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XL830 Operating Procedure

Part One – SEM Imaging

1. SEM Imaging Parameters

2. SEM Detectors

3. Enable the Dual Beam (Coral)

4. Mount Your Samples

5. Load the Holder (2)

6. Move to the Sample

7. Calibrate Stage Clearance (2)

8. Lens Alignment

9. Astigmatism Correction

10. Filters

11. Acquire & Save Micrographs
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Part Two – Ion Milling

1. Light the Ion Beam

2. Heat LMIS

3. Eucentric Height

4. Ion Imaging

5. Setup Milling (2)

6. Milling Singular Holes

7. Platinum Deposition

8. Milling in Dual Beam Control

9. Milling Bitmaps (Patterns.exe)

10. Scripting Mill Files (PS Convert)

11. Finish the Session
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SEM Imaging
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SEM Imaging Parameters
Z Position

• SEM imaging should be done between +5 and +10mm of absolute 
clearance.

Beam Accelerating Voltage
• 5 kV is the default and works for the widest variety of samples.

• Lower voltage gives better surface sensitivity to images.

• Higher voltages can penetrate passivation layers to reach 
conductive layers below.

Spot Size
• Correlates to beam current (scale 1-7, where 1 is the smallest 

current).

• Spot 3 is the default and generally gives good signal/noise ratio.

• Nonconductive samples will charge less at Spot 2.

• Image brightness will improve with higher currents, but resolution 
is lower.
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SEM Detectors
Detector

• The default (search) mode uses a CDEM (Continuous Dynode Electron Multiplier) 
to collect secondary electrons (SEs).

• The through-lens detector (TLD) is most effective in either Ultra-High Resolution 
(UHR) mode or in Backscatter mode.

UHR Mode

UHR mode is not safe for ferromagnetic samples and must not be 
used with the EDS detector inserted

• The exact magnification required will depend on your current 
forward working distance. 

• When Mag and WD conditions are met, the UHR icon (at right) 
will no longer be grayed-out.  

• Many detector options are available on the TLD.  Access them 
through the Detector Menu -> Change.  
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Enable the Dual Beam

1. Login to Coral at the support PC and “Enable” 
the Dual-Beam-SEM-FIB.  This will unlock the 
XL830 computer monitor and allow you to 
access the software.

2. Locate DualBeam Control in the program bar.  
Do not open a duplicate instance of DualBeam 
Control.

3. Do not touch the main power buttons right of 
the computer monitor.  Mains-Standby, Mains-
Off, and High Tension should be lit.
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Mount your Samples
1. Click “Unload” in the Vacuum Menu and “OK” at the 

prompt  ‘Are you Sure?’

2. Wait for the load lock to open and the stage table to 
raise up.

3. Do not reach into the load lock until the “Lock” 
indicator light stops flashing.

• As an alternative to the software you can load and 
unload using the buttons on the front of the cabinet.

Stub/Piece Holder

4. Mounted samples must not exceed 8.5 mm in height

5. Secure pin mounts and with two sample clips

6. Note the position(s) on the holder
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1. Place the holder against the two wafer 
notch pins on the stage table.

2. Lower the rear holder peg into the 
Teflon block on the stage table.

3. Click “Load” in DualBeam Control then 
“OK” at the confirmation prompt.

• When the load cycle is complete a setup 
dialog box will appear:

4. For the multi-stub holder, select 
“Stub/piece”.

5. Leave the “eucentric height” and 
“default stage” boxes UNchecked.

6. Click “OK”.

Load the Holder
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Load the Holder (2)
7. At the “Stage Table Confirmation” click “Cancel” to 

keep the current stage map or “OK” to clear it.

8. At the “Load Cycle Ready” prompt click “Cancel” to 
postpone.

9. Click the kV button in the E Beam menu to ramp up 
the electron beam manually

10. If you plan to mill and the Ion Beam status is not in 
“Operate” then Light the Ion Beam as described on 
pg. 19.

If you clear the stage map then you can reload the 
appropriate map from “In/Out” Tab > Stage Table > Load.  
Navigate to C: > XL > MC > Holders folder.

• Select “STUB.STG” if using the multi-stub holder.

• Select “8_TSTWF.STG” if using an 8” wafer.

• Select “8IN_STDS.STG” for the calibration standards.
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Move to the Sample
• The holder rotates +80-degrees during the load cycle.

1. In the “Detector” tab select “CCD”.

2. Navigate to your sample by double-clicking the closest 
blue dot on the map.

3. Move the sample to the center of the CCD view using 
the Joystick or the Arrow keys on the keyboard.

Stage Map
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Calibrate Stage Clearance

1. In the “Detector” tab choose “CDEM”.

2. Unblank the electron beam.

“Dual Beam Confirm Focus” dialogue will appear

DO NOT CLOSE THIS BOX

3. Click the Auto Contrast/Brightness button.

4. Move to the tallest part of the sample with 
the mouse navigation tools or joystick.

• Magnify with the knob or the “+” key on the 
number pad.

• Focus with the knob or right-click, hold, and 
move the mouse left-right.

5. Focus the image with magnification 2000X or 
greater.

Mouse navigation icons:
Pointer, Get mode, Beam Shift & Stage Track

E-beam / I-beam Unblanker
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Calibrate Stage Clearance (2)
It is critical to calibrate the clearance to the highest point on 
the holder or changing Z will likely result in a collision.

6. In the “Dual Beam Confirm Focus” dialog click “OK” to 
calibrate Z from the Working Distance.

7. “At long working-distance, Z-FWD coupling may give 
inaccurate results”.  Click “OK”.

8. Check that stage coordinate inputs in the Stage menu are 
set to “Abs” for Absolute Coordinates.

9. From the Z field of the stage menu type +5.4mm.

10. Click “Go to” or press Enter.

11. After the movement get the sample back in focus at 
2000X magnification or greater.

12. Click “Z<->FWD” in the stage menu and “OK” in the “Dual 
Beam Confirm Focus” dialog.

13. Change the Z field to +5.0 mm for imaging or EDS and 
+5.2mm for eucentric.

14. Click “Go to” or press Enter.
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Lens Alignment (Optional)
1. Change Scan Rate to TV mode.

2. Increase magnification to ≥ 10,000X.

3. From E Beam submenu turn “Lens 
Modulator” on by clicking the box.

4. Using “Lens Align.” box, click and hold the 
left mouse button to correct for X & Y image 
wobble.

5. Final image should remain stationary at the 
center with no X or Y translation. The image 
will oscillate in/out of focus.

6. Uncheck “Lens Modulator” when done.
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Correct Astigmatism
1. Obtain best possible focus on image.  (See examples below)

2. Image should not exhibit streaking or distortion before adjusting 
stigmation.

3. Hold down shift and right mouse button or use X/Y Stigmator knobs.

4. Adjust stigmation until image is sharpest.

5. Re-focus using right mouse button. 

Incorrect focus for stigmation adjustment Correct focus before stigmation adjustment
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Acquire and Save Micrographs
When you are ready to acquire an image of your work:

1. Click the ‘Single Electron Image’ icon.

2. Wait for the snowflake to illuminate.

3. Select the In/Out Tab > Image. 

4. Double-click your Coral drive (M: or Q:) at the bottom of the list.

5. Name your TIF file.

• Use no more than 8 characters (A-Z, 0-9, and _).  

6. Select “Save.”

7. Unfreeze image to return to live scanning.

Adjust the 1E scan speed for longer or shorter scans:

1. In the Scan Tab select “Change.”

2. Select the “1E Single Scan” option.
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Filters

If the single scan electron image looks flattened or shows other 
signs of charging, you may be able to eliminate these artifacts by 
filtering live frames:

1. From the Filter Tab choose “Integrate XX Frames.”

• The image will start black and build as frames are added.

2. Wait for the Snowflake icon to light.

3. Save the image through the In/Out Tab > Image.

• You can change the number of frames integrated from the 
Filter Tab > Change > Integrate TV
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Direct Ion Milling

WARNING:
Check that the EDS Detector is fully retracted 
before ion-milling.  Milling or Pt deposition 

with the EDS inserted will damage the 
detector.
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Light the Ion Beam (Routine)
1. In the Ion Beam Menu click “Operate” if it is not lit.

• DualBeam Control will adjust the Suppressor and 
Extractor Voltages on the Ion gun to achieve an 
emission current.

• Then it will correct the voltages to get a stable 
beam with 2.2 uA emission. 

If the routine is successful the “2.2 uA” button will turn 
grey and the emission current will be 2.2 uA.

2. Record “V/I Slope Before Heating” in LMIS Heat Log.

3. If V/I slope is > 200 V/uA then Heat LMIS as instructed 
on page 20.

4. Adjust the current to 2.2uA using the Suppressor 
arrows as needed to maintain emission current.

5. Ramp-up I-beam by clicking the High Tension “30kV” 
button.

Ion emission current
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If the V/I Slope is > 200V/uA or routine 
lighting fails then perform the following:

1. Turn off the ion source (Operate 
button should be gray).

2. Set Filament Current slider according 
to the last recorded “V/I Slope 5 Min 
After Heating”.

• Do not change filament by more than 
0.1 A in subsequent heats.

3. Heat LMIS for 60 seconds.

4. Repeat the “Routine” ion lighting 
procedure on the previous page.

5. Record the new “V/I Slope 5 Min 
After Heating”.

Heat LMIS (as needed)
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Eucentric Height
• In order to mill a sample you must bring it to Eucentric Height.

• Cross-sections are milled on the x-axis.  If you are making a cross-
section the exposed face will be horizontal on the monitor.

• If you have samples of different heights on the holder you must 
rotate the stage before raising it to eucentric.

1. With the sample rotation set and zero tilt, calibrate the stage 
clearance as described on page 12 of the SOP.

2. Using the e-beam and CDEM find the area you want to mill.

3. In the Stage tab select ‘Zero Beam Shift’.

4. Use Ctrl+X to put a cross on the image.

5. Position a recognizable feature under the cross with the 
joystick or mouse.

6. In the Stage Menu, type “5.0” in the Tilt box.  Click “Go to.”

7. After the tilt the feature will have shifted.  Use the Z slider 
arrows to carefully bring the feature back to the cross.
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Eucentric Height (2)
8. Type “15” in the Tilt box and click “Go to.”

9. Carefully use the Z arrows to bring the 
feature back to the cross.

10. Type “52” in the Tilt box and click “Go to.” 

11. Correct displacement with Z arrows .

12. Tilt back to “0” degrees and reposition 
feature with the mouse in X & Y if needed.

13. Tilt to “52” degrees and confirm the 
feature returns to the cross.

14. If you want to mill perpendicular to the 
surface, leave the stage tilted to 52 
degrees.

Do not drive the stage (X,Y) away from 
your sample while the stage is tilted.
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Ion Imaging

CDEM detector can collect either secondary electrons or 
secondary ions ejected by the ion beam.

Imaging with the ion beam will mill the sample so a low current 
(11 pA) is usually preferred.

1. With CDEM selected go to “Detector” tab and pick Setup.

2. Positive bias on the detector will collect SEs (default).

3. Negative bias on the detector will collect secondary ions 
(+SIs).

This is a helpful mode for non-conducting (charging) samples.

It can also reveal channeling contrast on large grain structures.

4. Unblank the ion beam.

5. Adjust contrast/brightness and focus/stigmate.

6. Scan one Ion image with the ‘Single Ion Image’ button.

7. Move quickly to minimize beam damage and blank the beam when 
not in use.

Ion Frame 
Grab

Ion-beam 
shutter
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Setup Milling
Confirm the following:

The stage must be at Eucentric Height near your milling site.
If the stage is tilted 52 degrees, the ion gun is normal to the sample.
Don’t move more than 10um in the Y direction with the stage tilted.

1. Set 1E Scan to 3.36ms, 484 lines and Slow Scan 1 
to 1.68ms, 484 lines 

2. Unblank the e-beam.

3. Adjust brightness/contrast and focus/stigmate if 
needed.

4. Use the joystick to bring your feature back to the 
red cross.

5. In the Beam tab select “I-beam Menu” then 
select ion milling current.

6. Blank the e-beam.

You may simultaneously blank one beam and unblank the other 
with the hotkey (F6).

Milling Current (pA)

Submicron features: 70

Micron-sized features: 150 - 350

X-sections (5um+): 2700+

Cleaning X-section: 70-150
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Setup Milling (2)

1. Adjust brightness/contrast knobs

2. Focus/stigmate the ion image if needed

3. Use the ‘Shift Image’ knobs to bring your landmark back to the cross

4. Use the joystick to move along X-axis to the site you will mill

5. Zoom to the magnification at which you will mill

6. Click ‘Single Ion Image’ or blank the beam to minimize damage to 
your sample.

Ion Frame Grab

Unblank the ion beam and quickly perform the following steps to 
minimize damage to sensitive or thin samples:
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Milling Singular Holes

1. Select “Scan” tab > Spot.

2. Position the cross-hairs on the image.

3. Unblank the Ion beam and time the 
exposure.

4. Blank the Ion beam to stop milling.

5. Change the “Scan” tab > TV.

6. Unblank the electron beam to view 
your hole.
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Platinum Deposition
• Platinum should be used to protect thin or delicate surface layers.

• For platinum deposition to occur the i-beam current density must be 4-10 
pA/um2. The 70 pA i-beam is appropriate for shapes 7 – 17um2

• Do not move the stage with any GIS inserted, withdraw it first.

1. Verify that the sample is at eucentric height.

2. Select “Milling” workspace in the upper right of DB Control

3. Insert the Pt GIS.

4. Grab one Ion image.

5. Draw a solid rectangle pattern on the ion image.

6. Select Pt_Low.mtr from the “Pattern” menu.

7. Select Mill from the tool bar to start the deposition.

8. Monitor the deposition by grabbing e-beam images
every few minutes or by watching the oscilliscope.

9. When the deposition is finished withdraw the GIS.

Mill
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Milling in DualBeam Control
(Cross-Sectioning)

1. Select the “Milling” workspace on the upper right of DB 
Control.

2. Select the ‘Cross Section’ tool in the milling tool bar.

3. Click and drag to draw the pattern over your ion image.

4. Pick the ‘Select’ tool to move and adjust the milling pattern.

5. Chose “Si.mtr” in the “Pattern” section for general milling.

6. If you adjust the dimensions of the pattern by typing over 
the X, Y, and Z fields in the “Pattern” section, press enter to 
confirm dimension changes.

7. Click “Single Ion Image” again.  If the image has drifted you 
may need to reposition your pattern.

8. Click “Mill” from the tool bar to start milling.

9. When finished select the pattern and delete with the ‘Erase 
Pattern’ tool or delete key.

10. Use the “Clean” tool at lower current to remove 
redeposition from the cross-section face.

11. Unblank the electron beam to view your cross-section.

Due to the multi-layered nature of most X-section samples, a single material file cannot account for the sputtering rates of all 
materials encountered during a mill.  Consequently, the Z-value selected for the pattern may not represent true depth of milling.  Select 
a value for Z that you are certain will expose your features of interest or repeat the pattern if you need to mill deeper.
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Patterns.exe
Creating a stream file from a simple bitmap image
Note: You will need a bitmap image on the local drive to use as a milling pattern.  A simple 
black and white image is best.  Black areas will be milled, white areas will not.

1. Draw a pattern no more than 400 x 400 pixels using MS Paint or PPT.

2. Move your BMP file to the dual beam PC using M: or Q: on Coral.

3. Launch Patterns.exe from the desktop.

4. Select “Windows .bmp” at the top of the program window.

5. Enter a magnification such as 25000x.  Aim for the horizontal field width to be slightly 
less than the desired width of your pattern (e.g. 5um or 20um).  

6. Check “Save data.”

7. Enter the desired dwell-time (1-10 us is a reasonable range) and milling time (aim for 1-
4 minutes).  These values, along with the selected beam current in DualBeam Control, 
will determine the depth of the milling.  There is no easy way to predict milling depth 
when using Patterns without testing.

8. Click “Calculate.”  Patterns will prompt you to select your *.bmp.  Navigate to it and 
click “OK.”

9. Save the stream file at C: > XL > MC > Patterns folder.

10. Load your stream file in DualBeam Control as described on the Import/Export slide.

The pattern may not look correct in the Dual Beam interface but it will scan correctly.
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Scripting Mill Files (PS Convert)

• PS Convert allows users to script their own stream files 
using a number of shape commands and milling 
variables.  The process is similar to scripting a simple 
program.  It is recommended that you use PS Convert 
only if you cannot achieve your goals natively in 
DualBeam Control or via Patterns.exe, as scripting can 
be time-consuming and will require learning specific 
syntax.

• Please see the PS Convert quick-start guide and 
accompanying manual for more information.
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Finish the Session
1. Turn off the UHR mode if it is active.

2. Tilt back to zero degrees.

3. Blank both the E-beam and i-beam.

4. Withdraw any GISs used.

5. Click “Unload” and confirm.

6. When the unload cycle is complete, remove the 

holder from the load lock and remove your samples.

7. Put the holder in the plastic bag in the marked 

drawer left of the machine

8. Click “Load” and confirm.

9. If you are the last DualBeam user for the day, turn off 

the “Operate” button in the i-beam menu.

10. Disable dual beam through Coral.  

HT is off to both 
beams, but the I-

beam is still 
operational, ready 
for the next user.
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