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ABSTRACT
A calibration procedure'for,iron-free magnetic electron_spectrometers is
_ described.“It invochs the application of a known voltage to the electron
source. This calibration technique yields the electron kinetic energy directly

in ev. :
. ¥ K X K KKK KK

The caiibration_of_ahy electron spectrometer requircs thc accurate determi-
nation of a coné£ant connecting electron kinetic enefgy (T) to the quantity mea-
sured experimentéily, by means of the characteristic equation of the SPectrometer.
We here describe a direct‘voltage calibration technique th&tlhas been applied
to an iron-free magnetic spectromeﬁer, but this techniquevcould in principle
_ bé applied to other types as well. For the case cf a mégneﬁic spectrometer, .

the calibration constant is derived from the_relaticn_

g 2\2 812 (2 4 2,2,1/2 2 o |
T = [(moc (mbc) (Bp)” * (moc )] - mpet , (l)
where ~ Bp = electron magnetic rigidity,

mo.

electron rest mass,



UCRL-185T1
¢ = velocity of'iight, )
é = electronic charge.
For an iron-free _ spectrometer the magnetic field B is strictly propor-

tional to coil current (I) and p is fixed, so the:characteristic equation becomes
T - [alcn)®+ 0?2 .1 . | (2) -
wiih obvious replacement of constants.
The simplest technique for;detérmihing C is to measure the current corres-

1,2 Another method is to measure the current

ponding to_some primary ﬁb standard.
.ratiés of two conversion electron lines whose eneréy differen@e isvvery accurately
: known,3 TheSe»tﬁo techniques'have been applied to.the Berkeley iron-free spec-

trometer and have given consistent results,u A_third'technique involves measuring
the_current‘cdrrésponding-to eiectronsvemitted from an electrbn gun with precisely

‘known accelerating volta.ge.,'51 The method described below combines the principles

‘of the last two and gives a determination of C dependenf only on current and.vol-

tage measurements. -

With the”aid of'an apparatus designed for X—ray phbtoeiectron spectroscopic
wdrk,6 the éﬁrrent bf a ce?tain photoelectron iiﬁe (IO)_ié measured. A retarding
field is then-appliéd 0 tgé'pho%belectron source by means of an aécurately mea-
, sured'voitaée A\T.‘_The current-of thé shifted phoﬁoelectron }ine (I_) is thén
measuréd,'_The same is done forfoT+ (= A1) ahd I;. The three equivalent equa-

tions for T are then

T, = [A(CI+)2 + 'D?]l/Q --D - A.T, . (3)
T, = [ac1y)? + p?1M2 . o, W
T, = [A(ci_)2 + p2)1/2 | p + AT, - (5)
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These equations are solved self-consistently for C and T by means of a trial-

and-error- computer program. The self—consistency or error parameter is
= ‘ - .+ - . 4 " .
a = |1y Tob * o ITy =Tl 5 L (8

.,a is minimized by varying Q in steps of 0.000l_G-cm/A about a previously deter-
mined calibration constahf for_the spectrometer., Definifig & inbthis way gilves
a cusp at the nlnimum.and.therefore permits very accurate,determination of C
(and thus T),' lne nethod'could in principlevbe.applied to radiocactive electron
'sourcesiand/or electron spectrometers with different characteristic equations.
.The photoelectron line used.for calibration was that from carbon 1s electrons
vexpelled from a powdered graphite sample»by aluminum KO radiation [denoted Cls,
graphite (A1Kx)]. This line has an energy of about 1200 eV. AT was varied from"
100 £o 600 eV'Withvno systematic change in the C values obtained;_ vvariation of
the X-ray flux by a factor of 20 also dld not change C 31gnif1cantly The aver-
.age values from nine measurements are C = 78, 69&9 0. 0057 G-cm/A, T = 1197.80 eV,
and O = 0.05 eV.f The‘error;quoted on C includes both’ random and Systematlc con-
tributions. |
As a check of the voltage calibration technique, several calibrations were
.made by using the Mgls,'MgO(CrKal) line as a prﬁmary'standardQE .This line has
an energy'of approximately 4100 eV. Because Mg0 is an insulator, one might
expect that the emission of electrons would result in a net surface charge in the
‘saimple and concomltant decrease in the electron kinetic energy.'vPrev1ous X=-ray
photo-electron spectroscopic measurements have‘shown that although‘no large
' charging effects occur,2 an effect of the order.of 1 eV is posSible;6 Such
_ charging effects should decrease with decreasing x-ray flux, and we have found

such a variatlon, as 1nd1cated in Figure 1. Here the changevln klnetlc energy
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(or C) is plotted ageinst the counts at peak.infensity, the latter being propor-
tional to x-ray flux. This change could be due to a charging of the sample, and
introduces a poSsible'error;pf.a few parts-in‘lohcin C. 'The C value obtained.
from eight measurements on Mgovis C = 78.7058 iiOQOOH7 Gyem/A. The aisérepancy

¥

between the two values obtained for C is not serious; especially in view of the
possiblé'charging effect. -
‘In using some ionic crystals as photo-electron sources for the voltage cali-

7 we have found that the accelerating or retarding potentials

bration téchnique,
are écreened in some fashion. The'effective potential was found to vary betwéen

0.2 and 059,AxT. Fﬁrfher invéétigétiohs are necessary to determine the exact cause
of’tﬁis screeﬁing'and of»couréeiit strongly affécts the calibration results. Hoﬁevef,
in the”case.of the Cls, graphite line, fhe stability of T with reépect to boﬁh;

X-ray flux‘énd'AfT variatipﬁsain@icates that there was noséreeningeffect of great-
er than a:ﬁew parts in 104. '&n‘fact, a check for suchnstability couid be

used as'an indicator of th§ preéence of both cﬂérging éh&bébréening; two very

impoftant effects in any preéise electron energy measurement.
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Figure Caption
Fig. 1. The effecﬁ of x-ray flux variation (as indicated by peak counts) on
v‘ the location of the photoeleétron line Mgls . Mgd(Cqul). 'Bot_h the shift.
invline kinetic energy and the fractional ic'lrile.thnge in caliﬁration constant_

are s‘hown. .



AT (ev)

420

-7~ | UCRL~185T1

+t.o :

1 i 1 1 v
o8
<
—4-1.0 ©
»
“éo
—~-2.0
] | 1 ’ [
5000 10 000 ' ) 15000 20000

Peak counts /7 12 sec

xX8LE82-1801

Fig. 1 -



This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.



