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A low stray light, high current, low energy electron source

M. Adelt, R. Korber, W. Drachsel, and H.-J. Freund®
Fritz-Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4-6, 14195 Berlin, Germany

(Received 11 May 1999; accepted for publication 6 July 1999

A design of an electron gun system is presented whose stray light emission is reduced by about three
orders of magnitude compared to a regular low-energy electron diffraction gun. This is achieved by
a combination of a BaO cathode run at rather low temperature and a 30° tandem parallel-plate
analyzer used as an optical baffle. The system provides a high beam current of several microampers
at 50 eV beam energy. The system can be used downltdeV. © 1999 American Institute of
Physics[S0034-674809)03510-9

I. INTRODUCTION cause this material can easily be machined in small dimen-
sfions with high precision. Ceramic tubes and washers are
a .
. : . used for the optical baffle. The elements of the gun are gold
delivers a high current of low-energy electrons of variable lated without the usual magnetic diffusion-barrier layer of
energy and almost completely eliminates the emission OEickel Since the BaO cathodge is sensitive to both co yer and
stray light. This system is especially suitable for cathodolu- ) . . bp
. ; X . old vapor a small heat shield of tantalum is placed around
minescence experiments of surface regions. Weak lumines- . .
. S T : he cathode. P.W. Erdman and E.C. Zipf found for their de-
cent light emission in the visible range can easily be ob-_. . - .
scured by a strong background of stray light from theSIIN that the electron current is very sensitive to the distance
‘between the cathode and the anode aperture. Other authors

electron gun. High beam currents increase luminescence S'%und similar behavior for guns of a similar desfgm order

nals while a low kinetic energy of the electrons enhance?‘ o 2 ) .
o . . o allow for optimizing this distance during operation we
surface sensitivity. Since electron guns that provide all three

features are neither commercially available nor found in thempunted _the Ca.u?fde holder on a ”.“”'a“?re '".‘ear motion
literature an electron gun system had to be built for thisdnve' A simulatiort of the electron' traje.ctorles with recom-
purposel. Its design is rather compact, the whole system Canmended vo_Itages for th'? gun design given by_ PW Erdman
be mounted on a CF 40 flange. and E.C. Zipf is shown in Fig. 1. The simulation nicely re-

produces the experimental results.

We present the design of an electron gun system th

Il. DESIGN
B. Optical baffle

Light emission must be suppressed not only in the direc-

The electron gun is based on a design introduced bYiqn of the electron beam but in all directions. We follow a
P.W. Erdman and E.C. Zipf that provides a high current ofyq fod strategy. First, we use a thermionic BaO cathode
Iow-energy glect.rons. We will oply give a short description (STD 134 cathode with base, HeatWatheat is operated at a
of the principal ideas and our implementation. For furthery,, temperature of about 1000 °C. It has a large emitter disk
details the reader is referred to their wérkhe electron gun of 3.4 mm diameter and gives a high current density. The
consists of a BaO cathode placed just in front of an apertureater wire is completely encapsulated and therefore light
in the anode. An electrostatic einzel lens collimates the elecsmission is already reduced. Second, we designed an optical
tron beam before it leaves the gun through a grounded exj{¢fe (Fig. ). It is made of two 30° parallel-plate charged

aperture. The energy of the electrons is determined by thgaticie analyzers. Their apertures were chosen large enough
potential of the gathode with respect to ground. The deS|g|@3 mm) to allow all electrons to pass through them, that is,
allows for energies of_ a few volts up to se\{er_al hundredthey do not work as energy analyzers. Although parallel-
volts. The beam is collimated and the current is in the rangey|5te analyzers show several disadvantages over other energy
of several tens of microampers at 50 eV electron energy. anaiyzere they have properties that suit our needs very well.
Special attention is paid to the choice of nonmagneticrhey are compact and easily manufactured. The electron
materials and, in addition, the complete system is encapsieam is only translated parallel by a small distance if a tan-
lated in ap.-metal tube which also reduces stray light émis-gem analyzer is used. The focus of a 30° parallel analyzers
sion. Oxygen-free copper and bronze are the main materialfes \vell away from the exit aperture. As can be seen from
The aperture disk of the anode is made of molybdenum angliy 1 there are four guarding plates between the top plate
can easily be exchanged. Commercially available screws of,q the hase plate. They ensure a uniform electric field gra-
copper nickel alloy are used. For the gun we chose polyimidgjient petween the top and the base plate and also suppress
(kapton, vespglinsulation elements over ceramic ones be-gir4y jight emission. All plates are graphite coated to reduce
reflectivity and enhance light absorption. The distance of the
3Electronic mail: freund@fhi-berlin.mpg.de centers between the first two apertures on the top surface of

A. Electron gun
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FIG. 1. Sketch and photograph of the electron gun with the optical baffle and simulation of the electron trajectories. V denotes the voltage hagplied to t
cathode with respect to ground that determines the kinetic energy of the electrons.

the base platéthickness 3 mris 33.5 mm. The distance exit aperture of the gun into the center of the exit aperture

between the second and third one measured on the opposité the first analyzer which is at the same time the entrance

face of the plate is 33:53/3 mm. The distance between the aperture of the second stage. Field inhomogenities around

reflecting electrode and the base plate is 7 mm. The voltagthe apertures lead to an slightly distorted beam. Meshes over

necessary to pass the electron beam through the apertureshi® holes would have eliminated this problem, but would

determined tg* (d/g)* E/e with E the kinetic energy of the also reduce the beam current.

electrons, andl theédistance between the base plate and the

reflecting electrodé.g is the sum of the distances between

the base plate and the exit aperture of the gun and the imaglél,' PERFORMANCE

respectively. A test of the electron gun without the optical baffle con-
In Fig. 1 the simulated electron trajectories through thefirmed the performance characteristics reported by P.W. Er-

optical baffle are shown. The system is designed to image théman and E.C. Zipf.
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FIG. 2. (a) Beam current as a function of beam ener@y.Transition radiation spectrum of a Ni@l10) crystal. The bands at 420 and 590 nm are transition
radiation bands while the band at 940 nm is due to the remaining stray light of the electron $40ire¥.beam energy, 1.8A beam current
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The fraction of electrons passing through the optical ~ We built the electron gun system for cathodolumines-
baffle was determined by comparing two measurementsence experiments of very small metal clusters on a sup-
First, by measuring the electron current hitting the groundegborted, ultrathin AJO; film on NiAl(110).” Our light detec-
first reflection plate. The second measurement consisted ¢ibn system consists of a collector lens and an UV-VIS
setting the reflection voltage for maximum throughput andspectrograph with a liquid nitrogen-cooled CCD detector.
measuring the current impinging on a metallic target placednitial experiments show that the remaining stray light in our
in front of the exit aperture. The transmission of the opticalspectra is of the same order of magnitude as our signal which
baffle was in the range of 20%. allows for easy separatidirig. 2(b)].

Figure 2a) shows the typical beam current for various
electron energies. The current decreases with the decreasing
energy. The voltages for the einzel lens as well as the baﬁlﬁCKNOWLEDGMENTS
have to be slightly adjusted for different kinetic energies.

The diameter of the electron beam is about 1 mm in a dis- The authors thank K. Starke and S. Bode from the Freie
tance of roughly 6 cm. Universitd, Berlin, for helpful discussions.

Attached to our ultrahigh vacuum chamber is a
ultraviolet-visible (UV-VIS) spectrometer with a liquid
nitrogen-cooled charge coupled devi€eCD) detector. The | - . .

hamber is equipped with an Er low-eneray electron diffrac- P. W. Hawkes gnd E. KaspeP,erpIes of Electron OptigsApplied
9 a quipp : . ay Geometrical Optics, Vol. 2Academic, London, 1989
tion (LEED) system with a LaB filament from VSI. The  2p. w. Erdman and E. C. Zipf, Rev. Sci. Instrufig, 225 (1982.
position of the LEED gun with respect to the UV-VIS spec- 3T. W. Barefoot, H. D. Ebinger, and J. T. Yates, J. Vac. Sci. Technd5A
S 2740(1997).
tromet.er is similar to that of the electron gun system. Only 4All simulations were done with SIMION 3D Version 6.0 by D. A. Dahl,
Stra.y light C_an be d?teCt.ed for.bOth el(_aCtron sources. COM- 4304 ASMS Conference on Mass Spectrometry and Allied Topics, At-
paring the integral light intensity we find that our system lanta, Georgia, 21-26 May 1995, p. 717.
emits three orders of magnitude less light. In addition, the®J. F; '\cfore, C. C(-Alagvis, '\\/INA-I Cor;lana_amd FS)-ACl-gtzgﬁuilding Sci-

; ; e ; ; ; entific Apparatus ison-Wesley, Reading, PA, .
maximum of the_llght emission |I€‘S.WI'[h over 900 nm well in 5W. Steckelmacher and M. W. Lucas, J. PhyslZ 961 (1979,
the infrared region which makes it easy to subtract the re-7y; agelt, s. Nepijko, W. Drachsel, and H.-J. Freund, Chem. Phys. Lett.
sidual background from measurements. 291, 425(1998.



