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Vacuum bench for the characterization of thermoionization ion sources
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We have designed a vacuum bench to study the parameters of thermoionization sources with the
ultimate goal of obtaining high spatial resolution for biomedical applications of secondary ion mass
spectrometry. In the bench, the source ionizer can be directly heated with an electron gun positioned
perpendicular to the axis of the ion beam and focused with an optical system including slit lenses
and a magnetic sector. The source cross over diameter is measured by forming the image of the
source using an Einzel lens at & inagnification. The ion beam current is measured in a Faraday
cup placed after a movable diaphragm. The temperature of the diverse elements of the ionizer
assembly is measured through a mirror with a micropyrometer. Using the vacuum bench with a
cesium carbonate source, we measured au86minimum cross over size, and we calculated a
400 Alcnf/sr maximum brightness. We obtained an intense cesium ion beam when heating the
ionizer with the electron gun. The vacuum bench will be used to compare the effect of the heating
mode of the ionizefi.e., indirect by filament electron emission or direct by electron Heamthe
brightness of the cesium source, and to develop a thermoionization iodine negative ion source.
© 2003 American Institute of Physic§DOI: 10.1063/1.1584086

I. INTRODUCTION periphery of the ionizer assembly, the ionizer plate cannot be
the hottest part. As suggested by SlodZihis may create a

A new generation of secondary ion mass spectrometetloud of charges that may decrease the production of cesium
combining high spatial and mass resolution with parallel deions from the source and/or increase the minimum cross over
tection of several atomic mas$ésopens the use of stable size, both essential determinants of the brightness of the
isotopes for imaging the location and measuring the turnovesource. In order to decrease this space charge, and thus to
of labeled molecules in biomedical research. The capabilityotentially increase the source brightness, we decided to heat
for measuring isotope ratios in cellular organelles or in subthe source ionizer directly, at its center, using an electron
cellular compartments of cubic nanometer size is of upmoshbeam.
importance for biomedical applications. Another goal is to design an iodine soutéadapted to

In our multi-isotope imaging mass spectrometerMIMS to replace the oxygen duoplasmatron negative pri-
(MIMS),® an ion beam is scanned over the sample. We use @ary ion source. Indeed, iodine negative primary ion sources
positive cesium ion beam with a 50 nm minimum diameterhave been shown to induce very high positive secondary ions
to produce negative secondary idh¥he cesium ions are Yield.*
produced with a thermoionization sourt®Ve can also use In this first article, we describe a vacuum bench designed
an oxygen duoplasmatron negative ion sofitoeform posi-  to characterize both positive and negative primary ion
tive secondary ion$.The brightness of this negative source sources by measuring the primary ion beam current and the
is low, and its practical resolution is approximately 200 nm.Cross over size. We also describe the heating of the source

Although MIMS capabilities already constitute a break- ionizer with an electron beam perpendicular to the ion beam.
through for biomedical applications of secondary ion mass
spectrometry, any gain in resolution would be beneficial. In a
;econdary ion mass s_pectro_meter with a scanning primary oo enTal SETUP
ion beam, a brighter primary ion source translates directly to
higher spatial resolution and/or shorter acquisition time. ~ A. General description of the bench

One of our goals is to attempt to increase the brightness The vacuum bench configuration is shown in Fig. 1. The

of the cesium source. In the present cesium source, which '\%cuum chamber is composed of an 8 in. flange tee and two
heated by electron bombardment from a filament around thg ;, flanges crosseFig. 1(a)]. Each cross has been ma-

chined with six 2.75 in. port flanges, three on each side. The
dElectronic mail: cpl@harvard.edu front openings of the bench are equipped with two viewport
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FIG. 1. Vacuum bench overviewa) Side view andb) front view.

flanges. The chamber is pumped down to 4Qorr by a
250 I/s Varian turbomolecular pump.

Cesium thermoionization source 3313

FIG. 2. Photo of the vacuum bench.

mechanical movement and placed between the corrector C1
and the Einzel lens EL. The mirror is oriented to observe the
source ionizer assembly through the upper viewport flange.
The ionizer temperature can thereby be measured using a
micropyrometer equipped with a telescopic lens. The Fara-
day cup(FC1) can be moved in place of the mirror to mea-
sure electron or ion currents. A phosphor screen, mounted
after the magnetic sector on the electron gun-slit lenses op-
tical axis, allows us to visualize the electron-beam shape.

B. Cesium ion source geometry

The ion gun is composed of a cesium thermal-ionization
source set at a positive 8 kV potential, followed by one
grounded electrode for the ion extraction. The source is com-
posed of a reservoir connected to an ionizer assembly by a
narrow tantalum drift tube, as illustrated in Fig. 3. A tungsten
disk with four small holes serves as the ionizer plate and is
held inside the ionizer assembly in close thermal contact
with it. The reservoir and ionizer assembly are each sur-

The cesium ion gun is installed on the top of the benchrounded by a tungsten filament at a near-ground potential.
The ion optics elements are supported on a rail or placed ohhe reservoir and the ionizer are heated by electronic bom-

mechanical movemenisig. 1(b)]. The image of the virtual
source cross over is formed in the plane of a movable slit
diaphragm using an Einzel lefEL). The magnification fac-
tor is 1. A 100um aperture, placed immediately before the
lens, is centered in the hole of the ion lens grounded elec-
trode. This aperture determines the solid andle.,
3.4x 10 * rad half anglg of the cesium ion beam emission.
The cesium ion current is measured in a Faraday (E@?)
placed directly after the slit diaphragm. A set of deflection
plates (C1) placed before the Einzel lens can be used to
center the beam in the 10@0m aperture. A set of deflection
plates(C2), placed after the Einzel lens, will be used to scan
the beam over the slit diaphragm maintained in a fixed posi-
tion.

The electron-beam heating system is mounted on the
bench perpendicular to the ion bedffigs. Xb) and 2. A
mirror and a Faraday cufC1) are attached to the same
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FIG. 3. Cesium ion source diagram.
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lonizer LF2, producingfrom S the image S2 in the magnetic sector
/K plate image plane. The electron beam is focused in the radial plane
— of the magnet so that the slit lens LF1 produtfesm S) the
lonfzer ~ Electron image S1 located in the magnet object plane.
cap beam The electron-beam spot is directly observable on the ion-

izer cap through the mirror placed behind the first corrector
[Fig. 4(b)]. Visual observation provides a convenient means
of tuning the optical system to optimize the focus of the
Magnetic electron beam at the level of the ionizer cap. The electron-
| sector beam current is measured through the current in the high
Cathode lon beam voltage power supply of the source. The magnetic field used
T T T for the electron-beam deflection has a very weak influence

0 50 100 150 200 250 300 on the cesium ion beam trajectory.
(mm)

Slitlens  Slit lens S2
Electron gun LF1 LF2
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FIG. 4. Electron beam heating optic system. IIl. EXPERIMENTAL RESULTS

A. Cesium ion source characterization
bardment, and their temperatures are controlled by regulating We calculated the cesium ion source brightness from the

the electron emission current from the tungsten filamentSy, goyrce cross over diameter and the ion intensity produced
The cesium vapor is produced by vaporization of a cesiumy, 5 given solid angle:

carbonate salt contained in the reservoir. Cesium ions escape
through a 50Qum diameter hole in the ionizer cap. B lcs &
7T_2 d2 2
C. Electron beam heating system 4 To %o
The electron beam heating system has been developéd Eq. (1), B is the brightness of the source ang is the ion
for surface ionization of both positive and negative ioncurrent emitted in a solid angle, from a virtual surface of
sources. Depending on the nature of the source, however, tlitameterd,, defined as the cross ovéneasured a€0).
heating power required to heat the ionizer can vary widely.  To measure the cross over diameter, a real image of the
Since the goal of the system is to heat only the ionizer plateyirtual cross over is formed in the plane of the slit diaphragm
the electron beam spot diameter, ideally, should be less thawith the ion lens. The slit diaphragm is moved across the ion
500 um. The EGG-3H Kimball electron gun was the bestbeam, and the ion current intensity variation is recorded with
adapted to our experimental requirements. This gunthe Faraday cugFC2. A width L,y_go, COrresponding to a
equipped with an internal Einzel lens, delivers an electrorvariation of the intensity from 10% to 90% of the full beam
beam with an independently adjustable 100 eV to 14 keMntensity, is determined from the intensity profile. Thg _go
energy range and a 0.2 to 10 mA emission current range. lwidth is measured at various ion lens voltages. The minimum
preliminary experiments, we used the vacuum bench to chaxalue of the widthL,o_ggis a good estimate of the source
acterize the electron beam parameters. From electron beatnoss over diameter. Indeed, Simion calculations with our
intensity profiles and beam spot size measurements, wens parameters have shown that corrections due to geometri-
found the experimental conditions for which 50% of the cal and chromatic aberrations of the lens could be neglected,
beam intensity was contained within a 3 spot. given the 100um diaphragm aperture placed in front of the
The optical system, presented in Fig. 4, was designed ttens.
focus and center the electron beam on the source ionizer Beam sections df 1o_goWidth, measured for various ion
plate. This system consists of the mechanically alignabldéens voltages, are presented in Fig. 5. For this experiment,
electron gun positioned perpendicular to the ion beam directhe ionizer plate was set at 1280 °C, and théilament res-
tion, a 3 mmaperture in front of two slit lensed.F1 and ervoir current was adjusted to produce a 200 pA ion beam
LF2)! and a rectangular magnetic sector. The magnetic se@urrent. Thel;o_gominimum value is obtained for a 4.25 kV
tor, with a 7 mm gapsize, a 90° deflection angle, and a voltage of the ion Einzel lens EL. For this particular 200 pA
23.5 mm radius of deflection, is made of two 35 mmion current value, we measured a @i cross over diameter.
X 37 mm Mu-metal rectangular pieces. The magnet is ex-  In order to fully characterize the source, the cross over
cited by two coils with 130 turns on a Mmetal core. For an diameterCO and the ion currentl¢) were measured for
electron-beam energy of 8 keV, a coil current of 1.5 A pro-different reservoir filament heating currents)( The results
duces a deflection field of 125 G. A 3 mm circular apertureare reported in Fig. 6; the brightness was derived from Eq.
installed in front of the slit lens system limits geometrical (1). The |l ion current increases quickly with the reservoir
aberrations. The entire optical system was designed anilament currentl,. For a 0.7 mAl, value, the ion current
tested with the Simion software. reaches a maximum of 1.6 nA. Beyond thisvalue, | ¢
This system allows us to produce an image S2 with axhibits a decrease, probably due to the lowering of the work
1 X magnification of the electron-beam focus spot S. Both SZunction resulting from an excess in cesium coverage. The
and the source ionizer are positioned in the magnetic sectaross over diameters varied slightly with the reservoir fila-
image plane. The electron beam is focused with the slit lensent current, going through a minimum of 36n. Thus,
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FIG. 5. lon beam cross sectiofwidth L,_q9 as a function of the ion lens r(mA)

excitation voltage. The minimum value of the,_go width of the curve

corresponds to the source cross over diameter. The ionizer was heated witiG. 6. Cesium ion currentl ¢, cross over sizCO) and source bright-
the filament, and the source produced a 200 pA cesium ion curtent ( ness(B) as a function of the reservoir heating, for a 106 aperture dia-

=0.2 mA, ionizer temperature: 1225fC

phragm. lonizer temperature: 1225 °C.

under our conditions and with a cesium carbonate source, tHg/n—slit-lenses—magnetic sector assembly. Indeed, we
brightness of the ion source was a direct function of the jorfn€asured a much greater temperature difference between the
current. The maximum brightness value was 400 &/em  ionizer plate and cap when we placed the electron gun di-
Similar results were obtained under other experimental€Ctly in front of the ionizer. In the configuration used to
conditions. Indeed, we measured both a minimum cross ovetPtain the results shown in Fig. 7, with the electron gun
diameter of 35um and an increase in the brightness of thePerpendicular to the cesium ion beam, a part of the electron
ion source with an increase Igsusing a 40Qum or a 1 mm beam is still dl'reptlly heating the ionizer cap. We are in the
diameter aperture diaphragm. We do not know why our reProcess of optimizing the _electron gun optlcz_;\I s_ystem to in-
sults differ from the results of Slodzizet al® and Hillion12  crease the temperature difference between ionizer plate and
who observed that the cross over diameter directly increase@niZ€r cap.
with the cesium ion current. We should note, however, that
we used a cesium carbonate salt instead of the cesium chro- o
mate salt used by the authors in Refs. 5 and 12. C. Cesium ion current
Finally, we studied the cesium ion production as a func-
tion of the reservoir filament emission current when the ion-

. o izer plate was heated with the electron beam. The cesium ion
B. Electron beam heating: Measure of the ionizer

plate and cap temperature

current was measured in the Faraday cup F&g. 1(b)]; the

Einzel ionic lens was at a potential of 4 kV. The results are

In order to increase the brightness of the source, our goglresented for a variety of tungsten plate temperatures in

is to heat the ionizer plate directly with an electron beam, sdFig. 8. We measured a maximum cesium ion current of 750
as to decrease the putative space charge that may be creapgl The maximum ion current was independent of the ion-
by the indirect filament heating presently used with the ceizer plate temperature. Yet, the reservoir filament emission

sium ion source. We have measured the ionizer plate and the
ionizer cap temperatures when heating with the electron

beam. The ion source was polarized at 8 kV and the electron 0 1..... Filament heating

beam energy was 8 keV. The ionizer tungsten plate and cap 1350 | Electron beam heating 5
temperatures were measured with a pyrometer. The electron 1300 1 o m lonizer plate el g
beam was focused into the hole of the ionizer cap by tuning & 1250§ A & lonizer cap

the slit lenses and the electron gun lens voltage values while 2 ] o

observing the beam with the mirror. The tungsten plate and € 12003 .- .-

ionizer cap temperatures, as functions of the power delivered & 4450 3 °

to the ion source, are shown in Fig. 7. The ionizer plate and '9 ]

cap temperatures are very close when using filament heating. 100

In sharp contrast, there is a temperature difference of 100 °C 1050 4

between the ionizer plate and the cap when using electron 1000

beam heating. The electron beam power required to heat
the tungsten plate in the 1180°C-1300°C range is in the
12-20 W power range.

1"

12 13 14 15 16

Power (watt)

17 18 19 20

; o IG. 7. Temperature of the ionizer cap and of the ionizer plate heated by
We believe that the 100 °C temperature gap between thﬁament emission currertlashed ling or electron beantsolid line). Tem-

ionizer_ p!ate and cap that we Obtain?d is @ minimum Valu%erature was measured for different heating powers of the ionizer assembly.
that will increase after we will have improved the electron The reservoir was not heated.
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