Introduction to Transmission Electron Microscopy

Electron Diffraction and the Stereographic Projection

Instrument Instructions




      EMES/Metallurgical Engineering Labs

TEM/STEM MICROSCOPE OPERATION INSTRUCTIONS

The following outline assumes the Model H-7000FA (TEM) and H7110 (SEM) manuals are with the microscope.  There are many details that are not repeated here.  Specific details can be found on pages identified with bold type.  When a word is spelled with all capital letters such as BRIGHTNESS, MAGNIFICATION, OR BRIGHTNESS CENTERING, I am referring to names of dials buttons for gauges located on the instrument panel.

The first thing done is to fill out the logbook.  Failing to do this results in permanent loss of microscope use.  Write the filament start time and when finished, the finish time.

To obtain the start and finish filament time, enter 04 on numeric pad, and then push the INDEX key.
TEM Operation and Alignment Procedure


1.
Fill the electron gun liquid nitrogen trap every four hours.  Ask about location - no photograph in manual.


2.
If the column electronics are off, they are turned on with the keyed switch located behind the right control panel door (see page 1-5: item 47).


3.
If sample is fully inserted in microscope in the C position, (see page 2-12) move it to the B position.



Pulling straight out until the sample holder stops, then turn about 5 degrees counter-clock-wise accomplish this.  This locks holder in place. The specimen is now clear of the electron beam and objective lens.


4.
The objective of the next series of operations is to center the condenser aperture.  The room is dark - turn on the control panel lights (see page 1-5: item 38).

(a)
Set MAGNIFICATION to 5x1000.  5x1000 is the notation on CRT for 5000x.

(b)
Push ACC VOLTAGE.  Push 100 button above ACC VOLTAGE.  This action turns on the high voltage and sets it at 100,000 volts.

(c)
Slowly turn FILAMENT on by rotating the knob clockwise.  Take 60 seconds to rotate the knob one revolution.  If you heat the filament up to fast the LaB6 crystal can be cracked.  A filament cost about $2000.  With care it will last several thousand hours.

(d)
Make sure Objective and Field Limiting apertures are out (see page 1-4: items 6 & 7).

(e)
Using BRIGHTNESS knob, rotate knob until crossover (focus) of electron beam is observed.  Center beam on X using BRIGHTNESS CENTERING x & y control knobs (see page 1-5: item 20 & 36).

(f)
Rotate BRIGHTNESS clockwise, then counter clockwise so as to cause the beam to expand on each side of the crossover point (focus).  The circular image of the beam illumination must be symmetrical on both sides of crossover.  If symmetrical go to step 5.  If not continue with (g).

(g)
The mechanical centering of the condenser aperture involves the use of the micrometer screws called "Y knob" and "X knob" (see page 2-5: top photograph) With one hand rotate the BRIGHTNESS knob back and forth causing the beam to go to both sides of crossover.  With the other hand slowly adjust the two-micrometer screws (one at a time) until the circle of illumination expands symmetrically on both sides of crossover.


5.
The objective of the next step is to center the electron gun illumination.  At 5000x focus the beam on the screen.  Slowly turn the filament current down.  A halo will appear surrounding the central spot as the filament becomes unsaturated.  This halo must be symmetrical (see page 2-5: Fig. A and B).  If not symmetrical correct by using the GUN TILT X/Y control located on the left sub panel (see page 2-5: bottom photograph).


6.
If the center spot in not on the Screen X, make it so by using the GUN HORIZ knobs located next to the GUN TILT X/Y knobs.  Resaturate the filament by turning it clockwise till it stops.  Expand the illumination to fill the circular door by rotating the BRIGHTNESS knob clockwise.



There are other alignment procedures for very careful high magnification work.  This level of alignment can wait until later in the semester when we do lattice imaging.  To continue alignment go to Advanced TEM Alignment.  Otherwise go to 7.


7.
Insert the sample into the "C" position.  Locate a hole in the sample and center the hole on the screen.  Increase magnification to 20,000x.  It may be necessary to center illumination with BRIGHTNESS CENTERING.  


8.
The first order of business is to center the objective aperture. This is accomplished by pushing the DIFF button. Focus the transmitted beam spot with DIFFRACTION SPOT knob.  A single spot should appear at the x on the screen.  If not center on the x, make it so by using the BEAM TILT knobs.  Insert the objective aperture by moving the lever arm right to left (see page 2-14).  Select the hole size you want to use and center it with respect to the beam using the x-y micrometer knobs located on the aperture.  Return to normal operation by pushing the ZOOM button.


You are now ready to look at your sample and photograph images as required.

Advanced TEM Alignment


Advanced is perhaps a poor choice of words.  (See pages 2-7 through 2-10) The following procedure should be followed periodically even when doing routine moderate resolution microscopy.  The two conditions checked with the following procedure are: (1) Alignment of imaging system (also called voltage centering) and (2) astigmatism correction of the objective lens.  These parameters are very stable and therefore do not change considerably over time.  However, for high-resolution microscopy do the following.


1.
Place the specimen in the microscope that is labeled "Holy Carbon Film" and set the magnification at 5,000 or 10,000x.


2.
Press the HV MODUL switch on the right main panel.  The image on the fluorescent screen will move.  The magnitude of the movement can be adjusted using the MODUL AMPL selector switch on the left sub panel.


3.
Use the BEAM TILT knobs on the right sub panel to adjust the movement to exactly coincide with the center of the fluorescence screen.  This process May cause the BRIGHTNESS CENTERING to shift.  Using the BRIGHTNESS and BRIGHTNESS CENTERING knobs center the illumination.  Repeat the BEAM TILT and BRIGHTNESS CENTERING adjustment until no change is observed.  This completes the "Voltage Centering."


4.
The second objective is to remove any objective lens astigmatism.  Select a small hole in the "Holy Carbon Film" at adjust the magnification to 2-3 time that you are planning to use (if possible - otherwise as high as possible and still see the complete circular hole on the fluorescence screen).


5.
Reset the OBJ STIGM X and Y by pushing the reset switch.  Turn the FOCUS knob clockwise to a slightly over-focused condition.  If there is no astigmatism, the center image (b) below should be visible.  The instrument is ready for high-resolution use - otherwise proceed to 6 below.

[image: image1.wmf]

6.
Adjust the OBJ STIG X and Y and FOCUS until the center image is obtained.  The adjustment of OBJ STIG X and Y and FOCUS is repeated until the center image is obtained.



TEM Camera Operation


1.
When the image is focused, using the BRIGHTNESS control, adjust clockwise from crossover so the whole circular door on the fluorescence screen is illuminated.


2.
Experience has shown that a shutter time of 4 seconds and a CURRENT DENSITY (see panel left of CRT) of between -10 EQ \f(3,4)  and -11 EQ \f(1,4)   is the range for correct exposure of the photographic film.  Make this adjustment using the BRIGHTNESS control (clockwise from crossover).  Turn the BRIGHTNESS control knob until the CURRENT DENSITY meter is at the desired setting.  Exact exposure time is established through experiment.


3.
At this time adjust the DENSITY ADJ knob until the center green light is on.  Also note that two green lights are visible in the viewing chamber.  These two green lights can now be used to set the correct exposure.


4.
To take a photograph:



(a) Make sure there is film in the camera.  Enter 01 then push INDEX on keypad.  The screen that comes on has a photographic film counter.  Other screens have the film counter in the same location.



(b) When ready pull the right side handle (counter level next to column) all-the-way-back until it stops.  Quickly remove your hand and make sure no part of your body is touching the instrument.  Small vibrations can spoil your photograph.  The loading of the film and exposure is automatic.



(c) Move the lever back when the exposure clock has stopped (see lower right corner of the 01 screen).  Photographic operation is completed.


5.
When finished taking pictures, or if out of film, do the following:



NOT OUT OF FILM



(a) Open center sub-panel door.  There are three buttons.  Push the CLOSE button and wait for the mechanical operations conducted by the computer to stop.  Then push the AIR button.  The camera vents to atmospheric very slowly.  It takes about 2 minutes.



(b) Be sure the room lights are off.  If there is a chance someone may open the door lock it.  When vented the door will open with a gentle pull at the top of the door.  Remove the catcher box by gently lifting up, then pulling toward you.   Wrap the catcher in black cloth.



(c) Place the empty catcher into the camera.  Give a gentle pull straight toward you to make sure it has dropped into is resting slot.



(d) Close the door and put pressure at the door top with your hand.  Push the EVAC button and wait for 30 seconds.  At this time you can remove your hand pressure.  When the camera vacuum light on the vacuum display board (right edge of right instrument panel) is green you may continue using the instrument. 



OUT OF FILM



(a) Same as (a) above.  Also open large right hand door (about knee level) and locate desiccate vacuum EVAC-AIR switch.  It is located upper left corner in this cabinet.  Set to AIR.  It vents to atmospheric pressure slowly - about two minutes.



(b) Same as (b) above.  Also with gloved hand reach back into the camera and locate a bar that is lifted straight up about  EQ \f(1,8)  inch, and then pulled straight toward you.  



DO NOT APPLY A LARGE FORCE - IF UNLOCKED THE CAMERA MECHANISM WILL SLIDE OUT EASILY, THE FRONT HALF BEING HINGED TO ROTATE DOWN OUT OF THE WAY WHEN THE END OF THE SLIDING TRAVEL IS REACHED.


Lift the film box out of the holder.  Open the desiccater and remove the full film box - place film box into the camera slide - push the slide back into the camera - be sure the lift bar drops in place.  If so the camera slide is locked. Very important.



(c) Same as (c) above.



(d) Same as (d) above.  Also throw desiccater switch to EVAC.  Put pressure on this door until you are sure it is evacuating.



(e) Reset film counter on 01 screen.  

Push INDEX.

Use  key to move cursor to UNEXPOSED FILM.

Type 22 on numeric keypad.

Push ENTER button - not labeled - large button to the right of arrow keys.

Camera automatically resets.

SEM Alignment Procedure


1.
It is assumed that the condenser stigmator and high voltage alignment has just been completed in normal TEM (ZOOM) mode.  Be sure the objective aperture and field limiting apertures are removed from the electron beam path.


2.
Set the microscope magnification to about 10K.  Press the ZOOM button and hold it in the depressed position.  Now press the STEM button.  Both buttons are located on the back row, left side of the TEM.  Both ZOOM and STEM panel lights must be illuminated.  

(a)
Center the illumination using the BRIGHTNESS and BRIGHTNESS CENTERING knobs.

(b)
Check the condenser astigmatism by adjusting the beam through crossover with the brightness control.  If the beam is not circular through cross over, make it so by adjusting the CONDENSER STIGMATOR.  This is located on the right side sub panel of the microscope.  If this becomes difficult, reduce the filament current so the halo is visible.  The adjustment is much easier in this condition.  Return filament to saturation.

(c)
Push the HV modulator (the same adjustment as in Advanced TEM Alignment).  Adjust the BEAM TILT such that the image in the center of the screen is stationary.  This adjustment should be done at a magnification higher than you plan to take photographs.  

3. Put cover over the viewing window.  If the room light is turned on, it is possible the STEM detector can be damaged if this cover is not in place.  Push the ZOOM button only.  Push the STEM button only.  You are now in STEM mode.  Tilt the fluorescence screen out of the way by pulling the right lever forward.  This exposes the STEM detector to the beam.  All magnification and focusing operations are now shifted to the H7110 panel.
STEM Application Person at Hitachi:  Bill Mollon 

or Mr. Suziuki  1-800-638-4087

STEM Service at Hitachi:  Ron Griffin  1-800-455-4442
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