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Optimal energy resolution of a hemispherical analyzer with virtual entry
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For an ideal hemispherical deflector analy@@bA) utilizing a virtual entry aperture whose size is
controlled by an injection lens, the “slit” and angular contributions to the overall base reséigion
are not independent, but constrained by the Helmholtz—Lagrange law. JRgucomes a function

of the linear lens magnificationM | and has a minimum®R =NRg(M_|,), at the optimal
magpnification [M(|=|M/,. 9 Mg, and IM_|, are shown to be analytlc expressions of basic
experimental parameter®g is thus theultimateresolution that can be attained in this case. The
generality and simplicity of this result should be very helpful in the efficient design and performance
evaluation of any modern HDA. @005 American Institute of Physid9OI: 10.1063/1.1871339

High resolution electron spectroscopy is a technique utimumangle permitted by the lens-HDA géometry for the in-
lized in many different fields of physics, material science,cident HDA entry anglex*. In the case where a PSD is used
chemistry, and even medicine. One of the most popular spednstead of an exit slitAr ; is just the PSD position resolution.
trometers in use is the hemispherical deflector analyzeWhen a lens is used at the HDA entiyr, becomes the
(HDA) also available commercially from many different diameter of avirtual aperture, whose size can be adjusted by
high tech companies. Current, modern HDAs are equippethe lens’ linear magnification. In this castr, and o}, are
with state-of-the art multielement zoom lens and positionnot independent of one another but are reC|procaIIy con-
sensitive detectofPSD*~ [as for example in electron spec- strained via the Helmholtz— —Lagrange law. Thus, for conju-
troscopy for chemical analysiESCA)] and therefore enjoy gate object-image pairs of the central ray withW andt
a very large collection efficiency. The zoom lens focuses thew and beam anglef,=0, the Helmholtz—Lagrange
source electrons into the HDA entry, thus increasing thdaw':****requires that:
overall collection solid angle. Preretardation, also supplied
by the lens, may be used to further improve the overall en-
ergy resolution of the entire spectrometer by decelerating the
particles from an initial source energy down to a much
lower energyt just prior to HDA entry. In the past, when
high resolution HDAs had a much lower throughpuio
PSD emphasis was primarily given to the optimization of W

w

M| -IM,| = VF, )

with

the resoluuoﬁ for highest étendué or highest transmitted F=—, 3
current”® However, today, with the existing high through-
put of modern ESCA spectrometers, high resolution has be-
come of the outmost importance. _

Here, we present a simple and general method for ob- Aro=|M.|ds, @
taining the theoretical ultimate resolution and associated lin-
ear lens magnification of a combined lens-HDA spectrom- d
eter. Our results are practical as they are analytic, giving the an =M JAas= ||\/|a|<—9>, (5)
minimum resolution at the optimal magnification, in terms of 2l
basic experimental parameters.

The base energy resolutidtg of an HDA s well known [M,| and|M,| are the absolute values of the linear and an-
to be given by*'t gular lens magnifications, respectively, whileandAag are

the spatial and angular extefgtencil half angl¢ of the par-

Atg  Arg+Ar ) ticle emission at the source as shown in Fig. 1. In particular,
B= T = L Tamo (D) within the paraxial approximatiorAaS:%‘f, whered, and|

are the diameter of the entry pupil and its distance from the

whereAr . andAr, are the exit and entry slit widths, respec- object(sourcg as shown in Fig. 1.
tively, while L is a characteristic length obtained from the  When preretardatiSr®is included in the overall resolu-
HDA dispersion for nominal pass energya;, is the maxi- tion formula, L is replaced by the produdIF in Eq. (1),

) whereL is just the meart. att=w. For a conventional HDA,
#Electronic mail: tzouros@physics.uoc.gr
Ypresent address: Institute of Electronic Structure and Laser, P.O. Box 1521/' 2R whereRis JUSt the mean HDA radius. Then, the mean
71110 Heraklion, Crete, Greece. source resolutlomB— —is given by:
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TABLE |. List of actual spectrometer parametérs
5 F2 L 151.1 mm mean effective HDA dispersion
7
Ao \ ,,,,,,,,,,,,,,,,,,,,, ds 2.5 mm source diameter
dg dp [0 w | 264 mm source to entry pupil distance
- -y entry dp 4.0 mm entry pupil diameter
k Ar . ~0.2 mm PSD resolution
1 |\E o Y do 6.0 mm HDA entry aperture diameter
P! Q L centfal P+Q 413 mm source to image distance
Source ray
window Eggi’ : %e%gﬁence ! Reference 16.
plane rametersds, d,, | (see Fig. ], as well as the usual HDA
PSD parameterd., F, Ar.. This analytic dependence ai, d,
andl, to our knowledge, has never been presented before and
should be extremely useful both in the design and perfor-

mance evaluation of such a lens-HDA system. For the spe-
FIG. 1. (Color onling Schematic geometry of typical lens-HDA spectrom- Cific spectrometer parameters listed in Table | we hiyg
eter. The object diametelg is focused by the lens and imaged onto the HDA :(1_324A:+4_733,1:2/3) %X 103 and ||\/|L|0: 0.19TF 3 which
entry plane adry=|M,|ds. Prgretarc_iatlon changes the energy of the central(,:u,e plotted in Fig. 39{80 is seen to dI’Op—Off withE, while
ray fromW at the source tav just prior to HDA entry. For zero beam angle . ithe . . | b 2 d2
(Ref. 13, the pencil half-anglé\ ag, defined bLthe entry pupil, is related to |ML|0 Increases with, ranging in va u.es etween 0. an. g
af, via the Helmholtz-Lagrange lavdsA asy\W=Arqa\w [Egs. (2~(5)] fpr F=1-1500. Such a broad range in the linear rr;agnlflca-
(Refs. 11-138 The drawing has been simplified by approximatingthéck) tion can only be provided by a multielectrode léng:
lens by a thin lens. The vertical dimensions are particularly enhanced. When|M,_| >dy/dg, the virtual aperture sizaro will ex-
ceedd, (the real aperture size of the HDA entryrhen, the
)2 number of particles entering the HDA will be less than those

Re(IM|) =

~

(6 entering the lens, i.e., the transmission through the lens will
drop below 100%see Fig. 3 However,d, is usually much
larger thanArg, so an attenuation in the transmission will
only occur at very highF values at which however, other
limiting parameters not considered in our ideal HDA treat-
ment could become importafe.g., external magnetic fields,
aberrations etg.

For the shape of the transmission function not to be sig-
nificantly affected by '[heoz;2 term in Eq.(1), Kuyatt and
SimpsorJI9 have proposed the following criterion for the ratio
Ar, ®) x of the angular to the “slit” term:

LF ar*nz 1 . o
x=-7""—" =< (Kuyatt—Simpson criterion
As seen in Fig. 2, the minimum is most pronounced For (Ar0+Arw> 2
=1 and becomes increasingly more shallow for higher values L
of F. Both the optimal linear magnificatioM, |, and reso- (9)
lution R, are seen to be functions of the source entry pa-

If the optimized values foAry, anda,, are used in Eq(9),

&: |ML|ds+Arw+( do
20m|
R is thus seen to be a function ¢, | and will have

a minimum which can be found by settinRg/9|M_|=0.
This has the simple solution:

) 1 f_F 99 2 1/3
Mvfo= 2<ds><l) ' @

- o 3 d d 2/3
Reo= Re(M\|o) = 5| 2= +
228\ 21 F

4
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o FIG. 3. (Color onling Optimized linear magnificatiofM|, (dashed—dot
FIG. 2. (Color onling Rg(|M_|) plotted as a function ofM, | [see Eq.(6)] line and right scaleand mean base resolutidfg, (continuous line and left
for the specific spectrometer parameters listed in Table I. The position of thecalg plotted as a function oF for parameters from Table | fdi=0 and
minima are marked with open circles. The line joining the minima is thebeam anglef,=0 [see Eq.(8)]. Dashed line:Rg, calculation with h

function Rg,=Rg(IM|,) [see Eq(8)]. =15 mm andd,=0 (Ref. 17. Data: Auger electron measureme(fef. 18.
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0.55 associated lens system under the constraints of the
Helmholtz—Lagrange law for conjugate object-image pairs.
Kuyatt-Simpson limit The analytic results obtained can be readily used in the de-
““““““““““ sign and performance evaluation of such a spectrometer. Our
presentation, for pedagogical reasons, has only considered
the simplest possible case, in which both the beam afigle
and the PSD to HDA exit plane distanteare zero. The
more general problem with, 6,# 0 can also be solved in
the same exact way, the results however, even though ana-
lytic, are much more cumbersomeOur method can in prin-
ciple be extended with some modifications to include all par-
0.35 N S . ticle spectrometers utilizing a virtual entry slit whose size is

1 10 100 1000 controlled by a lens and should therefore be of general inter-

F - Preretardation factor est to the spectroscopy community at large.
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FIG. 4. (Color onling Continuous line: ratio of angular to “slit” resolution The authors would like to thank Professor George C.

terms, xo, [see Eq.(10)] plotted as a function of for the spectrometer  King for useful communications. This work was partially

Fsaer:néztg)s].llsted in Table |. Dashed line: Kuyatt-Simpson upper limit for Supported by the Division of Chemical Sciences, Geo-
sciences and Biosciences, Office of Basic Energy Sciences,

. - Office of Science, U.S. Department of Energy.
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