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.ABSTRACT‘.
‘We present the results of e-eoﬁputer deSign_stuiy for an»iron—free‘
double-focusing magnetic spectrometer specificaily‘ihtendea for.§h0foelecﬁr0n_
'HpspectrOSCep&. With single detectbr'operationethe prOpesedvdeeign is moreg
g.F;efficient.thenvany existing magnetic‘doﬁele—focueing speetrometer;eand'the.
,{focalfplane eharaeteristics alloﬁ more than”e 100-fold increase in.detaf
aceumulation rate with a multiehannel»detector}, Thisidesign also has very'
high physiCal.accessibility'near fhe eoﬁrCe and detector areae’and'it_is_'

”compatible with either normal- or ultra—high_vacuum operatioﬁ.

e
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Precise energy analysis of photoelectrons expelled by x-rays

b5 has been used extensively in the last few

and ultraviolet radiation
years to obtain fundamental information about organic and inorgénic solids
and gases. In an instrument désigned specifically for photoelectron spec-
troscopy a number of primary features are desirable.  The most important
of these are: 1) high energy resolution (approximately 1 part in 10 )

for electron energies in the range 1 to 2000 eV, 2) high overall elec~-
tron collection efficiency, as defined by the fraétion.of electrons
leaving the source which can be energy-analyzed and detected simultane-
ously, 3) unrestricted physical_access to the source and detector areas,
so as to be compatible with a variety of sample arrahgements (heated or
cooled solids, gases, feaction chambers, etc.) and radiation sources
(e.g., x-ray or UV).as wgll as'complicated detector systems, hj'possi—
bility of ultrahigh vacuum operation in the source area for control of
surface éonditions in work with solids and §5) relative simplicity of
construction. We have carried out a computer design study of an iron-
free double-focusing magnetic spectrometer in which the above features

2

were considered as design objectives. Previous experience has shown

that, with éareful construction, such studies provide results that agree
excellently with experimental performance.8’9
Eneréy analysisvin such a double—fo;using spectrometer is ac-
complished by magnetically deflecting the electrons in roughly circular
orbiﬁsvcentered on the symmetry axis of a cylindrically symmetric field.

This magnetic field, which decreases approximately as 1/Vr near the optic

circle of the instrument, has the property that electrons with both axial
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énd radial departure angles are focused to first order at the same dis-
tance around the optic circle (corresponding to m/2 radians ~254°). We
tfeat here the "high aperture" field'ﬁherein axial départure angles can
be larger than ;adial departure angles (a higher;order fdcusing property).7
A further property of the high-aperture field is that it possesses a focal

planes’lO

; that is, electrons of diffefent energies are brought to a focus
at different radii along a plane at 2. Therefore, more than oné energy
(channel) can Be detectéd at a time without significant loss of resolution
and the overall collection efficiency thereby increésed. Due_td detector

limitations it has only been practical in the past to exploit the focal

plane properties of double-focusing electron spectrometers to the extent of

L-5 channel detection.3 However, we anticipate the development of detector

arrays with the order of sevefai hundred channelé in the near future.ll
The basic design problem is to find a set of cylindrically sym~
metric coils which reproduces the chosen theoretical field with sufficient
accuracy over the region océupied by the electron orbité to give the
desired focusing propei‘ties.12 We note severai features of this work
that différ significantly from previous design studies: _l) the theo-
retical "optimum" fieldlo was fitted over a region corresponding to much
- higher axial departure angles, in order to achigve a larger usable solid
angle, 2) so as to permit good access to source and'detector areas, the
locétion of all coils was constrained to be entirely inside (i.e., at
smaller radius than) the vacuum chamber housing the electron orbits, and
3) the focal plane properties of several theoreticai fields, existing
spectrometérs, and our own design were studied in detail to determine

-relative overall collection efficiencies with multichannel detection.
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The coil geometry of a typical design case, shown in Fig. 1(a),
consists of one maiﬁ cocil with four pairs of smaller coils wound on it.6
Coil dimensions are consistent with integral numbers of turns of fixed
diameter wire, and all coils are in series so that only one power supply
is needed. With the choice of 30 cm for the optic circle radius the
height of the main coil is approximately 200 cm and its duter radius is
20 cm. Our calculations indicate that coil winding and positioning need
only be done to reasonable tolerances (+0.025 cm). For operation at
energies up to 2000 eV, no cooling of the coils should be reguired. An
important feature of this design is that vacuum chambers can be easily
interchanged for aifferent types of experiments.

The electron optical properties of this design have been calculatedv
in terms of contoﬁrs of equal focusing aberrétion of monoenergetic elec-

T

trons in the plane of radial and axial departure angles. vThe'optimum
field.éxhibité only negative aberration (electrons at angle.ﬁ/g-fall'at
smaller radius than the optic cirele radius), but in most real desighs
the effective solid angle is deterﬁihed by how high a vertical departure
angle one can use before unacceptably high positive aberrations are
encountered. Our desién case has a vertical‘acceptance wiﬁdow for opera~
tion at 0.02% energy resolution of.approximately *+17 degrees, compared to
t22 degrees for the theoretical optimum'fiéld, 14 degrees for the 1/vr
field, #9 degrees for the Chalk River spectrometer (fourbpairs of coils),8
énd t3 degrees for a recent Uppsala spéctrometer (two pairs of coils).g

In the'single channel mode of operation (detection of one narrow

electron energy interval at a time) the relative collection efficiency of
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a spectrometer ié proportional to the fractional solid angle into which
electrons can be emitted without exceeding the desired resolution because
of focusing aberrations. This solid angle is in practice controlled by
baffles. In fig. 1(b) we show resolutioﬁsfractional solid angle curves
for the two primary.theoreticai fields, the two previously mentioned spec—
trometeré, and for our design case. The present design approaches theo-
reticai optimum performance much more closely than the existing spectrom-
eters, ana is Beftef in performance than the l//;*field;.

| We have also studied the focal plané béhéviorvof the cases in
’Fig. lﬁﬂ.In general, it is found thatvas:the rangé of energies anélyzed

increases (that is, as the radial width of the detector increases), it is

necessary to decreasé the vertical acceptance angle of_thé common electron

béffle to avoid'introducing significant line broadeﬁing at the édges of

' the detector. The radial acceptance angle of the baffle, on the other
hand, can be kept roughly constant. Furthermore, the distance of the
baffle from the electron source must be decreased as the range of energies
is increased in order to accurately discriminate all particles on the
‘basis of departuré aﬁgles.‘ Where comparisbn ié possible with previous

8,9

focal plane studies, the agreement is good.
The overall collection efficiency for multichannel operatibn_will
-be proportional to the fractional solid angle times thé number of channels

in the detector. A channel width is defined to be.the width of ﬁhe image

of a monoenergetic beam of electrons on the optic circle at m2. Effic-

iency estimates were made on the basis of a multichannel detector centered

on the optic circle. In Fig. 2 we plot the relative overall collection
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efficiencies of the design cases of Fig. 1, for 0.02% energy resolution,
as a function of detector width (expressed as AE = detection bandwidth

in % of mean energy). From these.curves it is clear fhat data acéumula—
tion rates can be increased by at least two orders of magnitude if
multichannel detection is fully exploited. Our design case is essentially
equivalent to theoretical optimum, and is approximately twice as efficient
as the Chalk River spectrometer8 up to AE =8%. It also represents a
marked improvement over the Uppsala spectrometer,9 especially for AE > ~L7%.
We also note that for multichannel operation at AE > ~2%, the 1/V/r field
gives superior performance to the theoretical optimum field; this behavior
was qualitatively predicted by Lee—Whiting.lo

We gratefully acknowledge the assistance of R. N. Healey, J. 5.

Colonias, S. J. Backett, and B. R. Burkhart in the preparation of computer

programs .
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FIGURE CAPTIONS

Fig. 1. (a)  Coil geometry for the proposed spectrometer desién. Onlyv v ¥
one quadrant of cross section is showh;b o ' : o ' '5)_

(v) .Fractiohal solid angle 6f'accéptanc¢ plotfed>égainst regg;
iuﬁion for farious theoretiéai_fields and_speétfométers.j (Siﬁgle
'.; channel defébtion;) . ‘ - |
"Fig;'Q. 'Réiati&e colleétion efficiéncy“for ﬁultichéﬁnel déteétion at
Q;Oé%.energy resOlution‘plotfed aééinst,width of defectofrarray in
‘E%.of rean kiﬁetic energ&. A1l Véluéé-diviaed by fhe theoreﬁicéiJ

0ptimum efficiency‘for single channel detection.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
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Commission, or employee of such contractor prepares, dissermninates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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