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High Resolution Field Emission Electron Gun

Introduction

The FEGI000, Figure 1, is a highresol ution, scanned
electronsource intended for use on mul ti- techni que
surface anal ysis systems. Its applications include SEM
imagi ng, Auger spectroscopy, multi- point Auger anal ysis,
Auger mappi ng and Auger depth profl ing.

Fi gure 1: FEGI1000 fiel d e ssi on el ectron gun (show wi thout the i on pump
for differentia pumping).
Its key features are:
¢ Fidd emission source for maxi mum current density
® 95 nm spot size at SnA
e Auger anal ysis at very highspatial resolution
* SEM and S AM imagi ng
e ControlledusingaPC-based data system.

Construction

The Schot t ky Emitter

The Schottky thermal fiel demitter is a high brightress,
lowwork function el ectron source using a zi rconi um
oxide coated tungsten (ZrYW) emitter operatingina
thermally assisted Schottky emission node.

TheTip

The tip, Fgure 2, is constructed from a tungsten wire
whichis brought toa point of <l pm radius at the end.
The extractor el ectrode, consisting of a disc witha smll
hole at its centre, is placeda short distance infront of the
tip When a hi gh voltage is appliedtothe extractor with
respect tothe tipa very large electricfieldexists at the
surface of the tip.
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Figure 2 Schottky fel demssiontip.

Thisfieldis not highenoughtopull electrons from thetip
(cold fieldemission) sothe tipis heatedto 1800K by a
hai rpin flament through whicha current is passed.
However, this is still not enoughtoallow electras to
overcome the energy barrier (or work function) of the
tungsten and | eave the surface of the tip. By coatingthe
tipwith zirconia (zircon um oxide), the work functionis
reduced to the point where the escape of electroms is more
lilely. At the end of the tipis a small, flat crystal plane
whichhas aslightly lower work function than the rest of
the metal.

Withthe work functionlovered and the el ectrons’
thermal erergy raised, el ectrons canbe pulled from this
facet by the fel d created by the extractor vol tage.

The tipis mounted in a source assembly, Figure 3,
whi chincludes the first two electron optical electrodes of
the system, the suppressor and the extractor. The tipis
aligned such that the end of the tipandthe apertures in
the extractor and suppressor are concentric.

ELECTRON CORFORATICN




e
Schottky
Tip i 4 Filamant
Extracton ¢ u o

Fi gure 3 Source assenbl y.

To avoid cont amination and maintainstabl e emissin
characteristics, the source is differentially pumped This is
achieved using a small ion punp.

The Suppressor

The primary functionof the suppressor electrode is to
suppress el ectronemissionfrom the shaft of the tipsuch
that only the end of the tipcanemit. This hel ps to reduce
the effective size of the source and thereby improves the
spatial resol ution. The suppressor al soreduces the total
emission, and therefore reduces the outgassing 1 cad. To
achieve this the suppressor is hel dat a negati ve potential
relative tothe tip. The more negative the suppressor the
less emissionis drawn from the tip.

The Extract or
The primary functionof the extractor is todraw el ectrons
out of the tip. Insimple terms the greater the extractor
potential, the greater number of el ectrons that will be
drawn out of the tip, al though the true effect of varying
the extractor potential is more compl ex than this.
Approxi mately 99% of the el ectrons emitted from the tip
are collected onthe extractor aperture plate. The
remai ni ng current passes through the aperture inthe
extractor plate and continues down the column.

The extractor al socreates anel ectrostatic fel d which,
when the tip is heated, influences the migration of
mol ecul es on the surface of the tipand thereby influences
the ti pmicro-geometry. The correct tip micro-geometry is
essential for produci ng stabl e emission characteristics.
Whenthe tipis heated, a temperature dependent
equilibrium is set up betveen the el ectrostatic force from
the extractor and the surface tension force betweenthe
molecules. This equilibriun determines the micro-
geometry for any particul ar combinationof tip
temperature and extractor vol tage.

The FEG1000 Col umn

The FEGL000 is a two-lens el ectron gun, provi ding a
variable spot size and beam current, see FHgure 4 Current
and spot -size are linked because they are both affected by
adj usting the potential appliedto the condenser lens.
Trade-off exists betweenthem i.e. small spot size, and
hence hi ghresolution, is associated with low beam
currert.

FEG
Source

Condenser
Lens

Diift Tube

Figure 4 Schematic diagramof the FEG1000 columm.

Following the condenser lens are the stigmator
electrodes. These comsist of 8 rods arrangedradially inthe
flight tube. Aberrations inthe lenses distort the shape of
the beam resultinginanelliptical spot onthe sample. The
stigmators compersate for this ensuring that the spot is
circular and opti mising the i mage resol ution.

After the beam has passed through the obj ective lens,
its direction can be changed by anelectric fiel d generated
by appl ying vol tages to the scan el ectrodes. By varying t he
vol tages ina systematic way, the direction of the feld
changes and the beam is scanned across the sanple and
can be used to form aninage. Small scanvol tages result
ina small scanned area and therefore a hi gh
magni fration.

Where appropriate, mu-metal shieldingis fittedtothe
column to prevent stray magnetic fel ds from affecting the
beamquality or direction.



Spot Size Figure 7 shows the Auger spectra from P1and P2.

At 5 nAbeam current, the FEG1000 el ectron gun These show that point 2is richintitan um whereas point
produces a spot size of 95nm at 10 keV beam energy, see 1 shows titani unde pletion.

Figure 5, and 250 nm at 3 keV when fitted toan
ESCALAB 250. S nAis abeam current that is suitable

for Auger anal ysis with most modern anal ysers, such as Aluminium Phase j§Al
the Al pha110. Point 1
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Figure 5 Spot sizeas afunctionof current for the FEGI000, operated at 10
keV on an ESCAL AB 250 i nstr unent. Figure 7: Spectra from the two points marked i n Fi gure 6.

The spot size achi evabl e on other vacuum systems will An overl ay of the Auger images from Al and Ti are
depend upon a nunber of factors including the working  shown in Figure 8 and confrm the resul ts obtained from
distance of the gunand the degree of vibrationisolation. the spectra.

Auger Analysis

Figure 6toF gure 8 show the results of a typical Auger
analysis. Fgure 6 shows an SEM image of the surface of a
titaniun/ al uminiun alloy whichis wedtoidentify the
analysis positions, P1and P2 on F gure 6.

Figure 8: Overlay of Auger maps
(red=Al and green=Ti)

Electroni cs

The FEGI000 is suppliedwithdigital electronics sothat
all of its functiors are contrd led via théwant age data
system. This allows full integrationwith other Thermo
Electron conponents, includi ng the Al phal10 el ectron
energy anal yser.

Figure 6: SEM taken froman al I oy of al uminiumand titani umshowing the
topography of the material andthe points for Auger analysis.

Options

A secondary el ectron detector is available for use with t he
FEGL000. This consists of a photomultifier, santillator
and digital electronics. This all ows SEM images to be
acquiredvia the Avant age data system.



