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Updates:

Ilkeun Lee, July 2014

* This is an edited version of the manuals provided by Kratos Analytical, so please refer them for the details.
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Copyright Warning!!

This manual has been prepared by copying or editing the parts in the following manuals provided by Kratos Analytical without written permission. Please do not copy or reproduce if you’re not a operator of AXIS UltraDLD system in University of California, Riverside.

39-306 for AXIS UltraDLD
39-249 for Al Ka X-ray Monochromator

39-287 for UPS

39-305 for Field Emission Electron Gun 

TPC7661A & 39-308 for Autostate Heat and Cool

TPC1369D for ISS

1. General Consideration/Overview of Equipment
The AXIS Ultra DLD integrates the Kratos patented magnetic immersion lens and charge neutralization system with the spherical mirror and concentric hemispherical analyzers. Combined with the newly developed delay-line detector (DLD) for both imaging and spectroscopy the AXIS Ultra DLD is the very best spectrometer for analysts requiring unsurpassed performance. 
The hemispherical analyzer provides both high energy resolution and high sensitivity spectroscopic performance. Exceptional small spot capabilities (<15 μm) are achieved via a series of selected area apertures used in combination with the magnetic and electrostatic lenses. In parallel imaging mode photoelectrons are transferred to the patented spherical mirror analyzer to produce real time chemical state images with less than 3 μm spatial resolution. 
The delay-line detector, comprising a multi-channel plate stack above a delay-line anode, is used for photoelectron detection in both spectroscopy and imaging modes. With over 100 detector channels the DLD can also be used to acquire unscanned or ‘snapshot’ small spot spectra in a matter of seconds. Genuine pulse counting in 2D imaging mode means that quantitative parallel images can now be generated allowing greater insight into the lateral distribution of chemical species at the surface. 
QUANTITATIVE PARALLEL IMAGING 
The unique combination of the spherical mirror analyzer and pulse counting DLD provides the ability to generate chemical images of the surface expressed in relative atomic concentration. Fast parallel imaging means that a set of quantitative images can be acquired in only a few minutes. The image below is from a patterned SiO2/Si sample with a photoresist material still present in the centre circle. Images were acquired in less than 16 minutes corresponding to oxygen, silicon oxide and elemental silicon peak positions. Subsequent data processing produces the relative atomic concentration image, which can then be used to define the elemental and chemical composition as a function of position. Also shown is a line scan generated from a 2 pixel (3 μm) wide line drawn across the image. Similarly, a quantification report can be generated from a group of pixels to give small spot information from areas only several microns square. 
SNAPSHOT SPECTROSCOPY 
The delay line detector provides >100 energy channels and can be used to acquire spectra in either scanned or snapshot (unscanned) modes. In traditional scanned mode the energy of the input lens and analyzer is scanned so that every DLD channel detects photoelectrons corresponding to each energy step of the scan. In snapshot mode, the input lens is used to define the photoelectron energy detected. Due to the energy dispersion of photoelectrons traversing the hemispherical analyzer, a spectrum can be acquired using the energy channels of the DLD without scanning the input lens or analyzer. The result is a spectrum acquired within seconds. This is demonstrated in the figure below, which shows a C 1s snapshot spectrum acquired from a 15 μm area of clean PET. The fast spectral acquisition of snapshot mode also improves the data acquisition efficiency during sputter depth profiling. Spectra are acquired for each elemental region in seconds without scanning the analyzer during acquisition. This greatly reduces the cycle time leading in turn to faster depth profiling capability. An example of snapshot spectra acquired during a depth profile through an inorganic/organic multilayer is also shown. 
CHARGE NEUTRALISATION 
The patented AXIS charge neutralization system provides charge compensation on all types of insulating materials, which is particularly important when using a monochromatic x-ray source. Charge neutralization is achieved by low energy electrons therefore causing no damage to the surface of the sample. Simple ‘on for acquisition’ type operation means that no optimization of neutralizer operating parameters is required when changing samples so that acquisition from insulating samples may be automated and data acquired unattended. The example shows an optical image of a bundle of cellulose fibers in the analysis position of the Ultra DLD together with a high energy resolution C 1s spectrum. Excellent charge neutralization of a traditionally challenging topographic sample is demonstrated by the energy resolution and FWHM of the various components under the carbon envelope. 
2. Vacuum System
a. General UHV Chamber
Vacuum Chamber 

The vacuum chamber is manufactured from 316 non magnetic stainless steel with all flanges (except the STC door) sealed with CF copper gaskets. All materials used in vacuum are UHV compatible materials allowing a base pressure of 5E-10 torr to be achieved after system bakeout. 

Magnetic shielding is provided by mu-metal. 
The vacuum system has integrated direct heating bands placed at specific points around the UHV chamber and a heater mounted on the decking directly beneath the SAC. The baking bands and heater are thermostatically controlled and are placed such that the chamber and internal components will reach an elevated temperature greater than 100 oC. Note that a baking cover is also provided and must be used during bake-out, “Baking the AXIS Ultra DLD”. 

Vacuum System 

The standard AXIS Ultra DLD comprises a sample treatment chamber (STC) and sample analysis chamber (SAC) with UHV pumping and gauging. The STC is pumped using a turbo molecular pump backed by an oil-filled rotary pump. The pressure in the STC is measured using a wide range cold cathode gauge. The sample analysis chamber is pumped by a means of a getter (ion) pump equipped with an additional titanium sublimation pump (TSP). The ion pump is fitted with a cryobaffle, which may be filled with liquid nitrogen to increase the pump efficiency of the pump. The pressure in the SAC is also measured by a wide range cold cathode gauge. The STC is isolated from the SAC by an electrically operated flap valve allowing the STC to be vented to dry gas in order to introduce sample bars to the vacuum system. 
The AXIS Ultra DLD vacuum system is controlled from the Vision Manual window and is fully safety interlocked. A real-time vacuum mimic diagram is displayed in the Manual window, which may be used to monitor the vacuum within the two chambers. This mimic diagram and the associated ‘automatic sequences’ keys may also be used to operate valves and turn gauges and pumps on or off. The vacuum mimic diagram is color coded to give quick visual information relating to the vacuum level in various parts of the vacuum system. The valves are labeled in the vacuum mimic diagram and have the following functions: 
V2: Ion source differential pumping valve - this valve is between the ion source region and the STC to provide differential pumping of the ion source during sputtering. 
V3: Baking valve between turbo pump and rotary pump - used to isolate the rotary pump from the turbo pump. 
V5: Vent valve - low pressure dry nitrogen vent to turbo - this valve operates between the low pressure nitrogen gas line and the turbo pump. When opened this will let nitrogen into to turbo pump and backfill the STC with dry nitrogen. 
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Figure 2-1. Vacuum system on the Vision Manual window.

V8: Ion source Ar gas inlet valve - this valve introduces Ar gas into the ion source gas line. 
V9: Ar gas line roughing valve - this valve links the Ar gas line between V8 and the rotary backing pump and is opened to pump out the Ar gas line. 
FV1: Flap valve between SAC and STC - the wide valve between the sample analysis chamber and the sample entry chamber. 
The valves detailed above may be operated by clicking on the icon in the mimic diagram. The software will ask for confirmation before open or closing the valve by showing a green lamp, which must be clicked again for the operation to proceed. For commonly used operations which would involve opening / closing a number of valves in a specific order, the Vacuum Control section of the Manual window has a number of automatic vacuum sequences. Using these predefined sequences is strongly recommended during routine operation of the spectrometer. 

b. Flange Assignment
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Figure 2-2. Flange assignments.
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Figure 2-2. Continued.
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Figure 2-2. Continued.

c. Pumping

The ion pump and titanium sublimation pump controller are located behind the left hand door and are third party units supplied by the manufacturer to control their pumps. A manual supplied by the manufacturer is included in the documentation of the AXIS Ultra DLD. Only a brief operating procedure for the ion pump and TSP are given here and for a more detailed operating description the third party manual for the pumps should be consulted.

i. Running the Ion Pump 

The ion pump must not be operated at pressures greater than 1E-5 torr and the instructions here assume that the vacuum in the SAC is below this value. During the normal operating condition the only available operations of the ion pump using the ion pump controller are: 
· switching on / off the high voltage

· selection of the value (voltage or current) that is displayed 

· selection of the maximum output voltage value 

To switch the high voltage on and start the ion pump the rocker switch should be set to the ON position and the ion pump should be switched on by clicking on it in the vacuum mimic diagram. When the high voltage is switched on the front panel LEDs show the preset 3, 5, or 7 kV voltages. By pressing the V push-button on the front of the controller the voltage is displayed in the LED display. To increase the operating voltage press the upward pointing arrow, once. This will increase the maximum operating voltage of the ion pump relative to the current operating voltage. pressing the downward facing arrow will decrease the operating voltage relative to the current operating voltage. 
For general use of the AXIS Ultra DLD spectrometer it is recommended that the ion pump is operated at 5 kV. This should be increased to 7 kV if the spectrometer is to be used for continual sputter depth profiling. However, after the depth profiling it is recommended that the pump is returned to 5 kV operation. The current generated in the ion pump elements can be displayed by pressing the push-button labeled ‘I’. 
To switch off the high voltage and therefore turn off the ion pump the HV on / off rocker switch should be set to the off position. 
Note that the ion pump is interlocked to the pressure reading in the SAC and will be switched off if the pressure rises above the preset value defined in the vacuum control unit. 

ii. Running the TSP 

Full instructions for operating the titanium sublimation pump are included with the system manuals delivered on instrument installation. 

d. Pressure Gauge

The pressure in the analysis (SAC) and sample entry chamber (STC) are measured using independent wide range cold cathode gauges. The pres- sure in each chamber is displayed in the vacuum mimic diagram in the Vision Manual control window and also on the vacuum control unit in the electronic rack. The pressure readings are updated every second. 
The pressure in the backing line between the rotary and turbo pumps is measured using a pirani gauge located on the turbo side of valve V3. Both the STC cold cathode gauge and the pirani gauge are switched off during venting of the STC for sample introduction. 
It should be noted that some of the automatic stage sequences are inter- locked with the pressure measurements. Therefore it is important that the user ensures that the three gauges are switched on during normal operation of the spectrometer. 

e. Evacuation

Within the Vacuum Control section at the bottom of the Instrument Manual Control window there are a number of buttons that define a sequence of valve, gauge and pump operations. Ticking the ‘automatic sequences’ box will display the seven defined vacuum sequences. 

f. Ventilation/Shut Down

Vent STC 
Pressing this button will vent the STC to dry nitrogen gas. It is suggested that the retaining screws on the STC door should be released during the vent cycle to prevent the STC from over pressurizing. The Vision software will initiate the following sequence: 
1. Confirm the status of the interlocks, valves, pumps and gauges

2. Turn the STC gauge off
3. Close the backing valve V3

4. Turn the turbo pump off.

5. Open the vent valve V5 for 1 second and close again.

6. Wait for 60 s for the turbo pump to slow down.

7. Turn off the pirani gauge on the backing line.

8. Open the vent valve V5. 

The vacuum controller will leave the vent valve open for 10 minutes during which time the STC will be purged by dry nitrogen. After this time the sequence will end by closing the vent valve. 

Pump STC 
Pressing this button will start the pump down sequence of the STC. Note that this sequence will not start if the ‘vent STC’ sequence has not finished. If ‘vent STC’ sequence has not finished, simply press the large ‘abort’ button, which will force the ‘vent STC’ sequence to abort. The Vision software will initiate the following sequence: 
1. Confirm the status of the vacuum system
2. Close the vent valve
3. Open the backing valve
4. Turn on the pirani gauge & confirm pressure > 1E-01 torr • turn on the turbo pump

5. Turn on the STC cold cathode gauge
6. Confirm status of vacuum system 

With samples that are not out gassing the STC should pump down to the low E-6 torr pressure range in approximately 10 minutes. If the STC fails to pump down to the expected vacuum it is possible that the insertion door has not formed a good seal on the viton O-ring. In this case it is suggested that the STC is vented using the ‘vent STC’ sequence and the viton O-ring and sealing surface are checked for any debris. 

g. Bake Out

A good vacuum in the SAC relies on periodically baking the system to remove adsorbed gases from the chamber walls and internal components. The interval between bakes is determined to a large extent by the nature of the samples analyzed and the throughput of these samples. It is suggested that the system requires baking if the base pressure in the SAC is greater than 1E-7 torr after pumping non out gassing samples overnight. 

The AXIS Ultra has integrated bake-out heaters situated between the chamber walls and the outer cladding at various places on the spectrometer. Prior to baking the instrument a number of the components and cables need to be removed from the instrument and a bake-out cover placed over the vacuum chambers. 

iii. Preparation for Baking the AXIS Ultra DLD 

Remove all samples and sample holders from the system before baking. 

The following lists the items to be removed from the machine prior to system bake-out. Ensure that the “protected mains” is set to off before proceeding. This is important as the supply cables may have high voltages applied to them if the “protected mains” is still switched on. The switch is located on the vacuum control unit and is protected by a plastic cover. 

1. Remove all samples.
2. Remove the CCTV camera and lens. Remove the screws securing the 2 saddle clamps holding the microscope onto the bracket. 

3. Remove the laser. Remove the laser system if this option is fitted. 

4. All the cables to the ion gun are bakeable and do not need to be removed before baking. It is not necessary to completely remove the cables from the bake-out zone. 

5. The lens analyzer and filter box cables are bakeable. The lens supply cables and the cables to the filter box may be left connected. 
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Figure 2-3. Baking AXIS UltraDLD chamber. 

6. The cables do not need to be removed from the bake-out region. 

7. The detector cable. The detector head cable is bakeable and does not need removing for bake-out. 

8. Switch the stage control unit off and then disconnect the stage cables. 

9. Disconnect the iris and aperture drive cables. Disconnect the aperture and iris drive cables and remove them from the bake-out zone. 

10. Disconnect the entrance slit drive cable. Disconnect the entrance slit drive cable. 

11. Place the fiber glass baking cover over the instrument. This cover can cause skin irritation in some people so it is recommended that gloves are used when handling the cover. Place the cover so that the turbo pump remains outside the bake-out region. 

iv. Baking the AXIS Ultra using Vision Software 

Baking of the instrument is controlled from the vacuum control unit, which is used to set the correct state of the valves and pumping and control the time of the baking and cool periods. A step-by-step sequence for baking the instrument is defined below. The flap valve should be open during bake-out and the instrument can be baked with the ion pump set to on or off. 

1. At the rear of the instrument find the mains distribution panel and ensure that the ‘baking supply’ circuit breaker is switched to the ‘on’ position. 

2. The vacuum in the SAC and STC must be below 5E-5 torr before the baking will start. The 5E-5 torr pressure represents the maximum pressure interlock above, which the bake sequence will not start. It is recommended that a pressure in the E-6 torr range is attained before starting to bake the instrument. Note that the baking will be switched off if the pressure rises above 4E-5 torr during the bake cycle. 

3. All the pressure gauges should be on and displaying a reading in the VCU display. 

4. From the Vision Manager window select mode > engineer. This will cause the bake-out time off to be displayed at the bottom of the Vision Manual window. 

5. The pull down menu options may be used to define the time at which the bake out will be switched off. The maximum bake out time possible is 72 hours. 

v. Baking the AXIS Ultra DLD using the VCU 

Baking of the instrument is controlled from the vacuum control unit, which is used to set the correct state of the valves and pumping and control the time of the baking and cool periods. A step-by-step sequence for baking the instrument is defined below. The flap valve should be open during bake-out and the instrument can be baked with the ion pump set to on or off. 

1. At the rear of the instrument find the mains distribution panel and ensure that the ‘baking supply’ circuit breaker is switched to the ‘on’ position as shown. 

2. The vacuum in the SAC and STC must be below 5E-5 torr before the baking will start. The 5E-5 torr pressure represents the maximum pressure interlock above, which the bake sequence will not start. It is recommended that a pressure in the E-6 torr range is attained before starting to bake the instrument. Note that the baking will be switched off if the pressure rises above 4E-5 torr during the bake cycle. 

3. All the pressure gauges should be on and displaying a reading in the VCU display. 

4. Starting from the main menu on the vacuum control unit select the following sequences Auto > Baking. This will take the user to the automatic ‘sequence for baking’ with two options. 

5. From this window, the total bake time (including cool time) can be set in days: hours: minutes by selecting the Set Bake press button. After setting the bake time press the Back button to return to the menu shown above. 

6. The total time that the system is allowed to cool after the heaters are switched off and the ion pump is switched on is set by pressing the Set Cool > press button and setting the time in the same manner as above for the bake time. After setting the cool time press the Back button to return to the menu shown above. 

7. An example of typical settings would be a total bake time of 1 day and a cool time of 12 hours. The bake out heaters would be on for 12 hours followed by 12 hours of instrument cooling. 

8. To start the bake press Start >. The VCU should display the ‘Status OK’ message on the LCD screen. Press the Start > button again to confirm starting the bake out of the instrument. The VCU will open the flap valve and the ion gun differential pumping valve (V2) if they are not already open. The VCU will next check that the water flow is sufficient and then switch the bake-out heaters on. 

9. At the rear of the baking panel check that the red baking LED is illuminated. Note that the baking sequence defined by the VCU will switch off the all high voltage to the instrument, open the flap valve and the ion source differential pumping prior to turning the heaters on. 

The baking heaters should now start to heat the instrument and a rise in pressure will most probably be observed. During the bake the only exposed surface that gets hot enough to cause burns is the analyzer on the top of the instrument. Although it is unlikely that anyone should touch it during baking, precautions should be taken to prevent or advise any personnel with access to the instrument from coming into contact with this part of the spectrometer. All other surfaces will remain at ambient operating temperature during the baking period. 

vi. Failure to start baking 

As mentioned above the pressure of the SAC & STC is monitored before starting and during the baking. There are two common reasons, which pre- vent the starting of the bake out sequence. The first reason is that the instrument pressure is above the set limit (5E-5 torr) when starting the baking sequence. In this case an error message will be reported in the VCU display. The user should wait for the pressure to fall below the maximum defined pressure and then follow the steps described. 
The baking sequence is also interlocked to the cooling water flow through the instrument. The water flow is monitored as a signal from the crystal backplane, turbo and magnet water flow sensor. If it is suspected that there is insufficient water flow through the instrument then baking should not be attempted without contacting a member of Kratos staff. 

vii. Degassing Filaments and Sources After Baking 

To degas the X-ray source filaments go to the Manual window and scroll down to the X-ray source section. 

Click on the degas button to open the degas parameters section. The degas option allows the user to slowly increase the current passing through the selected filament in order to gently degas it. If the inside of the vacuum chamber has been exposed to the atmosphere or the X-ray gun hasn’t been used for some time then the filament will be contaminated. Ramping the filament current up in a controlled manner allows the filament to warm up gradually and contaminates are driven off slowly. This increases the filament lifetime by reducing surface damage of the filament. 
The ramp time is divided into two regimes so that the rate of increase can be relatively fast until higher currents are reached and then a slower ramp rate can be set for larger values. The ramp times and maximum currents can only be changed if the instrument is in ‘Engineer’ mode. Select each anode in turn to display the degas ramp times for each filament. Typical values for the dual anode are: 1st regime: ramp time 10 minutes, filament current 3 amps; 2nd regime: ramp time 10 minutes, filament current 3.5 amps. If the X-ray source is off then the Degas on light will be yellow. Left clicking on the On light will start the degas sequence. The progress can be followed by clicking on the Status button, which makes the filament current, visible. The Degas sequence can be halted at any time by left clicking on the off but- ton. The ion gun filament should also be degassed. 

h. Maintenance

This section is intended to give the user some insight into the detailed working of Ultra. It is not intended to provide a comprehensive guide to servicing and maintenance for engineers. Exercise of normal levels of instrument care and use of simple checks and a routine maintenance schedule will maintain performance and extend instrument life. 

The Ultra have been designed to require minimal routine maintenance. However, there are a number of useful checks, which can be made to ensure that the instrument is performing satisfactorily. More extensive routine maintenance and servicing is available as part of the optional Kratos Service Contracts. 

viii. Chiller Servicing

Warning: Failure to carry out the service instructions for the chiller at the specified intervals could lead to permanent damage to the instrument. 

	Interval
	Actions (See the Chiller manual for further details)

	Weekly
	Check fluid level

	Monthly
	Check the condenser (air intake) is free from obstructions or accumulations of debris. Cleaning may be achieved with a domestic vacuum cleaner with brush attachment. 

Caution: Never blow the condenser out with compressed air. 

	Annually
	Change the fluid.

Check for fluid leaks throughout the whole system. 

Check the condenser for fouling. 


ix. Instrument Performance Checks 

Kratos advise the use of a simple performance check at routine intervals. If possible the test should be performed at least at two weekly intervals, and preferably each week. In the event of a problem, a set of data will then be available for the Kratos engineer to detect whether the fault was gradually developing or is sudden in onset. 

It is suggested that during (or soon after) installation the user should try to reproduce the performance achieved by the installation engineer, for example using the largest selected area aperture as described below. This will serve as a reference point. 

The following procedure is suggested as a guide, although it may be modified where other site quality control procedures are implemented e.g. the working procedures under NAMAS accreditation schemes, Good Laboratory Practice etc. The test is not designed to show ultimate performance; merely that the instruments’ routine analysis is consistent. 

1. Note approximate number of hours/days use since previous test. 
2. Mount a piece of clean silver on the sample platen. 
3. Introduce into the vacuum system. 
4. Position sample in normal analysis position. 
5. Select the 55 micron selected area aperture. 
6. Sputter clean for 10 min, or until C 1s and O 1s intensities are minimized. 
7. Switch the X-rays on at 15 kV 15 mA. 
8. Acquire Ag 3d spectra at PE 5, 10, 20, 40, and 80 eV. 
9. Acquire C 1s, O 1s spectra at PE 40 eV. 
10. Acquire Ag MNN AES spectra at PE 10 eV.

11. Acquire survey spectra at 160 eV Pass Energy.

12. Record the analysis chamber pressure.

13. Record the sample current at current X-ray power. 

14. Measure FWHM, Intensity for each of Ag 3d spectra. 

15. Measure Signal/Background ratio for each spectrum. 

16. Measure C1s/Ag 3d ratio.

17. Measure Ag 3d – Ag MNN separation. 

The tests can be repeated for smaller analysis areas, if required. The acquisition parameters for each of the data objects can be created as an experiment, using acquisition manager and then stored as a run specification and Saved, e.g. with the name “Routine_Check.dset”. At the time of running the test, all that will be necessary is to read in the run specification into an acquisition and modify the data set name and Submit. Incorporating the date of acquisition into the dataset name will help later identification. It is advisable to copy the completed experiments (datasets) to a separate directory and maintain a backup. 
x. Weekly Functional Checks. 

Regular observation of the state of the base vacuum in both the STC and SAC can indicate a need for a system bake. Depending on the gaseous nature of the samples being introduced the main vacuum can be greatly affected. 
1. Before operation of any of the accessories requiring High Voltage a check on the vacuum should be made. It is desirable that the vacuum is always better than 1E-7 torr before operation. 

2. Check all safety covers are fitted. 

3. The main vacuum should usually be better than 5E-8 torr after an overnight pump and a value any higher than this might indicate that there is a leak present on the system or serious deterioration due to water vapor condensation etc. 

4. Inspect all water pipes for leaks. 

5. It’s a good idea to ensure all the important data is backed up. 

6. Make a note of the corrector coil, and charge neutralizer settings on the instrument readout. 

7. Check pressures of gas supplies, e.g. compressed air, vent gas, etc. 
i. What to do after a power outage

After power has been restored, the software first needs to be started. The vacuum state will look similar to figure 1 below, in an unknown vacuum state, as the gauges will not be on.  (The ion pump (SAC Pump) will actually show that it is in the off state, unlike in the figure). As long as the SEC-SAC valve was closed when the power failed, this recovery should not require a system bake-out after completion.
Figure 2-4. Vacuum diagram after power failure (needs Update).

The system is in an unknown state and the vacuum components now must be operated using the Manual control features.  These operations should all be capable of being performed using the Safe Manual mode (Interlock Safety Protected Operation). 

Opening the SEC-SAC valve in 6 below (ONLY AFTER REACHING HIGH VACUUM IN THE SEC) will need to be performed in Full Manual mode, as the vacuum state of the SAC without the ion pump or the CCG on will not allow Safe Manual operation.  Realize that after one operation in Full Manual, the control state always reverts to Safe Manual.
Operation of the individual components by Safe Manual and Full Manual is described in figure 2.

Figure 2-5. Image showing manual operation of components from the vacuum control schematic. In this example V3 was clicked, causing the green light bulb box to appear. This green light bulb box must then be clicked for the operation to actually be completed, which is a safety feature eliminating an accidental click from operating the vacuum system controls (needs Update)

Recovery Sequence

1. Ensure that the vent valve (V5) is closed and that the sample loading door is securely closed.

2. Open the backing valve (V3).

3. Turn on the Pirani gauge.  This must be done using the Vacuum Control Unit (VCU) buttons. First the VCU mode needs to be changed from User to either Advanced or Engineer.  
This is done by using the button commands: Options > System > SysParam > (Toggle to the top until Mode is Highlighted) Set > (Choose) Advanced >Done > Done .

Then to actually turn on the gauge press: Manual > Gauges > Pirani > On > Done.
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Figure 2-6. Diagram of VCU interface, showing which button corresponds to which display item (in this case the Manual selection).
4. Start the turbo by clicking on the turbo icon and then acknowledging the green light bulb box.

5. Once the turbo has been up to speed (Good Vacuum and the turbo icon is green) for 15 minutes, turn on the SEC Cold Cathode Gauge (CCG).

6. Once the pressure in the SEC has reached nearly 1E-7 Torr, then open the SEC-SAC valve.

7. Turn on the SAC CCG.

8. Turn on the ion pump (SAC Pump in the diagram). 

9. One the ion pump has reached its full voltage, the SAC can now be isolated by closing the SEC-SAC valve.

10. Finally, close V3, open V9 for 5-10 seconds so that the software confirms Rough Vacuum in the ion gun supply line, then close V9 and open V3.  

11. The system should now look as it does in figure 3, and standard operation can now commence.
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Figure 2-7. Vacuum schematic after recovery operations.

3. Sample

j. Mounting

Always wear gloves when handling samples and sample holders. Failure to do so will compromise the chamber vacuum and produce bad measurement results

xi. Powder Sample

Fine powder samples can be loaded on conductive carbon double-side tape/copper sheet, but ensure excess of sample should be removed from the carbon tape by tapping. Otherwise, SAC will be contaminated by the sample while pumping.
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Figure 3-1. Powder sample mounting.

xii. Solid Sample

Any hard solid sample can be loaded by bolting on the multi-sample bar, but the thickness is limited up to 2 mm. Thicker or larger samples can be loaded on a single stub with a clip or conductive tape.  
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Figure 3-2. Solid sample mounting.

k. Transferring from air to the UHV chambers

1. Scroll down to Vacuum Control section in the Manual Control Window.
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2. Choose “Automatic Sequence” box.
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3. Click on “Vent Load Lock”.  This will vent the Load Lock Chamber to allow sample loading.
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4. Partially loosen the three security clips after preliminary venting.
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5. Wait for the chamber to completely vent. 
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6. When the chamber is completely vented, the seal behind the clips will open slightly due to the N2 gas purge pressure.
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7. Choose “Safe Manual” box, and close V15.
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8. Completely open the clips and the fast entry lock.
9. Attach the sample holder to the end of the transfer arm.
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10. Clean the O-ring and check the cleanness inside of the Load Lock chamber.

11. Close the chamber and fasten the security clips.

12. Click on “Pump Load Lock” button on the Vacuum Control Unit  
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13. After pump-down is initiated, wait for typically about 15 minutes.
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14. When completed, “Sequence of Progress” will be disappeared in the Vacuum Control Section.
15. Verify that the Load Lock chamber pressure is < 1E-6 torr.
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16. Verify that the Dual Anode x-ray source is backed out from the sample area

17. Scroll to Stage section in the Manual Control Window and click on “Stage” box if the position table rows are not displayed.

18. If “Load Bar” and “Unload Bar” positions are not displayed in the position table rows, then perform the following:

Click on “Load Table”.

Go to C directory and double click on file: /C=/stage positions.

Choose “transfers.dset”.

Note: This assumes you are using a bar type sample holder.  Load and unload positions for other types of sample holders can be found in the same directory.

19. Highlight the position table row labeled “Load Bar” and click on “Go to”.  This will move the stage to the proper position for transferring the sample holder.
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20. Click on “Open STC-SAC Valve” and wait to see valve open in the vacuum diagram.
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21. Click on “Safe Manual” in the Manipulator section.
22. Click on “LL-STC Valve (Red)” and wait to see valve open in the vacuum diagram.
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23. While looking through the viewing window, rotate the translation knob to move the sample holder from LL chamber into the SAC chamber until it interlinks with the stage and stops.

24. Use the Autostage manual controller to move the stage away from the transfer arm, releasing the sample holder from the transfer arm:

a. While jiggling the translator knob, press the left button on the Autostage manual controller to move the stage away from the transfer arm.

b. [image: image52.jpg]


Holding down the right button after pressing and holding the left button will speed up the stage movement.

25. When the stage and sample holder have cleared the transfer arm, rotate the translation knob to move the transfer arm completely out of the SAC chamber – until the green light at the end of the transfer arm barrel is illuminated.
26. Scroll to the Vacuum Control Section, and click on “LL-STC Valve (Green)”.
[image: image27.jpg]Urknaun
Atnosphere
Rl e

Good Yacun





27. Scroll to the Vacuum Control Section, and click on “STC-SAC Valve (Green)”.
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28. Position sample using the Autostage Manual Controller while watching Video Monitor.  

Note: Magnification on monitor can be varied by adjusting zoom control on video camera.

a. Use Left, Right, In, Out buttons to position sample area of interest in center area of video monitor.

b. Use Up, Down buttons to adjust height of sample so that center region of sample is in focus on the monitor.  The top and bottom regions on the monitor should be slightly out of focus. 

Note: For the majority of spectroscopy acquisitions, this accuracy of setting the sample height will be sufficient to achieve an acceptable number of counts.  If further Z height optimization is needed, follow the procedure found in the section “Optimizing Z for Spectroscopy”.  Optimizing Z for imaging is explained in the Imaging procedure section.

l. Temperature Control (Heating/Cooling)

xiii. Heating

1. Connect the two cables for the heater supply and the thermocouple to the thermocouple/heater feedthrough flange. 

2. Set the front panel switch of “Temperature Control Unit” to HEAT operation.

3. Ensure that SAC vacuum is better than E-6 torr before proceeding.

4. Switch On the “Temperature Control Unit”. After a few seconds the display will indicate the present temperature. If no temperature is displayed, check the thermocouple connections.

5. Click the icon named as “stage.UIC” on desktop. It opens iTools software for Eurotherm Controller (3210). You will see the device panel in the lower level. 

6. Some of parameters are already set for basic operation. Please refer the “3200 User Guide” for more details or further settings.

7. Set a desired temperature by clicking UP and DOWN arrow buttons (orange).  

xiv. Cooling

Note: Please follow the SOP of cryogenic materials when you handle liquid N2. Wear safety glasses and protective gloves. 

1. Connect up the foam insulated silicon tube from the outlet of the gas cooling coil to left side of the manipulator LN2 feedthroughs as viewed from the electronics console. Prevent any of the thermal insulating material from entering the pipe work during the connection. This material will block the pipe. 

2. Set a dry N2 pressure of 3 bar (or 45 psi) 

3. Purge the stage cooling tubes for about 10 min with dry N2 gas before filling the Dewar with LN2 to ensure that there is no moisture in the system. A pressure of 2.5 bar (35 psi) should be used. This can be obtained by using a “T” on the vent gas supply and increasing the pressure on the gas bottle regulator for the duration of the cooling experiment. There is a pressure relief valve between the dry nitrogen supply and the Dewar which is set to 4 bar cracking pressure to protect the system in the event of pipe blockage and an over pressure event occurring.

4. Ensure the heater and thermocouple cables are connected.

5. Set the front panel switch of “Temperature Control Unit” to cool operation.

6. Set the “Temperature Control Unit” to the required temperature (-150 ~ 600 oC). 

7. During the course of the cooling experiment the LN2 in the Dewar needs to be replenished from time to time. 

Note: It is recommended to disconnect the sample current reading cable from the BNC socket on the autostage and to fit the earthing plug supplied.

m. Cleaning

xv. Sample Sputtering

If you want to remove some contaminants, try Ar sputtering for 10 seconds only. You may begin low voltage, 2 kV, first. 

xvi. Ar Sputtering

It is suggested to take spectra before and after sputter cleaning, so that a comparison can be made. For example, you may want to look at the oxygen and carbon peaks before and after sputtering to verify that they have decreased sufficiently and the sample peak of interest has increased instead.

1. Take spectra around the peaks of interest.

2. Scroll to “Vacuum Control” section on the manual control window.  

3. Chose “Automatic Sequence”

4. Click “Ion Gas On” and look for the valves to open. This opens the valves to allow Ar gas into the SAC for sputtering.

5. Scroll to “Ion Gun” section and click “Table” button. The table contains pre-set parameters for various ion sputtering conditions (4, 3, and 2 kV).

6. Choose “4 kV” in the table. 

7. Click “Restore Row” to enter these settings. You may click “States” button to watch the sputtering parameter values.

8. Choose desired “Raster Size” in operation setting. 2~3 mm should normally sufficient for depth profiling.

9. Click “Standby” to ramp up voltage and currents.

10. After ramp-up is completed, click “Start” to start the sputter process.

11. Click “Standby” after a desired time has elapsed.

2. Take spectra around the peaks of interest, and compare them with pre-sputter spectra.

3. If additional sputtering is desired, click on “Start” 

4. Click “Off” after acceptable sputter cleaning has been achieved.

5. Click “Ion Gun Gas Off” in vacuum control section and look for valves to close. 

Note: The manual leak valve should be set so that the pressures are 3~4 E-7 torr in STC and 3~4 E-8 torr in SAC. The regulator takes a little time to respond once the line is opened. The pressure is still somewhat dynamic early on in the process when the valves have been opened.

n. Transferring from the UHV chamber to air

1. Click on the “Manual” zone in the top task bar to open the manual control window.

2. Scroll to Manipulator section in the Manual Control Window and click on “Position” box if the position table rows are not displayed.
3. Highlight the position table row labeled “Unload Bar 2” and click on “Go to Position”.  This will move the stage to the proper position for transferring the sample holder.
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4. Click on “Manual” in the Manipulator section.
5. Scroll down to Vacuum Control section in the Manual Control Window.

6. Choose Automatic Sequence box.

7. Click on “STC-SAC Valve (Red)” and wait to see valve open in the vacuum diagram.
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8. Click on “LL-STC Valve (Red)” and wait to see valve open in the vacuum diagram.
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9. While looking through the viewing window, rotate the translation knob to move the sample holder into the SAC chamber until it interlinks with the stage and stops.
10. [image: image53.jpg]


Use the Autostage manual controller to move the stage toward the transfer arm, releasing the sample holder from the stage:

a. Press the right button on the autostage manual controller to move the stage toward the transfer arm.

b. Holding down the left button after pressing and holding the right button will speed up the stage movement.
c. Drive stage in right direction while jiggling the translation knob until sample holder hooks onto the transfer arm, and then drive back to the left to center the manipulator and relieve tension between the sample and fork.  When completely transferred, the movement of the translation knob should loosen up considerably.

11. When the sample holder has transferred, rotate the translation knob to move the transfer arm completely out of the SAC chamber – until the green light at the end of the transfer arm barrel is illuminated.
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12. Scroll to the Vacuum Control Section, and click on “LL-STC Valve (Green)” and watch display for valve to close.
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13. Click on “STC-SAC Valve (Green)” and watch display for valve to close.
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14. Choose “Automatic Sequence” box.

15. Click on “Vent Load Lock”.  This will vent the Load Lock Chamber to allow sample loading.
16. Partially loosen the three security clips on the end of the fast entry lock.
17. Wait for the chamber to completely vent.
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When the chamber is completely vented, choose “Safe Manual” box.

19. Close V15 to stop the N2 purge.

20. Completely open the clips and the fast entry lock.

o. Temperature Reading

Thermocouple (K type) is already attached to the middle of sample hook, and displayed on the front panel of “Temperature Control Unit” or in the display of iTools virtual program. Actually it isn’t direct measurement, but there is no alternative way until now.

4. Gas Handling/Gas Manifold

p. Design

Air, He, Ar, and N2 compressed gases are required to operate the AXIS UltraDLD system. 

Nitrogen gas (N2): 1 kgcm-3 (15 psi) with purity 99.99% (dry) for venting the vacuum chamber.
Compressed Air:  5.6 kgcm-3 (80 psi) for operating the pneumatic valves. 
Argon (Ar): 0.5 kgcm-3 ( ~7.5 psi) with purity >99.99% used for Ar+ ion etching samples. 
Helium (He): 0.5kg/cm2 (7psi) with purity >99.999% at for UV lamp or ISS accessories. 
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Figure 4-1. Air, N2 and Ar gas cylinders (left), and high-pressure air (HPA) line from the building (right).

q. [image: image55.png]


Valves & Tubing

Bellows-sealed valves are used for the gas manifold as shown in Figure 2. Stainless steel tubing (dia. ¼ inch) is used for all the gas lines. 

r. Pumping System

Two rotary pumps (Edward 5 and 12) are used for gas manifold: one is for ion gun, and the other is for UV lamp. 

s. Pressure Gauge

Actually the gas manifold doesn’t have any pressure gauge readout right after the rotary pumps, but the pressure can be estimated according to the color of the line or by a pirani gauge right after the turbo pump under STC as shown Figure 4-2. 
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Figure 4-2. Pressure gauge readout.

t. General Operating Procedure

Please refer the instructions for Ar ion sputtering, ISS and UPS.

u. Maintenance

High Pressure Air (HPA) line from the building is used for operating the pneumatic valves. Alternatively a compressed Air cylinder is used in emergency case. 

5. Al/Mg dual X-ray Source

v. General Consideration

In normal XPS work the source of X-ray is usually a characteristic line such as Mg Ka or Al Ka. These lines are fairly narrow (Mg Ka is approximately equal to 0.7 eV, and Al Ka is approximately equal to 1.0 eV FWHM) and allow much useful work to be carried out.

The X-ray gun is of the microfocus type and typically produces a short line focus at the anode. The anode is at a high positive voltage and the filament is earthy. Around the filament there is a deflection shield which optimizes the focusing of the electron beam. The X-ray target is viewed by the crystal at an angle that foreshortens the electron spot in the narrow direction.
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The target, even though at a high voltage, is water cooled by a high pressure coolant system running from the main water supply. This causes some leakage current down the water tubes. The cooling water is deionized to reduce the electrical leakage down the water pipes. To maximize the lifetime of the anode, the conductivity of the water must be carefully controlled. The software automatically controls the conductivity of the water by controlling the water flow through a deionizer cartridge fitted to the instrument.

w. Initial Operation

Dual anode sources can be simply selected by choosing the option of the Manual Window. Also, turn the handles to adjust the distance between the source and the sample and tilting angle.

6. Al monochromatic X-ray Source

x. General Consideration

X-ray monochromator can give rise to narrower XPS lines for many samples. A monochromator capable of selecting only part of the Al Ka line is generally used for narrower line widths. In addition there are other advantages including elimination of unwanted X-ray satellites and the reduction of Bremsstrahlung or “white radiation”.

y. Initial Operation

The control system is that used for the dual anode gun; the same operating notes as detailed in the main instrument users operating manual apply.

Warning: Never remove any earthing shields or insulation from the X-ray gun while operating the gun. The high voltage required for the gun is lethal if directly contacted, but it can also arc-over if approached too closely.

Ensure that the filament is outgassed by the following procedure before first use after replacement and bakeout or system bakeout if other service work has necessitated system venting. If the system has not been used for a significant period, longer than 1 week, then a quick degas can be done by shortening the times below to 10 mins. 

Outgassing Procedure

All of the X-ray gun filaments (both dual anode and mono) can be outgassed in sequence by simply pressing the “Degas” button in the X-ray control section of the Vision software. The degas routine degasses each of the X-ray gun filaments in turn, one filament at a time, without any high voltage on the anode. Therefore no X-rays should be produced. The filaments are degassed by the software routine by slowly increasing the filament current from 0 A to a defined maximum over a defined period of time. The degas routine for each filament occurs in two stages. The first stage increases the filament current to an interim current and the second stage increases the current to the maximum current at a lesser rate than the first stage.

Typical degas parameters for the X-ray monochromator filament are:

Stage 1:  2.5 A for 30 min

Stage 2:  4.0 A for 90 min

Once the filament degas routine is complete the software will indicate that the X-ray gun is off.

X-ray gun is now ready to use. However if the anode is new or has been exposed to atmospheric pressure for some time, then the anode may be gassy when first used. It is recommended to start the gun at a low power (1 mA, 10 kV) and steadily increase the power over a few minutes as the pressure improves. The pressure should always be kept below 1E-7 Torr.

z. Maintenance

The X-rays (Al Ka) are diffracted by quartz crystals mounted on a former, curved in conformity with the Johann geometry; the crystals have a toroidal form giving focusing in two planes. To monochromatize the Al Ka line the quartz crystals are cut parallel to the (1010) planes and the appropriate Bragg angle is 78.5o. The alignment of the quartz mounting assembly may be adjusted from outside the vacuum system. This alignment is controlled by means of three micrometer adjusters which bear on the crystal mount through a sprung loaded bellows seal located on the crystal mounting flange. The X-ray gun may be moved laterally and also tilted through a bellows seal. By means of these adjustments the focusing of the monochromator may be continuously varied and easily optimized for maximum resolution and sensitivity.

aa. Replacing the Anode

xvii. Removing the Anode Housing Assembly

Removal of the anode housing assembly is necessary to inspect or replace the anode or filament. Gloves should be worn throughout this procedure. All tools must be cleaned prior to use.

Equipments: small flat blade screwdriver, 3 mm Allen (hex) key

1. After removal of the mono source from the instrument you should have the gun.

2. Remove the screw that connects the internal bias cable to the anode housing assembly. Keep the screw in a clean and safe place until you rebuild the X-ray gun.

3. It would be advisable to remove the internal bias cable from the flange assembly. This can be done by simply pulling the cable away from the pin, on the flange assembly, to which is connects.

4. Remove the filament connections to the anode housing.

5. Look at the rear side of the anode housing assembly and you will see two screws with 3 mm hex sockets. Loosen these screws. Care should be taken with this as the copper end piece of the housing assembly is bonded on a ceramic insulator, located with the stainless steel body of the housing assembly. This bond and the ceramic itself are quite fragile and the action of loosening or tightening these screws can cause the bond, or in extreme cases the ceramic to break. To avoid this, hold the housing assembly so that you are supporting both the copper and piece and the stainless steel body.

6. Now slide the housing assembly off the anode. 

xviii. Inspection of the Anode

This can only be performed once the X-ray gun has been removed from the chamber and the anode housing has been removed. 

Inspect the faces of the anode. You will see a thin “wear” line across the surface of the anode. Illuminate the wear line with a “white light” source, such as the SAC light box supplied with the instrument, and check the wear line for a coppery color. The presence of a copper colored patch would indicate copper breakthrough and therefore the anode should be changed. 

xix. Replacing the Anode

Gloves should be worn throughout this procedure. All tools must be cleaned prior to use.

Equipments: 3 mm Allen key, Plastic tweezers, Old copper gasket, New anode, New gold gasket

1. You should have the mono source.

2. Remove the two internal filament wires.

3. As the source is a little difficult to hold for the next part of the procedure, take the source and refit it to the instrument. A couple of bolts will be sufficient to hold the anode in place, remember to sue a copper gasket to protect the knife edges, an old one will be sufficient.

4. Note the comparative orientation of the anode to the feedthrough assembly before the anode is removed.

5. Remove the six screws holding the anode onto the feedthrough assembly using a 3 mm Allen key.

6. You will notice that on the anode, as well as the six holes for the screws you have just removed there are three tapped holes. Take three of the screws you have just removed and place on in each of the three tapped holes, and tighten them until they are finger tight only. These three screws are known as the “jacking screws”

7. Using a 3 mm Allen key tighten each of the three jacking screws, in rotation, ¼ turn each.

8. Keep tightening each screw, in rotation, until the three screws “push” out the anode from the feedthrough assembly. It is important that each screw is tightened as evenly as possible as the anode needs to be pushed out as straight as possible. Failing to do this may results in the anode jamming inside the feedthrough assembly.

9. Once the anode is loose, then pull out the anode

10. Remove the gold gasket. This may either be on the anode you have just removed or more likely, within the flange assembly. Do not use any metallic object to remove the gold gasket. If you do need to use a tool to remove the gasket then use plastic tweezers.

11. Remove the three jacking screws from the feedthrough assembly.

xx. Refitting the Anode Housing

Gloves should be worn throughout this procedure. All tools must be cleaned prior to use.

Equipments: Small flat blade screwdriver, 3 mm Allen (Hex) key

1. Before beginning to fit the anode housing assembly you should check the items.

2. Carefully push the anode housing assembly onto the anode, connecting the internal wiring for the filaments as you do so. The anode housing should easily slide over the end of the anode. If it does not slide easily then do not force it.

3. Gently push the anode housing as far as it can go, it should align so that you can just see the lower corner of the Al face of the anode, through the hole in the anode housing. It is EXTREMELY IMPORTANT that the anode housing is positioned correctly otherwise, the performance of the gun will be compromised. 

4. Look down the length of the source. At the bottom of the source, on the flange there are two holes, Imagine a line between these two holes. This line should run parallel to the straight edges on the two copper pieces that make up the end of the anode housing assembly. Rotate the housing assembly until the edges of the two copper pieces align with the imaginary line.

5. Tighten the housing assembly clamps while still keeping the copper pieces aligned with the imaginary line and keep the distance apart from the copper pieces even across their length. While tightening the clamps hold both the stainless steel and copper parts of the housing assembly. Tightening the clamps can put stress on the join between the ceramic (inside the housing assembly) and the copper end piece. Holding the housing in this way helps to reduce the strain on this join.

6. The clamps should be tightened as much as possible.

7. Reconnect the filament and bias connections from the feedthrough to the anode housing

ab. Replacing the Filament (Cathode)

xxi. Removal of the X-ray Gun

Equipment: 10 mm spanner

1. Switch off the X-ray gun

2. Turn off the X-ray control unit PSU and the X-ray HV control unit.

3. Vent the instrument as described in the Vacuum System section of the Operator’s Manual (29-306)

4. Turn off the water supply to the instrument.

5. Remove the protective metal can surrounding the water and electrical connections.

6. Remove the white PTFE covers surrounding the water and electrical connections.

7. Note the location of the filament and bias leads.

8. Remove the filament and bias leads from their connections to the feedthroughs.

9. Note the location of the HV and earth leads.

10. Remove the HC and earth leads.

Note which connections the inlet and outlet water pipes are connected to. Disconnect the two water pipes. Even with the water supply turned off the water in the pipes will be at high pressure. When the water pipes are disconnected there will be a release of the water pressure and some water will leak from the water supply and return pipes, as well as the anode water pipes.

Note the relative alignment of the water pipes to the chamber so that you can refit the gun in the correct orientation once the work has been completed. Carefully remove the six bolts securing the X-ray gun to the adjuster. Take care not to damage the bellows of the adjuster. Once these six bolts have been removed the X-ray gun should be easy to remove from the instrument. Take care not to damage the X-ray gun or the adjuster bellows when removing the X-ray gun from the instrument. The gun must be pulled straight out, away from the instrument until the anode is clear of the adjuster.

xxii. Replacement of the Filament Assembly

The X-ray filament comes as part of an assembly that is removed in its entirety. The filament assembly can be returned to KRATOS for refurbishment. Fitting a new filament assembly requires no detailed alignment other than ensuring the dowel hole on the filament assembly is positioned over the copper dowel on the anode housing assembly.

Gloves should be worn throughout this procedure.

Equipments: Flat blade screwdriver, All tools must be cleaned prior to use.

1. Unscrew and remove the two copper screws. Take care the head on copper screws can be easily damaged by steel tools.

2. Lift off the old filament assembly from the anode housing assembly. Often the filament assembly is stuck in to place, to free it gently rock the filament assembly from side to side, as you lift it.

3. The filament is coated with thoria. This appears white in color when new, but changes to a dull grey color after the filament has been used, this is perfectly normal. As the metal filament can be observed through the coating.

4. Take the new filament assembly and push it into place, taking care to ensure that the dowel hole is correctly aligned with the copper dowel on the anode housing assembly.

5. Once the filament is in place, fit and tighten the two copper screws you removed in step 1.

xxiii. Refitting the X-ray Gun to the Instrument

Equipments: 10 mm spanner, Copper gasket

1. Fit a new copper gasket on the X-ray gun flange.

2. Carefully fit the X-ray gun back onto the adjuster in the correct orientation, taking care not to damage the bellows. The gun should be fitted such that the longest water pipe is in the highest possible position. Secure the gun in place with the six bolts.

3. Reconnect the water pipes in the same orientation as they were previously. The inlet pipe should be connected to the center water pipe. Turn on the water supply to the instrument and confirm that there are no leaks from the water pipes.

4. Reconnect the HV and earth connection leads.

5. Reconnect the filament and bias leads to their respective connections on the feedthrough.

6. Refit all of the white PTFE covers surrounding the water and electrical connections.

7. Refit the protective metal can around the outside of the water and electrical connections.

8. Pump and bake the instrument as described in the Operator’s manual (39-306).

9. Turn on the X-ray control unit, PSU and the X-ray HV control units.

10. Degas the filaments and anode.

7. Ultraviolet Lamp

ac. General Consideration

The UPS accessory allows the collection of ultra-violet photoelectron spectra from solids.  It consists of a double differentially pumped UV light source, gas admission system and pumping lines, an additional trapped rotary pump and optional TIC cart pumping station.

When He gas is used the lamp is capable of producing He(I) and He(II) resonance lines. Further lines can be produced if other gases are used, e.g. Ne. The UV source (also referred to as the UV lamp) is a differentially pumped high voltage chamber. A high voltage across electrodes within the source initiates a gas discharge within the source region.  The pressure at which the source runs is typically many orders of magnitude greater than the required SAC pressure. The discharge chamber is separated from the SAC by a thin capillary tube.  This has two functions: it produces a partially collimated beam of UV radiation directed at the sample; and it reduces the gas flow from the source region into the SAC.  Note that, although the capillary reduces the gas flow between the chamber and the SAC, if the UV source is subject to high pressures the SAC will also be affected.  It is possible to accidentally vent the SAC via the UV source!  

Two stages of differential pumping also separate the discharge region of the UV source from the SAC in order to maintain a low pressure in the analysis chamber. The first stage is rough pumping via the second trapped rotary pump. The second stage is fine pumping via the STC.  The He gas is supplied to the UV source via stainless steel tubes.  The gas must be high purity and the gas line clean.  If gas of insufficient purity (due to a low He grade or dirty gas line) is used then problems with the source and poor UV spectra will result.  For this reason it is possible to rough and fine pump the gas lines and bake them to achieve a high cleanliness standard. A liquid nitrogen cold trap can be added to the He supply line if cleanliness problems develop.

The power supply used for the UV source is situated at the rear of the instrument electronics rack.

A bias can be applied to conducting samples via the sample current lead connection.  This is useful when studying the onset of the secondary electron cascade where electrons have near zero kinetic energy. To switch the bias on enter a non-zero value in the bias box available in the analyzer parameters section of the manual window.

A 2 volt negative bias is applied via the sample current cable.  Enter 2 in the bias box (ignore the negative sign).  The bias is only applied when the UPS lens mode is selected.

A larger bias can sometimes be advantageous. This can be applied via an external battery supply.  Place the battery box in series with the sample current cable and connect to the sample current feedthrough on the bottom of the sample stage.  Select 9 V only.  Ensure the polarity is set to negative.  Measure the voltage using a multimeter and enter this value into the bias box in the software.

ad. Initial Operation

As mentioned in the introduction it is very important to achieve and maintain high source gas purity for the correct operation of the UPS accessory.  For this reason it is possible to pump out and bake the gas supply lines.  The following describes the actual procedure for purging the He gas line and baking the lines.  It is assumed that a high purity laboratory grade (99.999%) gas bottle and regulator have been fitted to the gas supply lines and that the system has been leak checked.

xxiv. Gas Line Purge

1. Ensure that the following valves are closed:

	Valve V6
	(He leak valve)

	Valve V13
	(Rough differential pumping)

	Valve V12
	(fine differential pumping)

	Valve V8
	(He line fine pumping)

	Valve V9
	(He line rough pumping)

	Valve V10
	(He gas inlet valve)


2. Open V9 (He line rough pumping) to pump out He line with the UPS rotary pump.  The pressure can be monitored on the UPS TIC cart, APGM gauge.

3. Check that the cylinder is closed and then open the nupro valve indicated below to pump the He all the way back to the cylinder.
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4. Open V7 (upper He line valve) if it is not already open to evacuate the upper portion of the He line.

5. Wait at least 10 minutes.

The He gas line is now been pumped.  You now have several options: introduce He gas into the line ready for an experiment; bake the He line; fine-pump and the bake the He line.  The instructions below describe how to perform each of the possible actions in turn.  In general if the UPS lamp has not been used for some time it will probably be necessary to bake-out the He line before proceeding.

xxv. Preparing the He Line for Use

The following instructions describe how to make the He line ready for an experiment.  It assumes that the He line is currently been rough pumped.  However, the instructions are also valid if the line is been fine pumped.

1. Close V8 (He line fine pumping) if the He line is been fine pumped.

2. Close V9 (He line rough pumping) to stop rough pumping the He line.

3. Check that V6 (He leak valve) is closed.

4. Close the He gas inlet valve, V10, (if open) and open up the He cylinder.

5. Open V10 (He gas inlet valve) to fill the He line, check the STC and SAC pressure to ensure the procedure has been preformed correctly.
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6. The He gas bottle may need to be opened to fill the He line.  Once the line is full (checked by the regulator) the He bottle may be closed again to conserve the He reservoir.  Keep a frequent check on the pressure in the regulator to ensure the He gas in the gas line is not exhausted (if this happens quickly then it is probable that a leak exists in the He gas line).
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ae. Turning the UV lamp On

This section describes the normal operation of the UV source.  It assumes that high purity He gas has been supplied to V6 (He leak valve) and a clean sample is positioned for analysis.  Due to the low mean free path of low energy electrons in solids, UV spectra are very sensitive to sample contamination, therefore metallic samples must be cleaned by ion bombardment prior to analysis.

Lighting the UV source and obtaining UV spectra

1. Check that the pressure in the UPS TIC cart is less than 1E-6 torr.

2. Open V12 (UV lamp fine pumping) while monitoring the SAC pressure, ensure that it does not exceed 1E-7 torr.  If the STC is vented with V12 open then the SAC will be vented to atmospheric pressure!
3. Check that the pressure in the rough differential pumping line is below 1E-2 torr, then open V13 (Rough differential pumping) while monitoring the SAC pressure, ensure that it does not exceed 1E-7 torr.

4. Check that the pressure in the STC chamber is less than 1E-7 torr.
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The UPS lamp power supply is operated manually.

1. Set the 10 turn potentiometer on the UV Source Control Unit to 4.3 (which should give around 25 mA emission when the source is lit).

2. Turn the UV Source control unit on.

3. Open V6 (He leak valve) slowly until the UV source lights.  Do not exceed a pressure of 1E-6 torr in the SAC.

4. A typical range of kinetic energies should be between about 5 and 24 eV.  Use a pass energy of 5, 10 or 20 eV, a step size of 0.05 or 0.025 eV and a dwell time of 100 ms.

5. Select the UPS aperture to limit the electrons entering the detector.

6. For insulators turn the bias off and the charge neutraliser on (NB with the neutralizer on there will be a large, narrow spike at about 3 eV KE.  Avoid recording this spike as a high count rates may damage the detector.  The count rate must always be kept below 106 counts per second.  In some cases it may be necessary to use an aperture to reduce the count rates.

af. Turning the UV lamp Off

1. To switch off for a short time switch the UV Source powers supply unit to off.

2. Close V6 (He leak valve).

3. Close V13 (Rough differential pumping) and V12 (fine differential pumping).

4. Close V10 (He gas inlet valve).

ag. Maintenance

xxvi. Gas Line Bake-out

This section describes how to bake-out the He line.  It assumes that the He line is currently been rough pumped.

1. Follow the Gas Line Purge procedure above.

2. Bake-out the He lines using a bake-out heater tape.  It is recommended that the line is pumped and baked overnight.

3. Following the bake-out turn off the heating tape.

4. Close V9 to stop pumping the He line.

Follow the procedure described above to fill the gas line full of He ready for use.

xxvii. Fine Pumping and Baking of the He Gas Line

This section describes how to fine pump and bake the He gas line.  This is the best way to ensure that both the UPS lamp and the He gas line are completely clean ready for use.  This method is more affective if an entire instrument bake is to be performed, however, it can be used just to pump and bake the He line. 

1. Follow the gas purge.

2. Check that the pressure in the STC cart is less than 1E-7 torr.

3. Check the pressure in the rough He pumping line is less than 1E-2 torr.

4. Open V12 (UV lamp fine pumping valve) while watching the SAC pressure.  Ensure that the SAC pressure does not rise above 1E-7 torr.

5. Close V9 (He line rough pumping valve).

6. Open V8 (He line fine pumping valve) while watching the SAC pressure and the pressure in the STC cart.  Ensure that the SAC pressure does not rise above 1E-7 torr and the pressure in the STC cart does not exceed 1E-5 torr.

7. Slowly open V6 (He leak valve) while watching the SAC pressure.  Ensure that the SAC pressure does not rise above 1E-7 torr.

The He line and the instrument may now be baked using the bake-out heater tape and the instrument bake-out procedure.  N.B. ensure that you follow the instrument bake-out procedure carefully.  If delicate components (e.g. Pre-Amp, CCD Cameras etc) are not removed then extensive damage to the instrument can result. 

Following the He line bake-out (whether or not the whole instrument was baked) follow the instructions below:

1. Following the bake-out close V6 (He leak valve) if it was opened.

2. Close V8 (He line fine pumping valve).

Follow the procedure described above to fill the gas line full of He ready for use.  If the UPS system is not to be used immediately close V12 to isolate the SAC from the STC.
ah. Gas Supply

Notes on He(II)

He(II) spectra can be more difficult to obtain because it is harder to operate the UV discharge source under He(II) conditions.  When the source is running in He(I) mode the discharge has a ‘peachy’ color.  To obtain good He(II) spectra then first set the source up for He(I).  The source must be completely out-gassed and the He gas must be pure to obtain the best He(I) and He(II) performance.  It is necessary to run the source for a number of hours before attempting He(II) spectroscopy.  This is especially important if the UPS accessory has not been used for some time.  The time required should decrease if the source has been used recently.  For this reason it is suggested that UPS experiments be run concurrently over several days instead of in a more random fashion.

The reference energy should be set for He(II) and the scanned energy range should be from approximately 20 to 44 eV (kinetic energy).  The step size should be 0.05 or 0.025 eV and the pass energies used should be 5 or 10 eV.  Use more detectors when acquiring He(II) spectra.  Observe the scanned spectra whilst gradually closing the leak valve.  As the pressure in the source decreases the colour of the discharge will change from peachy to lilac.  As the pressure is decreased further a blue mist will be formed in the discharge tube.  This is the He(II) operating region.  This region is very close to the extinction point of the source so more care and patience is required.  If the source does turn off then the pressure must be increased back to the He(I) operating region and the process started again.  As the source becomes cleaner with prolonged use it should become easier to achieve and maintain good He(II) operating conditions.

8. Electron Energy Analyzer and Detector System

ai. Electron Energy Analyzer

Almost all commercial instruments operate a hemispherical sector analyzer (HSA) also referred to as a concentric hemispherical analyzer (CHA). The analyzer consists of two concentric hemispherical electrodes between which the electrons pass. 

xxviii. XPS imaging. 

It is clear to see from the above discussion that small spot XPS instruments with a microscopic capability can be made to form XPS maps. This is achieved in one of two ways. The X-ray spot defining systems with microscopic monochromator sources can either form a small probe on the sample and then scan the sample with respect to the probe or scan the X-ray generating electron beam across the Al anode target producing a scanning beam across the sample. Alternatively, the virtual probe instruments may have an electrostatic deflection system placed before the area defining aperture which can be made to effectively scan the point of analysis across the sample. In all cases the analyzer is set to detect photoelectrons at a particular kinetic energy while the X-ray probe (virtual or real) rests for a pre-deter- mined time at each point on the sample. With a multi-channel detector signal may be recorded simultaneously within a narrow energy window. In all cases the map must be constructed from a post-acquisition processing exercise. One limitation of the XPS mapping approach is that as each map is built up pixel by pixel it can be time consuming. Additionally the spatial resolution of each map is determined by the minimum size of the X-ray or virtual probe. 

xxix. Parallel XPS imaging. 

Parallel XPS imaging has now become the most widely used form of XPS imaging. Images can be detected directly normally with a 2-D detector, this method of acquisition needs a macroscopic X-ray source and a modification to the standard analyzer. Two methods are commercially available, one where a Fourier Transform lens is used after the retardation lens and then a further Fourier Transform lens following the analyzer. The second employs a spherical mirror analyzer and used in the AXIS Ultra DLD and AXIS Nova instruments. 

The parallel imaging technique has two major advantages over traditional scanning probe methods. Spatial resolution is limited only by the aberrations in the lens system allowing a spatial resolution at the sample of a few microns. Also the speed of data collection is greatly enhanced by the simultaneous detection of photoelectrons from a large number of adjacent positions. 
By acquiring images at small energy increments over a narrow energy range spectroscopic information can be efficiently collected for each pixel of the image. Fast parallel imaging can be used to find areas of surface inhomogeneity or features of specific interest. Normally parallel imaging instruments are arranged so that the lens systems produce pre-determined magnifications or fields of view. 

XPS maps can be acquired in a serial scanned manner with a spatial resolution of approximately 15 mm. XPS imaging systems are now available that can acquire images directly from the sample surface using 2-D parallel detection systems typically with a spatial resolution of < 3 mm. Commercial instruments now combine both imaging and small spot spectral acquisition capabilities to enable surface chemical analysis of small features on the micron scale. The future direction of the technique is to achieve higher count rates at smaller areas and to push forward XPS imaging to be a genuine submicron chemical characterization technique. 

aj. Software

The next two sections provide manual control of the lens mode of the spectrometer and allow a real time parallel photoelectron image of the sample surface to be displayed. Images can be intergraded and saved, for instructions on saving images and recording them to a dataset. 
The Analyzer section is used to manually specify the current analyzer state. 

xxx. Analyzer Mode
Left click on the analyzer mode button to open a pop up menu. This option defines the mode of operation of the analyzer. When ‘Spectrum’ is selected the hemispherical analyzer (HSA) is used to filter the electron energy reaching the detector. An entrance slit (not to be confused with the slot in the aperture drive) is automatically placed at the entrance to the analyzer to limit the angular acceptance of the HSA thereby improving the energy resolution. This is transparent to the user. 

If ‘Imaging’ is selected the voltage supplies are modified and photoelectrons pass through the HSA and enter the spherical mirror analyzer (SMA). This analyzer is used for parallel photoelectron imaging of the sample. The slit used at the entrance to the analyzer in spectrum mode is automatically moved to allow more photoelectrons to enter the analyzer. 

xxxi. Lens Mode 

Select the ‘Lens mode’ button to open the lens mode menu. This controls the lens configuration of the instrument. 

The lens modes available will depended upon the exact configuration of the instrument. The mode chosen depends on the analysis to be performed. 
• Hybrid - this mode is used by the Ultra DLD for general spectroscopy including survey spectra and high resolution narrow scans. It should always be used in conjunction with the slot aperture (see below) and never during imaging or small spot spectroscopy. The area of analysis is approx. 700 ( 300 microns when used with the slot aperture. 
• Magnetic - the Ultra DLD does not use this lens mode and it may not be included in the list. 
• Electrostatic - this mode allows spectra to be recorded without the use of the magnetic lens. It is only suitable in situations where use of the magnetic lens is inadvisable, e.g. when the sample is very magnetic. In this mode the acceptance area of the analyzer is very large (up to 15 mm) therefore the analysis area will be defined by the X-ray source used. 
• Field of View 1: Survey - this mode is used by the Ultra DLD for large area parallel XPS imaging. The field of view (FOV) for imaging will be approximately 800(800 microns, with the exact FOV defined for each individual instrument. 
• Field of View 2: Small Spot - this mode is used for small spot spectroscopy. Use in combination with the small spot apertures to change the analyzed area on the sample. It is also used for parallel XPS imaging. The field of view in imaging mode is typically 400(400 microns. 
• Field of View 3: This mode is only used for the highest magnification parallel XPS imaging. The field of view is typically 200(200 microns. 
• Field of View 4: This mode is often set up for electrostatic parallel imaging of the sample. It is a mode used for a specific engineering application and should not be used for general spectroscopy and imaging. 

xxxii. Resolution

Left click on the pass energy button to open the pass energy menu, FIGURE 19. 

The pass energy determines the energy resolution of the analyzer in both spectroscopy mode and imaging mode. Higher pass energies reduce the energy resolution but increase sensitivity. For general large area spectroscopy use 160 eV pass energy for survey spectrum and 20 or 40 eV pass energy for core level spectra. For ultimate energy resolution 10 or even 5 eV pass energy can be used but acquisition times will need to be increased to account for the reduced sensitivity.  In imaging mode 160 eV pass energy is the norm. For chemical resolution the pass energy is reduced but acquisition times will increase as a consequence. 

xxxiii. Area of Analysis 

Left click on this button to open the area of analysis menu. 

This controls the analysis area on the surface of the sample by altering the aperture and iris positions. 

• Slot - when selected the aperture drive moves to the slot position and the iris is opened fully. This option should be used in conjunction with hybrid mode for general spectroscopy. It gives an analysis area of approximately 700(300 microns on the sample surface. 
• 110 um - when selected a 2 mm aperture is driven into the lens column and the iris may be closed slightly. This gives a 110 mm analysis area on the sample when it is used in conjunction with the FOV 2 lens mode for small spot spectroscopy. If FOV 1 is selected the analysis area will be approximately 220 microns.
• 55 um - when selected a 1 mm aperture is driven into the lens column and the iris is closed slightly. This gives a 55 mm analysis area on the sample when it is used in conjunction with the F.O.V.2 lens mode for small spot spectroscopy. 
• 27 um - when selected the 0.5 mm aperture is driven into the lens column and the iris is closed more. This gives a 27 mm analysis area on the sample when it is used in conjunction with the F.O.V.2 lens mode for small spot spectroscopy. 
• 15 um - when selected the 0.2 mm aperture is driven into the lens column and the iris is closed more. This gives a 15 mm analysis area on the sample when it is used in conjunction with the F.O.V.2 lens mode for small spot spectroscopy. 
• Imaging Selection - the remaining three modes are intended for use during parallel XPS imaging. When selected the imaging aperture is driven into position. These modes can be used with any lens mode to vary the field of view (the field of view is determined by the lens mode). The different selections, imaging dia. 9 mm, dia. 5 mm and dia. 3 mm (they may also be labeled low, medium and high resolution) refer to the position of the iris. The smaller the iris setting the better the lateral image resolution but the lower the image intensity. In practice the dia. 9 mm or dia. 5 mm settings are used in conjunction with F.O.V.1 and the dia. 3 mm setting is used when imaging in F.O.V.2 or F.O.V.3 lens modes. 

xxxiv. Analyzer State 

These bulbs show the state of the analyzer. Green indicates that the analyzer and detector are in the stand-by state. Grey indicates that the analyzer and detector are on. The analyzer and detector should be switched to stand-by when not in use. This will increase the life of the detector and decrease the chance of accidental damage to the detector or analyzer. A convenient way to switch the analyzer and detector to stand-by is to click the Parallel XPS Imaging Off button. This switches the detector and analyzer to stand-by regardless of whether the instrument is running in the imaging or spectroscopic modes. 

xxxv. XPS Parallel Imaging On and Off 

These buttons switch the parallel XPS imaging On or Off. When the On button is left clicked the analyzer is set to the energy specified in the energy box, and the detector is switched on. The parallel XPS image will appear in the bottom left hand side of the real time display window. When the Off button is left clicked on the analyzer and detector are switched off. 

xxxvi. Integration Mode 

This control selects the method of image integration used during parallel XPS imaging of a sample. Left click on the button to bring up the menu. 
• Running integral is used to view a parallel XPS image of the sample surface in real time. It is particularly useful for positioning the sample and looking for areas of interest, which may be optically invisible. When running integral is selected the integration time determines the length of time than images are added together for. 
• Single integration is used to manually record an image of the sample surface. The image is collected for the time specified in seconds in the integration time box. After the time has elapsed imaging of the sample will cease allowing the image to be saved to the dataset. The image object is not saved to the dataset until the ‘grab image’ button is pressed. 
xxxvii. Energy 

The energy box allows either a binding energy or a kinetic energy for the SMA to be entered (always press return after entering a value). The energy reference should be changed to reflect the chosen X-ray anode. The energy value is the energy of photoelectrons, which the SMA will transmit to the detector. The spread of energies, which actually pass through the analyzer, are determined by the pass energy. At 160 eV the energy window transmitted will be approximately 4 eV wide. 

xxxviii. Grab Image 

The image can be stored by entering an object name in the image object box and left clicking on the Grab button. This writes an object to the acquiring section of the manager window. For instructions on how to permanently save the image. 

ak. Detector

xxxix. General Consideration

The delay-line detector, comprising a multi-channel plate stack above a delay-line anode, is used for photoelectron detection in both spectroscopy and imaging modes. With over 100 detector channels the DLD can also be used to acquire unscanned or ‘snapshot’ small spot spectra in a matter of seconds. Genuine pulse counting in 2D imaging mode means that quantitative parallel images can now be generated allowing greater insight into the lateral distribution of chemical species at the surface. 
xl. Typical Operation

Acquisition Control 

The acquisition control section allows the user to record manual spectra, snapshots, line scans or scanned images. Left click on the scan Type button to open the type menu. This allows the user to manually set the type of acquisition. 

Spectrum 
Left click on Spectrum to record spectra. Select the ‘energy regions table’ button to show the expanded acquisition section including the energy region table. The energy scale can be either in binding or kinetic energy. The energy reference automatically changed according to the X-ray anode selected. Left click on the energy regions box to open the energy row table. 

To enter a scan for acquisition type in the core level name into the Region name box and press return. The syntax must be correct as the software is case sensitive. If a mistake is made then click on the delete row button and start again. 

Standard parameters for the selected core level scan are automatically entered into the region row. These can be edited as required by left clicking in the relevant box and entering a new value (don’t forget to press return). The scan limits (start and end) can be displayed by right mouse clicking on the ‘Centre’ text, and selecting ‘start’ from the pop up menu. 

Similarly the dwell time can be changed to total sweep time by right mouse clicking on the dwell text and clicking on sweeps. A custom region can also be defined by simply entering all the parameters manually. When the ‘On’ button is pressed all the ‘Active’ scans will be started in descending order. To select or deselect a scan click on or off the active button. 
For scanned spectroscopy the analyzer must be set to spectrum and not imaging. Use a combination of the lens mode and aperture setting to determine the analyzed area,. When performing small spot spectroscopy the analysis position on the surface of the sample can be defined. 
In the manual mode the active spectrum will be recorded continuously in a continuous loop when the On button is pressed. At the end of each scan the spectrometer will automatically go back to the start and begin the scan again. The scan will be displayed in the right hand side of the real time display window. No data will be saved to the Manager acquisition window at this stage. To save a scan click off while the scan is in progress. The off light will flash and the spectrometer will stop scanning when the end of the scan is reached. A scan object is automatically written to the dataset that is currently open in the acquisition section of the Manager window. To Restart the scan click the restart button, the spectrometer will begin the scan from the start of the spectrum. 

To stop the scan without saving the spectrum click on the Off button. While it is flashing click on the Restart button. 

Map 
In the manual mode choose Map to record a scanned map of the sample surface. Such a map is usually only recorded during instrument set up or alignment as parallel XPS imaging has superseded this option. 

Line Scan 
Line scans are again normally only used during instrument set up or alignment. 

Snapshot 
If snapshot is selected then the width column and step size column of the energy region table will be greyed out. and it is not possible to edit these columns. 

A snapshot spectrum is recorded without scanning the photoelectron energy, therefore, width and step size are now not applicable. The HSA is set at the energy defined in the ‘Center’ box and the spectrum width is simply determined by the pass energy used. The actual width of the spectrum is approximately 10% of the pass energy, i.e. 16 eV at a pass energy of 160 eV. Hence as there are approximately 100 counting channels in spectrum mode the step size at 160 eV pass energy would be approximately 0.16 eV. 

A typical snap shot would be recorded in ‘Spectrum’ mode using ‘Hybrid’ (large area analysis) or ‘F.O.V.2’ with a pass energy of 160 eV for small spot snap shots. The dwell time should be greater than 2000 ms. 

al. How to take XPS and UPS data

xli. General details

1. Sign in on the written logbook and note the comments of the previous users.

2. Verify that the SAC pressure is < 1E-8 torr and STC pressure is < 5E-7 torr on the vacuum control unit display.  If vacuum levels are higher than these values, notify instrument staff and do not proceed.
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3. Turn on the computer display screen

4. Verify that XPS software is still open and that the controller processor unit displays “d3”

5. The manual control window should be displayed on the screen.  If it is not, click on the “Manual” zone in the top task bar.

If the software is not open, the controller processor unit will not display “d3”.  You will need to re-start the software and re-calibrate the stage.  The procedure for doing this is found in the section “Start up procedure for when computer or software has been shut down” at the end of this document.

Never close any windows, as this will shut down the program and require you to re-start the software and re-calibrate the stage

xlii. Running procedure

Performing a survey scan
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1. Click on the “Manager” zone in the top task bar to open the Vision Instrument Manager work area

2. Click “resume” (a in figure above) button at the top of the window to set to Automatic mode.

3. Choose the “Dataset” button

a. Enter a filename for storing your data in the filename field

b. Enter a name for this flow chart item in the name field. (e.g., Filename)

4. Click on the middle mouse button to paste the “Filename” sequence in the flow chart section of the manager window.

5. Choose the “Acquisition” button and set up the parameters for the survey scan.  The following are typical values (See also Acquisition Conditions Reference Sheet):

a. Name: Survey

b. Standby Control: Leave On (leaves X-rays on after scan completed)

c. Analyzer 

i. Mode: Spectrum

ii. Lens Mode: Hybrid

iii. Resolution: Pass Energy 160

iv. Aperture: Slot

d. Detectors enabled: 115

e. X-Ray PSU (Power Supply Unit)

i. Filament: Mono

ii. Emission: 10
Never go above 20, as it will degrade source life
iii. Anode HT: 15

f. Charge Neutralizer: Under Manual Control

g. Scan Control

i. Region Name: Type in “Survey”

ii. Start eV: 1200 (right click on header to change from Centre eV to Start eV)

iii. End eV: -5

iv. Dwell ms: 200

v. # Sweeps: 1

vi. Click on “Active” box

6. Click on the middle mouse button to paste the “Survey” sequence in the flow chart

7. Click on “Submit” to start the flowchart job (Survey scan)

8. If desired, choose “Acquiring” in the view window to see the scan data being collected in the Real Time Window

9. When completed, the scan may be viewed in the Real Time Window by highlighting the item in the acquiring window and middle mouse button “pasting” into the right-hand section of the real-time display window.

a. Using mouse control menus you may zoom in on regions of the scan, change the scan label, etc.

b. Choose element list from Windows pull down menu to open up an element list for identifying peaks

i. Clicking on peaks of interest in the Real Time Window will cause associated element to display in the element list window

xliii. Data acquisition

Performing spectroscopy around peak(s) of interest
This procedure assumes that you have already set up and performed a survey scan as described previously.

1. Click on the “Manager” zone in the top task bar to open the Vision Instrument Manager work area

2. Click in the flow chart area of the Manager window

3. As was done to create the survey scan, create an acquisition flow chart element with a descriptive name such as “Core Scan”

4. Choose the “Acquisition” button and set up the parameters for the scan.  It is suggested that you use the conditions suggested in the Acquisition Conditions Reference Sheet at the end of this document for a Region or Valence Band energy range scan.

5. Scroll to Scan Control Section and enter in desired scan settings using one of the following methods:

a. Use Element List

i. Choose element list from the pull down Windows menu

ii. Click on a peak of interest in the Real Time Display Window

iii. Click on the associate element in the element list, and the scan settings for that element will be automatically loaded in the scan control settings.  You may choose multiple elements from the element list to enter multiple lines in the scan settings

b. Enter region name in manually (e.g., O 1s) and settings will automatically load.  (Note – region name must match exact spelling and case of entry contained in database)

6. Click on “Active” box beside each row in the Scan Control Section for which you want a scan to be made

7. Click on the middle mouse button to paste the “Core Scan” sequence in the flow chart

8. Click on “Submit” to start the flowchart job (Core Scan)

9. If desired, choose “Acquiring” in the view window to see the scan data being collected in the Real Time Window

10. When scans are completed, highlight them in the viewing window and paste into the Real Time Display window to view all scans.

Small Area and Multipoint Spectroscopy

After an image map is taken, it is often desired to collect spectroscopic scans in smaller areas of interest on the sample.  This procedure explains how to take spectroscopic scans in small regions that have been identified from an image map. 
Multipoint Small Area Scans

1. Click on the “Manager” zone in the top task bar to open the Vision Instrument Manager work area

2. Choose the “Dataset” button

a. Enter a filename for storing your data in the filename field

b. Enter a name for this flow chart item in the name field. (e.g., Filename)

3. Click on the middle mouse button to paste the “Filename” sequence in the flow chart

4. Choose the “Acquisition” button and enter a name for this flow chart item in the name field (e.g., Small Spot)

5. Set up the parameters for a small area scan. 

a.  See the Acquisition Conditions Reference Sheet to set values for desired spot size.  Note that FOV2 is the only field of view that is referenced to the various apertures to give the spot size shown in the Acquisition Conditions Reference Sheet.
b. Analyzer mode should be “Spectrum”

c. Enter Scan Control parameters for desired energy and spectra settings.

Typical parameters are:

· Energy width of 15eV around the energy value of interest

· Step size of 0.1

· Dwell time of 200

· # Sweeps = 1

6. Bring up the image map and point the mouse to the area where you want the scan to be performed, and then left click on the mouse button.

7. In the Analysis Position section of the Manager window, click on “Import Position”.  The x,y position of the point identified in the image map will be input. 

8. Click on the middle mouse button to paste the “Small Spot” sequence in the flow chart

9. To perform small area spectroscopy on multiple points in an image map:

a. Copy and paste the “Small Spot” sequence in the flow chart.  Paste as many copies as desired points

b. Go into each small spot sequence, choose the position on the image map and import the position (as in Steps 6 and 7).

10. Click on “Submit” to start the flowchart job 

11. If desired, choose “Acquiring” in the view window to see the scan data being collected in the Real Time Window

12. When completed, the scan may be viewed in the Real Time Window (You may also use the functions in the Process zone to view all scans simultaneously, etc.)

Line Scans

1. Set up a filename and flowchart in the Manager Window (See steps 1-3 in the Multipoint Small Scans Procedure)

2. Choose the “Acquisition” button and enter a name for this flow chart item in the name field (e.g., Line Scan)

3. Set up the parameters for a small area scan. 

a. See the Acquisition Conditions Reference Sheet to set values for desired spot size.

b. Analyzer mode should be “Spectrum”

c. Enter “Line Scan” in the Scan Control Sections

d. Enter other Scan Control parameters for desired energy and spectra settings. (as in Step 5 of Multipoint Small Scans Procedure)

4. Bring up the image map and click and drag the mouse to form a rectangle in the area where you want the scan to be performed.  The line scan will proceed from the upper left corner of the rectangle to the lower right corner.

5. In the Analysis Position section of the Manager window, click on “Import Position”.  The coordinates of the line identified in the image map will be input. 

6. Click on the middle mouse button to paste the “Line Scan” sequence in the flow chart

7. Click on “Submit” to start the flowchart job 

8. If desired, choose “Acquiring” in the view window to see the scan data being collected in the Real Time Window

9. When completed, the scan may be viewed in the Real Time Window (You may also use the functions in the Process zone to view all scans simultaneously, etc.)

xliv. Data processing

The data processing software allows you to change the way in which data is viewed (including overlaying of multiple spectrum scans or images), and also allows you to quantify the results (e.g., weight or atomic per cent of elements)

1. Click on the “Process” zone in the top task bar to open the data processing work area

2. From the “File” pull down menu, choose “Open Dataset for Processing”

3. Click on the “Update” button to load recent datasets

4. Choose the dataset filename(s) for which you want to process the data.

5. See the on-line manual in the “PDF” desktop folder for instructions and explanations of the various features in the Processing software.

am. Angle-resolved XPS and UPS

Reducing the take-off angle of photoelectrons reduces the depth from which the XPS information is obtained. The AXIS Ultra DLD can be used for ARXPS using the standard strip or constant height bars to rotate the sample about the horizontal x-axis. The user should note that whilst the general principles of angular dependent XPS are well known, the ability to obtain accurate and unique quantified concentration depth profiles from this technique are not straightforward. The user is encouraged to read the many articles published to gain further information on the determination of ARXPS concentration depth profiles. 
Further comment should be made regarding the use of the magnetic lens based AXIS Ultra DLD for ARXPS. The solid acceptance angle of the lens/analyzer is relatively large in normal spectroscopy modes. Consequently the depth resolution in depth profiles can be degraded since photoelectrons over a range of angles are being acquired. This effect can be reduced by closing the iris situated at the end of the electrostatic lens column and thus reducing the angular acceptance. Alternatively, for larger samples where the area illuminated by the mono spot can be used to define the analysis area, it is possible to switch to electrostatic lens mode in which the magnetic lens is not used. This has the effect of also reducing the angular acceptance of the lens. 
The experimental procedure outlined below will be split into two sections. The first will describe the process of defining the sample positions at the various angles required for the ARXPS experiment in manual mode. The second part will outline setting up the Manager window to acquire the angular resolved spectra. 
xlv. Defining the Sample Positions for ARXPS in Manual Mode 

Samples for ARXPS should be flat and mounted securely on the sample bar. The geometry of the constant height bar is such that the sample surface should be on the axis of rotation of autostage. It is therefore recommended that this bar is used for ARXPS where possible. The experimental set-up procedure detailed below defines the position of the sample at each required angle by optimizing the XPS signal. 
1. After mounting the samples on the constant height bar, load the bar onto the auto stage and optimize the sample height using snapshot mode. 
2. Ensure that the ‘position’ menu option is selected, and save the optimized sample position into the sample position table. 

3. From the Manual window start a snapshot spectrum using 160 eV pass energy. The following acquisition conditions are suggested: 
Analyzer Section: 

• Analyzer Mode: Spectrum
• Lens Mode: Hybrid
• Resolution: Pass Energy 160

• Slot 

Acquisition Control: 

• Type: Snapshot
• Region Name: O 1s (or as appropriate) 

• Center (eV): 530
• Dwell (ms): 6000
• # Sweeps: 1 

X-ray PSU:
• Emission (mA): 5 

• Anode HT (kV): 15

4. Using the autostage software control, rotate the sample towards the monochromatic X-ray source by -15 degrees. This should cause a small decrease in the signal displayed in the real time display.
5. To ensure that the sample position is optimized move the sample in the y-axis, monitoring the bottom left hand rolling display of the in the real time display. 
6. Rotate the sample a further -15 degrees so that the sample is now at -30 degrees with respect to the vertical axis of the electrostatic lens. Repeat the optimization of the y-axis described in (4) above. 
Note that during rotating the sample care should be taken that the sample bar does not collide with the top of the magnetic lens. 

7. Rotate the sample a further -15 degrees so that the sample is now at -45 degrees with respect to the vertical axis of the electrostatic lens. Repeat the optimization of the y-axis described in (4) above. 
8. Repeat steps 6 and 7 so that the sample table now has positions defined for -60 and -75 degrees. This procedure can also be performed for other samples on the sample bar. 
9. The sample positions for the 4 angles are now defined.
xlvi. Using the ‘rotation about a point’ routine to define the sample positions 

The Vision software has an algorithm that will increment the angle of the sample whilst keeping the same sample point at the analysis position. This is useful when ARXPS is required from a specific point on the sample such as a patterned or inhomogeneous sample. 
The algorithm relies on the axis of rotation of the auto stage having been defined in the Vision software. This should be completed during the installation of the spectrometer. Two points with x, y & z coordinates are used to define the axis of rotation and can be seen by clicking on the “increment point use rot. Axis” button. If the values in the boxes are all zero, the axis of rotation has not been set up. If this is the case please contact a Kratos applications specialist (surface.applications@kratos.co.uk) for further instruction. Using the ‘increment point about the rotation axis’ algorithm to automatically define the ARXPS sample positions is achieved as follows: 
1. With the sample normal to the electrostatic lens column (sample horizontal) optimize the sample height using snapshot mode so that the required part of the sample is at the analysis height. 

2. Ensure that the ‘position’ menu option is selected, and save the optimized sample position into the sample position table. Name this position 0 degree to indicate that the sample is normal to the lens axis. 

3. Left click on the row directly below the 0 degree position so that it is highlighted by a black box around the row. 

4. Scroll down to the ‘Increment’ section and left click on the “Insert Point Use Rot. Axis” menu option. This action will bring up the defined rotation axis. 

5. Enter a number of degrees tilt for each step and the number of steps, or increments, e.g. 15 degrees for each step and 5 increments. 

6. This automatically increments the 0 degrees point in the position table by 15 degrees each step for 5 steps. The software uses the axis of rotation information to keep the initial point at the analysis position while the sample is tilted. This ensures that the analysis is taken from the same general area on the sample at all take off angles. 

7. Label each position 15 degrees, 30 degrees etc.

The sample positions have now been defined therefore the next step is to construct the experimental flow chart. 
xlvii. Defining the ARXPS Experiment in Manager 

In this section it is assumed that the user has defined a set of sample coordinates in the manual window and these are present in the position table. The steps required to achieve this are discussed in the previous section. Here the user is guided through setting up the ARXPS experiment using the Vision Manager. 
1. Chose a new flow chart area or “cut” the existing flowchart to create an empty acquisition status window. 

2. Select the “dataset” button and enter the pathname using the “browse” button. Modify the dataset name to “ARXPS.dset”, give an object name “file” for the flowchart display and paste the filename object into the flow- chart region. 

3. Select the “acquisition” button and define a large area survey scan, as detailed in Section 7.3.1. Note that this lens mode uses the magnetic lens and will therefore have an acceptance angle of +/- 20 degrees. Name the flowchart object ‘survey’ and paste into the acquisition status window. 

4. Make sure that the “survey” flowchart object is not selected and appears light grey. Edit the acquisition parameters to define a high resolution, narrow region scan over the O 1s, C 1s and Si 2p regions. Note that if the Al foil sample is being used, the Si 2p region should be replaced by Al 2p. 

5. Type the name “regions” and paste into the flowchart after the “survey” object. The flowchart should appear. 

6. Select the “state change” button highlighted. 

7. Select the “position table” and then “load position table’” software buttons. The position table with the sample positions for the ARXPS experiment will now be displayed in the window with each angle on a separate row. Leaving the “dataset name” column blank type in “angles” in the object name and paste into the flow chart between the “file” and “survey” objects. The flow chart should appear. 

8. In the ‘state change’ window, select the “counter” button. Type “9” in the text box for the number of loop back operations required. Name this object “loop” and paste into the flowchart after the “regions” object. 

9. To acquire the spectra from all the defined angles, a “loop back” command must be included in the flowchart. To do this, highlight the four objects; “angles”, “survey”, “regions” and “loop” in the flowchart and right mouse click on the background region to bring up the menu. Select “loop back” and then “jump to”. The flowchart is now complete.

The “jump to” operation in the flowchart will ensure that the experiment moves to the end after spectra have been collected from each of the stage positions defined in “angles”. If the “jump to” operation was omitted from the flowchart, the “loop back” operation would dominate and the operation would simply loop round nine times. The experimental flowchart can now be submitted and the ARXPS data acquired automatically. 

an. Spatially-resolved XPS Imaging

The imaging mode allows you to pick specific peak energies and make a spatial map of their locations on your sample.  You will typically follow these steps to perform imaging:

1. Pick one element or chemical state energy peak value of interest (e.g., from your survey scan)

2. Optimize the sample height to bring the image map of this energy value into best resolution

3. Set up an image mapping flowchart in the manager to collect image maps of all energy peak values of interest
xlviii. Optimizing Sample Height

1. Click on the “Manual” zone in the top task bar to open the manual control window.

2. Scroll to Manipulator section in the Manual Control Window and click on “Position” box if the position table rows are not displayed

3. Insert increments of Z positions in the table by inputting increment parameters in the section below the position table

4. Click on the “Manager” zone in the top task bar to open the Vision Instrument Manager work area

5. Choose the “Dataset” button

6. Enter a filename for storing your data in the filename field

7. Enter a name for this flow chart item in the name field. (e.g., Filename)

8. Click on the middle mouse button to paste the “Filename” sequence in the flow chart

9. Choose the “State Change” button and enter a name for this flow chart item in the name field (e.g., Position)

10. Choose the Sample Position button and load the position table.  This will load all the rows in the position table that was created in the manual control window.

11. Click on the middle mouse button to paste the “Position” sequence in the flow chart

12. Choose the “Acquisition” button and enter a name for this flow chart item in the name field (e.g., Map)

13. Set up the parameters for general alignment imaging (see Acquisition Conditions Reference Sheet):

a. Analyzer

i. Analyzer mode: Imaging

ii. Lens Mode: FOV1

iii. Resolution: 160

iv. Aperture: Low Res

b. Scan Control

i. Choose Map

ii. Enter region name or energy value based on element or chemical state energy peak value of interest

iii. Dwell: 20 (or longer if a low intensity peak)

iv. # Sweeps: 1

14. Click on the middle mouse button to paste the “Map” sequence in the flow chart

15. Choose the “State Change” button and enter a name for the counting flow chart item in the name field (e.g., Count)

16. Choose the Counter button and enter the # of cycles.  This should be the same as the number of Z increments that were entered in the position table

17. Click on the middle mouse button and paste the “Count” sequence in the flow chart

18. In the flowchart area, highlight the “Position”, “Map” and “Count” items.  Then right click and choose “Loop Back”

19. Click on “Submit” to start the flowchart job.  An image map will be taken and a file created for each Z height setting that was entered.

20. If desired, choose “Acquiring” in the view window to see the image data being collected in the Real Time Window

21. When run is completed, highlight the files in the viewing window and paste into the Real Time Display window to view all maps.  (You may also use the functions in the Process zone to view all maps simultaneously).

22. Choose the optimum image and note which Z position produced that image

23. Click on the “Manual” zone in the top task bar to open the manual control window.

24. Scroll to Manipulator section in the Manual Control Window and highlight the row in the position table which contains the optimum Z value

25. Click on “Go to Position”. This will move the stage to the optimum Z height

xlix. Setting up an image mapping flowchart

1. Click on the “Manager” zone in the top task bar to open the Vision Instrument Manager work area

2. Clear all flowchart items from the Z optimization flowchart

3. Choose the “Dataset” button

4. Enter a filename for storing your data in the filename field

5. Enter a name for this flow chart item in the name field. (e.g., Filename)

6. Click on the middle mouse button to paste the “Filename” sequence in the flow chart

7. Choose the “Acquisition” button and enter a name for this flow chart item in the name field (e.g., Map)

8. Set up the parameters for elemental or chemical state imaging (see Acquisition Conditions Reference Sheet):

9. Analyzer

i. Analyzer mode: Imaging

ii. Lens Mode: Typically FOV2 

Note: FOV2 is the only field of view that is referenced to the various apertures to give the spot size shown in the Acquisition Conditions Reference Sheet.
iii. Resolution: 160 for elemental imaging, 40 or 80 for chemical state imaging

iv. Aperture: 

1. FOV2: Medium Res or High Res

2. FOV3: High Res

10. Scan Control

i. Choose Map

ii. Enter region names or energy values based on element or chemical state energy peak values of interest (Multiple energy values can be entered on separate rows to map multiple elements or chemical states)

iii. Dwell: 20 (or even much longer for a low intensity signal or at lower pass energy)

iv. # Sweeps: 1 (or more if desired)

11. Click on the middle mouse button to paste the “Map” sequence in the flow chart

12. Click on “Submit” to start the flowchart job.  An image map will be taken and a file created for each energy value that was entered.

13. If desired, choose “Acquiring” in the view window to see the image data being collected in the Real Time Window

14. When run is completed, highlight the files in the viewing window and paste into the Real Time Display window to view all maps.  (You may also use the functions in the Process zone to view all maps simultaneously or overlap maps, etc.)
9. Ion Gun

ao. General Consideration

This section is intended to provide an overview of the ion gun and associated electronics. The gun is designed to operate between 5 kV and less than 100 V. Use inert gases only, Argon, Neon or Helium. The ion gun is differentially pumped via the STC turbo molecular pump. Differential pumping enables the pressure in the SAC to remain 104 times lower than the pressure in the ion source. The ionization chamber is separated from the main optics by a transfer lens. Differential pumping is situated between the ionization chamber and the remaining optics. A bend in the ion optics between the condenser lens (spot size lens) and the objective lens (focus lens) removes neutral atoms from the ion beam. Alignment plates deflect the ions around the bend. Following the focus lens a set of deflection electrodes are used to scan the focused ion spot across the sample surface. 

ap. Typical Operation

This section describes the normal manual operation of the floating ion gun. It is assumed that the ion gun has been installed and a table of standard operating conditions created. Furthermore, it is also assumed that the ion gun has been correctly aligned with the analysis position. For alignment instructions, manual operation of the ion gun is defined as switching the gun on from the manual window. For automated depth profiling the ion gun is controlled from the instrument manager window. 
l. Starting the flow of Argon 

Before setting the ion gun to standby the argon gas must be introduced into the ionization source. The procedure below assumes that the leak valve has previously been set to the correct pressure. Follow the instructions below to switch on the argon gas: 
1. Bring up the manual window, scroll down to the Vacuum control section and select Automatic Sequences. 

2. Check that the STC pressure is below 1E-6 torr and that the SAC pressure is below 5E-7 torr. 

3. Check that the SAC-STC value is closed and that the ion gun differential pumping value (V2) is closed. 

4. Click on the Ion Gun Gas On automatic sequence. 

5. This automated sequence opens the ion gun differential pumping value (V2) and the Argon gas inlet valve (V8). 

6. The pressure in the STC should increase to approximately 1 or 2E-6 mbar. 

li. Switching the ion gun on 

This section describes switching the ion gun to standby from off then switching the ion gun on. It assumes that the Argon gas pressure has been set according to the above procedure. 
1. Scroll down the manual window to the ion gun section, click on the following tick boxes: Controls; Status; and Table. 

2. Select the required ion gun operating conditions by left clicking on the relevant row in the table so that it becomes highlighted. 

3. Click on the Restore Row button to download the saved ion gun settings from the table to the ion gun control. Parameters downloaded from the table include: Source HT; Extractor current; Float voltage; Con- denser (L2) voltage; Focus (L3) voltage; Align X; and Align Y. 

4. Left click on the Standby button, to set the ion gun to Standby. On pressing the Standby button the software begins to slowly ramp up the filament current. The filament current will continue to rise until one of three limiting factors are reached: (1) the requested ion emission current is achieved; (2) the filament software current limit (usually set between 2.4 and 2.8 amps); (3) the electron emission current limit (30 mA). It may take up to 10 minutes for the correct ion current to be reached and the read-back value may well overshoot the set value until proper control is established. If the requested ion emission current is not reached it may be due to insufficient gas pressure. Increase the pressure by turning the leak valve anti-clockwise to allow more Argon gas to enter the ionization chamber. The STC pressure can be varied between 8E-7 torr and 3E-6 torr. 

5. Once the set ion current emission current has been reached and has stabilized left click on the On button, to switch the ion beam on. The set HT will be applied and the align X1 and X2 voltages will also assume their set values. 

lii. Switching the ion gun off 

Follow the instructions below to manually turn the ion beam off. 
1. If the ion gun is to be used again in the near future then it can be left in the standby mode with the gas on. Click on the Standby button. This sets the ion gun to the standby state. 

2. If the ion gun is not to be used for some time or the Argon gas is to be turn off then the ion gun must be switched off. Click on the Off button (the ion gun can be switched to off from the On state or the Standby state). When set to off the HT is set to zero (if on) and the filament current is ramped down to zero, which reduces the ion and electron emission currents to zero. 

3. The Argon gas can now be switched off. Scroll down to the Vacuum Control section and click on the Ion Gun Gas Off Automatic Sequence. 

N.B. if the Argon gas supply is switched off while the ion gun is switched to On or Standby then the filament current will increase to the software filament current limit. While this may not necessary dam- age the filament the situation should be avoided in normal operation. The sequence automatically closes the Argon gas inlet valve (V8) followed by the Backing valve (V3). The Argon gas line pumping valve (V9) opens to pump the Argon gas line out between the leak valve and Argon gas inlet valve (V8) using the rotary pump. After a set time the Argon gas line pumping valve (V9) closes and the backing valve opens (V3). Finally the ion gun differential gas pumping valve is closed to complete the sequence. 

aq. Alignment and Calibration

This section describes tuning of the ion beam size and focus at the specimen and how to align the ion beam at the analysis position. It should be noted, however, that several ion gun operating conditions will have been determined by the Kratos engineer and stored in the ion gun table. These notes are included in case the user has a particular application, which is not covered by the standard settings, or if the ion gun needs to be realigned for any reason. Before commencing a detailed description of how to tune the ion gun a few general points about tuning will be considered. 
Increasing the voltage on the condenser lens (L2) will generally decrease the size of the ion spot at the specimen. At a set beam energy, as the con- denser voltage is increased the focus voltage (L3) needed to produce a focused ion spot on the sample will decrease. As the condenser voltage is reduced at a given beam energy then the focus voltage (L3) will increase. 
Generally the smaller ion spot sizes at the specimen are achieved at the higher beam energies. The minimum beam diameter at 4 kV is usually between 200 and 250 microns. 

liii. Imaging the ion spot 

It is extremely useful to be able to image the ion spot in real time during the alignment process. To accomplish this a separate electrostatic lens mode is enabled which has a large field of view allowing the ion spot to be easily located and its position adjusted. This lens mode is labeled Field of View 4 and should have been set up by the installation engineer. If it is not present on your system then please consult Kratos. 
N.B. Imaging the ion spot for prolonged periods or at high intensities can damage the channel plate detectors. For this reason time imaging the ion spot should be kept to a minimum, imaging high resolution mode should always be used (to ensure that the iris is at its smallest setting) and steps should be taken to reduce the number of secondary electrons produced (e.g. by decreasing the extractor current setting to 10 or 20 mA). 

1. Position an area of the platen, which has no sample, mounted on it at the XPS position and set it to the correct analysis height. 

2. Go to the Parallel XPS imaging section of the Manual window. Select running integral with an integration time of 5 seconds and a refresh time of 0.25 seconds. 

3. Change the analyzed energy to kinetic energy and select a low energy to image, e.g. 400 eV. 

4. Select Imaging for the analyzer mode, Field of View 4 for the lens mode, Pass Energy 160 and Imaging high resolution (sometimes labeled Imaging dia. 3 mm). 

5. Restore the ion gun settings, which are to be tuned by clicking on Restore Row. 

6. Start the argon gas flow. 

7. Switch the ion gun to standby and wait for the requested ion extraction current to be reached. 

8. Set the raster size to zero. 

9. Switch the ion gun on. 

10. Reselect the imaging aperture (as the iris drive is driven to the sputter shield in position when the ion gun is switched on). 

11. Switch the parallel imaging to On. This should open up a section in the bottom left hand side of the real time window. If the image fails to appear then it may be necessary to increase the size of the imaging section, in the real time display, by left clicking on the divider tab and dragging out the tab to make the section larger. 

liv. Positioning the Ion Spot 

If the ion gun is mechanically well aligned to the analysis position then the ion spot should now be visible in the imaging window. However, if the ion gun has been moved mechanically it is possible that it could be pointing well away from the correct place. If this is the case then the ion spot can be repositioned by mechanical adjustment of the ion gun. Please note that it is imperative to contact a Kratos engineer before moving the ion gun as it is possible to cause a significant amount of damage to the ion gun and/or the lens column. The following instructions assume that the preceding section on imaging the ion spot has been read and that the ion spot is now visible in the FOV4 imaging mode. 

1. It is first necessary to determine the analysis position in FOV4. Switch the ion gun to standby. 

2. Turn on the X-ray source and note the position of the X-ray spot in the imaging window. 

3. Switch off the X-rays and switch the ion gun back to On, making sure that the raster is set to zero. 

4. Make sure that the tuning section of the ion gun control is visible. 

5. Adjust the offset X and Y voltages to ensure that the ion spot is coincident with the X-ray spot. 

N.B. If large offsets (negative or positive) are required to position the ion spot then it is an indication of poor mechanical alignment of the ion source. As the same electrodes (octapole deflection plates) are used to provide the offset voltages and raster the ion spot, then large offset values can reduce the raster size available. If this is the case then a warning message will be displayed. This may not be a significant problem, however, as it still may be possible to create a sufficiently large raster area. 

lv. Tuning the beam 

This section outlines a method for tuning the ion beam to produce a smaller beam diameter or a larger ion flux. The instructions below assume that the ion spot can be imaged and has been positioned to be coincident with the X-ray spot. 
1. Switch the ion gun gas on. 

2. Select the pre-set row to be turned in the ion gun table and switch the ion gun to standby. 

3. Switch the ion gun on. 

4. Reselect the imaging aperture (as the iris drive is driven to the sputter shield in position when the ion gun is switched on). 

5. Switch on ion gun imaging. 

6. Turn on the sample current read-out by selecting the bias button, and clicking on the active button. 

7. Set the appropriate scale to read the ion beam current. As a guide the ion current on the sample for beam energies of 2 kV and above should be between 1 and 5 m. Lower beam energies produce correspondingly lower ion currents. 

8. Adjust the Condenser voltage and Focus voltage to minimize the spot size or maximize the sample current as required. 

9. When the required settings have been optimized, change the Align X voltage to maximize the measured sample current. Increasing the voltage on the condenser lens (L2) will generally decrease the size of the ion spot at the specimen. At a set beam energy, as the condenser voltage is increased the focus voltage (L3) needed to produce a focused ion spot on the sample will decrease. 

10. To save the changes click on Update Row. 

ar. Sample Cleaning

It is suggested that you acquire a spectra on peaks of interest before and after performing a sputter clean so that a comparison can be made and the effect of the clean determined.  (See procedure for performing spectroscopy around peaks of interest).  For example, you may want to look at the oxygen and carbon peaks before and after sputtering to verify that they have decreased sufficiently and the sample peak of interest to determine that it has increased sufficiently.

1. Click on the “Manual” zone in the top task bar to open the manual control window.

2. Scroll to the Vacuum Control Section and choose Automatic Sequence

3. Click “Ion Gas” On and look for the valves to open.  This opens the valves to allow the Argon gas in for sputtering.

4. Scroll to the Ion Gun Section and choose Table button.  The table contains preset setting for various ion sputtering conditions.

5. Choose the 4 kV Large Spot row in the Table (for depth profiling, choose the 4 kV medium spot and a raster of  2 mm should normally suffice)

6. Click “Restore Row” to enter these settings. You may click on the “states” button to watch the sputtering parameter values

7. Choose desired Raster Size in Operation Settings

8. Click on “Standby” to ramp up voltage and currents.

9. After ramp-up complete, click on “Start” to start the sputter process

10. Allow to run for desired time. (Typical time is 10 minutes for a sputter clean)

11. Click on “Standby” after desired time has elapsed

12. Perform a spectra around the peaks of interest and compare post-sputter spectra with pre-sputter spectra.

a. If additional sputtering is desired, click on “Start” and sputter for additional desired time

13. Click on “Off” after acceptable sputter cleaning has been achieved

14. In Vacuum control section, click on “Ion Gun Gas Off” and look for valves to close

The manual leak valve should be set so that the pressure in the SEC is 3-4E-7 torr, the SAC 3-4E-8 torr, and the Ion Pump reading ~7(10-5 amps on the 7 kV setting.  This is all with the gun on.  The regulator takes a little time to respond once the line is opened, and the pressure is still somewhat dynamic early on in the process when the valves have just been opened.

as. Depth Profiling

lvi. Overview

When a relatively thick layer (hundreds of nm) needs to be removed and inter-layer resolution is of secondary importance it is advisable to use a high energy ion beam. This has the advantage of allowing a fast depth profile over a well-defined small area. The higher the beam energy the more rapidly the specimen is eroded away for a given beam current density. This is because the sputtering coefficient (nominally the number of sputtered atoms eroded from the surface per incident ion) is greater for higher bombardment energies. At relatively high beam energies (e.g. 4 keV) more ion current can be delivered and smaller beam diameters are achieved. The ‘brightness’ of the source (expressed as the current per unit area of the source into unit solid angle (Amp/cm2/sr) is higher for higher accelerating volts. Also the chromatic aberration at higher beam energies is smaller because the spread of ion energies from the source is small compared with the overall beam energy. 
If an improved interlayer resolution is required the incident ion energy may be reduced to approximately 2 kV. This reduces the chemical damage to the sample and minimizes interlayer ion beam mixing. 
Rastering the ion beam across the sample surface and collecting information from the middle of the etch crater, ensures that the XPS spectra are representative of the middle of the square etch pit and not of the edge where the ion beam may have caused uneven etching (‘edge’ effects). Note that the ion beam centre needs to be well aligned with the analysis position so that spectra are recorded from the centre of the etch crater.
lvii. Determining the Etch Rate

The etch rate produced on a given sample will vary with beam energy, extracted ion current and raster size. However, it is useful to characterize the sputter rate of the ion source in a number on ‘standard’ settings. This can be achieved by etching a sample of known thickness. Such samples can be readily purchased from a number of supplies: 
Standard Reference Materials, National Institute of Science and Technology (NIST), 100 Bureau Drive, Stop 2322, Gaithersburg, MD 20899-2322, USA, Tel: +1 3019756776, 
email: srminfo@nist.gov, web: http://ts.nist.gov/ 

Geller Microanalytical Laboratory, 426e Boston St, Topsfield, MA 01983- 1216, USA. Tel. +1 9788877000, email jg@gellermicro.com, web: http:// www.gellermicro.com 

at. Low Energy Scattering data acquisition

lviii. Overview

ISS is the simplest of all surface analysis techniques, being essentially a determination of how a surface affects an ion beam. A beam of positive ions frequently derived from helium or argon, is directed at the sample. Some of these ions are reflected with the loss of energy appropriate to the simple binary elastic collision of the beam with a particular surface atom. At any fixed scattering angle the energy loss is dependent only on the mass of the surface atoms causing the scattering. An ISS spectrum is easily obtained by recording the number of scattered primary ions collected per second as a function of their energy from zero to the energy of the primary ion beam. The technique is uniquely sensitive to the outermost layer of the surface and is complementary to SIMS methodology. The ability to reverse the polarity of the input lens and analyzer is achieved with a minor upgrade to the AXIS standard electronics makes this a minimal additional cost technique that is especially important for analyses in the coating and joining industries. AXIS Ultra DLD and Nova electronics include ISS capability as standard. 
lix. Preparation

1. Move the sample to the analysis position and set the height as usual.

2. If necessary clean the sample using 4 kV Ar ions.

3. Switch off the ion gun gas.

4. Close the ion gun leak valve.

5. Close the Ar inlet Nupro valve.

6. Check that the He cylinder valve is closed.

7. Open the He inlet Nupro valve.

8. Close the backing valve (V3).

9. Open gas pump valve (V9).

10. In manager click on Mode and select engineer.

11. Click on full manual.

12. Open gas inlet valve (V8).  This pumps out the He line back to the cylinder using the roughing pump.

13. Wait 5 minutes.  Watch the STC pressure gauge, as the STC turbo pump is no longer being backed the STC pressure will rise.  Do not let the pressure in the STC exceed 5E-6 torr.

14. Close V8.

15. Close V9.

16. Wait 1 minute.

17. Open backing valve (V3).

18. Check pressure in STC decreases to usual value.

19. Open the He cylinder to charge the small section of line with He.

20. Close the He cylinder.

21. Run the ion gun gas on sequence.

22. Open the ion gun leak valve to allow He gas into the chamber, set the STC pressure at 1E-6 torr.

23. Select the ISS ion gun mode from the ion gun table.

24. Press restore row to recall the saved parameters.

25. Set the raster size to 0.1 mm.

26. Click on Standby to switch the ion gun to the standby state, wait for 5 minutes for the extractor current to stabilize (this is set at a very low value and the ion gun read back may not reach the selected value.  In practice this will not affect the performance of the ion gun).

27. Switch the ion gun to On.
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lx. Standard Data Acquisition Procedure
1. Restore 1 KV ISS retune in the ion gun table.

2. Click the ion gun on to standby.

3. Set the raster size to 0.1.

4. Wait for the selected extractor current to be reached and the filament current to stabilize.

5. Make sure the analyzer is switched to off by left clicking on the Analyzer Standby State button.

6. Select analyzer mode: spectrum, lens mode: ISS, Pass energy 160 eV, slot.

7. In Acquisition control change technique to ISS, the energy and energy reference should change to K.E.

8. Type should be set to spectrum.

9. Setup a typical scan, e.g. Start energy 200 eV, End energy 1000 eV, Step 1 eV, Dwell 100 ms, # Sweeps 1. 

10. Switch the ion gun to on.

11. Start the scan.

10. AES

au. General Consideration

lxi. Field Emission Gun Control Unit 

The Gun Control Unit provides control of most of the power supplies for the electron gun. This includes lens voltages, lens alignment, stigmator, an extraction voltage, a suppressor voltage and the beam energy supply. The gun control unit also monitors all important operating parameters such as the emission current and indicates any major fault conditions. It is a highly accurate stable power supply with extremely low temperature drift specification to compliment a high performance electron gun system. The system is fully computer controlled by Vision 2 and has front panel LED indication of filament and lens HT status. 

The LED displays are as follows: 

MAINS ON: Illuminated as soon as the mains switch is depressed. 
VACUUM INTERLOCK OK: The unit is vacuum protected via the ion pump current set-point. This LED illuminates to indicate a good vacuum. 
HT INTERLOCK OK: This LED indicates that the HT is enabled via interlocks and may be switched on. 
CABLE INTERLOCK OK: This LED indicates that the HV source cable is connected to the FEG. 
BEAM SUPPLY ON: This LED indicates that the beam supply is enabled. 
SOURCE SUPPLY ON: This LED indicates that the source HV is enabled. 
SCINTILLATOR ON: Comes on automatically with the main EHT and indicates that 10 kV is present at SED scintillator output. It may be switched off after a HT switch on from the Vision electron gun controls. 
PHOTOMULTIPLIER ON: Indicates that the SED photomultiplier HT is active. 
COLLECTOR BIAS ON: Indicates that the SED collector voltage is active. 
FILAMENT RAMPING: Indicates that filament is ramping up or down as directed by Vision. 
FILAMENT FAULT: Indicates that the filament is open circuit. Turn off all voltages to the electron gun and check cable connections. 
lxii. Electron Optics

The electron optics of the FEG gun are shown schematically in Fig. 10-1. 
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Figure 10-1. FEG electron gun schematic.

The electron source is an etched tungsten tip fixed to a tungsten filament which permits the tip to be heated. An extraction electrode is mounted near to the tip to draw off electrons by field emission - the emission being assisted by heating the tip to ca. 1500 oC. This thermal/field emission is known as Schottky emission. The emission of electrons is further assisted by lowering the work function of the surface by coating the tip with zirconium oxide. The emission of stray electrons from the lower parts of the tip and filament structure are suppressed by means of a suppression electrode surrounding much of the tip. 
After extraction the electrons are accelerated, or decelerated in the case of low energies, by means of an earthed final anode. There is another electrode which focuses the beam into a parallel beam or a diverging or converging beam depending on how the electron gun is run. This focusing electrode is often called the “spot size” lens as it has a controlling influence on the diameter of, and current delivered by, the final beam emerging from the gun. 
The electron beam then passes through an electrostatic alignment stage which compensates for any small misalignment of the electron source with respect to the electron optical axis of the system. There is a fine aperture associated with the alignment system which permits differential pumping to the source region of the gun and permits pressures of < 2E-9 mbar to be maintained in the source even though the pressure at the focus of the gun may be as high as E-7 mbar. The alignment stage is followed by a final einzel lens, which focuses the beam onto the specimen. 
An electrostatic 8-pole stigmator is located just before the final lens to correct any astigmatism due to lack of symmetry in the electron optics. 
Four electrostatic deflector plates are mounted just after the final lens to scan the electron beam across the sample in a rectangular raster, as in a T.V. display. 
Electrons emitted from the specimen, under the influence of the incident high energy scanning beam, are detected by a Secondary Electron Detector (SED) which consists of a scintillator with a collector grid mounted in front of it. The scintillator is optically coupled to a photomultiplier. Signals from the photomultiplier are amplified and fed back to the computer via the power supply units. 
The magnification is set by varying the scan amplitude supplied to the electron gun. 
Special Notes on the Electron Emitter 
For the thermal/field (T/F) or Schottky emitter to function satisfactorily it is necessary for the vacuum in the emitter region to be maintained at a vacuum better than 1E-9 torr. This vacuum maintains the integrity of the zirconium oxide layer on the tip and also eliminates micro-electrical discharges. Should the vacuum degenerate to pressures higher than that equivalent to a pump current of 4E-9 torr then the tip chemistry will be destroyed and the tip will cease to emit. Care has been taken to provide interlocks, which will prevent the tip from being exposed to poor vacuum, but the operator should make a point of ensuring that the vacuum in the source region should not degenerate. The source region is provided with its own ion pump to maintain a good vacuum. 
To ease replacement and alignment in the source region the various source electrodes (emitter, extractor, suppressor, spot size lens electrode and final anode) are all mounted together as a replaceable unit - the assembly being called the exchange module. The concept of the exchange module is shown in Figure 2, in which the various electrodes are identified. Should the tip fail then the exchange module can be removed, the tip easily replaced and the exchange module replaced in the gun. 

Electrostatic Discharge 
Electrostatic discharge (ESD) can damage the T/F emission tip. It is important to take precautions to prevent ESD from damaging the emitter. Under normal operation with the FEG installed on the instrument the emitter is protected and any discharge will be unable to damage the tip. 
With the FEG attached to the vacuum chamber the only time the emitter could be damaged by ESD is if the multiway HV cable is disconnected. An electrostatic discharge to the pins of HV feedthrough with the cable disconnected may damage the emitter. A discharge either directly to the pins of the feedthrough or through the cable if it is disconnected from the power supply may cause damage. 
The chances of accidental damage can be reduced if the dust cap that is supplied with the FEG is fitted to cover the feedthrough whenever the multiway HV cable is disconnected. 

The emitter is most likely to be damaged by ESD if it is removed from the gun for any reason, or when a new replacement emitter is fitted. The following ESD precautions must always be taken from the moment the HV cable is disconnected from the gun, when working on the inside of the gun or replacing the emitter. 

Always wear anti-static gloves. These are provided by Kratos when a new replacement emitter is supplied. Do not wear the anti-static gloves under or over other gloves as their effect will be negated. 

· Take care to earth yourself before touching any assembly that includes the emitter. Ideally you should use an ESD wrist strap. However if this is unavailable then at the very least this should include touching an earthed metallic object (the vacuum chamber) before handling the assembly and standing still while working. (Please follow normal precautions when using an ESD wrist strap. The wrist strap should not be worn if there is any possibility of contact with exposed voltages) 
· Ideally any work should be performed in an electrostatic protected area (EPA) within a clean room. However if this is unavailable then work on an earthed clean metallic surface (for example the metallic bench top above the electronics rack of the Axis Ultra is suitable if it is thoroughly cleaned and cleared of all other items, particularly paper and plastic). 
· Do not use any air guns or aerosol cans of air or any other gas. These produce highly charged gases that increase the chances of damaging the emitter. 
The Electron Gun System Configuration 
The electron gun system is a compact system designed such that the control electronics are able to fit within the existing instruments console. The system comprises: 10 kV thermal field emission electron gun, 20 L/s ion pump for the gun source region, ion pump control unit, secondary electron detector, and computer controlled electron gun power supply.

AXIS Auger General Principles of Operation. 
The AXIS spectrometers are classically designed systems whose major advantage (and innovation) lies in the use of a high efficiency transfer lens and high resolution energy analyzer. In a general Auger spectrometer, the source is a finely focused beam of electrons, the sample is a solid held horizontally, and a system of electron optical lenses is used to transfer (and retard) photoelectrons emitted from the sample into an energy analyzer. 
In the case of Auger analysis, the input lens is operated in a high efficiency mode to provide a wide collection angle from the specimen. The transfer lens provides optimal matching between the input lens and the requirements of the hemispherical analyzer thus providing maximum sensitivity. 
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Figure 10-2. AXIS spectrometer schematic.

Signals from the detector (either eight Channeltrons or a delay line detector) are amplified and shaped and then counted. Counts per energy increment are transmitted to the VISION software for further processing. The instrument processor controls the lens and analyzer voltages locally to conform with the parameters sent by the VISION 2 system and with the calibration functions and routines which it stores. The 180o hemispherical analyzer acts solely as an energy dispersive device. In this way each element of the spectrometer performs a particular task to best advantage, without undue complexity or over complication, thus maintaining performance and efficiency. 
av. Typical Operation

This chapter provides information on how to obtain and process SEM images, AES spectra and AES Maps. It is assumed that the instrument is performing correctly and that all cables are connected and that the vacuum is below E-8 mbar in the sample analysis chamber (SAC). 
CAUTION: This chapter of the manual assumes that a zirconiated tungsten Schottky field emitter is being used and consequently refers to a maximum filament current as indicated by the supplier. This value should be entered as a limiting value in the software to ensure that it is not exceeded. Excessive tip heating current leads to rounding of the tip (with loss of resolution) and shortening of the life of the emitter. If the current is exceeded significantly (say by 60 mA) for any length of time the tip may lose all the zirconium oxide and cease to emit. 
The entire SEM/AES/SAM system is controlled through the VISION 2 data system. The electron gun operating parameters are set using the SEM Control Window available from the Manual Control Panel. Conditions set are retained for acquisition of AES spectra and maps from the same area. The AES sensitivity may be optimized using the Manual Control Panel. 

System Description 

The scanning Auger accessory is used to bombard the sample with a finely focused beam of high energy electrons. The effect of this beam is to excite the atoms of the sample to a higher energy state. The atoms rapidly de-excite, producing a continuous spectrum of electrons (up to primary beam energy) and Auger electrons (and X-rays), which have energies characteristic of the atom from which they have been generated. Thus, if the energy of the Auger electrons is determined, an elemental analysis of the sample can be made. Auger electrons are used in preference to X-rays for the analysis in this case because:- 
(a) The spectrometer will analyze the low energy Auger electrons from elements of low atomic number as easily as the more energetic Auger electrons,
(b) Auger electron analysis is a surface sensitive technique, while X-ray analysis only gives a bulk analysis, i.e. from a depth of approximately 0.7–2 microns. 

aw. How to take AES spectra

lxiii. From SEM mode
Determining AES Analyzer Analysis Area 
To determine the size of the analysis area the electron gun is scanned over an area, which is larger than the AES input lens analysis area. It is generally a good idea to carry out this procedure at two beam energies, one high and one low (say 10 kV and 1 or 2 keV), to ensure that the same area is seen at different energies. If the two areas at different energies are significantly in different positions then the magnetic screening round the gun should be checked. The surface being scanned should be uniform to avoid confusion arising from topography on the sample - a polished Cu stub serves well as a specimen. An AES map at a suitable energy is then obtained. It is usually easier to first acquire a wide scan spectrum to check that suitable Auger peaks are generated (e.g at 917 eV). 

Ensure the beam current is less than 10 nA to prevent large count rates damaging the analyzer detector. The sensitivity of the AXIS Ultra is such that at say 100 nA beam current, count rates >E7 counts/sec could be generated which would overload and damage the detector. 

It is probably best to start these experiments with the “slot” in the analyzer lens system. A slot shaped area will be seen on the real time display. After this the slot can be replaced by the 2 mm diameter aperture, which will aid centering up of the analysis area. 

A rapid 32(32 pixel map, with a dwell time of 5 ms will usually be adequate. The image should show a bright area in the centre of the image. If the image is off to one side, then the sample height may need adjusting to centre the bright area. If the bright area cannot be centered by changing the height, then the electron gun alignment may need adjusting. Use the non-magnetic spanner provided for this operation. For further advice on this procedure consult your local Kratos Service Office. There is risk of serious damage to both field emission gun and spectrometer if the mechanical alignment of the gun is not done with great care—particularly ensure that the end of the electron gun does not ‘hit’ the bottom of the analyzer lens. 
Selection of Analysis Area 
The analysis area must first be selected. This can be most simply achieved by moving the sample whilst monitoring the position on the SEM image in real time. The raster size (magnification) may then be decreased (increased) until signal is only coming from the feature of interest. An alternative and more usual way is to use the SEM Control Window. 
Use of SEM Control Window 
The SEM image may be obtained at a lower magnification using the full size raster. The Raster Size may then be reduced to a lower percentage, a very small raster or spot. The position of the analysis area within the total analysis area may be changed by holding left mouse button on the Raster Offset Box and dragging in the required direction. During this operation the display box can be observed on the SEM Monitor. Due to the spot being small it is generally easier to move and position a small raster box and then change to Spot. A small raster may be preferred over Spot since charging effects on any insulating particles will be less. If the raster area is large, or goes across the edge of a feature, then the spectra may show some modulation due to the raster. A shorter Raster Dwell Time may minimize this effect. The analyzer input lens has a detection area of about 1 mm so care should be taken to avoid placing the spot outside this region. 

When the analysis position has been determined the SED collector volts are set to zero to avoid disturbing the acquisition. Go to the Manager window and with the acquisition selected click the electron gun radio button, this will remove any unwanted controls from the acquisition window. 

The spectrum may now be acquired using acquisition control within the Manager window. Submit the acquisition in the same manner as for XPS except take care to have AES mode selected. 
Choice of AES Acquisition Parameters 
The AES spectrum will be acquired with the current conditions that the electron gun is operating with (focus, raster, spot size, magnification etc.). Selecting a larger spot size will obviously reduce the acquisition time. A typical acquisition time may be 120 seconds but this may need to be increased up to a total of several hundred seconds, particularly at smaller spot sizes. 
For survey spectra, the typical acquisition range is 50–1700 eV. This will include most of the major peaks from all detectable elements. A step size of 1 or 2 eV is recommended. 

A fixed retard ratio of 6 is suggested as this gives adequate energy resolution and good sensitivity. Higher retard ratios may be used when trying to distinguish closely separated peaks. 
The Lens Mode (of the input lens to the HSA) should be set to AES. The Detector should normally be set to have all detectors enabled for spectroscopy. (8 Channeltrons or 127 channels of a DLD system). 
lxiv. AES Mapping and Line Scans

Choice of Acquisition Parameters 
It is first necessary to have set up the area to analyze using the SEM facility. It is also advisable to have a spectrum acquired from within the same area, to allow the exact peak energy to be determined. This will prevent the wrong energy being mapped e.g. due to shifting of the peaks resulting from “chemical shifts” or sample charging. 
The FRR ratios available are FRR3, 6, 11 and 14. A lower FRR retard ratio is advisable for mapping (i.e. FRR3 or FRR6) since a higher intensity will be achieved. Set up the acquisition parameters similar to below: (The summed button should be selected for the detectors enabled when using a channeltron detection system). 
Display the saved image from SEM in the real time display window and using the mouse click left and hold on the image, pull the cursor across to draw a square around the area to be mapped. The square or rectangle formed will determine the start and finish coordinates.

Press import in the acquisition window to copy these coordinates into the analysis position start and end position boxes.

The map may contain up to 512(512 pixels but for most applications this is excessive and adequate maps may be obtained with 128(128 or 256(256 pixels (or even with 64(64 pixels). A dwell time of between 5 and 40 ms is usually suitable, with longer dwell times required for weaker signals. Multiple sweeping of the image is possible but the user should be aware that drift of the analyzed area due to thermal variations may occur, in which case the image may show multiple copies of the same feature. The alternative is to scan each region slowly, in which case the drift will be spread across 1 frame of the image. Such drift is only significant when imaging very small features at very high magnifications. 
It is possible to “interleave” a number of different maps in the same way as for spectral regions. However, Real Time Display will only display one of the images (no choice is available) and each image is acquired 1 line at a time. It is not really suitable where the user is interested in watching as the data is acquired, since an overhead in time can result. The advantage of this method is that all the images will be more closely spatially correlated, minimizing the effect of thermal drift. 
On submission of the map acquisition a green cross will appear on the SEM monitor window. Its initial position marks out the start point of the map and when the map starts to acquire data it traces out the mapped area. 
Use of Background Maps 
An Auger peak is generally small, sitting on a large background arising from scattered electrons. The background scattering does vary significantly with material, so an Auger map using only the peak may be dominated by the background. One solution is to acquire a second map at an energy chosen to represent the background near to the Auger peak. It is then possible to subtract the two maps using the calculator effectively resulting in a map of peak minus background. 
The resultant image produced from the peak minus background can be taken further if required to provide a topographically corrected image. To do this it must be divided by the background image, again using the calculator function. 
lxv. AES Line Scan 

To perform a line scan as in the case for mapping a SEM image or map must be first acquired from which a line scan can be taken. With the image displayed in the same manner as used to define the area for mapping the coordinates for the line scan can be defined. Click and hold the left mouse button on the position to start the line scan and then stretch the displayed rectangle across the area of interest. A line is drawn out between the diagonal corners of the rectangle defining the line scan coordinates. 
From the Manager acquisition parameters the mode must be changed to Line Scan. Once done the coordinates are brought into the position table by using the Import Position button as explained in mapping section. This places the coordinates defined from the area drawn on the acquired image in the line scan position table. 
lxvi. AES Depth Profiling 

AES depth profiling involves alternating AES analysis with argon ion bombardment, to uncover a new surface. The method for profiling with AES is identical to that for XPS and the general methodology is explained in full in the AXIS1/ULTRA users manual. 
11. SEM

ax. General Consideration

SEM Acquisition System consists of control processor unit, deflection control unit, secondary electron detector and pre-amplifier.
Control Processor Unit 
The purpose of this unit is to generate low voltage deflector scan ramps. These are generated in response to the user selection of the raster size and position in the SEM Window. These low voltage ramps drive the deflector unit when the SEM is operating. Pixel dwell times from 4 ms upwards can be selected. In addition this unit accepts the secondary electron signal from the deflection control unit. 

Deflection Control Unit 
The purpose of this Unit is to generate two pairs of complementary ramp signals suitable for driving the X and Y deflectors of an electron gun, ion gun and lens deflectors. When the SEM system is in operation the outputs from the Control Processor Unit are selected as the ramp source. 
Various transformations of the ramps are carried in this unit in response to user choice of magnification, scan rotation, shifts, shears and aspect ratio selected. This unit accepts the secondary electron signal from the secondary electron detector, performs some signal processing and transmits the signal to the control processor unit. 
Secondary Electron Detector 
This unit contains a scintillator/photomultiplier assembly and pre-amplifier. The collector grid mounted in front of the scintillator can be biased with a positive, zero, or negative voltage, (continuously variable within the range from +250 V to -250 V) to differentiate between low-energy secondary electrons and high-energy reflected electrons. The photomultiplier gain is set by a voltage supplied by the electron gun control unit which also supplies the fixed +10 kV scintillator bias voltage. 
Pre-amplifier
This unit is designed to amplify the output from the secondary electron detector in order to provide a signal of high signal to noise ratio for transmitting the signal back to the electronic control units and subsequently to the VISION 2 software. 
ay. Typical Operation

lxvii. Sample Preparation 

Samples to be analyzed should normally be electrically conductive and a good electrical contact made between the surface of the sample and the sample holder, using screws or clips. The use of conductive silver paint (silver ‘dag’) is also possible but be aware that extensive outgassing may occur and a longer pump down may be required before introduction into the Sample Analysis Chamber (SAC). Contamination of the T/F source is also possible from solvent vapors. Try to use UHV techniques as far as it is possible to do so. 
Where it is anticipated that the highest resolution SEM or Auger analysis is required the sample must be mounted on a sample stub and if the instrument has an autostage only a single stub mounted on the claw (it is possible to mount 2 stubs on the claw but only the first will be fully supported on the claw). For the highest resolution it is recommended that the adjustable stub is used. This stub has an adjustable pin that is contacted with the magnetic lens in the analysis position in the spectrometer and reduces significantly the susceptibility to external vibration sources. The adjustable stub is supplied with a setting tool also shown in the figures. This tool is preset to the exact working distance required on each instrument. The procedure for its use is as follows referring to the figures. 
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1. Unscrew the grub screw in the centre of the pin to allow pin to be pushed fully into stub. Lightly nip side grub screw 

2. Mount specimen on top face of stub (max thickness 4 mm). 

3. With the setting tool resting on the table top hold the stub with sample mounted between the jaws of the setting tool. Avoid contact between the sample surface face and the tool jaw. 

4. Using the grub screw in the centre of the pin extend the pin by screwing in the grub screw until the assembly including sample will just fit between the jaws. 

5. Lightly tighten the side grub screw clamp. 

It is always worth checking with a Digital Multi Meter set for Ohms range that electrical conductivity is present. 
Insulating materials may be analyzed but are generally more difficult. The use of a conductive mask around the feature of interest may help. This can easily be fabricated from aluminum foil, ensuring that the mask is effectively electrically earthed. 
Powders can be mounted by sprinkling onto drying colloidal graphite, or pressing into a soft metal foil such as indium. Note that indium is toxic and should always be handled using gloves. 
It is important to remember that the Auger technique is ultra-sensitive to the surface state of the sample. Consequently, the cleanliness of the sample must be maintained at all times, both before and after it is inserted into the instrument. 
The SAC vacuum should be kept below E-8 mbar. In many cases it is also necessary to ion etch the sample to remove surface carbon contamination. However, ion etching without first analyzing the sample is not advised, since this may remove other surface materials which are chemically significant e.g. corrosion products or surface oxide film. 
lxviii. General Checks 

1. The sample should initially be positioned with the aid of the CCTV microscope and laser alignment facility where fitted. The sample height should also be set to the normal operating height, remembering to allow for the thickness of the sample. 

2. Ensure that the dual anode X-ray gun is retracted to prevent possible damage to the gun window during sample movement. 

3. Ensure that the sample current measurement lead is connected to the BNC socket, or that the earthing plug is fitted. 

4. Once the sample is positioned, switch off the fiber optic light source and fit the blackout covers to prevent stray light entering the analysis chamber. Stray light will lead to a poor image possibly showing banding due to mains frequency interference. Excessive light can damage the photomultiplier. 

5. Switch off the laser and magnet power supplies. 

6. The small area defining XPS aperture should be in the fully open (slot) position and the iris fully open. (2.0 on indication scale). 

7. The charge neutralizer should be switched off. 

lxix. Electron Gun Software Control
Manual Control Window SEM Control Panel 
There are six radio buttons available: 
Off Button 
When clicked with the left mouse button it will switch off the electron gun HT supplies immediately followed by a controlled ramp down of the filament current before completely disabling all power supply outputs - with the provision that the Confirm button has been clicked. 
Confirm button 
When the OFF button has been clicked the CONFIRM button will illuminate and must also be clicked to continue the electron gun OFF routine. This facility gives the user a double check that a switch OFF is definitely required to avoid false switch OFF’s. 
On button 
When clicked with the left mouse button it will switch the electron gun HT and filament supplies ON. The power supply outputs will deliver to the gun the conditions as set in the parameters window. It is therefore a good idea to check the conditions set in the parameter window are as required and sensible values. The filament current is slowly ramped up to the value in the parameters window. 
Blank beam 
When clicked on this button will deflect the electron beam sufficiently within the electron gun to prevent any electron beam exiting the gun whilst leaving other gun running conditions as normal. This control may not completely blank the beam if the mechanical alignment of the source is such that one or other of the alignment controls is near maximum. 
SED: On 
When clicked with the left mouse button the scintillator HV is turned on and the SED mode menu becomes active. The SED drop down menu will be set to OFF. Select an option from the SED drop down menu to operate the PMT, collector and black level. 
SED: Off 
When clicked with the left mouse button the scintillator HV, photomultiplier HV, collector and black level voltages are turned off. These voltages are automatically turned off when the electron gun is turned off. 
There are also three tick boxes available: 
Parameters 
When the parameters tick box is ticked the parameter window is displayed as below: 
Required values of filament current, acceleration voltage, emission current and spotsize can be manually typed into the boxes provided. Once entered these conditions will be applied to the electron gun. In addition adjustment over the alignment control, stigmator control and focus control are given in the form of slider bars. 
Use of the Slider Bars 
There are a number of Slider Bars to control parameters such as focus and stigmators. These each have four response settings, Coarse, Medium, Fine and Very Fine, selected by holding right on the Slider panel. Coarse enables control over the entire range using the Slider Bar, dragged with the left mouse button depressed. This is usually only suitable for an initial set up and the finer settings (Medium, Fine) are required. For focusing at the smallest spot sizes, the Very Fine control is required. These controls can be either dragged or inc(dec)remented by clicking repeatedly either side of the slider the size of each change being dependent on the control setting. A numerical value can also be entered above the slider bar, as a text item. 

Table 
When the table tick box is ticked the table window is displayed as below. This table allows various gun parameters to be saved for future retrieval. At the top of the table window there are four buttons that have the following function: 
1. Update Table row: when clicked the selected row in the table is updated with alignment, stigmators, accel. HT and spotsize. Please note, the filament and extractor settings are not updated being treated as a global setting. 
2. Update Alignments: only the alignment conditions are updated to the selected row. iii) Update Focus: only the focus conditions are updates to the selected row. 
3. Restore Table Row: this button re-installs the parameters as last saved to the selected row into the parameters window. 

Status 
When the status tick box is ticked the status window is displayed. Three boxes are displayed giving a read-back of the current status of the electronics. The analogue values displayed should correspond closely to those of the present settings. 
SEM Control 
At the top of the SEM control panel there are two buttons and three tick boxes. 
Off button 
When this button is clicked on with the left mouse button the electron gun scan ramps are switched OFF. 

On button 
When this button is clicked on the electron gun scan ramps are enabled and are applied to the gun scan deflectors with an amplitude and scan speed determined by the RASTER and SCAN window controls. 

Tick Boxes
Parameters 
This tick box when ticked displays the windows for the Raster, Scan and SED controls. 

Grab 
This tick box displays the option to grab a SEM image and save it to file with the name as typed into the Data Object Name window. To grab the image the Off button must be clicked first to allow a full frame to be acquired and then the grab image button may be clicked to save the image. 

Scan Transformation. 
Where the scan transformation tick box is ticked the above display appears. It provides the user with slider bars for control of the raster rotation, raster scale X & Y, raster shear and the full scale deflection. 

Full Scale Deflection 
The raster size refers to the amplitude of deflection of the electron beam from the central position. This means that the full width of the image is twice the raster size value. The full scale deflection text box value can be changed until the value of the raster size shown in the Raster Size box is equal to the actual full scale width displayed in the image. 

The calibration is typically done using a SEM calibration grid with a known pitch across the mesh bars. With the image magnification set to view two full squares across the image then the Raster Size box should display say 25 mm for a 25 mm pitch mesh. Adjust the full scale deflection until this is correct, it is typically about 1 mm but adjustments are needed between instruments. 
az. How to take SEM images

The following is a recommended procedure, which should ensure safe, reliable performance from the equipment until the user is fully familiar with its operation. 
lxx. Switching On Electron Gun 

CAUTION: The thermal/field (aka T/F and Schottky) emitter has to be operated under good vacuum conditions and at a controlled temperature and extraction voltage. These conditions require careful setting up when the emitter is installed or when it is reactivated after the system has been at atmospheric pressure for some time. The way these conditions are set up is given in some detail in Section 5 of this manual. It is strongly advised that the reader should consult the appropriate paragraphs in Section 5 in order to get a feel for the rigorous conditions under which the T/F emitter has to run. It is also stressed that all safety means including hardware and software protection should be confirmed as being set up. The refurbishment of an emitter module is expensive and time consuming - by careful monitoring of the emitters use such financial and time penalties can be minimized. 

Ensure that all cables are connected to the electron gun. Also ensure that the vacuum in the source region is better than 1E-9 mbar to avoid damage to the T/F emitter. If the unit has been switched off for any reason, it may be necessary to restart the Vision Manager program when it is on again to re-establish communications. To do a restart close down the existing Manager window if open and then re-select the Manager control, this will re-establish communications between it and the control processor unit. 

lxxi. Obtaining an SEM Image 

1. These instructions are specific to the first turn on of the field emission gun. 
2. Ensure that the mains power supply to the Electron Gun Control Unit is switched on. 

3. From the Manager Control window select Manual Now. 

4. Open the Manual Control window. 

5. Ensure the Electron Gun tick box is ticked at the top of the Manager Control. 

6. Select lens Mode AES. 

7. Select FRR6. 

8. Scroll down the Manual Control window panels until the Electron Gun controls are displayed. 

Note that if the electron gun has been run recently and the pressure in the source region has remained below 1E-7 mbar whilst the gun was switched off, then the previous operating parameters may be used and the gun turned on by simply left clicking the electron gun on button. The filament will be slowly ramped up to the value chosen. 

Note that although the extraction voltage can be set to a value less than 1600 volts, the filament current is limited to 0.5 A unless the extraction voltage is 1600 V or higher. This is a protection measure because if the emitter is run for any period of time without an extraction voltage then the tip will round off i.e. it will go “blunt.” (Only leave at 1600 V for limited periods -to maintain good sharpness the extractor voltage should be moved to the running values at soon as possible). 

9. At the electron gun control top bar place ticks in the parameter and status tick boxes. 

10. Inspect the operating conditions in the parameter windows and if necessary set as follows: 

Filament:.....................0.0 

Accel. HT:..................0.0 

Suppressor:.................0.0 

Extractor:...................0.0 

Spot size:....................25 % 

Focus:.........................85 % 

Alignment X & Y:  0.0 % 

Stigmator X & Y:   0.0 % 

11. Now left click the electron gun ON button. This will activate the power supply outputs and as a check that this has happened some of the front panel LED’s on the control unit can be seen to illuminate. 

12. Set the accelerating voltage to 3000 V. Check that this value, or something very near to it appears in the read back window. 

13. Make sure that no voltage breakdown is occurring - the read back voltage will indicate severe drops in voltage if there is breakdown. If there is severe breakdown check the vacuum in the system and check cables. If the breakdown cannot be traced contact Kratos Analytical Ltd. or your local agent. 
14. Set the suppression voltage to 300 V. There is no need to put any polarity sign in - a negative value (with respect to the emitter) will be automatically applied. Applying too high a value to the suppressor may cause breakdown between the tip and the suppressor with possible destruction of the tip. Too low a value will not suppress all the unwanted electrons. 

15. Set the extraction voltage to that given on the test sheet supplied with the emitter. Check that the correct value appears in the read back window. 

16. Set the Spot Size voltage to 25% (3 kV telescopic mode) or 19% (3 kV crossover mode). 

17. Now set the filament current to the value for “outgassing” as given in the test sheet supplied with the emitter. The filament current will slowly ramp up to the set current over ~ 90 s, during the ramp up the filament ramping LED will be on. Monitor the pressure in the source region as the current ramps up - the pressure is monitored by watching the current drawn in the source ion pump. If the pump current exceeds its trip point then the filament current will start to fall. It will start to rise again once the pump current falls. If the pressure rise is severe then it may be necessary to re-start the source when the pressure has recovered. When the tip is running at the outgassing level without a pressure rise then increase the filament current to the “running” value given on the emitter sheet. 

18. Once the filament has reached the “running value” then the emission should be monitored in the appropriate read back window. It will rise very quickly at first but will then slow down and should take about 20–30 minutes to achieve the value given in the emitter parameter sheet. After conditioning or after temporary exposure to poor vacuum conditions it may take longer. Typical emission currents for a new emitter fall in the range 50- 200 mA. Place a tick in the parameters tick box. 

19. Move to the SEM window and left click the SEM ON button. From the raster panel select: 
Output:..................Probe 
Dwell time:............4 ms 
Area of interest:.....Full scan 

20. From the scan panel set the raster size to maximum and both the raster X & Y offsets to zero. 
21. From the SED panel set the collector voltage to 250. This corresponds to a positive voltage of +250 V on the front the secondary electron detector (SED) and produces the best (brightest) SEM image, since more electrons are attracted to the detector. 
22. Set the Black Level to 0.0.
23. Increase the PMT voltage (Gain) whilst watching the SEM display monitor. As the gain is increased the display will get brighter. Avoid saturating the detector by reducing the gain when an image is observed. 
24. Once an image is observed adjust the X and Y Alignment, in the Electron Gun Control Window, to obtain the brightest image, again reducing the PMT gain to avoid over saturating the detector. 
25. Once an image has been observed the user can focus it up using the focus control and can change to the desired operating conditions for the beam HT and spot size etc. 
It may be settings and for different accelerating voltages. It is a good idea to take notes of the settings under different conditions. In addition the manual window provides a table to store sets of settings for different operating conditions and provides the means to update selected sets of these parameters. To access a set of values in this table select the table row with the cursor and click on the restore table row button. This will restore the beam HT, spot size, focus, aligns and the stigmator values to the values stored in the table. The main source parameters of filament current, extractor voltage and suppressor voltage will remain unchanged. 

If the gun has been switched off for some time it will take some time for everything to stabilize. Image shifts may well be noticeable in the first few hours running but will necessary to adjust X and Y Alignment controls for different spot size stabilize. Once the source is running it is desirable to leave it running if it is to be used regularly. It can be left running overnight with the filament reduced by 40 mA from its normal operating value. The less 40 mA mode is often known as “stand-by” mode. Recovery from “standby to “run” should take less that 30 minutes. The use of “standby” will prolong the lifetime of the emitter and significantly reduces any ‘warm up’ time to reach thermal equilibrium. The emitter normally has a life time of >3000 hours. 

The X or Y alignment values are generally not greater than +/- 20%. 
In most conventional Scanning Electron Microscopes (SEMs) the control of the spot size parameter operates in an inverse sense; for example an increase of spot size voltage (or current in the case of a magnetic lens SEM) will cause the beam to give a smaller current and a smaller final beam diameter. In the case of the FEG gun the optics are such that there are three distinct regimes of spot size voltage. At higher spot size settings the beam reaching the final lens does not cross the axis and it only does under the action of the final lens. As the value of the spot size setting is decreased so the current will increase and the resolution will fall away (i.e. the final beam diameter increases). Eventually a value of spot size is reached where the current is a maximum - it should be possible at beam energies of ~3 keV to obtain a current of ~100 nA. It will be found that the resolution is relatively poor although low magnification images should be clearly discernible after correction for astigmatism (see s. The maximum current condition corresponds to the case where the spot size lens focuses the beam through the differential pumping aperture and cut off aperture of the electron gun. It will be found that the alignment controls are extremely critical at this point - the slightest change and beam current will be lost. 

As the spot size setting is further decreased then the current will start to come down and the resolution will start to improve. It is generally found that working in the high setting area of the spot size lens is inferior to the low settings. 

A simple electron optical interpretation of what is happening in the gun in the various modes is given in Figure 11-1. When the spot size lens setting is low the system runs with a crossover between the aperture in the final lens and the final anode of the emitter module as shown in Figure 11-1B. As the spot size lens setting is increased the crossover moves towards the aperture of the final lens. When the crossover lies right in the plane of the aperture (which is close to, or at, the back focal plane of the final lens) then the maximum current from the source is transmitted by the final lens – thus relatively high final beam currents can be obtained – in the order of >100 nA. 
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Figure 11-1. Different ways of running the FEG: (A) high current mode, (B) demagnifing mode, and (C) telescopic mode.

Finally as the voltage on the spot size setting is further increased there is no crossover in the lens column other than at the final beam focus – this is the so-called “telescopic” mode of operation.

In the “crossover” mode the smallest probes, together with the smallest beam currents, are given when the spot size lens setting is low. In the “telescopic” mode the smaller probes, again with less beam current, are when the spot size lens setting is high. 
It is found that running in the crossover mode produces the best results but the “telescopic” mode is not so inferior. The voltage necessary for the maximum current is about 45% at 10 keV beam energy but it does depend on the extraction voltage to a certain extent. The maximum current mode voltage of the spot size lens decreases as the beam energy decreases. 
lxxii. Optimizing the SEM Image

Once the gun alignment has been set the SEM image may be optimized, by changing the spot size, alignment, focus, and stigmator controls.

In general, relatively few spot sizes at different beam energy settings are adequate for most operational requirements. A number of suitable settings should have been demonstrated during installation and these values should be recorded in the Test and Installation Record.

lxxiii. Choice of Spot Size

There is always a compromise between spot size and AES intensity and the actual spot size chosen will depend upon the feature size to be observed. When analyzing features of tens of microns, it is usually not necessary to use the highest spatial resolution. Using a larger spot size (i.e. greater beam current) will increase the signal to noise ratio in the acquired spectra or maps for a given acquisition time (or, conversely reduce acquisition times). Altering the final beam current in the FEG is made by setting the spot size lens voltage and if the working distance is correct it should be possible to deliver 5 nA of beam current at a resolution of 100 nm at 10 keV beam energy and the same current into a spot size of 300 nm at 3 keV beam energy. The extraction voltage or the tip temperature should not be used to control the final beam current level - the system is not as flexible as a conventional filament/grid type of source. Lowering the extraction voltage will cause the tip to “round off” (go blunt) as will running the tip at low temperatures. Excessive extraction voltages will tend to cause tip to extractor breakdown with the subsequent destruction of the tip. 
The use of a digital control system enables settings to be retained and easily selected. 
Optimizing Focus and Stigmators 
This is a somewhat iterative process and does require some practice. The focus control can be adjusted to obtain an initial best image. On a perfect system, there would be no further effects on focusing. However, minor imperfections in the construction of the gun can have significant effects on the focusing conditions of the gun, causing it to have different focal length in different planes. This is known as astigmatism and the stigmator lenses enable this to be reduced, to a large extent. 

On a correctly adjusted system, the focus should blur equally in all directions on both sides of the focus position (it should be noted that with some field emitters there can be a three or four fold symmetrical pattern at underfocus or overfocus conditions - if the spokes of the symmetry figure are equal in length then there is little remaining astigmatism). A poorly adjusted system with astigmatism will tend to focus first in one direction and then in the other i.e. there is a distinct “stretching out” of features first in one direction and then in a direction at right angles to this. 

There are a number of different ways of setting the stigmators and focus control. In all cases, a small feature which is approximately symmetrical should be chosen in the centre of the imaged area. 

The presence of astigmatism in the electron beam can be demonstrated in the following way. Select a small symmetrical feature on the specimen at high magnification and adjust the Focus control slowly from well under focus to over focus. If astigmatism is present the specimen feature will appear to focus first in one axis, go through a symmetrical but blurred state, then focus in an axis at 90o to the original. This effect is caused by a lack of rotational symmetry in the optical system, probably in the final lens region, due to minor machining imperfections. Sometimes small amounts of non-conducting contamination in the system has a similar effect - although this last fault is usually accompanied by fluctuations in the final beam current. In any case the final result is that the lens focuses more strongly in one axis than the other As can be seen in Figure 11-2, if the lens has a shorter focal length in one axis than the other, two line foci F1 and F2 will be produced from a point source. 
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Figure 11-2. Generation of line foci in an astigmatic lens.

The stigmator is a weak, non symmetrical lens, which can be varied in focal length and whose plane of focus can be electrically rotated. This enables the two line foci to be made co-incident thus correcting the prime lens astigmatism. There are several procedures for correcting the astigmatism, the following is one method that has been found adequate. 
1. As described above, locate the setting of the Focus which gives the symmetrical, blurred image of a small specimen detail approximately midway between the two line foci. The stigmator controls should be set to zero before the focus is found. 
2. Adjust the X Stigmator control either side of its mid position to find the best image sharpness. Remember this is “sharpness” on a circular feature - not a sharp line which can be produced by running the stigmator at over strength. 
3. Repeat using the Y Stigmator control. 

Full correction is a matter of iterative successive approximation, adjusting the X and Y controls alternately and checking that when the Focus control is varied through the focus the image expands and contracts uniformly in all directions. 

Once set, the stigmator settings will probably be similar for the same operating conditions. However changing to very large or very small spot sizes generally requires different stigmator settings. Specific settings can be saved for a particular beam setting in the table. 
Optimizing the SEM Image Quality 
The quality of the SEM image depends upon a number of parameters including spot size, rastered area, acquisition time and contrast and brightness settings. These latter two are particularly subjective and different users may have different preferences. It is also important that the gun is operating under optimum conditions i.e. the system is well aligned and a sharp focus is obtained. 

The contrast and brightness are controlled by the PMT Gain and Black Level - a higher gain corresponds to a brighter image and a higher black level produces an image with higher contrast. 
The most aesthetically pleasing images usually have a significant amount of contrast in them. This can be achieved by using a Black Level of 0.3–1.0 and a corresponding increase in PMT Gain. 

A number of different settings may be stored, using the drop down menu facility in the SED Control panel. 

Using a larger spot size will produce a less noisy image but at the expense of spatial resolution. However where the features are large and the magnification is low, this may not be critical. 
The SED drop down menu is ‘grayed out’ when the SED is disabled. To enable the SED, stop any analyzer acquisitions, select AES mode and turn the SED on. 
Effect of SEM Detector Settings on Analysis Position. 
The use of a large (+250 V) voltage on the front of the SED detector to obtain better SEM images has been mentioned. This does cause a shift in analysis position because the incident electron beam is also deflected by this voltage. The shift is greater at lower beam energies. When AES spectra are obtained, the SED detector front bias should always set to zero, to avoid this shift and to avoid distortion of the spectrum shape. The user should be aware that this is done automatically when spectra and maps are acquired in Manager. If absolute correlation is required then the SEM image should also be obtained at 0 V. 

As the T/F emission source has a high brightness and is capable of good resolutions (the resolution of the FEG on the Axis spectrometer is mainly determined by small vibrations and low level stray electromagnetic fields rather than electron optical limitations) producing “crisp” images it is worthwhile discussing some of the modes that the SEM can be operated in and the type of information that can be obtained. 

The use of a negative or zero bias on the front of the detector prevents many lower energy secondary electrons entering the SED detector and only higher energy backscattered electrons reach the SED detector. Since the backscattered electrons intensity is related to the atomic number of the target (higher atomic number, Z, corresponds to more backscattering), this can be used as a crude atomic number differentiation facility. Better pseudo-backscattered images can usually be obtained by setting the HSA analyzer at an energy around 2 keV, with an incident beam energy a little above that energy (e.g. 2200 eV) - the atomic number contrast may be better but at a cost in resolution. The full benefits of the FEG in SEM mode are best seen at 10 keV operation. 

With the secondary electron detector operated with a positive bias low energy electrons can be collected. These low energy electrons can originate from parts of the specimen not in the “direct line of sight” of the detector. Thus “round the corner” viewing is possible and this gives such images a very strong topographical contrast. It was this strong topographical contrast plus the large depth of focus (due to the very small angles in the primary electron beam).

The primary beam energy also has an effect on the image in that more energetic (higher voltage) electron beams penetrate more deeply onto the sample. The low energy secondary electrons can originate from deeper down in the specimen than the moderate energy Auger electrons. 
Saving an SEM Image to a Vision Dataset 
The currently displayed image on the SEM Monitor may be captured and stored into a Vision dataset. To capture an image first adjust the SEM parameters until the best quality image is displayed on the monitor, then do the following: 
1. Switch Raster Scan to Off (Make sure a full clean image is visible on the monitor) 

2. Place a tick in the GRAB tick box. This reveals the window for the grab button and dataset name. 

3. Enter a name in the Image Name text field. This will be used as the Object Name in the dataset. 

4. Click the GRAB button. The saving process takes a short time, a few seconds. Whilst this operation is in progress, the SEM window is inactive. 

5. When the image has been stored it is similar to other objects in the dataset and may be selected, processed and printed in the usual ways. 

12. ISS (Ion Scattering Spectroscopy)

ba. General Consideration

This part was copied from the ISS manual (TPC1369) of Kratos.

lxxiv. Basic Theory

ISS is the simplest of all surface analysis techniques, being essentially a determination of how a surface effects an ion beam. A beam of positive ions frequently derived form helium or argon, is directed at the sample. Some of these ions are reflected with the loss of energy appropriate to the simple binary elastic collision of the beam with a particular surface atom. At any fixed scattering angle the energy loss is easily obtained by recording the number of scattered primary ions collected per second as a function of their energy from zero to the energy of the primary ion beam. The technique is uniquely sensitive to the outermost layer of the surface and is complementary to SIMS methodology. The ability to reverse the polarity of the input lens and analyzer is achieved with a minor upgrade to the AXIS standard electronics makes this a minimal additional cost technique that is especially important for analysis in the coating and joining industries. AXIS UltraDLD includes ISS capability as standard.

Scattering Angle

The scattering angle is defined as the angle through which the incident ions are scattered. On the AXIS UltraDLD the ion gun produces an ion beam at 45o to the sample normal position, then this gives a scattering angel of 135o. 
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Figure 12-1. ISS scattering angle.

Primary Ion Beam Energy

It is important that the exact energy of the primary ion beam is known as this information must be provided to the data system. Note particularly that the grid voltage has been set to 100 V in order to reduce the energy spread from the ion source and that to set an ion beam energy of 1 keV the source HT has been set to 0.9 kV. The ion energy is determined by the potential of the grid with respect to ground.

Spectrum Energy Scale

It is quite common to display ISS data scaled along X axis as energy ratio, this is the ratio of the incident ion energy to scattered ion energy ratio. Vision 2 can only display the data scaled in KE and therefore the user must take into account what the incident ion energy is. With the ion beam HT set to exactly 1 kV then the scaling can be read directly as energy ratio; this the most common way to operate. However, if a beam HT of 2 kV were used, then any peak energies recorded would have to be halved to give correct energy ratio scaling.

Choice of Source Gas

Helium and argon are the most common choices, helium being the preferred since it has a mass of only 4 enabling elements down to this mass to be analyzed. Unfortunately helium does not readily etch the sample to remove surface carbon or oxygen contaminants. With ISS being a particularly surface sensitive technique the specimen needs generally to be sputter cleaned using argon ions first.

bb. Typical Operation

Introducing He gas and Setting up the Ion Gun

1. Move the sample to the analysis position and set the height as usual. 

2. If necessary clean the sample using 4 kV Ar ions. 

3. Switch off the ion gun gas. 

4. Close the ion gun leak valve. 

5. Close the Ar inlet Nupro valve. 

6. Check that the He cylinder valve is closed. 

7. Open the He inlet Nupro valve. 

8. Close the backing valve (V3). 

9. Open gas pump valve (V9). 

10. In manager click on Mode and select engineer. 

11. Click on full manual. 

12. Open gas inlet valve (V8). This pumps out the He line back to the cylinder using the roughing pump. 

13. Wait 5 minutes. Watch the STC pressure gauge, as the STC turbo pump is no longer being backed the STC pressure will rise. Do not let the pressure in the STC exceed 5E-6 torr. 

14. Close V8. 

15. Close V9. 

16. Wait 1 minute. 

17. Open backing valve (V3). 

18. Check pressure in STC decreases to usual value. 

19. Open the He cylinder to charge the small section of line with He. 

20. Close the He cylinder. 

21. Run the ion gun gas on sequence. 

22. Open the ion gun leak valve to allow He gas into the chamber up to 1E-6 torr in the STC pressure. 

23. Select the ISS ion gun mode from the ion gun table. 

24. Press restore row to recall the saved parameters. 

25. Set the raster size to 0.1 mm. 

26. Click on Standby to switch the ion gun to the standby state, wait for 5 minutes for the extractor current to stabilize (this is set at a very low value and the ion gun read back may not reach the selected value. In practice this will not effect the performance of the ion gun). 

27. Switch the ion gun to On. 

bc. How to take ISS data

1. Restore 1 KV ISS retune in the ion gun table. 

2. Click the ion gun on to standby. 

3. Set the raster size to 0.1. 

4. Wait for the selected extractor current to be reached and the filament current to stabilize. 

5. Make sure the analyzer is switched to off by left clicking on the Analyzer Standby State button. 

6. Select analyzer mode: spectrum, lens mode: ISS, Pass energy 160 eV, slot. 

7. In Acquisition control change technique to ISS, the energy and energy reference should change to K.E. 

8. Type should be set to spectrum. 

9. Setup a typical scan, e.g. Start energy 200 eV, End energy 1000 eV, Step 1 eV, Dwell 100 ms, # Sweeps 1. 

10. Switch the ion gun to on. 

11. Start the scan 

13. Potential Hazards and Safety Procedures

bd. Gas

Please follow the SOPs of compressed gas cylinders in Lab Safety Manual.

be. Customer’s Samples

If possible, get both SDS and SOP of the samples from customers prior to analysis. Follow the instruction for handling, storage, and disposal.
14. References

bf. KRATOS Manuals
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