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JEOL 2010F operating procedure 
Covers operation in TEM mode 
(See separate procedures for operation in STEM mode and for EDS system) 
Nicholas G. Rudawski 
ngr@ufl.edu 
(805) 252-4916 
 
1. Filling the ACD (if needed) 

 
1.1. Prior to use, the anti-contamination device (ACD) needs to be filled with 

liquid N2 and allowed to cool down to allow the column vacuum to reach 
acceptable levels (about 30 min total time); during normal business hours, 
this will already be done by MAIC staff and the instrument should be ready 
for use by 9:00 am or earlier.  However, if use is planned outside of normal 
business hours, the user will need to do this him or herself. 

 
1.2. Make sure the viewing screen is covered (exposure to liquid N2 may cause it 

to crack). 
 

1.3. Remove the trap heater from the ACD.   
 

1.4. Insert the funnel into the ACD and fill it with liquid N2. 
 

1.5. After 5 min, refill the ACD with more liquid N2 (as most of the initial pour just 
boils off). 

 
1.6. Remove the funnel and cover the opening with the plastic cap. 

 
1.7. It usually takes 30 min after filling the ACD with liquid N2 before the vacuum 

is acceptable to perform TEM.  
 
2. Removing the single-tilt holder from the column 

 
2.1. Gloves are to be worn at all times when handling the holders (no exceptions). 

 
2.2. The single-tilt holder is to be left inserted into the TEM column when the TEM 

is not actively in use to help keep the load lock area and column clean. 
 

2.3. Pull straight out until it stops (large pull). 
 

2.4. Turn counterclockwise until it stops (large turn). 
 

2.5. Pull straight out until it stops (small pull). 
 

2.6. Turn counterclockwise until it stops (small turn). 
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2.7. Listen for three valves to actuate. 
 

2.8. Flip the switch on load lock from “PUMP” to “AIR”. 
 

2.9. Wait for the load lock to vent; the specimen gauge (L2 panel) will read >200 
when the load lock has vented and the holder is ready for extraction.   

 
2.10. Gently pull the holder out of the load lock (there should be little resistance). 

 

 
 
3. Specimen loading 

 
3.1. Log on to the TUMI system. 

 
3.2. Make sure the viewing screen is covered. 

 
3.3. Top off the liquid N2 in the ACD. 

 
3.4. Load the specimen into the chosen holder (DO NOT over-tighten the 

screws). 
 

3.5. Plasma clean the specimen and holder; ask for a recommendation for how 
long to do this based on the type of specimen.  MAIC is not responsible for 
contamination to your specimen if you choose not to plasma clean it. 

 
3.6. Line up the pin on the side of the holder with the slot in the load lock opening 

and firmly push in the holder; continue pushing and listen for two valves to 
actuate.  

 
3.7. Flip the switch on the load lock to “PUMP” and release the holder. 
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3.8. Check the “SPEC” vacuum gauge (L2 panel); once it falls below 50 µA and 
will not go any lower, proceed further (should take 20 – 30 s). 

 
3.9. Turn the holder clockwise (small turn); holder will pull inward a small amount. 

 
3.10. Wait for 2 valves to actuate 

 
3.11. Turn the holder clockwise again (large turn); the vacuum should pull the 

holder into the column (large pull); two more valves will actuate after 
insertion. 

 

 
 

3.12. If using the double-tilt holder, plug in the y tilt cable on the load lock. 
 

3.13. Check the column vacuum gauge; DO NOT proceed until the indicator is to 
the left of the marked line (you may to wait a few min).  The specimen may 
become contaminated if TEM is performed with an insufficient vacuum level.   

 
4. Finding an area of interest 
 

4.1. Make sure the objective and SA apertures are retracted. 
 

4.2. Select “VALVE” (FE control panel) to open the column valves (NOTE: the 
column valves cannot be opened unless the TUMI system is unlocked). 

 
4.3. Reduce the magnification using the “SELECTOR” switch (R1 panel) to ~2k× 

(lower limit in “MAG1” mode) 
 

4.4. Press “LOW MAG” (R1 panel) to enter low magnification mode. 
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4.5. Use the “SELECTOR” switch to reduce the magnification as needed and 
then use the track ball to move the stage and find an area of interest. 

 
4.6. When an area is found, increase the magnification to 6k× (upper 

magnification limit in “LOW MAG” mode). 
 

4.7. Center the area of interest on the screen, then switch back to “MAG1” mode; 
the area of interest should remain approximately centered in the image. 

 
5. C2 aperture alignment 

 
5.1. Make sure the 50 µm C2 aperture is selected (rod flipped to the left, smallest 

white dot selected on aperture selection knob).  This aperture is sufficient for 
most TEM imaging.  DO NOT use a different aperture for TEM imaging 
without consulting with MAIC staff first. 

 
5.2. Set “SPOT SIZE” (spot size) to 1 (L1 panel) and “α-SELECTOR” to 3 (L1 

panel) 
 

5.3. Set the magnification to ~30k×. 
 

5.4. Converge the beam to a point (crossover) using the “BRIGHTNESS” knob 
(L1 panel). 

 
5.5. Center the beam on the viewing screen using the condenser “SHIFT X” and 

”SHIFT Y” knobs (L1 and R1 panels). 
 

5.6. Turn the “BRIGHTNESS” knob clockwise until the beam expands to a radius 
of a few cm. 

 
5.7. Adjust the condenser aperture shifting knobs on the C2 aperture assembly 

so the beam is centered on the viewing screen.   
 

5.8. Repeat the previous 4 steps until the initially centered and converged beam 
expands evenly and is centered on the viewing screen when the 
“BRIGHTNESS” knob is turned clockwise (2 or 3 iterations should be 
enough). 

 
6. Gun tilt alignment 

 
6.1. Magnification = 100k×. 

 
6.2. Bring the beam to crossover using the “BRIGHTNESS” knob. 

 
6.3. Use the condenser “SHIFT X” and “SHIFT Y” knobs to center the beam on 

the viewing screen. 
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6.4. Select “GUN” under the “DEFLECTOR” control (R2 panel).  

 
6.5. Activate “ANODE WOBB” (L1 panel).  

 
6.6. Use the “DEF” knobs (R2 panel) so the electron beam expands and 

contracts evenly. 
 

6.7. When finished, deactivate “ANODE WOBB”. 
 

7. Condenser astigmatism correction 
 
7.1. Magnification = 100k×.  

 
7.2. Select the “SPOT SIZE” that will be used for imaging.  For general high-

resolution imaging, spot size 1 or 2 is usually sufficient.  For low-
magnification imaging requiring illumination of a very large area, spot size 4 
or 5 should be used to avoid overexposure of the CCD camera (though to be 
sure, it would probably be better to use the 200CX). 

  
7.3. Turn the “BRIGHTNESS” knob clockwise to expand the beam so it is about 

the size of the small viewing screen. 
 

7.4. Center the beam using the condenser “SHIFT X” and “SHIFT Y” controls. 
 

7.5. Select “COND STIG” (L1 panel).  
 

7.6. Use the “DEF X” and “DEF Y” knobs (L1 and R1 panels) to stigmate the 
beam so it is circular. 

 
7.7. When finished, deactivate “COND STIG”. 

 
8. Eucentric height adjustment 

 
8.1. Magnification = 100k×.  

 
8.2. Set the “DV” reading on the small screen to the right of the column to +0 

using “OBJ FOCUS” (objective focus, R1 panel). 
 

8.3. Select “IMAGE X” or “IMAGE Y” (only one) under “WOBBLER” (R1 panel). 
 

8.4. Use “Z↑” and “Z↓” (SC panel) to minimize image movement. 
 

8.5. Deactivate image wobbler when finished. 
 

9. α-SELECTOR adjustment 
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9.1. Depending on the magnification to be used for imaging, the “α-SELECTOR” 

needs to be adjusted accordingly so a (nearly) parallel beam can be obtained 
for a sufficiently large (or small) imaging area. 

 
9.2. General guidelines for appropriate “α-SELECTOR” settings: 

 
9.2.1. “α-SELECTOR” = 1: magnifications ≥100 k× (best for lattice fringe 

imaging). 
9.2.2. “α-SELECTOR” = 2: magnifications <100 k× and ≥40 k×. 
9.2.3. “α-SELECTOR” = 3: magnifications <40 k×. 

 
9.3. If imaging at a different magnification range is needed later in the session, 

the “α-SELECTOR” setting should be changed accordingly and every 
subsequent alignment step should be performed again. 

 
10. Condenser deflector balancing 

 
10.1. Use the “SELECTOR” switch (R1 panel) to select the magnification to be 

used for imaging.  NOTE: to observe lattice fringes, it is usually necessary to 
use magnifications ≥100 k× (200 – 300 k× is ideal). 

 
10.2. Expand the beam clockwise from crossover so it is approximately the size of 

the small pull-down screen and center the beam using “SHIFT-X” and 
“SHIFT-Y”. 

 
10.3. Under “COND DEF ADJ” (R2 panel), flip the “TILT” switch to “X”; note any 

separation of the beam. 
 

10.4. Select “TILT” under “COND DEF ADJ” (R2 panel) and use “SHIFT X” (R2 
panel) to eliminate any separation of the beam. 

 
10.5. Repeat the previous two steps for “Y”; flip the “TILT” switch to the middle 

when finished.     
 
11. Current centering 
 

11.1. Expand the beam clockwise from crossover so it is approximately the size of 
the small pull-down screen and center the beam using “SHIFT-X” and 
“SHIFT-Y” (do not adjust magnification).  

 
11.2. Find a recognizable feature on the specimen and center it on the viewing 

screen. 
 

11.3. Activate “OBJ” under “WOBBLER” (R2 panel) 
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11.4. Select “BRIT TILT” (L1 panel). 
 

11.5. Use the “DEF X” and “DEF Y” knobs (L1 and R1 panels) to minimize the 
image movement (use of the binoculars and the small pull-down screen may 
help here).   

 
11.6. Deactivate the OBJ wobbler when finished. 

 
12. Specimen orientation adjustment (when working with large single crystals) 

 
12.1. From crossover, turn the “BRIGHTNESS” knob clockwise to expand the 

beam so it is approximately the size of the small viewing screen (this is the 
optimal beam size for collecting images with the digital camera). 

 
12.2. Select “DIFF” (R1 panel) to enter diffraction mode. 

 
12.3. Camera length L = 15 – 25 cm is usually sufficient for working in diffraction 

mode.  Use the “SELECTOR” switch to increase or decrease the camera 
length as desired.  

 
12.4. If needed, the diffraction pattern can be centered on the screen by selecting 

“PROJ” under the “DEFLECTOR” control (R2 panel) and using the “SHIFT” 
knobs (R2 panel). 

 
12.5. Use the X and Y tilt foot pedals on the floor to orient the sample as desired.  

If the DP suddenly disappears during tilting (particularly while using the Y tilt), 
the specimen is probably no longer under the beam; return to “MAG1” and 
center the specimen and then go back into “DIFF” mode to resume adjusting 
the orientation. 

 
12.6. Afterwards, return to “MAG1” mode and re-establish eucentric height (this 

should be done every time the specimen is tilted). 
 

13. Objective aperture centering 
 
13.1. Make sure the beam is centered on the viewing screen and expanded 

clockwise from crossover to approximately the size of the small pull-down 
screen. 

 
13.2. Enter “DIFF” mode.  

 
13.3. Insert an objective aperture; the second largest objective aperture is best for 

high-resolution imaging. 
 

13.4. If the objective aperture edge does not appear sharp, use “DIFF FOCUS” 
(R1 panel) to focus the edge of the objective aperture. 
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13.5. Center the objective aperture on the direct beam. 

 
13.6. Return to “MAG1” mode. 

 
13.7. If necessary, re-center the beam using the “SHIFT-X” and “SHIFT-Y” knobs. 

 
14. Image acquisition and objective astigmatism correction 

 
14.1. Enter Digital Micrograph (it should already be running). 

 

 
 

14.2. In the “Camera View” toolbox, check the box next to “Camera Inserted”. 
 

14.3. Input a value of 0.01 for “Exposure (s)” (this will be adjusted again soon). 
 

14.4. Select “Start View” to start live imaging. 
 

 
 

14.5. Flip the viewing screen up by selecting “SCREEN” (R1 panel); the image 
should appear in Digital Micrograph ®. 

 
14.6. Position the mouse over a bright region in the image and note the “Value” (or 

counts) in the “Image Status” toolbox (or you can view a live histogram of the 
image, too). 
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14.7. The counts in the bright regions of an image should ideally be a few 
thousand counts; in the “Camera View” toolbox, adjust “Exposure (s)” until 
sufficient counts is generated in the live image. 

 
14.8. If some portion of the specimen is amorphous, this can be used to correct 

objective lens astigmatism.  NOTE: the magnification must be ≥100 k× to do 
this effectively; otherwise, DO NOT attempt to correct objective lens 
astigmatism. 

 
14.9. Select “Process” from the menu bar of Digital Micrograph ®, then “Live”, and 

then “FFT”. 
 

 
 

14.10. Slightly adjust the “FOCUS” control (underfocus) until rings are evident in the 
FFT. 

 
14.11. Select “OBJ” under “STIGMATOR” (R2 panel). 

 
14.12. Use the “DEF” knobs (R2 panel) to adjust the live FFT so the rings are round.   
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Left = objective astigmatism uncorrected; right = objective astigmatism corrected  
 

14.13. Use the “FOCUS” control to focus the live image in Digital Micrograph ®. 
 

14.14. The “DV” reading on the small screen to the right of the column should be 
close to +0 when the image is focused; otherwise, you are probably not close 
to eucentric height (so go back and reset). 

 
14.15. In the “Camera Acquire” toolbox, input an approximate “optimal” value for 

“Exposure (s)” to acquire a high-quality image with similar counts present in 
the live image.  Usually, a value greater by a factor of ~5 is sufficient. 

 
14.16. Select “Start Acquire” to acquire a high-quality image.  Keep in mind that at 

high magnification, the image will be more susceptible to drift, so the 
“optimal” value for “Exposure (s)” might be too long; if the image is too blurry, 
the value for “Exposure (s)” may need to be reduced at the expense of 
counts to produce a stable image. 

 

 
 

14.17. If image collection at a different magnification is desired, flip the viewing 
screen down, use the “SELECTOR” control to change magnifications, 
expand the beam clockwise from crossover so it is approximately the size of 
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the small pull-down screen, and re-center the area of illumination using the 
condenser “SHIFT-X” and “SHIFT-Y” controls. 

 
14.18. Depending on the new magnification setting, the area illuminated on the 

viewing screen may increase or decrease requiring a new “α-SELECTOR” 
setting.  If the imaging conditions are changed significantly, it is usually 
a good idea to recheck the condenser deflector balancing, current 
centering, objective aperture centering, and objective astigmatism 
correction (if magnification > 100 k×). 

 
14.19. When finished imaging, under the “Camera View” menu in Digital Micrograph 

® select “Stop View” and uncheck the “camera inserted” box; DO NOT 
CLOSE DIGITAL MICROGRPAH.  

 
14.20. Select “SCREEN” to flip the viewing screen down. 

 
15. Acquiring diffraction patterns 

 
15.1. See separate application note on using the digital camera to record 

diffraction patterns; DO NOT attempt to record a diffraction pattern without 
being shown the proper method for doing this; otherwise, severe damage to 
the camera scintillator could result (and your adviser will be financially 
responsible for it). 

 
16. Specimen unloading 

 
16.1. Place instrument in “MAG1” mode. 

 
16.2. Set the magnification to 100k×. 

 
16.3. Set “SPOT SIZE” = 1. 

 
16.4. Set “α-SELECTOR” = 3. 

 
16.5. Set DV = +0. 

 
16.6. Select “VALVE” to close the column valves and turn off the beam. 

 
16.7. Retract the objective and SA apertures. 

 
16.8. Select “N” (SC panel) to neutralize the stage. 

 
16.9. Click “CLOSE” on the lower right corner of the “JEOL FasTEM Server” pop-

up window.  DO NOT press the “X” box in the upper right corner of the pop-
up window or this will close communications between the computer and 
instrument.  
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16.10. Listen for the stage motor to stop moving (~30 s after depressing the “N” 
button). 

 
16.11. Verify the X, Y, and Z values for specimen position and X and Y values for 

specimen tilt are all ~0 before proceeding; DO NOT attempt to remove the 
holder with the stage in any other state as this may cause damage to the 
holder and/or the stage. 

 
16.12. The “Status” tab in the FasTEM Client should look similar what is shown 

below.  The holder can now be removed.  
 

 
 

16.13. If using the double-tilt holder, disconnect the y tilt control from the goniometer 
(the Y specimen tilt will read an erroneously large value as a result of this). 

 
16.14. Remove the holder from the TEM as described in step 2. 
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16.15. Remove the sample from the specimen holder; 

 
16.16. Insert the single tilt holder back into the TEM as described in step 3; if the 

double-tilt holder was used, insert it back into the plasma cleaner and place it 
back under vacuum. 

 
16.17. Log off the TUMI system. 

 
17. Ramping down the TEM (if needed) 

 
17.1. Ramping down the TEM will only be necessary if the instrument is being 

used after hours; during regular business hours, MAIC staff will take care of 
doing this at the end of the day (around 5:00 PM). 

 
17.2. The single tilt holder must be inserted into the column before proceeding. 

 
17.3. Cover the viewing screen. 

 
17.4. Remove the small plastic plug from the ACD. 

 
17.5. Insert the trap heater into the ACD. 

 
17.6. Press “ACD HEAT” (L2 panel) 

 
Appendix A: shorthand alignment/imaging instructions 
 

1. Locate region of interest 
2. Align C2 aperture at 30 k× 
3. Align gun tilt at 100 k× 
4. Select spot size and correct condenser astigmatism 
5. Set DV +0 and set eucentric height at 100 k× 
6. Select appropriate α-SELECTOR setting for magnification range to be used; 

expand beam clockwise from crossover so the beam is appropriately sized and 
center on viewing screen 

7. Deflector coil balancing 
8. Current centering 
9. Enter DIFF mode and insert/center objective aperture 
10. Return to MAG1 mode, lift up the viewing screen, and start acquiring a live image 

using Camera View 
11. Focus the image and use a live FFT to correct the objective astigmatism 

(magnification must be high enough) 
12. Acquire images using an appropriate exposure time using Camera Acquire 


