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Cautiong!

Do not hit the lenswith your sample!

Thisisthe most expensive mistake you arelikely to make! The conical objectivelens
that isvisble when you open the chamber isnot extremely ddlicate, but it can be damaged, and
isvery expensivetorepair. Theprimary danger comesfrom tilting the sample using the lever
attached to the stage. Under normal circumstances (using a conducting sample) an alarm will
sound if the sample or stage touchesthe objective lens, and the sample movement controlson
the front panel will automatically stop. To avoid this problem examine the position of your
samplereativeto thelensbeforeyou pump down the chamber, and be certain you under sand
the movement limits. Thedanger isleast for small samples mounted on the small stubs at the
normal height and isgreatest for large sample such aswafers. Remember to bring the sample
to a safe position before removing it from the chamber. (Usually along working distance and
not tilted.) Also notethat the Alarm/AEM switch should be set to Alarm to enable the lens
contact alarm. Notethat these commentsalso apply to the Kevex EDS system, especially if the
detector isextended for analytical work.

Know how to saturate the filament!

Thefilament will fail if you turn the filament current up too high. Failure can also be
caused by using the manual gun biasincorrectly. (Generally it isnot necessary to ever turn
on the manual gun bias.) Seethe start-up section for details on filament saturation.

Put only " clean" samplesin the SEM!

Handle all samples, stubs, sample holders, etc with clean, oil-free gloves. Use only
samples that will not outgass in a vacuum system. Carbon or silver paint used to attach
samples should be completely dry. Outgassing can cause prematur e filament failure, and can
lead to depositsthroughout the column, degrading the performance of the SEM for subsequent
users. If you have questions about a particular sample, contact McGruer, Krim, Oliver, or
Warner.

Retract Kevex EDS system!

Unlessyou are using the Kevex system, retract it to the 60mm position on the gauge.

Emergency Shut-Down

Usually the SEM isleft in the standby mode which isdescribed below in the shut-down
section. |f an emergency arises, in which it is apparent that something is wrong with the
system, and leaving the system running may further damage it, do the following. Turn the
power key to off (under theright-hand side of the consoletable). Turn off the cooling water .
Turn off themain power at thewall if this seemsnecessary. Call Warner, McGruer, Krim,
Oliver.



Start-Up

1

Put clean sample on stage, using glovesto handle anything going in the vacuum system
(see cautions for further information). Check lens clearance as described under
cautions. (If the chamber is under vacuum, push the vent button once to vent the
chamber.)

Hit pumpdown/vent button, wait for light in the emission current gauge to turn on.
Thislight indicatesthat the vacuum is sufficient to operatethe SEM. If thelight isnot
on after 15 minutes, or the roughing pump continues to "gurgle" for more than 5
minutes the system should be vented and the o-ring checked for dust or hair.

Turn the filament current knob down (counter-clockwise).

Set the desired accelerating voltage.

Turn on the high voltage. (red button) Thisalso turnson the filament supply.

Turn on the detector (SEI detector - switch is located next to the emission/filament
current meter)

Satur ate filament:

Set scanning speed to TV and L SP. Set scanning modeto L SP. The height of theline
scan on the screen now will correspond to the emission current. Turn up the contrast
and brightness knobs on the lower control panel. The sensitivity of the scan height to
emission current may be controlled with the contrast knob and the zero height is set
with the brightness knob. (The monitor brightness and contrast controls next to the
CRT will probably need to be increased to maximum, the brightness knob must be
somewhat greater than zero, and theroom lights may need to be dimmed to seetheline
scan.)

Push the button underneath the filament current meter so that it glowsgreen. In this
mode the meter indicatesthe dc heating current flowing through the filament. (Inthe
other mode, the emission current is indicated.) For now you will be watching the
emission current as measured by the height of the line scan on the screen, and the
filament current on the meter.

Slowly turn up the filament current while watching the line scan for emission current.
Emission should be apparent at a filament current of lessthan about 2 A. (Check the
last few entriesto determine typical saturation currents.) If you do not see emission at
the expected current, check the contrast and brightness controls on the console for
adeguate sensitivity. Saturation isreached when the emission does not increase further



as the filament current is increased. Note that one or more false maxima may be
observed asthefilament current isincreased. Note! - The saturation point lookslike
another false maximum if thetilt and shift controlsarenot properly adjusted. To avoid
burning out thefilament, check thefilament current and compareit with typical values
recorded in thelog. Typical operating parametersare 2-2.2 A of filament current, and
50-80 pA of emission current at 30 kV. The emission current values will be less at
lower accelerating voltages. Usethe minimum filament current necessary. Using more
current will shorten the filament life or immediately burn out the filament!

Operation

In general, the various oper ations involved in viewing and optimizing the image may
be performed in any order. Many of the alignmentsand optimizations ar e optional and do not
need to bedone every time. Some recommendationswill be noted below. Remember to make
your entry in thelogbook every time you usethe instrument.

Acquirelmage

Thisisusually thefirst step! Switch scan modeto PIC, scan rateto TV, adjust
monitor contrast and brightness midrange, adjust probe current 10:00 to midrange,
decrease magnification to minimum, adjust contrast and brightness on operation pane.

Focus, move sample, and stigmate to obtain an acceptable image. If the sampleis
going to betilted, thetilt will often increase the contrast and make features easier to
pick out.

Focus/Stigmation

Adjust thefocusknob and the 2 stigmation knobs alter nately for the best image.
Several iterationswill be necessary. Focusing and stigmation are generally necessary
for any change in operating parameters except for magnification. In fact, it is
frequently easiest to adjust these controls at an exagger ated magnification, then reduce
the magnification tothedesired level. Therunning average digital mode (function key
F10, choose MONI) often helpsin focusing noisy images.

Probe Current

The clockwise knob position correspondsto a higher condenser lenscurrent, a
smaller electron beam current, and a smaller electron beam size at the sample. The
basic trade-off isresolution vs signal-to-noiseratio. Generally the picture that looks
the worst on the monitor (clockwise on probe current knob) will give the best
photograph. Smaller currents hitting the sample can also minimize charging and
sample damage.



Accelerating Voltage

The accelerating voltage is selected with the dials above the red high voltage
button. Thisshould be selected beforetuning the other controls. Thebasic trade-offs
her e are between charging, resolution, and surface detail. High voltage gives higher
resolution, except with light elements where the electron penetration is deep and
obscures surfacefeatures. For example, silicon surface roughnessismuch easier to see
at 10kV than at 30kV. Minimum charging of insulating samples usually occurs
between 1 and 5 kV. Changing the accelerating voltage generally requires that the
filament saturation be adjusted.

Sample and | mage M ovement

Usethejoystick and rotation buttonsfor physical movement of the stage from
the console. Thevertical and tilt adjustments are located on the chamber itself and
should always be used with caution because they can apply great force to the lens
through the sample or sample holder. Theimage shift knobs and the image rotation
module allow electronic manipulation of the position. The dynamic focus and tilt
correction may also be used to obtain the desired image.

Brightness and Contrast

The operation pand brightnessand contrast may be adjusted for photography
or for viewing using the WFM button near the CRT. Thenormal adjustment spreads
therange of brightnessover thefull range of thelineson thescreen. For viewing the
image, the monitor contrast and brightness are then adjusted as desired. The
automatic contrast and brightness control performs this function automatically, if
desired.

Aperture selection.

If necessary, select the aperture using the mechanical selector on the column.
Usually thiswill not be necessary. If the apertureischanged, it should then be aligned
using the wobbler control as described below. A smaller aperture gives better depth
of field and better resolution. A larger aperturegivesa smaller depth of field and better
signal-to-noiseratio because mor e electrons are available at the sample.

Column Alignment

Aperture Alignment



Thisalignment should be done whenever the apertureis changed, and should
be checked for very high resolution work, or when the accelerating voltage, probe
current, working distance, or gun alignment have been changed by lar ge amounts.

Procedure: Find a conspicuous feature and center it at 1000X or greater.
(higher magnifications give mor e sensitivity) Turn on the OL wobbler and adjust the
mechanical adjustments on the column to minimize image movement as the focus
changes. Turn off the switch when the procedureisfinished.

Gun Alignment (Shift and Tilt)

These alignments must be done after a new filament has been installed, but are
necessary only a few times as the filament ages. Worth checking for very high
resolution work.

Procedure, Tilt and Shift: Usethetilt knobs alter nately to maximize the height
of thelinescan (L SP) asin thefilament saturation, or maximize the brightness of the
image.

Lens Clear

Used to remove hysteresis in lenses after large changes in focus (working
distance). Thiswill keep theworking distanceindication accur ate.

Analog Image M anipulation

The appearance of theimage may be modified using the video control or theYZ
modulation control. Thevideo control may be useful in bringing out detail in very light
and dark areas of a high-contrast image, and the YZ modulation control is meant to
bring out fine detail.

Alternate Analog | mages

Slow scans, the D-Mag button, and reduced ar ea scans are sometimes useful in
viewing or focusing theimage.

Digital Features

These can be very useful for viewing low signal-to-noise-ratio images, and for
storing digital images. MONI A providesarunning aver age image useful in focusing,
INTG provides an integrated still image, and SLOW records a still image of a slow
scan. Generally the SLOW mode givesthe best digital image. The exception iswhen
chargingispresent, in which case the integrate modeis often better. Moredetailsare
given in the manual starting on page 5-25. Please do not edit lookup tables 1-10.



Capabilitiesexist for typing text on analog or digital images, for storing digital images,
and for composing dual or quad images.) To save an image to the pc, type SAVE
IMAGE.O1 whilein digital mode. Also notethat FM FX, where X rangesfrom 1to 4
switches between 4 frame bufferswher e images may be stored.

Photography

The most common procedureisto set the contrast and brightness as described
above, set the Photo-Speed setting to 2, and to press photo. Normal settings on the
camera are f16 for ASA 3000 film and 5.6 for ASA 400 film (although some
experimentation may be necessary). Photographs of digital images are produced using
the photo command in digital mode. Usually the highest resolution is obtained for a
small probe size (clockwise probe current, low signal-to-noiseratio). SEM data will be
displayed on the photograph depending on the setting of the CHARACTER switch next
tothe CRT. Multiple and multi-frame exposures are possible.

Shut-Down

1 Slowly turn the filament current to zero.

2. Turn the High Voltage off.

3. Turn the Detector off.

4. Rectract the KEVEX detector, if used.

5. Position sample for removal-to not hit lens.

6. Press vent, remove sample after chamber ventsto atmospheric pressure and the door
can be opened.

7. L eavein standby modeif you are not loading another sample.

Standby: 1-3 above and:

[ Hit pumpdown/vent button, wait for light in the emission current gaugeto turn
on. Thislight indicatesthat the pumpdown has been successful. If thelight is
not on, or theroughing pump continuesto " gurgle” for morethan 5 minutesthe
system should be vented and the o-ring checked for dust or hair. If a good
pumpdown cannot be achieved, leave the instrument vented and contact



someone for repairs.

Slow 2 scan mode.

Maximum M agnification.

Monitor contrast and brightnessturned down.

L eave power to machineon.



