The Ion Gun is used in two capacities.  As a sputter gun it is used to clean samples and perform depth profiles.  It is also be used to perform charge compensation. The C60 Ion Gun is used to clean samples and perform depth profiles.  The Analyzer and Detector are used for data collection.
7.2 Hardware: How To
7.2.1 Load, Edit, Save Settings

This subsection describes user settings available to define the Hardware operating parameters.  The Settings box will list all settings available for use related to the current Hardware Application.  Loading, Saving and Deleting will apply to the Hardware Application that is currently selected [X-Ray, E-Neut, Ion Gun, C60 Ion Gun, Analyzer]. 
The X-Ray and Analyzer loaded values will take immediate affect.  The E-Neut, Ion Gun, C60 Ion Gun loaded values will be applied to the system as a function of the current state.  With the guns in the OFF mode; values will be updated in the UI but will not be applied to the system until a Standby or ON mode is selected.  Consequently, loading a Gun setting while the Gun is OFF allows the user to view and edit parameters without energizing the system.
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Load Settings for Hardware Applications
1. Stop any acquisitions

2. The Hardware can be in any state.
Note: It is recommended to be in the OFF state 
3. Select a user setting from the Settings pull down menu.

4. Click the Load button.

The values saved with this user setting will be loaded into the Hardware [current application] parameter fields and applied to the Hardware operation.
Load Settings from an acquisition file [X-Ray; E-Neut; Ion Gun; C60 Ion Gun]
1. Stop any acquisitions

2. Click the File… button.
3. Select the desired acquisition file from the menu and select Open.


The Hardware values saved with this acquisition file will be loaded into the hardware parameter.  The filename for the acquisition file will temporarily appear in the Settings pull down menu at the top of the tab until a new user setting name is chosen.  These user setting parameters can be saved with this filename by following the Save Settings procedure.
INCLUDEPICTURE "C:\\Documents and Settings\\gosselr.PHI\\642164_a\\SMToolop\\Sec_6\\Sputter\\SPTTRTAB.WMF" \* MERGEFORMAT \d Active Settings 

Once a set of values from a user setting is loaded into a Hardware Application menu or SmartSoft-XPS is started with INITIAL Settings; the values displayed in the Hardware tab are the active operating values.  These values can be changed with or without updating or saving them.  Changes made will be directly reflected in the operation of the system.

Note: During a Queue and/or Acquisition operation the active settings will be replaced with the pre-selected “user settings” associated with the analytical task.

INCLUDEPICTURE "C:\\Documents and Settings\\gosselr.PHI\\642164_a\\SMToolop\\Sec_6\\Sputter\\SPTTRTAB.WMF" \* MERGEFORMAT \d Save Settings 

Note: The Save Settings operation will save the current parameters in the Hardware Application menu into the “user setting” displayed in the Settings pull down menu. 
Save or Update Settings for Current User Setting
1. Make the desired changes to the current Application parameters.

2. Verify that the desired user setting name appears in the Settings pull down menu.

3. Click the Save button.

The current parameters will be saved/updated for the current user setting.
Create a New User Setting 
1. Make the desired changes to the current Application parameters.

2. Left-click the Settings pull down menu.

3. The existing name will highlight.

4. Type in the desired user setting name.
Note: Use a name descriptive of the setting. (e.g. 9um1W15kV)

5. Click the Save button.

The current parameters will be saved for this new user setting.
INCLUDEPICTURE "C:\\Documents and Settings\\gosselr.PHI\\642164_a\\SMToolop\\Sec_6\\Sputter\\SPTTRTAB.WMF" \* MERGEFORMAT \d Delete Settings 

1. Select a user setting from the Settings pull down menu.

2. Click the Delete button.

The user setting will be removed from the pull down list.

Note: RESERVED settings cannot be deleted.

7.2.2 X-Ray Power Measurement
1. Select the Hardware > X-Ray tab.

2. Select and Load the desired user setting.

3. Change the Beam State to ON to allow the Emission to stabilize.
4. Click the Beam Power button.
This will launch a Beam Power Measurement operation that will set the scan pattern to a spot; disable the HP Watchdog if this setting is a HP setting; move the Anode to the Faraday Cup position; turn the X-Ray state ON [in a Control Current = Off mode]; and calculate the Power and display this measurement in the Beam Power (W) field; and set the X-Ray state back to OFF.
5. Verify that the reading is within tolerance.
7.2.3 X-Ray Beam Diameter Measurement
1. Select the Hardware > X-Ray tab.

2. Select and Load the desired user setting.

3. Click the Beam Size button.
This will launch a Beam Size measurement operation that will set the scan pattern using the Start and End values; disable the HP Watchdog if this setting is a HP setting; move the Anode to the Slot position and turn the X-Ray state ON.  A Beam Diameter window will appear showing a plot of current vs. position.  The measured beam diameter will automatically be determined and displayed in the Beam Diameter window and on the X-Ray Properties tab.  
Note: Select the Anode position # 20 to more accurately measure 9,10,15or 20um settings.
4. Verify that the reading is within tolerance.

5. Un-pressing the button or selecting Close in the Beam Diameter window will terminate the operation and close the Beam Diameter window.  The stop button in the Beam Diameter window will provide an opportunity to change the Start and End values to move the scan pattern.

7.2.4 X-Ray Gun Alignment/Optimization

Optimize an existing X-Ray Setting

1. Select the Hardware > X-Ray tab.

2. Select and Load the desired user setting.

3. Change the X-Ray State to ON and allow the Emission time to stabilize
4. Click the Beam Power button.
This will launch a Beam Power Measurement operation that will set the scan pattern to a spot; disable the HP Watchdog if this setting is a HP setting; move the Anode to the Faraday Cup position; turn the X-Ray state ON [in a Control Current = Off mode]; and calculate the Power and display this measurement in the Beam Power (W) field; and set the X-Ray state back to OFF.
5. Adjust the Condenser (V) value lower to increase the power and higher to decreases the power.
6. Click the Beam Size button.
This will launch a Beam Size measurement operation that will set the scan pattern using the Start and End values; disable the HP Watchdog if this setting is a HP setting; move the Anode to the Slot position and turn the X-Ray state ON.  A Beam Diameter window will appear showing a plot of current vs. position.  The measured beam diameter will automatically be determined and displayed in the Beam Diameter window and on the X-Ray Properties tab.  
Note: Select the Anode position # 20 to more accurately measure 9, 10, 15 or 20um settings.
7. Adjust the Objective (A) value to calibrate the electron beam diameter for each setting.  If the desired beam size is not needed at the best focus value; then lower the Objective Current to defocus the beam to meet the desired beam size.

8. Update or Save this user setting

7.2.5 X-Ray Gun Set to Beam Park Mode

Immediate Beam Park Mode before an acquisition:
1. Select the Hardware > X-Ray tab.

2. Select and Load the desired user setting to be used during this pre-acquisition Beam Park operation.

3. Change the X-Ray state to Beam Park
Automated Beam Park Mode after an acquisition:
1. Select the Hardware > X-Ray > Advanced Control > Properties > Service tab or XPS > Properties > Setup tab.

2. Set Auto Beam Parking to Enabled
3. Select the desired X-Ray Setting to be used during the Beam Park operation.

4. If Auto Shutdown is desired:

a. Set Auto Shutdown to Enabled
b. Enter desired Auto Shutdown Delay
Note: During an alternate Depth Profile, Auto Shutdown Delay needs to be longer than any sputter interval to keep the Beam Parking mode Enabled during the acquisition.

Note: Setting the Beam Parking mode to Enabled will not set the X-Ray gun in the Beam Parking mode On immediately; rather the Beam Parking mode will be used during the next acquisition.
Note: Setting the Beam Parking mode to Disabled will not change the X-Ray gun out of the Beam Parking mode; rather the Beam Parking mode will not be used during the next acquisition and will Automatically Disable after the Auto Shutdown Delay time has transpired.
7.2.6 E-Neut Startup, Automation, Shutdown

Startup:
1. Select the Hardware > E-Neut tab.

2. Select and Load the desired user setting.

3. Change the E-Neut State to Standby to allow the filament to stabilize
Automation Neutralization during acquisitions:
1. Select the XPS > Properties > Setup tab.

2. Set the E-Neut Auto Neutralization radio button to Auto [A].
Also: located in the E-Neut Status Bar context menu
3. Select the desired E-Neut Setting in the combo box.
4. If desired, set the Source Tolerance Required radial button to Enabled. 
Note: this will abort the requested analysis if the desired Emission Current is not met by the hardware.  
Shutdown:
1. Select the Hardware > E-Neut tab.

2. Change the E-Neut State to OFF
Also: located in the E-Neut Status Bar context menu
Automated Shutdown:
1. Select the Hardware > E-Neut > Properties >Service tab.

2. Set Auto Shutdown to Enabled
3. Enter desired Auto Shutdown Delay
7.2.7 E-Neut Alignment/Optimization

Optimize an existing E-Neut Setting

9. Position the Faraday Cup on the sample platen at the analysis position

10. Select the Hardware > E-Neut tab.

11. Select and Load the desired user setting.
12. Change the E-Neut State to ON and allow the filament time to stabilize
13. Select the [image: image2.png]


Read Sample Current button to the right of the Sample Current (uA) field.

14. Select Sample Faraday Cup w/Bias in the combo box.  

15. Adjust the Bias, Steering (%) X and Steering (%) Y to optimize the current reading.   

16. Click the Read Sample Current button to deselect it.
17. Update or Save this user setting

Create a new E-Neut Setting

1. Position the Faraday Cup on the sample platen at the analysis position

2. Select the Hardware > E-Neut tab.

3. Select a comparable setting and Load this setting.

4. Left-click the E-Neut Settings combo box to select and highlight the entry field

5. Type in a new setting name.

6. Click the Save button

7. Change the E-Neut State to ON and allow the filament time to stabilize
8. Select the [image: image3.png]


Read Sample Current button to the right of the Sample Current (uA) field.

9. Select Sample Faraday Cup in the combo box.  

10. Adjust the Bias, Steering (%) X and Steering (%) Y to optimize the current reading.   

11. Click the Read Sample Current button to deselect it.
12. Update or Save this user setting

13. Click the Save button.
7.2.8 Ion Gun Startup, Automation, Argon, Shutdown

Startup:
1. Select the Hardware > Ion Gun tab.

2. Select and Load the desired user setting.

3. Change the Ion Gun State to Standby to allow the ionizer to stabilize.
Automation Neutralization during acquisitions:
1. Select the XPS > Properties > Setup tab.

2. Set the Ion Gun Auto Neutralization radio button to Auto [A].
Also: located in the Ion Gun Status Bar context menu
3. Select the desired Ion Gun Setting in the combo box.
Shutdown:
1. Select the Hardware > Ion Gun tab.

2. Change the Ion Gun State to OFF.
Also: located in the Ion Gun Status Bar context menu
Automated Shutdown:
1. Select the Hardware > Ion Gun > Properties > Service tab.

2. Set Auto Shutdown to Enabled.
3. Enter desired Auto Shutdown Delay.
Automated Differential Pumping and Argon Usage:
Note: The Argon will always be turned OFF when the Ion Gun is turned OFF.

1. Select the Hardware > Ion Gun > Service tab. 
2. Check the Automatically Start Differential Pump to operate as desired.
3. Check the Automatically Start Argon Leak to operate as desired

4. Check the Wait Until First Usage Before Starting Argon Leak to operate as desired
Note; it is recommended that all three boxes be checked.

7.2.9 Ion Gun Manual Timed Sputter

1. Align the sample to be sputtered to the analysis position.

2. Select the Hardware > Ion Gun tab. 
3. Select and Load the desired Ion Gun Setting.

4. Enter a desired Sputter Time (min).  
Note: If a Sputter Rate has been saved in the Ion Gun Properties Ion Gun tab, the resultant Sputter Depth will be displayed to the right.
5. INCLUDEPICTURE "C:\\Documents and Settings\\gosselr.PHI\\642164_a\\SMToolop\\Sec_6\\Sputter\\TIMEDSPT.TIF" \* MERGEFORMAT \d Click the Timed Sputter button to start.  
Note: The remaining time will be displayed in the button.
De-select the Timed Sputter button to stop if desired.

Note: The Timed Sputter can be started with the gun in any state, but will be more stable if set to Standby first.  
Note: The Differential Pumping and Argon Flow will follow the logic of the check boxes on the Ion Gun Properties Service tab.

Note: The Ion Gun will be returned to the Standby state when the Timed Sputter stops or is stopped.
7.2.10 Ion Gun Sputter Alignment/Optimization

Optimize an existing Ion Gun Sputter Setting

1. Position the Faraday Cup on the sample platen at the analysis position

2. Select the Hardware > Ion Gun tab.

3. Select and Load the desired user Sputter setting.

4. Change the Ion Gun State to ON and allow the filament time to stabilize
5. Select the [image: image4.png]


Read Sample Current button to the right of the Sample Current (uA) field.

6. Select Sample Faraday Cup w/ Bias in the combo box.
7. Set the Raster Size(mm) X & Y to 0  

8. Adjust the Condenser, Objective, Bend and Raster Offset (mm) X & Y to optimize the current reading.   

9. Click the Read Sample Current button to deselect it.
10. Select a X Raster Size(mm) value and Y Raster Size(mm) value to define the sputter area.  
Note: Select values at least four times the analysis area
Typical size is 2 to 3 mm.
11. Update the Sputter Rate fields on the Hardware > Ion Gun > Properties > Ion Gun tab if desired.
12. Update or Save this user setting

Create a new Ion Gun Sputter Setting

1. Position the Faraday Cup on the sample platen at the analysis position

2. Select the Hardware > Ion Gun tab.

3. Select a comparable existing Sputter setting and Load this user setting.

4. Left-click the Ion Gun Settings combo box to select and highlight the entry field

5. Type in a new setting name.

6. Click the Save button.

7. Change the Ion Gun State to ON and allow the filament time to stabilize
8. Select the [image: image5.png]


Read Sample Current button to the right of the Sample Current (uA) field.

9. Select Sample Faraday Cup w/ Bias in the combo box.
10. Set the Raster Size(mm) X & Y to 0  

11. Adjust the Condenser, Objective, Bend and Raster Offset (mm) X & Y to optimize the current reading.   

12. Click the Read Sample Current button to deselect it.
13. Select a X Raster Size(mm) value and Y Raster Size(mm) value to define the sputter area.  
Note: Select values at least four times the analysis area
Typical size is 2 to 3 mm.
14. Update the Sputter Rate fields on the Hardware > Ion Gun > Properties > Ion Gun tab if desired.
15. Update or Save this user setting

Working with Low Energy Ion Gun Settings

· Check the Float box on the Application tab.

· Select Beam Energy (Impact energy) by selecting Beam voltage and Float voltage.  The Impact Beam Energy is equal to the Beam (V) – Float (V).
Note: When choosing a Beam value and Float value for a sputter setting, keep the final Beam Energy( impact energy) = > twice the Float value.  Choosing a combination resulting in a Beam Energy( impact energy) <= the Float value will greatly degrade the operation of the Objective Lens focusing. 

Desired Impact Energy
Recommended Beam V
Recommended Float V

200
300
100

300
450
150

400
600
200

500
750
250

600
900
300

700
1050
350

800
1200
400

900
1350
450

1000
1500
500

· Optimize the Objective value to focus the ion beam at the sample analysis position. 

Note: The optimum Objective Lens is typically found using the following correlation between the Condenser Lens value vs. the Impact Energy-to-Float ratio
Condenser
3x float
2xfloat

~100%
73%
70%

~90%
74%
71%

~80%
74.5%
72%

~70%
75%
73%

7.2.11 Ion Gun Neutralization Alignment/Optimization

Optimize an existing Ion Gun Sputter Setting

1. Position the Faraday Cup on the sample platen at the analysis position

2. Select the Hardware > Ion Gun tab.

3. Select and Load the desired user Neutralization setting.

4. Change the Ion Gun State to ON and allow the filament time to stabilize
5. Select the [image: image6.png]


Read Sample Current button to the right of the Sample Current (uA) field.

6. Select Sample Faraday Cup w/ Bias in the combo box.
7. Set the Raster Size(mm) X & Y to 0  

8. Adjust the Condenser, Objective, Bend and Raster Offset (mm) X & Y to optimize the current reading.   

9. Click the Read Sample Current button to deselect it.
10. Update or Save this user setting

Create a new Ion Gun Sputter Setting

1. Position the Faraday Cup on the sample platen at the analysis position

2. Select the Hardware > Ion Gun tab.

3. Select a comparable existing Neutralization setting and Load this user setting.

4. Left-click the Ion Gun Settings combo box to select and highlight the entry field

5. Type in a new setting name.

6. Click the Save button.

7. Change the Ion Gun State to ON and allow the filament time to stabilize
8. Select the [image: image7.png]


Read Sample Current button to the right of the Sample Current (uA) field.

9. Select Sample Faraday Cup w/ Bias in the combo box.
10. Set the Raster Size(mm) X & Y to 0  

11. Adjust the Condenser, Objective, Bend and Raster Offset (mm) X & Y to optimize the current reading.   

12. Click the Read Sample Current button to deselect it.
13. Update or Save this user setting

7.2.12 Ion Gun Sputter Rate Procedure
Sputter rate varies according to the sample material(s) and the ion gun operating parameters.  Sputtering can be experimentally determined in one of the following ways:
· Eroding a crater in the material of interest over a measured period time, and measuring the crater depth with a surface profilometer.
· Eroding a crater in the material of interest that has an interface at some known depth, and measuring the time to reach that depth.
The following is one procedure for determining sputter rate.
1. Acquire a depth profile through a layer of a sample that has an accurately known thickness.  (A sample of tantalum oxide or silicon dioxide is recommended because of the stability of the materials.  A thin film of material typically used in your application may also be used.)
2. Use the thickness of the layer and the time to sputter through the layer to compute the sputter rate (in angstroms, nanometers, or microns per minute).  

3. Define and save a user setting based on the demonstration so that the parameters may be used for sputtering in the future.  In this way, maximum advantage is made of the hardware’s repeatability, and depth profile data can be compared and understood with reliability.  When defining the setting, select a descriptive name such as 5kV1uA10nmpm2x2.

7.2.13 C60 Ion Gun Startup, Shutdown

Startup:
1. Select the Hardware > C60 Ion Gun tab.

2. Select and Load the desired user setting.

3. Change the Ion Gun State to Standby to allow the reservoir and ionizer to stabilize.

Shutdown:
1. Select the Hardware > C60 Ion Gun tab.

2. Change the C60 Ion Gun State to OFF.
Also: located in the C60 Ion Gun Status Bar context menu
Automated Shutdown:
1. Select the Hardware > C60 Ion Gun > Properties tab.

2. Set Auto Shutdown to Enabled.
3. Enter desired Auto Shutdown Delay.
7.2.14 C60 Ion Gun Manual Timed Sputter

1. Move the sample to the Auxiliary station.

2. Select the Hardware > C60 Ion Gun tab. 
3. Select and Load the desired C60 Ion Gun Setting.

4. Enter a desired Sputter Time (min).  
Note: If a Sputter Rate has been saved in the C60 Ion Gun tab, the resultant Sputter Depth will be displayed to the right.
5. INCLUDEPICTURE "C:\\Documents and Settings\\gosselr.PHI\\642164_a\\SMToolop\\Sec_6\\Sputter\\TIMEDSPT.TIF" \* MERGEFORMAT \d Click the Timed Sputter button to start.  
Note: The remaining time will be displayed in the button.
De-select the Timed Sputter button to stop if desired.

Note: The Timed Sputter can only be started with the gun in Standby first.  
Note: The C60 Ion Gun will be returned to the Standby state when the Timed Sputter stops or is stopped.
7.2.15 C60 Ion Gun Alignment/Optimization

1. Set the C60 mode to Standby and warm the Reservoir to the operating temperature. 

2. Transfer the Faraday Cup platen to the Auxiliary station.

3. Connect a picoammeter to the Auxiliary station.

4. Select Sputter in the C60 Ion Gun State section.

5. Open the mechanical isolation valve  

6. Set the Raster Size X and Y to 0

7. Adjust the Grid, Repellor and Extractor to optimize the current reading on the Keithley picoammeter.   

8. Adjust the Blanking X and Y value to optimize the desired target current reading on the Keithley picoammeter.  

9. Adjust the Lens2 value to optimize the desired target current reading on the Keithley picoammeter.  

10. Adjust the Raster Offset X and Y value to optimize the desired target current reading on the Keithley picoammeter.  

11. Iterate these adjustments.  

12. Select an X Raster Size and Y Raster Size value to define the sputter area.  
Note: Select values at least four times the analysis area
Typical size is 2 to 3 mm.
13. Update the Ion Current and Sputter Rate fields if desired.

14. Update or Save this user setting

7.2.16 C60 Sputter Rate Procedure
Sputter rate varies according to the sample material(s) and the ion gun operating parameters.  Sputtering can be experimentally determined in one of the following ways:

· Eroding a crater in the material of interest over a measured period time, and measuring the crater depth with a surface profilometer.

· Eroding a crater in the material of interest that has an interface at some known depth, and measuring the time to reach that depth.

The following is one procedure for determining sputter rate.

1. Acquire a depth profile through a layer of a sample that has an accurately known thickness.  (A sample of tantalum oxide or silicon dioxide is recommended because of the stability of the materials.  A thin film of material typically used in your application may also be used.)

2. Use the thickness of the layer and the time to sputter through the layer to compute the sputter rate (in angstroms per minute).  

3. Define and save a user setting based on the demonstration so that the parameters may be used for sputtering in the future.  In this way, maximum advantage is made of the hardware’s repeatability, and depth profile data can be compared and understood with reliability.  When defining the setting, select a descriptive name such as 10kV1uA10nmpm2x2.

7.2.17 Detector Voltage Selection
1. Position the Silver Foil on the sample platen at the analysis position using Z-ALIGN.
2. Sputter the Silver Foil clean

3. Open the Hardware > Detector > Advanced Control > Properties > EMS window.

4. Select the desired X-Ray Setting [Typically 200um setting].

5. Set the Multiplier Acquisition parameters.
Typical values are Lower Limit=1500; Upper Limit= 2100; Step Size=20; Time/Step=500ms.  This will setup 30 steps and a 15 second acquisition.

6. Enter the desired Acq FOV (um) [Typically 500 um].

7. Click the Acquire Multiplier Parameters button.

8. The X-Ray setting will be loaded.
The scanning will be set to the Acq FOV (um).
The Analyzer hardware MCD setting will be loaded. 
The Multiplier Acquisition Results window will open.
Signal will be collected recording Counts vs. Multiplier V.
9. Select a Multiplier value from the Multiplier Acquisition Results display that corresponds to the plateau in signal.   

10. Enter this value in the Multiplier (Acquire) (V) field on the Detector application tab.
11. Close the Multiplier Acquisition Results window and Detector Properties window.
7.2.18 Detector Correction Factors Calibration
1. Position the Silver Foil on the sample platen at the analysis position using Z-ALIGN.
2. Sputter the Silver Foil clean

3. Open the Hardware > Detector > Advanced Control > Properties > Channels window.

4. Select the desired X-Ray Setting [Typically 200um setting].

5. Select a Detector Time.  [Typically 20 seconds].

6. Enter the desired Acq FOV (um) [Typically 500 um].

7. Click the Acquire Correction Factors button.
8. The X-Ray setting will be loaded.
The scanning will be set to the Acq FOV (um).
The Analyzer hardware MCD setting will be loaded 
Signal will be collected for all 32 channels.
The signal from each channel will be compared and each channel will receive a new Correction Factor to normalize the signal strength from each channel.

The Counts at each channel and the new Correction Factor will be updated in the Channels tab.
These Correction Factors will be used for future acquisitions.

9. Close the Detector Properties window.

7.2.19 Detector Channels Enable/Disable
1. Perform the Channel Correction to determine if a channel is providing no counts or excess counts.  If so; this channel should be disabled.
2. Open the Hardware > Detector > Advanced Control > Properties > Channels window.

3. De-Select the Enabled check box to the left of the channel.

7.2.20 Detector Binding Energy/Pass Energy Changes
1. Stop any acquisition

2. Open the Hardware > Analyzer tab

3. Select the MCD setting from the Analyzer Settings combo box.

4. Click the Load button
Note: This will set the analyzer control voltages to the saved values.
5. Open the Hardware > Analyzer > Advanced Controls > Properties > Lens window.

6. Type in a desired Binding Energy (eV).

7. Click the Save button on the Analyzer Application tab to save this change
8. Select the IDLE setting from the Analyzer Settings combo box.

9. Click the Load button to set the analyzer voltages to rest.

7.3 X-Ray
Day-day usage will not require the operator to visit the X-Ray hardware menu.  Settings for the X-Ray Gun used during analysis are selected in the Acquisition Menu, SXI Menu or SXI Setup Menu.  The X-Ray Gun is generally operated in an Emission Control mode and is only operated in a Manual Filament Control mode during service operations.

This section describes the X-Ray Application tab and all of the related windows..  
7.3.1 X-Ray Electron Gun Menu and Overview
The X-Ray Electron Gun Hardware tab is divided into multiple sections. 
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There are four main X-Ray gun operations:

· Low Power Imaging operation

· Low Power Chemical Analysis operation

· High Power Chemical Analysis operation

· Beam Parking advanced operation

Low Power operation of the X-Ray gun can be performed with a Point, Line or Area scanning pattern.  High Power operation of the X-Ray gun requires a custom High Power scanning pattern.  See the Position List Table section of the user guide.

7.3.2 X-Ray Settings during Acquisitions
X-Ray Setting selections are chosen in the analytical menus as opposed to within the X-Ray Hardware menu.

SXI Imaging:

Select in the Hardware > SXI window
The 9um1W15kV X-Ray Setting has been optimized to provide the best imaging setting and should be used in the SXI Imaging operation.  

SXI Z-Align operations:

Select in the Hardware > SXI > Properties > SetUp window
The 100 & 200 settings have been optimized for the SXI Z-Align operation.
Note: HP Z-Align is not allowed with SXI operation as HP analytical scan patterns are not compatible with SXI imaging requirements.
Map and Line acquisitions:

Select in the XPS > Map or XPS > Line window
The 9,10,15 & 20um settings have been optimized for imaging acquisitions.
Spectral, Depth Profile & Angle Profile acquisitions:

Select in the XPS > Spectrum or XPS > Profile or XPS > Angle window
The 50, 100, 200 & HP settings have been optimized for chemical information acquisitions.
Note: HP setting usage requires that HP analytical positions are defined [and Active] in the Sample > Position List Table
Pre-Acquisition Z-Align & HP Z-Align operations:

Select in the XPS > Properties > SetUp window
The 100, 200 & HP settings have been optimized for Z-Align operation.
Note: During a Z-Align operation before acquire; the corresponding Position List Type will define the low power or high power requirement for the X-Ray gun. During a Z-Align before acquire [acquisition]; the correct X-Ray setting will automatically be selected from the two combo boxes [X-Ray Setting, X-Ray Setting (High Power)].
Automated Beam Parking operations:

Select in the XPS > Properties > SetUp window
Detector calibration:

Select in the Hardware > Properties > EMS or Channel window
The 100, 200 & HP settings have been optimized for Detector operations.
7.3.3 X-Ray tab
Electron Gun operation:
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Anode Position:
Select Anode Position to be used with each X-Ray setting.
Note: it is recommended to use a different Anode Position for high wattage vs. low wattage settings.
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The X-Ray Electron Gun can be in one of three States: Park, On or Off.

The radio buttons in the X-Ray Electron Gun State area show the present state of the X-Ray gun.  The state is changed here “manually” by clicking one of the Beam State buttons. The state will also be changed automatically during acquisitions.  
Note: These states can also be changed by R-clicking on the X-Ray Status Bar or by Right-clicking on the X-Ray object on the Intro Chamber Viewer.
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· The X-Ray Electron Gun menu will show the current values associated with the current user setting. 
· The gun will be enabled by the Blanker voltage set to its user setting value.

· If the Auto Emission Control is selected, the ionizer will be operating at the filament current required to regulate the Emission(uA) setting. If the Manual Emission Control is selected, the ionizer will be operating at the Filament(A) setting and the emission will display a value defined by this filament current. 

· The scan pattern will move the electron beam off of the Anode to disable the X-Ray beam.
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· The X-Ray Electron Gun menu will show the current values associated with the current user setting. 
· The gun will be enabled by the Blanker voltage set to its user setting value.

· If the Auto Emission Control is selected, the ionizer will be operating at the filament current required to regulate the Emission(uA) setting. If the Manual Emission Control is selected, the ionizer will be operating at the Filament(A) setting and the emission will display a value defined by this filament current.
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· The X-Ray Electron Gun menu will show the values associated with the current user setting.

· The X-Ray Electron Gun hardware will all be set to their corresponding values
· The gun will be blanked by the Blanker voltage set to its maximum value.

Note: The Beam State On is interlocked to the water cooling interlock and to the High Power scan WatchDog interlock. These both need to be satisfied to enable the Blanker user setting.
[Park, On, Off]
Electron Gun
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In the Electron Gun area, the measured Emission (uA) and the measured Filament(A) are displayed to the right of their entry fields.  

Beam (V):
The Beam voltage is typically set to 15kV for non-HP settings and to 18kV for HP settings.
 [0 to 20kv]
Target Emission(mA):
The Target Emission is typically set to 3-4mA for non-HP settings and 6-7mA for HP settings.  
If the X-Ray Properties Current Control is set to On, then the software will sample the actual Emission every 3 seconds and update the Filament Current to maintain the Target Emission value.
 [0 to 10mA]
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 Read Emission Current button:
Clicking this button will force a read of the Emission Current reading to the right of the button.
[Press once to read] 
Read Emission Current(mA): [read only]
This provides a reading of the Emission Current from the hardware and is displayed to the right of the Target Emission(mA) field.  This is updated every 3 seconds if the X-Ray Properties Current Control is set to On and the Beam State is On.
Filament(A):
This shows the Filament Current value that will be or is being used when the Control Current is Off  in the X-Ray Properties menu.  This field can be overwritten while the Control Current is On to quickly bring the Emission closer to the Target Emission value.  
[0 to Filament Limit]

Read Filament Current(A): [read only]
This provides a reading of the Filament Current value determined by the software to regulate the Emission and is displayed to the right of the Filament (A) field.  This is updated every 3 seconds if the X-Ray Properties Current Control is set to On and the Beam State is On.  
[0 to Filament Limit]
Note: this user setting parameter is updated and saved each time a new Filament (A) value is entered or each time the Emission Control determines a new value.
Filament Limit(A):
This field is set to limit the maximum Filament Current that will be used when the Control Current is On while it is attempting to regulate the Emission.  This value will also limit the range of the Filament(A) entry field.  This is typically set to a value rounded up to the next tenth of an ampere above the value needed to maintain the current Emission setting.
[0 to 2.047A]

Condenser(V):
This field is adjusted to set the Power to the desired setting value.  Lower values will provide more Power.  Typical values are 11000 to 8000 for 1W to 25W
[0 to 20kV]

Blank(V):
This field is adjusted to optimize the current to the Anode Faraday Cup when setting up Power and Beam Size conditions. Typical values are 225 @ 15kV and 400 @ 18kV.
[0 to 1000]

Objective(A):

This field is adjusted to focus the electron beam at the Anode.  If the desired beam size is not needed at the best focus value; then lower the Objective Current to defocus the beam to meet the desired beam size.  Typical values are 0.72-0.76 @15kV and 0.80-0.85@18kV
[0 to 1.2A] 

Scan Control
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Offset X (um):
This field is optimized to align the position of the X-Ray beam in front of the analyzer.  Typical values are +/- 20 to 150.
[-1000 to +1000] 

Offset Y (um):
This field is optimized to align the position of the X-Ray beam in front of the analyzer.  Typical values are +/- 0 to 20.
[-1000 to +1000] 
Stigmation X:

This field is optimized while tuning the 9u1W15kV setting to properly shape the electron beam at the Anode in the X axis.  Typical values are 0 to +/- 0.5
[-5 to +5] 

Stigmation Y:
This field is optimized while tuning the 9u1W15kV setting to properly shape the electron beam at the Anode in the Y axis.  Typical values are 0 to +/- 0.5.
[-5 to +5] 
Beam Size
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Start X (um) & End X (um):
The Start X and End X are set to the same value to move the position of the Y axis scan along the knife edge of the Anode Slot.  Adjustment is required if the present position is near a worn or rounded portion of the knife edge.  X-Ray Settings for higher current operation typically use positions away from the positions used for the small diameter Settings. Typical values for Start X and End X are -500 to +500.
[-1000 to +1000] 
Note: changes cannot be made while the Beam Size measurement is running.
Start Y (um):
This field is set to begin the scan on the surface of the knife edge at the Anode Slot.  This field requires a larger value for larger beam diameters to assure the scan of the beam shape profile moves the beam well onto the surface and away from the knife edge. 
Typical values are -20 to -300.
[-1000 to +1000] 
Note: changes cannot be made while the Beam Size measurement is running.
End Y (um):
This field is set to end the scan off the surface of the knife edge at the Anode Slot.  This field requires a larger value for larger beam diameters to assure the scan of the beam shape profile moves the beam well off the knife edge.  
Typical values are +20 to +300.
[-1000 to +1000] 
Note: changes cannot be made while the Beam Size measurement is running.
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 Read Beam Size button:
Depressing this button will launch a Beam Size measurement operation that will set the scan pattern using the Start and End values; disable the HP Watchdog if this setting is a HP setting; move the Anode to the Slot position and turn the X-Ray gun On.  A Beam Diameter window will appear showing a plot of current vs. position.  The measured beam diameter will automatically be determined and displayed in the Beam Diameter window and on the X-Ray Properties tab.  Un-pressing the button or selecting Close in the Beam Diameter window will terminate the operation and close the Beam Diameter window.  The stop button in the Beam Diameter window will provide an opportunity to change the Start and End values to move the scan pattern.  The beam state will return to Off when this measurement is complete.
[Depressed:On, Undepressed:Off] 
Beam Power
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Beam Power(W): [Read only]
The measured Beam Power will display at the end of the Measure Power operation.
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 Measure Power button:
Clicking the button will launch a Beam Power Measurement operation that will set the scan pattern to a spot; disable the HP Watchdog if this setting is a HP setting; move the Anode to the Faraday Cup position; turn the X-Ray gun On [in a Control Current = Off mode]; delay 2 seconds; measure the current at the Keithley picoammeter; and calculate the Power and display this measurement in the Beam Power (W) field.
[Momentarily Depressed:On, Undepressed:Off] 
Sample Current
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Mode:
Select the desired collection position on the Platen [and w/bias if desired].
[Sample Target, Sample Target w/Bias, 
Sample Faraday Cup, Sample Faraday Cup w/Bias] 
Sample Current(uA):
This field will display the measured current at the platen analysis position when if the read Sample Current button is depressed.
[Read only field] 
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 Read Sample Current button:
Depress this button to connect the sample or faraday cup [built into the Platen] to the measurement circuit.  Current from the X-Ray gun, Electron Neutralizer or Ion Gun will produce a measured current when this button is depressed.
[Depressed:On, Undepressed:Off] 
7.3.4 Advanced Controls  

The Properties… button opens the X-Ray Gun Properties box, which has three tabs:  Electron Gun, Scan Pattern and Service.  
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*Additional fields that do not appear on the X-Ray Application tab are described below*
Current Control: [radio button]
On
With the beam state set to Park or On; the Emission current will be regulated by control-loop changes to the Filament current to match the Target Emission current.

Off

With the beam state set to Park or On; the Filament current will be regulated by the Filament (A) field and the Emission current will remain unregulated.

Refresh Rate (min):
This value defines the sampling rate of the Emission control loop.
Filament Current Gain:
This value defines the adjustment rate of the Filament current to control the Emission current.

Magnification Factor X and Y:

This field is adjusted to calibrate all raster pattern generation created during an acquisition.  Typical values are 0.340
[-5 to +5] 

High Power: [radio button]
This field is used to report the High Power status of the current setting.
Watch Dog State: [radio button]
This field is automatically set to match the High Power status of the current setting. With HP settings this parameter flags the scan control to monitor the raster waveforms to assure that they are compatible with HP operation of the X-Ray gun.  If they are not met, the X-Ray Emission will be disabled.
Beam Diameter(µm):
This field is set to the following values for each user setting:

9µm setting
4um

10µm setting
5um

15µm setting
12um

20µm setting
18um

50µm setting
50um

100µm setting
100um

200µm setting
200um

This defines the beam diameter for a given X-Ray Setting. These values will be used to determine the scan pattern pixel density in creating the scanning waveform required during any acquisition. 
[0 to 200]

 Scan Pattern
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Neutralizer Blanking: [combo box]
This combo box will show the state of the remote control of the Electron Neutralizer.  This value is used by the scan controller to create a remote control signal used by the E-Neut controller. This field will normally by in the Off state.  It will be set to On when the E-Neut needs to be turned On.  It will be set to the Pulsed mode during a SXI operation to synchronously pulse the E-Neut On.
 [On, Off, Pulsed]
Interlace Interval:
This field will adjust the triangular scan pattern that is generated during an acquisition scan of the X-Ray gun.  Typical setting is 1.  Setting to 2, 3 or 4 will stagger consecutive horizontal scans of the raster pattern to occur with a 2, 3 or 4 line separation.  This will help distribute the localized charging of the scanned sample area.
 [1,2,3,4]
Delay Factor X:

This field is factory set to 2000.  This field is used to apply a settling time delay between when the scan pattern is stepped to the next pixel and data is collected at that pixel. This delay is applied as a function of how much X displacement occurred between the previous pixel and the next.
 [0 to 50,000]
Delay Factor Y:

This field is factory set to 1000.  This field is used to apply a settling time delay between when the scan pattern is stepped to the next pixel and data is collected at that pixel. This delay is applied as a function of how much Y displacement occurred between the previous pixel and the next.
 [0 to 50,000]
Area Time per Point(µSec):
This value will be used in calculating the time spent at each pixel in a scan pattern that includes a line, area or HP pattern in its pattern.  This field is typically set to 2 or to a value within the range 1-10.
[0 to 10,000]

Point Time per Point(µSec):
This value will be used in calculating the time spent at each pixel in a scan pattern that includes only one point or a combination of [only] multiple points in its pattern. This field is typically set to 10000
[0 to 10,000]

Steps/Beam(Diameter):
The values in this table are used in creating the scan pattern.  This value is used in calculating the number of pixels that will be used in a scan pattern. [(axis length divided by the Beam Diameter)* the Steps/Beam(Diameter)].
Note: Spectrum will be used for Spectral, Multiplex and Profile acquisitions.
Note: Beam will be used for Measure Beam Size acquisitions
[0 to 10,000]

Step Delay:
There is one Step Delay value and that is used for Beam Diameter Measurements.  This value defines the signal collection time at each Beam Diameter Step. Typical value is 5.
[0 to 200]

Service
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Bias Box State:
This combo box shows the current automated state of the Bias Box and can be used by the service engineer to alter the state.
 [Off, Sample Target, Sample Target w/Bias, Sample Faraday Cup, Sample Faraday Cup w/Bias, Anode Collector w/Bias, Anode Cup w/Bias, Bias]
Mode
Operation
Position Connections
Bias

Off
Idle
Sample to ground
0V

Sample Target
Read Sample Current
Sample to metering
0V

Sample Target w/Bias
Read Sample Current
Sample to metering
+90V

Sample Faraday Cup
Read Sample Current
Sample to ground
0V



Faraday Cup to metering
0V

Sample Faraday Cup w/Bias
Read Sample Current
Sample to ground
0V



Faraday Cup to metering
+90V

Anode Collector w/Bias
Beam Size
Anode Collector to metering
+90V

Anode Cup w/Bias
Power
Anode Cup to metering
+90V

Bias
SXI
Sample to Bias
+24V

Monochromator Tilt:
This value sets the tilt position of the Monochromator.  Typical value is 15000-19000
 [0 to 46000]
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 Initialize Monochromator button:

 “Homes” the Monochromator motor and resets the Monochromator to the value in the Monochromator Tilt field.
 [Click to Initialize]
Oxygen Conditioning Time(min):

 This field determines the amount of time the Oxygen Conditioning will occur when the Start Conditioning button is clicked.
[0 to 10000]
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 Start Conditioning button:

Clicking the Start Conditioning button will Open V16 to allow oxygen to flow into the chamber.
[Click to start conditioning]

Auto Beam Parking: [radio button]

This mode will control the automated Beam Parking and is synchronous with the Beam Parking mode in the Acquisition Setup menu.
Enabled will automatically Park the X-Ray electron beam after completion of an acquisition.
Disable; the X-Ray electron beam will return to Off after completion of an acquisition.
 [Enabled, Disabled]
Between analysis, the X-Ray source Emission is inhibited by a large Blanker voltage. When the X-Ray gun is turned back On for the next analysis, the Emission needs to automatically restart and stabilize.  If the user would like to keep the source fully operational between analysis for better stability, the Beam Park mode of operation can be turned On.  This will keep the Emission operational and blank the beam by automatically applying a large offset to the scanning to move the electron beam in the column off the X-Ray Anode.  

X-Ray setting: [combo box]

This combo box allows selection of the X-Ray setting that will be used during the Park state.
Auto Shutdown(Beam Parking):
This mode will control the automated shutdown of the Beam Parking mode if the Beam Parking is set to On in the Acquisition Setup menu.
Disable will have no affect on operation.
Enabled will return the X-Ray gun to Off [with no Emission] when the X-Ray gun has been left in the Beam Parking state after an acquisition for the time defined in the Auto Shutdown Delay(min) field.
[Enabled, Disabled]

Auto Shutdown Delay(hrs):
Auto Shutdown (Beam Parking) will use this time. This time defines the “wait” period after an acquisition before returning the X-Ray Beam State to Off.
[1 to 1000]
7.3.5 X-Ray Diagnostics
Right-click within the Hardware > X-Ray tab and select Diagnostics
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 Reinitialize:

Click this button to re-initialize the X-Ray Gun control.  This will re-establish communication with the hardware, set the X-Ray Gun to Off and Load the current settings.
Note: a red box around the X-Ray Status Bar area indicates a loss of control.
Note: this function can also be initiated by Right-clicking on the X-Ray Status Bar field and selecting Reinitialize.
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 Read Emission: [button]
Clicking this button to update the readings.
Read Filament (A): [Read Only]
This provides a reading of the Filament Current from the hardware. 
Read Emission Current(mA): [Read Only]
This provides a reading of the Emission Current from the hardware. 
7.3.6 Application Log: X-Ray 
Right-click within the Hardware > X-Ray tab and select Application Log (X-Ray)…
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Application Log windows are described in the Introduction and Overview section
7.4 E-Neut [E-Gun Neutralizer]
Daily usage of the neutralizer is generally performed in the XPS Acquisitions Setup menu or in the E-Neut Status Bar.  The E-Neut hardware menu may also be used to set the E-Neut to a standby state to pre-condition the source for daily usage.  Settings for the E-Neut that will be used during analysis [automated neutralization] are selected in the Acquisition Setup menu.  The E-Neut is normally operated in an Emission Control mode and is only operated in a Manual Filament Control mode during service operations.
This section describes the E-Neut Application tab and all of the related windows.  
7.4.1 E-Neut Menu and Overview
The E-Neut hardware tab is divided into multiple sections. 
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7.4.2 E-Neut Settings during Acquisitions
E-Neut Setting selections are chosen in the analytical menus as opposed to within the E-Neut Hardware menu.

SXI  and SXI Z-Align:

Select in the Hardware > SXI > Properties > SetUp window
XPS acquisitions:

Select in the XPS > Properties > SetUp window
If desired, set the Source Tolerance Required radial button to Enabled. 
Note: this will abort the requested analysis if the desired Emission Current is not met by the hardware.  
Neutralization will be started and stopped as needed for the neutralization requested in the acquisition menu. 

· Note: It is recommended that the E-Neut be in the Standby or Neutralize state before an Acquisition is be started to provide stable emission at the beginning of the acquisition
· Note: If the E-Neut is OFF at the beginning of the first acquisition, the E-Neut will be set to the Standby mode and then to the Neutralize mode automatically. There may be a thermal settling time before full neutralization is reached
· Note: at the end of each acquisition, the E-Neut will be set to the Standby mode.
· Note: Automated shutdown will occur after the E-Neut has remained in Standby for the Auto Shutdown Delay (hrs) time [as defined in the E-Neut Properties Service tab]
· Note: The Status Bar will automatically update with the E-Neut state during an acquisition.

7.4.3 E-Neut Operation
Diagram
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The E-Neut is a low energy electron gun.  The electron source is a hot filament, electron source.  The source uses a Barium Oxide filament to operate the source at 20uA emission.  New sources should be conditioned prior to operating.  The neutralizer has a continuously variable energy range from 0-10eV.  An Extractor lens focuses electrons extracted from the source to a position at the sample.

To blank the beam and also prevent neutrals from hitting the sample, an external TTL provides DC blanking of the electron beam or pulsed blanking of the electron beam during an SXI acquisitions.  
A set of quadruple deflectors are located at the end of the electron column to steer the beam across the sample. During neutralization operation, the X and Y steering values are optimized to provide maximum neutralization at the system’s analysis area on the sample platen.
7.4.4 E-Neut tab
High Level Operation

The E-Neut can be in one of three States: Neutralize, Standby or Off.

The radio buttons in the E-Neut State area show the present mode of the neutralizer.  The state is changed here “manually” by clicking one of the buttons. The state will also be changed automatically when the operator sets up automated neutralization in the Acquisition Setup menus.
Note: These states can also be changed by Right-clicking on the E-Neut Status Bar or by Right-clicking on the E-Neut object on the Intro Chamber Viewer.
Note: If the automated neutralization is selected for the E-Neut in the Acquisition Setup menu; an [A] will be displayed at the end of the Status Bar state. 
e.g., E-Neut: Standby [A]
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· The E-Neut menu will show the values associated with the current user setting.

· The E-Neut electronics control supplies will all be set to “0” and the source will be off.

INCLUDEPICTURE "C:\\Documents and Settings\\gosselr.PHI\\642164_a\\SMToolop\\Sec_6\\Sputter\\SPTTRTAB.WMF" \* MERGEFORMAT \d Standby State

· The E-Neut menu will show the values associated with the current user setting.

· The source will be operating at a default Filament current of 0.9A.

· The E-Neut voltages will all be set to the current user setting values.
· The Extractor will be reversed biased to inhibit electrons from leaving the source.
Standby provides a mode that protects the sample from low energy electrons, but keeps the source energized and reduces the time needed to provide a stable flow of electrons when the Neutralize state is selected.

Note: To extend the lifetime of the filament, the E-Neut source should be turned off when neutralization is not required for an hour or longer. 

Neutralization operation:

Source Control
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Emission(uA):
The Emission current is typically set to 20uA, providing optimum neutralization current and prolonged lifetime of the filament.  This field will be dithered when in the Manual Emission Control mode.
 [0 to 50]
Bias(V):
The Bias voltage is adjusted to optimize the sample current, maintaining as low of a value as possible. Typical values are 1.0 to 1.6V.
[0 to 10]
Extractor(V):
The optimum value for the Extractor Lens is 30V.  The extractor lens is incorporated in the XY quadrupole steering optics to provide focusing of the electron beam at the analysis area.
[10 to 75]

Steering(%) X:
This value is optimized to steer the electrons into the center of the system analysis area [maximize the Faraday Cup current with the Faraday Cup positioned at the center of the system analysis area.
[-100 to +100] 

Steering(%) Y:
This value is optimized to steer the electrons into the center of the system analysis area [maximize the Faraday Cup current with the Faraday Cup positioned at the center of the system analysis area.
[-100 to +100] 

Sample Current
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Mode:
Select the desired collection position on the Platen [and w/bias if desired].
[Sample Target, Sample Target w/Bias, 
Sample Faraday Cup, Sample Faraday Cup w/Bias] 
Sample Current(uA):
This field will display the measured current at the platen analysis position when if the read Sample Current button is depressed.
[Read only field] 
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 Read Sample Current button:
Depress this button to connect the sample or faraday cup [built into the Platen] to the measurement circuit.  Current from the X-Ray gun, Electron Neutralizer or Ion Gun will produce a measured current when this button is depressed.
[Depressed:On, Undepressed:Off] 
7.4.5 Advanced Controls  

The Properties… button opens the E-Neut Properties box, which has two tabs:  E-Neut and Service.  
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E-Neut Window
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Filament(A):

Typical value is 1.05 to 1.20.
· With Emission Control set to Manual: this field is used to adjust the Filament current that is used when the E-Neut State is set to Neutralize.

· With Emission Control set to Auto: this field is a “read only” and shows the value that the Filament will be set to when the Emission Control is changed to Manual and the E-Neut State is set to Neutralize.
Note: if this parameter needs to be changed before switching to Manual Neutralization;
1. set the E-Neut to Standby [this will set the filament to 0.9A]
or
set the E-Neut to Off [this will set the filament to 0A]
2. set the Emission Control to Manual
3. adjust the Filament to the desired setting
4. set the E-Neut state to Neutralize
[0 to Filament Software Limit]
Emission(uA):
The Emission current is typically set to 20uA, providing optimum both the neutralization current and prolonging the lifetime of the filament.
· With Emission Control set to Auto: this field is use to adjust the target Emission operating current. The Filament current will be automatically adjusted to meet this condition when the E-Neut State is set to Neutralize.

· With Emission Control set to Manual: this field is a “read only” and shows the value that the Emission will be set to when the Emission Control is changed to Auto and the E-Neut State is set to Neutralize.

[0 to 50]
Emission Control: [radio button]
Normal operation is Auto mode where the firmware controls the Emission by adjusting the Filament current.  Manual is used to outgas a new filament or to test operation of the source.
[Auto; Manual]

Gain():
This field is factory set to 100. This value will be used by the firmware in determining the required change to the Filament to reach the target Emission during Auto control.
[0 to 1000]

Time/Step(ms):
This field is factory set to 100. This value will be used by the firmware in determining the rate of change to the Filament to reach the target Emission during Auto control.
[0 to 1000]

Ramp Rate (A/s):

This field is factory set to 0.40. This value will be used by the firmware in determining the rate of change to the Filament when changes are made to the Filament field.
[0.01 to 1.00]

Software Limit(A):
This field is factory set to a value above the required value needed to regulate the Emission. This value will be used by the firmware to limit the range of the Filament field.  Typical value is 1.2-1.25
[0 to Hardware Limit]

Hardware Limit(A): [Read Only]
This value is read from the hardware.  Typically set to 1.4
Bias(V):
The Bias voltage is adjusted to optimize the sample current, maintaining as low of a value as possible. Typical values are 1.0 to 1.6V.
[0 to 10]

Extractor(V):
The optimum value for the Extractor Lens is 30V.  The extractor lens is incorporated in the XY quadrupole steering optics to provide focusing of the electron beam at the analysis area.
[10 to 75]

Steering(%) X:
This value is optimized to steer the electrons into the center of the system analysis area [or to maximize the Faraday Cup current with the Faraday Cup positioned at the center of the system analysis area.
[-100 to +100] 

Steering(%) Y:
This value is optimized to steer the electrons into the center of the system analysis area [or to maximize the Faraday Cup current with the Faraday Cup positioned at the center of the system analysis area.
[-100 to +100] 

Service Window
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Cathode Work Function:

This field is factory set to 2.40 and defines the offset internally applied to the Bias voltage to calibrate the user defined Bias voltage entry to deliver the desired electron impact energy at the sample surface.
[0 to 6]
SXI Imaging/ Neutralizer Mode:

This field will update automatically when the neutralizer is turned On or Off.  
During an SXI acquisition [requiring neutralization], the neutralizer needs to be synchronized with the Shutter Bias, Front Grid Bias and Sample Bias. All of these supplies need to be pulsed Off and the E-Neut pulsed On to allow the low energy neutralizer electrons to reach the sample surface. The Neutralizer Blanking will be set to the Pulsed state during an “SXI acquisition with neutralization”.
[On, Off, Pulsed]

SXI Imaging/ Pulse Length (ms):

This field defines the On time of the Pulsed operating mode when SXI neutralization is being used. This is typically set to 10ms.
[0.1 to 100]

Filament Lifetime/Usage (hr): [Read Only]
This value is read from the hardware and reflects the time that the E-Neut has been in the Neutralize state.  This value is useful to predict routine maintenance intervals.
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 Filament Lifetime/Reset button:
This will reset the Usage timer and will be reset by Service when a new filament is installed.
[Click to Reset]

Auto Shutdown:

Enabled will provide a mechanism to automatically shutdown the source if the E-Neut has not been used for the time defined in the Auto Shutdown Delay (hrs) field.
[Enabled, Disabled] 

Auto Shutdown Delay (hrs):
This time [time elapsed since the E-Neut was changed from the Neutralizer state to the Standby state] will be used by the Auto Shutdown to determine when the source will be automatically shutdown.  This is typically set to 1 hour.
[0.1 to 1000 ] 

7.4.6 E-Neut Diagnostics Window
Right-click within the Hardware > E-Neut tab and select Diagnostics
[image: image42.png]EGun Neutralizer Diagnostics (Service O... [B[=]Eq|
Iniialization
Reiniialize

Read Filament (4) 0.000

Extractor

Read Emission (uA) 0

Extractor
Positive X () 11.10
Negative X (v)  22.20
Positive Y (v) 3330
Negative Y (v) 4440

Update Interval (ms) fiooo

Read Once Read Canfinuaus
Close




 INCLUDEPICTURE "C:\\Documents and Settings\\gosselr.PHI\\642164_a\\SMToolop\\Sec_6\\Sputter\\ADV_OPTI.TIF" \* MERGEFORMAT \d  

[image: image43.png]Reinitialize



 Reinitialize:

Click this button to re-initialize the E-Neut control.  This will re-establish communication with the hardware, set the E-Neut to Off and Load the current settings.
Note: a red box around the E-Neut Status Bar area indicates a loss of control.
Note: this function can also be initiated by Right-Clicking on the E-Neut Status Bar field and selecting Reinitialize.
Read Filament (A): [Read Only]
The actual Filament current is read from the hardware control and displayed here when the Read buttons are selected.
Read Emission (uA): [Read Only]
The actual Emission current is read from the hardware control and displayed here when the Read buttons are selected.
Positive X (V): [Read Only]
The actual voltage of the Positive X Quadrupole plate is read from the hardware control and displayed here when the Read buttons are selected.  This reading consists of the Extractor voltage summed with the Positive X Offset voltage.
Negative X (V): [Read Only]
The actual voltage of the Negative X Quadrupole plate is read from the hardware control and displayed here when the Read buttons are selected.  This reading consists of the Extractor voltage summed with the Negative X Offset voltage.
Positive Y (V): [Read Only]
The actual voltage of the Positive Y Quadrupole plate is read from the hardware control and displayed here when the Read buttons are selected.  This reading consists of the Extractor voltage summed with the Positive Y Offset voltage.
Negative Y (V): [Read Only]
The actual voltage of the Negative Y Quadrupole plate is read from the hardware control and displayed here when the Read buttons are selected.  This reading consists of the Extractor voltage summed with the Negative Y Offset voltage.
Update Interval (ms):

This value is used to define the update interval of the Read Continuous button.  Typically set to 1 second.
[100 to 10000]
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 Read Once button:

Select this button to update the hardware readings.
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 Read Continuous button:

Select this button to continuously update the hardware readings.
NOTE: these readings will not be updated correctly when the E-Neut is in the Pulsed operating mode.

7.4.7 Application Log: E-Neut 
Right-click within the Hardware > E-Neut tab and select Application Log (E-Neut)…
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Application Log windows are described in the Introduction and Overview section
7.5 Ion Gun
This section describes the use of the sputtering ion gun, used to clean samples, perform depth profiles, and perform charge compensation.   

Daily usage of the Ion Gun is generally performed in the XPS Acquisitions Setup menu or in the Ion Gun Status Bar.  The Ion Gun hardware menu may also be used to set the Ion Gun to a standby state to pre-condition the source for daily usage.  Settings for the Ion Gun that will be used during analysis or automated neutralization are selected in the XPS Acquisition Setup menu and the XPS acquisition menus. 

This section describes the Ion Gun Application tab and all the related windows.  
7.5.1 Ion Gun Menu and Overview
The Sputter Hardware tab is divided into multiple sections. 
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7.5.2 Ion Gun Settings during Acquisitions
Ion Gun Setting selections are chosen in the analytical menus as opposed to within the Ion Gun Hardware menu.

Sputtering can be performed “automatically,” as part of a Depth Profile acquisition where sputtering alternates with data acquisition, or “pre-sputter,” where sputtering is done prior to an acquisition(but is not part of the acquisition) or manually using the Timed Sputter tool.  

Ion Gun neutralization during XPS acquisitions & Z-Align operations:

Select in the XPS > Properties > SetUp window
Ion Gun pre-sputter before XPS Acquisitions:

Select in the XPS > Properties > SetUp window
Ion Gun sputtering during alternate Depth Profile:

Select in the XPS > Profile > Sputter Table window
Ion Gun sputtering during continuous Depth Profile:

Select in the XPS > Profile tab
Note:  the ion gun can be in any state before a Profile Acquisition or Pre-Sputter or Timed Sputter is started. It is recommended to have it in the Standby state for better stability.

Note: The Differential Pumping and Argon Flow will follow the logic of the check boxes on the Ion Gun Properties Service tab.

Note:  The Status Bar will automatically update with the Ion Gun state.
7.5.3 Ion Gun Operation
Diagram
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The Ion Gun is a low energy argon sputter gun.  The Ion Gun has been developed for high depth resolution, rapid sputtering and low impact energy.  It can be used as a sputtering gun in “depth profiling” applications or as a low energy neutralization gun. 

The ion source is a hot filament, electron impact ionizer that is configured for ionizing argon.  The argon ionizer uses a tungsten filament to operate the ionizer at 15mA emission, while a pneumatic controller and flow restriction aperture delivers a source pressure of 15mPa.  New ionizers should be conditioned prior to operating.  An adjustable grid voltage is provided to optimize ionization and extraction of ions from the source into the gun column.  The ion gun is differentially pumped by the turbo pump mounted to the condenser section of the gun column.

The ion gun has a continuously variable energy range from 0-5keV.  At low beam energies (impact energies < 1keV) the ion column is “floated” up to -500V to improve beam transport through the ion column.  A condenser lens focuses ions extracted from the source to a position at or before the objective (pressure step) aperture.  The objective lens focuses the beam onto the sample.  The higher the condenser lens setting, the smaller the spot size and smaller the sputter current. With varying condenser lens settings, a slight adjustment is required of the objective lens for best focus.

To blank the beam and also prevent neutrals from hitting the sample, a set of deflector plates are located just upstream of the objective aperture to deflect the beam around a 5º bend. During sputter operation, the blanking voltage is optimized to steer the beam through the bend and through the center of the objective lens/octupole region.  During blank operation, the condenser lens is automatically set to provide a crossover of the beam at the blanking plates and the blanker voltage is automatically set to deflect the beam into a beam trap to minimize column current from reaching the sample.

A set of octupole deflectors are located at the end of the ion column to scan and shift the beam across the sample.

The ion gun housing is mechanically aligned to the center of the analysis position of a sample.  
7.5.4 Ion Gun tab
Ion Gun States
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The ion gun can be in one of five States: Neutralize, On [sputter], Blank, Standby or Off.

The radio buttons in the Ion Gun State area show the present mode of the ion gun.  The state is changed here “manually” by clicking one of the buttons. The state will also be changed automatically during acquisitions.  
Note: These states can also be changed by R-clicking on the Ion Gun Status Bar or by Right-clicking on the Ion Gun object on the Intro Chamber Viewer.
Ionizer Functionality while making selections “to” and “from” the Off state.

· Selecting Off while in another state; will turn off the ionizer and set all ion gun voltages to “0”.  The Argon Flow will be set to Off.  The differential pumping will remain On
· Selecting any other state while in the Off state; will turn on the ionizer and apply ion gun voltages.

· If the Automatically Start Differential Pump box is checked in the Advanced Control/Properties/Service tab; then the differential pumping will be started.

· If the Automatically Start Argon Leak box is checked and the Wait until first usage before starting Argon Leak box is unchecked in the Advanced Control/Properties/Service tab; then the Argon Flow will be started.  

· The Argon Flow will remain Off if the Automatically Start Argon Leak box is unchecked or will temporarily remain Off if both Argon Leak boxes are checked.
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· The filament startup status box appears displaying the progress of the startup.
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· The ion gun menu will show the values associated with the current user setting.

· The ion gun voltages will all be set to “0” and the ionizer will be off.
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· The ion gun menu will show the values associated with the current user setting.

· The ionizer will be operating at the Target Emission value and the Grid and Extractor voltages will be applied. 
Note: Emission Current and Transducer Pressure can be monitored in the Standby mode.

· All other gun parameters will be set to 0.

Standby provides a mode that protects the sample from sputtering, but keeps the ionizer energized and reduces the need to wait for ionizer stabilization before switching to the On or Neutralize state.
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· The current parameters will be applied to the ion gun with the exception of the following:
The Condenser voltage will be set to 64% of the Beam voltage.
The Blank voltage will be set to -7% of the Beam voltage.

Blank provides a mode that protects the sample from sputtering, but keeps the ionizer energized and the Beam voltage at the current user setting value.  This further reduces the need to wait for ionizer ramping or Beam voltage ramping before switching to the Sputter state.

NOTE: This state is intended as an intermediate state for the software to place the ion gun when switching from On to Standby. The ion gun should not be placed in the Blank mode as the current reaching the sample in the Blank mode could be ~ 50nA.  
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The ion gun menu will show the current values associated with the current user setting. The ionizer will be operating.  The current parameters will be applied to the ion gun and the ion beam will be impacting the sample.
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The Neutralize mode will only be displayed when the ion gun is in an automated neutralization mode during an acquisition.  The On radio button will be replaced with the Neutralize label and that radio button will be active.
Note: If the automated neutralization is selected for the Ion Gun neutralizer in the Acquisition Setup menu; an [A] will be displayed at the end of the status bar state. 
e.g., IGun: Standby [A]
Source Control (Emission Current)
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Target Emission (mA):  

This value regulates the voltage applied to the ionizer filament to maintain this Target Emission current.  The recommended value of 15mA will extend the life of the filament and provide required emission from the source.  Higher values may provide additional emission current but will greatly reduce the life of the filament. 

Note: The control current is displayed in the “read only field” when the ion gun is in a state other than Off.
Note: With low energy sputter settings and low energy neutralizer settings; a 5mA operating value is recommended
Grid Supply(V) 

This field is used to specify the voltage that is expected to achieve the maximum ion beam current.  The grid voltage is set to 200 during calibration of the argon pressure control.  In the sputter mode, it is adjusted to maximize the sample current (typically in the range 110 to 150 V). (Typical values are 110 for 2-5kV Beam values; 140-150 for 500-1000V Beam values).
Beam Energy

Beam, Float, Float check box and Beam Energy:  

The Beam Energy is the difference between the Beam voltage and the Float voltage.  Enter the desired values for Beam voltage and the Float voltage.  The Float mode can be enabled/disabled using the Float check box.

Beam voltages up to 5 kV may be specified.  Typically, higher beam voltages can result in higher beam densities and, therefore, higher sputter rates. Note also that atomic intermixing in the sample tends to be more severe at the higher beam voltages, resulting in a reduced depth or interfacial resolution.  A float voltage, up to -500 V, is used to achieve high currents and small beam size for low impact beam energy operation.  

Sputter operation <=1kv:

Lower Beam Energies are desired to improve “depth resolution”.  The actual impact Beam Energy is calculated as a function of adding the -Float voltage to the +Beam voltage.  With desired Beam Energies of <1keV, the Float supply can be used in conjunction with the Beam to increase the efficiencies of the transport of the lower energy ions down the ion column.

· The Float check box should be checked.  

· Select a Beam voltage and Float voltage from the table below.
The Beam voltage is used in conjunction with the Float voltage to develop the desired impact energy of the sputtering ions.  

Note: When choosing a Beam value and Float value for a sputter setting, keep the final Beam Energy( impact energy) = or > twice the Float value.  Choosing a combination resulting in a Beam Energy( impact energy) = or < the Float value will greatly degrade the operation of the Objective Lens focusing. 

Desired Impact Energy
Recommended Beam V
Recommended Float V

200
300
100

300
450
150

400
600
200

500
750
250

600
900
300

700
1050
350

800
1200
400

900
1350
450

1000
1500
500

Note: External rastering Imaging Mode is not available if a Float Voltage is selected.  The default is an internal triangular raster pattern.

Sputter operation > 1kV:

Higher values of Beam voltage will deliver a smaller beam diameter with higher sputter rates.  Higher values of Beam Energy will result in increased impact energy and reduced “depth resolution”.

· The Float check box should be un-checked.  

· Select a Beam voltage value.
The Beam voltage will determine the Beam Energy (impact energy).

Neutralization operation:

Lower Beam Energies are desired to reduce sample damage.  The actual impact Beam Energy is calculated as a function of adding the -Float voltage to the +Beam.  With desired Beam Energies of 5-8eV, the Float supply can be used in conjunction with the Beam to increase the efficiencies of the transport of the lower energy ions down the ion column.

Note: When choosing a Beam value and Float value for a neutralize setting, use a Float value near -100 volts and a Beam value slightly above the Float value to result in a 5-8eV Beam Energy (impact energy). 

· The Float check box should be checked.  

· Set the Float voltage to -100. 

· Set the Beam voltage to “100 + the desired impact energy”.

Note: External rastering Imaging Mode is not available if a Float Voltage is selected.  

Column Control  
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In the Ion Gun area, check Tracking so the Condenser, Objective and Bend values adjust as the beam voltage is adjusted.  When Tracking is checked, the parameter values are shown as percentages of the beam voltage.  

When Tracking is not checked, the absolute Condenser, Objective and Bend voltages are displayed.  In this mode, these values will not automatically be adjusted if the Beam value is changed.  
The operator can change the column control parameters by typing values and pressing Enter or clicking in the field and pressing the arrow keys (( () on the keyboard or selecting a field and using the mouse wheel to change the parameter..  

Condenser (%):  

The condenser lens is adjusted to set the desired sample current for a given Beam voltage.  Typically a value of 68-70% of the Beam voltage will maximize the sample current.  Increasing this value towards 100% will reduce the beam size and current.  This should be optimized while monitoring the sample current.

Note: In the Blank mode a fixed value of 64% of the Beam voltage is applied to the Condenser Lens to optimize the beam blanking state. 
Objective (%):  

The objective lens is adjusted to focus the ion beam at the sample surface.  Typically a value will be 70-74% of the Beam voltage.
Bend (%):  

The 5º Bend is adjusted to steer the beam through the center of the Objective Lens and Octupole; as well as to optimize sample current for a given Beam voltage.  Typically a value of 3.5% of the Beam voltage will optimize operation.

This parameter can be adjusted to optimize the sample current. 
Note: In the Blank mode a fixed value of -7% of the Beam voltage is applied to optimize the beam blanking state.
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In the Raster Control area, specify the raster beam size in millimeters in the X and Y axes.  Raster sizes of 2 to 3 mm are typical.  A larger raster size sputters a larger area on the sample and results in a lower sputter rate.  The offset parameters are used to position the ion raster pattern to the desired location—which is coincident with the analysis area on the sample.   

NOTE:  A change in the Beam parameter value does not change the raster size; the software adjusts the deflection voltages to maintain the specified raster size when the Beam value is changed.  The raster size and image shift will automatically track the Beam voltage.  
The tracking control in the previous section will only affect the Condenser, Objective and Bend entry fields.
NOTE:  These values are calibrated by parameters in the Hardware > Ion Gun > Properties > Raster tab.  

X Raster Size(mm):  

This value when calibrated with the X Raster Calibration will track the Beam voltage and will determine the size of the X axis of the sputter crater.  This value should typically be set => 4x the analysis area dimension.
Y Raster Size(mm):  

This value when calibrated with the Y Raster Calibration will track the Beam voltage and will determine the size of the Y axis of the sputter crater.  This value should typically be set => 4x the analysis area dimension.
X Raster Offset: 

This value is used to steer the sputter pattern to coincide with the analysis area on the sample.  

Y Raster Offset: 

This value is used to steer the sputter pattern to coincide with the analysis area on the sample.  

[image: image57.png]Argon
Dift Purp lon Gun (v4) & On (" Off

Argon(V21) @ On € Off 15mPa

Extractor Pressure




Diff  Pump Ion Gun (V4):  

The Ion Gun Differential Pumping state is indicated here and can be selected from here.
Argon (V21):  

The Ion Gun Argon Flow is indicated here and can be selected from here.  The field to the right of the Off radio button indicates the pressure setting that is being used to control the Argon flow.  This will change as a function of the Differential Pumping state.
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 Extractor Pressure button:  

Selecting the button in the ion gun tab will open the Pressure Readings window.  This field is a “read only” display of the pressure measured in the ionizer.  This reading is accurate at 0.1kev Beam Energy with a 200v Grid voltage.  
During sputter operation, lower Grid voltages and higher Beam Energies will  reduce this displayed reading as fewer electrons are available in the ionizing region and more ions are being accelerated from the ionizer (towards the sample).
Note: the actual Extractor Pressure in the source will remain unchanged as this is a function of the flow restrictor and regulator pressure, not a function of the voltages applied in the source.
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Sputter Time (min):  

Enter a desired Sputter Time to be used by the Manual Timed Sputter tool.
Sputter Depth:  [read only]
This value will automatically update with Sputter Time entries.  It is calculated using the Sputter Rate value for each Ion Gun Setting (the saved  Sputter Rate can be found on the Hardware > Ion Gun> Properties > Ion Gun tab)
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 Timed Sputter button:  [image: image62.png]Timed Sputter 6.92 min




Click the Timed Sputter to begin a manual Sputter operation.  The Ion Gun will turn On and sputter for the Timed Sputter time. 
Click to Un-depress the button to stop the operation.
[image: image63.png]Sample Current

Mode [Sample Target
Sarmple Current (o4) [ 3.900





Mode:
Select the desired collection position on the Platen [and w/bias if desired].
[Sample Target, Sample Target w/Bias, 
Sample Faraday Cup, Sample Faraday Cup w/Bias] 
Sample Current(uA):
This field will display the measured current at the platen analysis position when if the read Sample Current button is depressed.
[Read only field] 
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 Read Sample Current button:
Depress this button to connect the sample or faraday cup [built into the Platen] to the measurement circuit.  Current from the X-Ray gun, Electron Neutralizer or Ion Gun will produce a measured current when this button is depressed.
[Depressed:On, Undepressed:Off] 
7.5.5 Advanced Controls  

The Properties… button opens the Ion Gun Properties box, which has three tabs:  Ion Gun, Raster and Service.  
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*Additional fields that do not appear on the Ion Gun Application tab are describe below*
Ion Species: 

Select Ar+ (or the name of the gas being used in the ion gun) from the option menu.  
Ion Current (uA):  

Store the current reading measured using the Keithley picoammeter in this field.  
Sputter Rate (Å/min):  

Store the experimentally determined sputter rate in this field.  (See Determining Sputter Rates in the How To section.)  
Note:  These fields are used for record-keeping only; they do not affect the system hardware in any way. These values are saved with each user setting for reference.  

Raster
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The Raster Control calibration parameters should not be changed unless maintenance is performed on the ion gun control’s deflection control circuits.  The values compensate for the difference between this system’s flange-to-target distance and that of the system on which the predefined settings were defined, so that the size of the raster area is correct.  Calibration is performed by a PHI Customer Service Engineer.
Note: The X value is valid at only one tilt angle of the sample.  Selecting other sample tilts will result in variations in the X sputter size at the sample surface.  

Raster Mode 

This is normally set to Internal and the Image Ion Gun button is normally deselected.  With Internal (default) selected, the ion beam sputters a sample while moving in a certain pattern across the sample’s surface.  That pattern is displayed in the Raster Waveform field; a triangle (256 × 256 interlaced) pattern is the default along with the options of sawtooth(256x256) and triangle(256x256).
Raster Waveform 

This is normally set to Triangle(256x256 Interlaced) and should not be changed.
X Raster Calibration 

This is set to Calibrated the Horizontal Raster Size and should not be changed.

Y Raster Calibration 

This is set to Calibrated the Vertical Raster Size and should not be changed.

Service

[image: image68.png]lon Gun ‘ Raster Service ‘
Differential Pump
[ Automatically Stert Differentiel Pump
Argon Leak
[V Atomatically Start Argon Leakd
I Waituntilfirst usage before starting Argon Leak

Filament Lifetime

Usage 2-8 mA (hn) [100.0

Usage 6-18 mA (hr) [200.0

Usage >18 mA () [00.0

Reset

Auto Shutdown
Auto Shutdown @ Enabled (" Disabled

Auto Shutdown Delay (rs) [ 1.0

Close





Automatically Start Differential Pump
It is recommended that this be check to automatically start Differential Pumping.
Automatically Start Argon Leak
It is recommended that this be check to automatically start Argon Leak.

Wait Until First Usage Before Starting Argon Leak
It is recommended that this be check to reduce the need for Argon flow until an acquisition is started.

Filament Lifetime 

This displays the time, in hours that the ion gun state has been operating (including warming in Standby mode) and is tracked as a function of the Emission current setting.  When a new ionizer assembly is installed in the ion gun, the Reset button in the box should be pressed to reset the timer to 0.  

Auto shutdown 

This feature can be set to Enabled or Disabled from this box. The amount entered in the Auto Shutdown Delay field determines the length of the delay before shutdown occurs.  When Auto Shutdown is set to Enabled, the ion gun will be shutdown after the ion gun has remained in Blank or Standby for the specified time.
It is recommended that this be set to Enable.    

Auto Shutdown Delay (hrs)
This field determines the length of the delay before Auto shutdown occurs.
Recommended value is 1 hour.
7.5.6 Ion Gun Diagnostics
Right-click within the Hardware > Ion Gun tab and select Diagnostics
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 Reinitialize:

Click this button to re-initialize the Ion Gun control.  This will re-establish communication with the hardware, set the Ion Gun to Off and Load the current settings.
Note: a red box around the Ion Gun Status Bar area indicates a loss of control.
Note: this function can also be initiated by Right-clicking on the Ion Gun Status Bar field and selecting Reinitialize.
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 Read Status: 

Click this button to update the status readbacks from the hardware.

On Mode:

All fields reflect measured values in the hardware.

Blank and Standby Mode:

Emission field reflects measured value in the hardware.

All other fields reflect 0 values in the hardware.

Off Mode:

All parameter controls are set to 0v
7.5.7 Application Log: Ion Gun 
Right-click within the Hardware > Ion Gun tab and select Application Log (Ion Gun)…
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Application Log windows are described in the Introduction and Overview section
7.6 C60 Ion Gun 
This section describes the use of the C60 Ion Gun to clean samples and perform depth profiles.   

Daily usage of the C60 Ion Gun is generally performed in the XPS Acquisitions Setup menu or in the C60 Ion Gun Status Bar.  The C60 Ion Gun hardware menu may also be used to set the C60 Ion Gun to a standby state to pre-condition the source for daily usage.  Settings for the C60 Ion Gun that will be used during analysis are selected in the XPS > Profile > Sputter Table tab.
Sputtering can be performed “automatically,” as part of an Alternate Depth Profile w/C60 acquisition where sputtering alternates with data acquisition.  The C60 Ion Gun can be used to sputter clean the sample surface without acquiring data. The sample must be moved to the Auxiliary station to perform the manual Timed Sputter.

This section describes the C60 Ion Gun Application and the related windows.  
Note:  the ion gun must be in the Standby mode before a profile acquisition is started. 
Note:  The Status Bar will automatically update with the ion gun state during a Profile Acquisition.
Note: To extend the lifetime of the source, the C60 Ion Gun should be turned off when no more sputtering is planned for four hours or longer.  The Automatic Shutdown can be used to simplify this task. 

7.6.1 C60 Ion Gun Operation
Diagram
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The C60 Ion Gun is a high energy sputter gun.  The ion gun has been developed for high depth resolution, and rapid sputtering. 
The ion source is a hot filament, electron impact ionizer that is configured for ionizing C60.  The ionizer uses a tungsten filament to operate the ionizer at 10mA emission.  The C60 reservoir is heated to deliver a flow of C60 into the ionizer.  New ionizers should be conditioned prior to operating.  Adjustable Grid, Repellor and Extractor voltages are provided to optimize ionization and extraction of ions from the source into the gun column.  The ion gun is differentially pumped by the turbo pump mounted to the gun column.  The Isolation Valve provides a mechanism to mechanically close the ion column from the Auxiliary Chamber.
The ion gun has a continuously variable energy range from 0-10keV.  An Extractor focuses ions extracted from the source to a position at or before the Manual (pressure step) Aperture.  The Lens2 focuses the beam onto the sample. 

To blank the beam and also prevent neutrals from hitting the sample, a Wein filter and Blanking plates are incorporated. During sputter operation, the Beam is at full voltage and the Wein filter and Blanking voltages are optimized to steer the beam through the column.  During Standby operation, the Beam voltage is reduce to 1kV and the Wein filter blanking plates are set to opposite polarities to steer the beam out of the column.

A set of quadrupole deflectors are located at the end of the ion column to scan and shift the beam across the sample.  

7.6.2 C60 Ion Gun tab
C60 Ion Gun Modes
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The C60 ion gun can be in one of three States: Sputter, Standby, Off.

The radio buttons in the Mode area show the present mode of the ion gun.  The mode is changed here “manually” by clicking one of the buttons. The mode will also be changed automatically during Depth Profile Alternating w/C60 acquisitions.  
Note: These states can also be changed by Right-clicking on the C60 Ion Gun Status Bar or by Right-clicking on the C60 Ion Gun object on the Intro Chamber Viewer.
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· Off can only be reached from the Standby mode.

· The ion gun menu will show the values associated with the current user setting.

· The ion gun voltages will all be set to “0” 
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C60 Properties Values

· The ion gun menu will show the values associated with the current user setting.

· The X or Y Blanker Deflectors will be set to the opposite polarity if the X or Y box is checked.
· The Beam (kv) will be set to the Standby Value
· The ionizer will be operating but the filament will be limited to the Standby Filament Limit (A) value. 
· All other gun parameters will be operating at the user setting values.

Standby provides a mode that protects the sample from sputtering, but keeps the C60 flow stable.  The ionizer is energized and reduces the need to wait for ionizer ramping before switching to the On mode.

INCLUDEPICTURE "C:\\Documents and Settings\\gosselr.PHI\\642164_a\\SMToolop\\Sec_6\\Sputter\\SPTTRTAB.WMF" \* MERGEFORMAT \d On

The ion gun menu will show the current values associated with the current user setting. The ionizer will be operating.  The current parameters will be applied to the ion gun and the ion beam will be impacting the sample.
 Sputter Conditions
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Ion Current (uA): 

This is an optional record keeping field to record the Ion Current for each user setting.

Sputter Rate (A/min): 

This is an optional record keeping field to record the Sputter Rate for each user setting.

Source Control
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Temperature (C):  

This value regulates the temperature of the C60 Reservoir.  The recommended value of 400 degrees C will extend the life of the source and provide required emission from the source.  Higher values may provide additional emission current but will greatly reduce the life of the source.

Note: The reservoir temperature is displayed in the “read only field” when the ion gun is in a state other than Off. 

Emission (mA):  

This value regulates the voltage applied to the ionizer filament to maintain this target emission current.  The recommended value of 10mA will extend the life of the filament and provide required emission from the source.  Higher values may provide additional emission current but will greatly reduce the life of the filament. 

Note: The control current is displayed in the “read only field” when the ion gun is in a state other than Off.

Filament Limit (A):  

This value is used to control the ionizer operation.  In the Standby mode it is typically set to 1.5 A to reduce the emission of the source (thus reducing the amount of C60 ions into the gun column.  In the Sputter mode it is typically set to 2.5A to allow the emission control circuitry to regulate the emission at the desired value.

Beam (kV):  

This value sets the accelerating voltage of the ion gun column and is typically set to 10kV.  In the Standby mode this value is set to the Standby Beam (kV) value in the C60 Ion Gun Properties menu.

Grid (V):  

This value is adjusted to optimize the ionization within the source.

Repellor (V):  

This value is adjusted to optimize the ionization within the source.

Extractor (V):  

This value is optimized to provide a crossover of the beam at the Manual Aperture; thus optimizing the current down the column.

Column Control  
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Lens2 (kV):  

This value is adjusted to focus the ion beam at the sample surface.
Deflector (V) X and Y:  

These values are adjusted to optimize the current to the sample when the C60 IonGun is in the Sputter mode.  In the Standby mode these values are set to the opposite polarity if the Standby Blank Deflector boxes are check in the C60 Ion Gun Properties menu.

Raster Control  
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In the Raster Control area, specify the raster beam size in millimeters in the X and Y axes.  Raster sizes of 2 to 3 mm are typical.  A larger raster size sputters a larger area on the sample and results in a lower sputter rate.  The offset parameters are used to position the ion raster pattern to the desired location—which is coincident with the center of the platen when located at the Auxiliary station.   

NOTE:  A change in the Beam parameter value does not change the raster size; the software adjusts the deflection voltages to maintain the specified raster size when the Beam value is changed.  The raster size and image shift will automatically track the Beam voltage.
NOTE:  These values are calibrated by the Raster Calibration parameters in the C60 Ion Gun Properties window.
X Raster Size:  

This value when calibrated with the X Raster Calibration will track the Beam voltage and will determine the size of the X axis of the sputter crater.  This value should typically be set => 4x the analysis area dimension.
Y Raster Size:  

This value when calibrated with the Y Raster Calibration will track the Beam voltage and will determine the size of the Y axis of the sputter crater.  This value should typically be set => 4x the analysis area dimension.
X Raster Offset: 

This value is used to steer the sputter pattern to coincide with the “centered” analysis area on the sample.
Y Raster Offset: 

This value is used to steer the sputter pattern to coincide with the “centered” analysis area on the sample.  

Timed Sputter  

[image: image80.png]Timed Sputter
Time (mi) [ 500 0A

Timed Sputer




Time (min):  

This field defines the amount of sputter time performed during the Timed Sputter operation.
Sputter Depth:  [read only]
This field will show the depth of the Timed Sputter providing that the Sputter Rate parameter has been characterized for the current user setting.
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 Timed Sputter button:  [image: image82.png]Timed Sputter 6.92 min




Clicking the Timed Sputter button will change the gun from Standby to Sputter and begin a countdown of the Time remaining.  De-selecting this button will stop the Timed Sputter
7.6.3 C60 Advanced Controls  

The Properties… button opens the C60 Ion Gun Properties box  
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Raster Calibration X and Y:
These values are adjusted to calibrate the Raster Size parameters on the C60 Application tab. 

Standby Values are used to define the operation of the control during Standby mode

Blanker Deflector X and Y: [check boxes]  

These check boxes determine which Wein filter deflector is used to blank the beam during Standby mode.  Typically this is set for Y blanking.
Standby Beam (kV):]  

The Beam voltage will be set to this value in Standby mode.  Typically set to 1kv.  

Standby Filament Limit (A):]  

This limit will be set to this value in Standby mode.  This will limit the Emission control circuitry to reduce emission from the source.  Typically set to 1.5A.  

Lifetime 

These fields display the time (in hours) that the Reservoir has been operating and how long the filament is at operating current.  When a new ionizer assembly is installed in the ion gun, the Reset button in the box should be pressed to reset the timer to 0.  

Auto shutdown 

This feature can be set to Enabled or Disabled from this box. The amount entered in the Auto Shutdown Delay field determines the length of the delay before shutdown occurs.  When Auto Shutdown is set to Enabled, the ion gun will be shutdown after the ion gun has remained in the Standby mode for the specified time.  

Auto Shutdown Delay (hrs)

Select the length of time used to determine when to auto shutdown. Typically set to 4 hours.
7.6.4 C60 Ion Gun Diagnostics

Right-click within the Hardware > C60 Ion Gun tab and select Diagnostics
[image: image85.png]10KV CBO lon Gun Diagnostics (Service O... JBl[=]JE3

Readings ‘ Gains/Offsets

Reinitialize

Anade Readings
Beam (Anode) Valtage (Kv) 1138
Anade Curent (uA) 1566

Anade Status Good

Initialize

Lens2 Readings
Lens2 Valtage (V) 7105

Lens2 Curtent (uA)  97.86

Lens2 Status Good

Filament Readings
FilamentVohage (v) 63
Filament Current (&) 1.48

Filament Status  Good

Grid / Repellor Readings
Grid Voftage (v) 1182
Ermission (Gric) Current (mA)  6.03
RepellorVoltage (v) 755

Grid Status Good

Extractor Readings
Extractor Voltage (v) <1475
Extractor Current (mA) -0.83

Temperature (C) 4114
Heater Power (%) 0.0
Extractor Stetus Good

Meter Readings
| meter [Ranged] (n4) 245

Read Interval (sec) 1

FeadOnce | Read Continuous ‘

Close





[image: image86.png]Reinitialize



 Reinitialize:

Click this button to re-initialize the C60 Ion Gun control.  This will re-establish communication with the hardware, set the Ion Gun to Off and Load the current settings.
Note: a red box around the C60 Ion Gun Status Bar area indicates a loss of control.
Note: this function can also be initiated by Right-clicking on the C60 Ion Gun Status Bar field and selecting Reinitialize.
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 Read Once: 

Click this button to update the status readbacks from the hardware.

On Mode:

All fields reflect normal values in the hardware.

Standby Mode:

Beam and Filament and Emission will show reduced values.

All other fields reflect normal values in the hardware.
Read Interval (sec): 

Set this field to determine the response rate of the Read Continuous feature.
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 Read Continuous: 

Click this button to continuously update the status readbacks from the hardware.
Note: this value should not be used during an acquisition.
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 Correction factors read from the controller.

7.6.5 Application Log: C60 Ion Gun 
Right-click within the Hardware > C60 Ion Gun tab and select Application Log (C60Ion Gun)…
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Application Log windows are described in the Introduction and Overview section
7.7 Analyzer
The analyzer tab controls operation of the input Gauze Lens, and spectrometer to optimize data collection for all modes of analysis.  Customized settings have been created to optimize the SXI, MCD and Z-ALIGN operations. The Analyzer tab is not required for daily use and should only be visited to tune the analyzer. 
7.7.1 Analyzer Menu and Overview
The Analyzer Hardware tab is divided into three sections. 
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7.7.2 Analyzer Settings
The Analyzer Settings box will list all settings available for use to set the Analyzer in optimal modes of operation for SXI, MCD and Z-ALIGN operation.  

Create a New User Setting 

This should not be required with the Analyzer Settings.
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This should not be required with the Analyzer Settings.
Automated Operation

The Analyzer can be in one of five automated Settings: IDLE, PREVIOUS, SXI, MCD, or Z-ALIGN.
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· Idle is automatically loaded the when SmartSoft-XPS is launched.
· Idle is automatically loaded at the end of any acquisition.
· The Analyzer hardware will be set to “Analyzer Rest”.
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· SXI is automatically loaded at the beginning of a SXI acquisition.
· The Binding Energy is set to match the 24 Bias on the sample platen. 
[Typically 1458 eV].
· All other Analyzer voltages have been optimized to maximize the SXI signal through the analyzer.

INCLUDEPICTURE "C:\\Documents and Settings\\gosselr.PHI\\642164_a\\SMToolop\\Sec_6\\Sputter\\SPTTRTAB.WMF" \* MERGEFORMAT \d MCD

· MCD is automatically loaded at the beginning of the Acquire Multiplier Parameters operation and at the beginning of the Acquire Correction Factors operation.
· The Binding Energy is set to collect a region of the Binding Energy spectrum where no peaks will occur. 
[Typically 442 eV].

· The Pass Energy is set to maximize transmission
· All other Analyzer voltages will be controlled by the firmware.

INCLUDEPICTURE "C:\\Documents and Settings\\gosselr.PHI\\642164_a\\SMToolop\\Sec_6\\Sputter\\SPTTRTAB.WMF" \* MERGEFORMAT \d Z-ALIGN

· Z-ALIGN is automatically loaded at the beginning of a SXI Z-ALIGN acquisition and at the beginning of pre-acquisition Z-ALIGN acquisition.
· The Binding Energy is set to collect a region of the Binding Energy spectrum representing O1s. 531 eV.
· All other Analyzer voltages have been optimized to maximize the Z-ALIGN signal through the analyzer.

7.7.3 Analyzer Operation  

Diagram
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The Analyzer is tuned for a particular Binding Energy and Pass Energy and optimizes transmission through the analyzer to the detector.  The spherical sector distributes the band of energies as a function of Pass Energy to align them to each of the 32 channels in the Detector.  With a Pass Energy of 280 the optics will provide 1eV/channel separation.
7.7.4 Advanced Controls  

The Properties… button opens the Analyzer Properties box, which has two tabs:  Lens and Acceptance Angle.  
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Gauze Lens:

Gauze Lens Mode:

This combo box will automatically be switched to SXI during an SXI acquisition to switch the Gauze Lens electronics to use internal Front Grid and Rear Grid voltages to optimize collection of the SXI signal.  Any time the software is not in a SXI mode, this parameter will be set to Acquire to allow the Retard supply voltages to bias the Rear Grid and to ground the Front Grid of the Gauze Lens.
 [Acquire or SXI]
Span X:

This value is set to optimize the intensity of the dynamic matching of the raster waveforms on the Gauze Lens Octupole to align the Analyzer acceptance area to the current “rastering” of the X-Ray beam during an acquisition.
[0 to 255]

Span Y:

This value is set to optimize the intensity of the dynamic matching of the raster waveforms on the Gauze Lens Octupole to align the Analyzer acceptance area to the current “rastering” of the X-Ray
[0 to 255]

Offset X:

This value is set to optimize the offsets on the Gauze Lens Octupole to align the Analyzer acceptance area to the analysis area on the platen
 [-127 to 128]

OffsetY:

This value is set to optimize the offsets on the Gauze Lens Octupole to align the Analyzer acceptance area to the analysis area on the platen
 [-127 to 128]

SCA Lens Constants:

The following parameters can be viewed as each Analyzer Setting is loaded.

Pass Energy:

This parameter defines the band pass of the spectrometer.  Higher values increase sensitivity and reduce resolution.
[0  to 300] 

Binding Energy:

This parameter defines the energy the center pass energy of the spectrometer.
[0 to 1441] 

Lens 2, 3, 4, 5:

These parameters define the values tuned to focus a columnated beam of secondary electrons into the analyzer.
[0 to 2500] 

Rotator:

This parameter defines the rotational correction applied to the analyzer input optics.
[0 to 1.01] 

Lens/ SCA Lens Constants (Data Acquire):

A ScaLens.txt file is downloaded to the firmware to be used to optimize the tuning of the analyzer as a function of Binding Energy and Pass Energy selection.  During a Spectral, Profile, Line, Map or Refresh acquisition the Pass Energy and Binding Energy will be defined by the Regions area of the acquisition menu and the Lens2, Lens3, Lens4, Lens5 and Rotator will be defined by the ScaLens.txt table.  The first two columns define the ranges of each row.  The next five columns define the parameters used during a Spectral, Depth Profile, Line or Map acquisition.  The last five columns define the parameters used during an Angle Resolved acquisition.
Open…:
Clicking this button will open the ScaLens.txt file for viewing or editing.
Download:
Clicking this button will download the ScaLens.txt file to the firmware and is required if the ScaLens.txt is edited.
Info icon:

Clicking this button opens the Analyzer Information comment box.
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Acceptance Angle/ Acceptance Angle Calibration:
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The coefficient parameters define calibration constants used by MultiPak.  These values are be determined by MultiPak and transferred to this table.
7.8 Detector
The Detector tab controls operation of the channel plate bias and channel plate gain.  Additional control of the channel correction factors and channel active status are provided in the Detector Properties menu.  The Detector tab is not required for daily use and should only be visited to tune the detector. 
7.8.1 Detector Menu and Overview
The Detector Hardware tab is divided into two sections. 
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[image: image99]
Multiplier (Acquire) (V):

This field defines the voltage applied across the channel plates during an acquisition.
 [5 to2500]
Multiplier (Acquire) (V): [Read Only]
This field defines the voltage applied across the channel plates when idle.
 [5 to2500]
Offset (SXI) (V):
This field defines the Offset Bias applied to the front of the detector during an SXI acquisition.  During any other acquisition this value is a function of the Pass Energy selected and is controlled by the firmware.
[0 to200]
7.8.2 Advanced Controls  

The Properties… button opens the Detector Properties box, which has two tabs:  EMS and Channels.  
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7.8.2.1 EMS 
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X-Ray Setting:
Select the desired X-Ray setting for this acquisition.
[Typically the 200um setting]
Lower Limit:
This field will define the start voltage that will be used during the Acquire Multiplier Parameters operation. This value should be low enough to show no counts at the beginning of the Acquire Multiplier Parameters display.  Typical value is 1200-1500V.
[500 to 2300]

Upper Limit:
This field will define the end voltage that will be used during the Acquire Multiplier Parameters operation. This value should be high enough to show a plateau of counts at the end of the Acquire Multiplier Parameters display.  Typical value is 2100-2300V.
[1000 to 2400].
Step Size:
This field will define the voltage step size that will be used during the Acquire Multiplier Parameters operation. This value should be fine enough to show resolution to the display, but coarse enough to minimize the length of time to acquire the data.  Typical value is 20-50V.
[10 to 110].
Time/Step:

This field will define the time spent at each voltage step during the Acquire Multiplier Parameters operation. This value should be long enough to provide adequate counts, but short enough to minimize the length of time to acquire the data.  Typical value is 200-500 milleseconds.
[1 to 500].
Acq FOV (um):
Select the desired Field-of-View for this acquisition.
[Typically 500 um]
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 Acquire Multiplier Parameters button:

Clicking this button will launch the Acquire Multiplier Parameters operation.
The X-Ray setting will be loaded.
The scanning will be set to the Acq FOV (um).
The Analyzer hardware MCD setting will be loaded. 
The Multiplier Acquisition Results window will open.
Signal will be collected recording Counts vs. Multiplier V.
The Analyzer hardware IDLE setting will be loaded. 

7.8.2.2 Channels 
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X-Ray Setting:
Select the desired X-Ray setting for this acquisition.
[Typically the 200um setting]
Detector Time (sec):
This field sets the time that the Acquire Correction Factors operation will collect data.
[Typically 20 sec]
Acq FOV (um):
Select the desired Field-of-View for this acquisition.
[Typically 500 um]
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 Acquire Correction Factors button:
Clicking this button will launch the Acquire Correction Factors operation.
The X-Ray setting will be loaded.
The scanning will be set to the Acq FOV (um).
The Analyzer hardware MCD setting will be loaded 
Signal will be collected for all 32 channels.
The signal from each channel will be compared and each channel will receive a new Correction Factor to normalize the signal strength from each channel.

The Counts at each channel and the new Correction Factor will be updated in the Channels tab.
These Correction Factors will be used for future acquisitions.
The Analyzer hardware IDLE setting will be loaded
Enabled:
Selecting this check box will determine which channels are used during an acquisition. Deselecting a channel will set the data from that channel to 0 during an acquisition.
[Selected, DeSelected]
Note: right-click to reveal other editing options.
Correction  

This field shows the Correction Factor that is applied to the corresponding channel when data is collected.  Nominal value is 1.000 with a typical range of 0.9 to 1.1
Counts: [Read Only]
This is a read only field and shows the amount of counts that were measured at the corresponding channel during the last Acquire Correction Factors operation. Typical value is 2,000-20,000 counts

Right-click within the Channels tab and select Undo Acquire to revert back to the previous Correction Factors.
The following message will appear:
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The X-Ray Settings and Electron-Gun State control the higher level operation of the X-Ray gun.





The Electron Gun and Scan Control records/controls the hardware parameters of the X-Ray gun.





The Beam Size, Beam Power, Sample Current and Advanced Controls provide user and service settable properties for X-Ray gun operation.








The E-Neut Settings and E-Neut State control the higher level operation of the neutralizer gun.





The Source Control contains the hardware operating parameters of the neutralizer gun.





The Sample Current and Advanced Controls provides user and service settable properties for neutralizer gun operation.








The first two [Sputter Settings and Ion Gun State] control the higher level operation of the ion gun.





The Ion Gun area records/controls the hardware parameters of the ion gun.





The remaining provides user and service settable properties for ion gun operation.








The Analyzer Settings provides access to analyzer settings





The Analyzer Parameters contains the hardware parameters of the analyzer.





Advanced Controls provides user and service settable properties for analyzer operation.








The Detector Parameters contains the hardware parameters of the detector.





Advanced Controls provides user and service settable properties for detector operation.
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