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EXO05

Differentially Pumped, Scanning Ion Gun

Introduction

Therno Electronoffers two ion guns, the EX03 and t he
EXO0S. The EXO03 is intended mainly for sample cl eani ng
prior tosurface anal ysis whilethe EXO0S5 is designed for
highresol utiondepth profl es in both XPS and Auger.
This document describes the EX05 i on gun, F gure 1. The
key features of the gunare:

* Noble gas ions

e Differertially punped

 Twin fil ament source

e Two lenses

e Floating drift tube

e Scannabl e

Fi gure 1 EX05 lon Gun

Thi's gun provi des a hi gh flux, small spot beamof
nobl e gas ions at energies upto5keV. Anegative
potential canbe appliedtothe drift tube inthe EX05
column, this allows better performance at | ow energy to
maximi se depth resol ution and to enabl e charge
conpensation for Auger.

The EX05 fromTherno Electron provi des hi gh
performance inall surface anal ysis applications:

® Depth profling (XPS, AES etc.)

Construction
The basic constructionof the EX05is showninHgure 2.
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Figure 2 Schematic diagram of the EX05i on gun.

The source is fited with two tungsten flaments, one
on either side of acylindrical gridthat forms the
ionisationregi on. Only one flament is inuse at any time.
Fitting a twin filament source all ows uptime to be
maximi sed and source maintenance to be a pl anned event.
Selecting the second filament is accomplished by a single
swi tch action.

The i oni sation region consists of a cylindrical grid
hel dat a potential of about 70 V posi tive withrespect to
the flament. The fl ament is heated by passing a current
through it. The hot flament emits electrons whichare
attractedtothe gridby the ~70 Vpotential appliedtoit.
This vol tage defnes the el ectron energy. The el ectrons pass
into the ionisationregionand, because this is surrounded
by a regionwhichis at the same potential as the fil ament,

they ascillate withinthe ionisationregionuntil they strike

* SIMS either the grid or a gas atom. If a gas atom is struck by an
* ISS erergetic electronthereis ahighprobability that it will be
e SNMS ionised. The el ectron emission current from the fl ament

can be sel ected by the user; the gun power supply controls
the emission current by controlling the current through
the fl amert.

e Sample cleaning
e (harge compensation for Auger

EL=CTRON COR ORATION




When required, the filaments can be repl aced wi t hout
removing the gun from the system and wi t hout
discomnecting the differential pumping

Argon, or another nobl e gas, is admittedtothe
ionisation regi on where a proportion of the gas atomsis
ionised by the oscillating el ectrons. Anelectrode at the
exit from the ionisationregionand co-axia withit is keld
at anegative potential withrespect tothe grid This
electrode is the extractor and accel erates the ions out of
the ionisationregionandintothe remainder of the ion
optical cdum.

The i on optical cdumnof the EX05is a two-lens
(condenser and focus) desi gn. Between these two lerses is
anaperture. For maximumecurrent, the i on beam is
focused on the aperture by the condenser lens sothat a
large proportionof the ionbeampasses throughit. By
changi ng the potential onthe condenser lens, only part of
the beam can pass through the aperture and so the beam
current can be control led.

If theiongunis controlled by the standard control ler,
anegative potential canbe appliedtothe drift tube when
the gunis operated at low energy. This increases the
current available from the i on gun at the | ow energy.

Following the lenses is a set of scan plates which
casist of two pairs of parallel electrostatic plates which
canscanor shift the beam in the x and y directions.

Because thisiongunrequires arelatively high flowof
gas intothe source, it is wually necessary to differertially
pump the source so that a good vacuum is maintaired in
the anal ysis chamber. The differential pumping aperture is
very cl ose tothe source regi onto minimise the di stance
that the ions travel inthe high-pressure regionof the gun.
This reduces the proportion of the ions that are converted
tofast atoms toalevel vere they have a negligible effect
on depth profl i ng per for mance.

Power Supply

The EXO05 features a digital pover supply controlled by
the advancedAvant age data acqui si tion and processing
software package.Avant age provi des control of all the
operating parameters of the source and col umn. The data
system alsocontrds all aspects of ion beam scanning.

Characteristics

Usable ioncurrents can be obtained from the EX05 in
the energy range 100 eVto SkeV. This is partly as a
consequence of the negative potential which can be
appliedtothe drift tube inthe colum.

The spot size characteristics of the i on gun depend
upon its worki ng di stance. Fi gure 3 shows typi cal
characteristics of the i ongun vhen the worki ng di stance
is 20 mm and Fi gure 4 shows the same characteristics at
70 mm. The maximum current dersity is >5 mA/cin
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Fi gure 3EX05 characteri stics at 20 mm wo rki ng di stance.
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Operati ng Condi ti ons

The choi ce of operating conditions depends upon the
experimental requirements. Maximum etch rate requires
the maximum current dersity, this is achievedat 5keV
and with a small scannedarea. This set of conditions may
not, however, produce good depth resol ution, because that
requires the use of alow energy ion beam to minimise
atomic mixing.

For opti mum depth resolution the beam energy shoul d
be low (e.g. <l keV) and the crater size should be large in
relation to the i on beam diameter.

There is no general rule for deciding whichconditions
touse because inall cases a compromise must be reached
between speed of anal ysis and the required depth
resol ution. This will depend to some extent on the type of
sampl e bei ng anal ysed. For example, if the sample has a
rough top surface thenit will be unnecessary touse a very
lowbeam energy because the i nherent sampl e roughness
will put alimit onthe depthresol utionwhich can be
achi eved.

Depth Profiles

The EXO5 is fitted toall of Thermo Electron’s surface
analysis irstruments because of its excellent depth
profilingcapabilities. Hgure 5shows anexample of a
depth profl e through a metal muld-layer sample. It canbe
seen that the depth resol utionis maintained t hr oughout
the whole of the profile (nore than 500 nm).
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Fi gure 4 EX05 characteristics at 70 mm wo rki ng di stance.
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Figure 5 Depth profi e through a netal mu lti- laer material showing excell ent
depth resol ution throughout. Thi's isan Auger depth profi e acquired using
the EX050naMICROLAB 350 i nstrunent.

lon Scatteri ng Spect r oscopy

The energy spread of ions inthe beam from the EXO0S is
small making it ideal for ionscattering spectroscopy (ISS).
For exanple, Hgure 6, shows part of the ISS spectrum
from copper. As can be seen, bothisotopes of copper are
visible. This indicates that the gun can be operatedinsuch
a way that the beamhas a very smmll erergy spread.
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Figure 6 Part of the ISS spectrumfrom copper showing that the tve i sotopes
can be resol ved usi ng the EX05 i on gun. (Arions at 1keV).

Char ge Compensation

The EXO0S can be operatedat very lowbeam energy
(<100 eV). This is possibl e because a positive potential
can be appliedtothe drift tube. Suchlowenergies can be
useful, for exanple, inneutralising chargingin AES and
SEM acquisitions (see applicationnote AN30015).

Summary Specificati ons

Tabl e 1 shows a summary of the important specifications

for the EX0S.

Ener gy range 0.1to5keV
Maximumec ument >10 pA
Spot size <120 ym

Worki ng di stance (WD)
Maxinumscan area at 5kV

(Gas speci es
Mounti ng flange

15t0 60 mm (15 mmopt imal)

2.5% 2.5m(15 mm WD)
10x 10 mm (60 mm\AD)

Inert gases
70 nm0D

Table 1

Dimensions

The i on gun di mensi ons are shown in Fi gure 7 and the

pumpi ng and gas feed requi rements are shown in Fgure 8.

yds inlz.
& 8 3dmmoh

| mini flanga

pumpirg port czn be reverzed

wuigng dislaise
R i ira 120 I
. 78 " =
! ]
. o
- F-
) - S
o2
= i
[
. =
L
sample prsilicn: T F
- E ]
rotatasle maunting “arge
70 mm 0D f
@ @ - \feed:hrchl‘
cablz Iength — Mote: feectirough aqd differert al
gm
:| ! © @] EYR to special arder
1| \e @ ®
[ ]
30 min g0 45

wtatable sumping port
G303 mm oD faige

Figure 7 EX05 di nensions.
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Figure 8 Pumping, gaugi ng and gas feed requi rements for EX05.
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