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Background removal in surface electron spectroscopy: Influence of surface excitations
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A deconvolution formula has been derived for the background subtraction of electron spectra by including
the effect of surface excitations into the Landau formula. With this formula the primary x-ray photoelectron
spectroscopy spectra of Cu, Ag, and Au are calculated from the experimental data. The primary excitation
spectra are compared to the results derived by Tougaard’s method in which surface effects were neglected. In
all cases studied the present result is markedly different from Tougarrd’s result which has a tail extebling
eV below the peak. It is found that the tail can be essentially removed when surface excitations are considered.
In conclusion, the large tail which occurred in Tougaard’s results is not part of the primary excitation spectrum
but may be due to inelastically scattered electrons caused by surface excitations.

[. INTRODUCTION XPS spectrum that has no large tail by the deconvolution
procedure using experimental REELS spectra. It has, there-
X-ray photoelectron spectroscop¥PS) and Auger elec- fore, been open for discussion whether or not the true pri-
tron spectroscopyAES) are widely used to study the surface mary spectrum has a large tail.
Composition from the ana|ysis of the emitted electron In this work, we have included surface excitations into the
Spectrun‘il_iz The surface Sensitivity of these techniquesl_andau form.ula. through .POiSS.OI’l StatiStiCS, and haV? denved
comes from the very strong inelastic scattering of electrong deconvolution formula in which the response function is in
in the 50—2000-eV range of primary importance. For thisterms of the differential inverse mean free pdiiMFP) and
energy range, the electron inelastic mean free p@lMsP’s) the differential surface e_1XC|tat|_0n paramet(eEDSEF?. The
typically range from a few to some tens of angstrditisand DSEP fqr eIec;trons_passmg obh_quely throggh solid surfaces
unscattered electrons originate primarily from the outermosyvas derived including the recoil effect without the small-
few atomic layers of the solid. anglga approximation. A model dielectric functiodeveloped
An important problem in quantitative analysis of the elec-Préviously has been employed to calculate the DIMFP’s and
tron spectroscopy is the subtraction of the background intef?SEP’s. Applying the calculated cross sections into the
sity due to inelastically scattered electrons which accompaodified Landau formula, we have calculated the primary
nies each peak in the emitted electron spectidrn that ~ XPS excitation spectra of Cu, Ag, and Au form the experi-
way, the source energy distribution at the point of excitationmental_ data. The results revealed that the influence of §urface
in the solid may be determined, and compositional informa_excnatlons_on't.he background removal of the spectra is con-
tion may then be extracted. Several empirical methods hav@derably significant for the energy rang&0 eV below the
been proposed for subtraction of the backgroundDeak energy. It was also found that the large tail which oc-
intensity®~* Recently, many research&s!® have used the curred in Tc_)ug_aard’s results_ can almost be removed when
transport equation to study this problem, and have derived gurface excitations are considered.
convenient deconvolution formula for the electron energy
spectrum in the near-peak region. The general approach con- , - \\g| ASTIC INTERACTIONS OF AN ELECTRON
sists in employmg Landau’s formufato describe thg mela}s— EMITTED FROM A SOLID SURFACE
tic scattering process. In fact, Tougaard has applied this ap-
proach to derive the primary XPS spectra of Cu, Ag, and Plasmon excitations, which are the most important inelas-
Au.t"18The resulting primary excitation spectra consist in alltic interactions between emitted electrons and solid electrons
cases of a peak and a tail which extendS0 eV below the in the medium, comprise mainly bulk and surface excita-
peak energy. The tail was supposedly part of the primaryions. Electrons near a surface are primarily responsible for
excitation spectrum. However, Tougaard’'s method suffers aurface excitations, while those deep inside contribute
serious deficiency, i.e., the effect of surface excitations canmostly to bulk excitations. Both bulk and surface excitations
not be taken into account in the Landau formula. Recentan be described in terms of the dielectric function of the
studies on angle-resolved XPS and the reflection electrorsolid.
energy-loss spectroscopREELS (Refs. 19-2] have dem- Although the specular-reflection model introduced by
onstrated that surface excitations are important for the eledRitchie and MarusaR is known to reproduce many proper-
trons of energies ranging from a few to 2000 eV, andties of real surfaces very well, a knowledge of the electrody-
especially for electrons escaping at glancing angles. In addinamics of nonspecular surfaces is needed in the case of XPS.
tion, Hawn and DeKove? have obtained a primary Auf4 In this work, we shall study the inelastic interactions of an
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electron emitted from a solid surface. The surface will bewhere

chosen at the plare=0, with thez axis in the perpendicular

direction from the solict(q,w) to the vacuum. The notations 1 Q (> dqg,

v=|v], q=(Q,q,), »=(v,,7,), andr =(R,z), whereQ, v, and NT- DR —f_ ,

R represent the corresponding components parallel with the sQu) a°e(q.0)

surface, will be adopted hereafter. Note that atomic units arg, — »,—».Q andg2=Q>2+&%v2. From Eqs(1) and(2), and
z:* )

used through this W(.)rk' unless ‘?thefWiS? specified. in terms ofp,(Q,w), the induced scalar potential can be ex-
For an electron with the velocity crossing the surface at

4

: . pressed as
t=0 from the solide(q,w) to the vacuum, the Fourier com- _
ponents of the scalar electric potential are given by -1 3 gla@r-ot
, $indr V=57 | do [ d°q g
—OoTT
(S) = —— — .
$'(q, ) qzs(q,w)[é(w q-v)+ps(Q,w)], z<0, 0(-2)
&) X1 Q)| g~ 0@+ dle—a-y)
D)=~ s >0 X0 t 5
$"(0.0)= —z-[80=q 1 =pQu)], 2>0. 2| s@ar L 5)

)

. . where®(z) is the Heaviside step function.
The first terms in Eqs(1) and(2) represent the charge den- The retarding force, which can be interpreted as a space-

sity of the moving electron, anel(Q,w) is the amplitude of . o
the fictitious surface charge necessary to satisfy the requis:it(?e(apendent stopping power, is giverrby

boundary conditions, respectively. The opposite sign of the
second term between Eggl) and (2) originates from the _ d_W: E
requirement of continuity of the electric displacement. The ds v
continuity of the potential at the surface yieldgQ,w) as
_ . where the derivative of,,q is evaluated at the position of the
_Q v, e(Q,0) e(q,w)—1 5  electron,r=it. From Egs.(5) and(6), after some algebra,
ps(Qu@) = &°+(r,Q)? £(§,w) £(Q,w)+1’ ® e obtain the stopping power of the solid for the electron:

9 Ping(r,t)

ot ' ©

r=wut

_d_W_i_f d fdz T P G S EPS NS L7 IR RN I
ds~ 2a%) @99 IR Qe TG e TP e 0,02 9 Y s@e )
()
|
where The integration containing the complex exponential on the
right-hand side of Eq.9) can then be performed again
1 Q (> dqge? through theUHP. Therefore Eq(7) can be written as
2ZQw) ) .qeaw ®
,Q, , dw 1 J'wd J 420 o|vy|
T He T 2, ® =2 002
The first term inside the curly bracket of E() represents ds 7w Jo O°+(rQ)
the surface contribution, while the other term is the usual O(-2)
bulk contribution. The evaluation of the first term in Ed@) XIm|II(»,2,Q,w) — ~—} (10
depends on sigg, as this determines whether theintegra- &(q.w)
tion must be performed by closing through the upfér or h
lower (L) half-plane(HP). For z<0, i.e, the electron inside where
the solide(q,w) and approaching the surface, we must close
the integration contour through théHP. On the other hand, M(1,2.0.0) e _®(—Z) 12 cosirziv,)
for z>0, i.e., the electron inside the vacuum and moving o €(z,Q,w) z
away from the surface, the integration contour must be _ -
closed through thé.HP. This integration contour involves e e () || - s(?,w) f(q,w)—l
the poles ofps(Q,w) and 1£(Q,w,2) which approach the real e(q,w) e(Q,w)+1
axis from below and give the surface and bulk excitation (11)

modes of the solid, respectively. For simplicity it is conve-

nient to use the identiy corresponds to the spatially varying surface energy-loss

N B function. In this derivation we have used the property
e 1#v2=2 cog vzl v,) — '@z, 9  e(—g,—w)=c*(q,0).
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For an electron of energg=»%/2 to loss energy», the  and
spatially varying differential inverse mean free path _
(DIMFP), W(E—~E—w,a,z), can be related to stopping £(2,Q,0)=¢(w)e? (19

power as follows: Carrying out the integration ove® andz in Eq. (17), we

dw . obtain
_d_:f wu(E—E-w,a,2)do, 12
S 0 Edw

(1-¢)?
2v(cos(1)f0 » m

PE = s(ite)

. (20)

where « is the electron emission angle with respect to the
surface normal. The definition af will be used hereafter. o ) ) )
From Eqs.(10)—(12), the DIMFP for electrons emitted from Substituting the free-electron-gas dielectric function

the surface can be split up into a bulk and a surface term, 2
—q___ P 0"
WE—E~0,0,2)= up(E—~E~0) + uE~dE~0,a,2), o)== orip 70 @y
(13
into Eq. (18), we obtain

where

1 v 0(-2) P(E.a)= — (22)

C= = [ 2 2 _8(-z (Ea)= 7 om

ILLB(E_>E w) WZVJ d Q &')2+(VZQ)2 m s(a,w) v

(14)  This shows that the surface excitation probability is propor-
tional to(cos) "*. This angular dependence has been verified
experimentally for a largex value. Takinga=0° in Eq.(22),
we obtain the results of RitcHi2for normal incident elec-

and

U(E—E—w,a,2)

trons.

5 |v,| So far, the recoil effect is neglected in the derivation.

i d*Q 2+ (1,Q)? Im[11(#,2,Q,w)]. Based on the conservation of energy and momentum, this
effect can be included by limiting the range of integration
(15 overQ as follows:
o " ~\2
1_'he_ bulk term, _vvh|ch_ is independent of the position and q2$<2 L Q2=q2, 29
emission angle, gives rise to the well-known expression of }

the DIMFP of electrons moving in an infinite meditffhOn

the other hand, the surface termziand a dependent. Since Whereq. = y2E= \2(E—w).

there is thee” 7 term inI1(»,z,Q,w), the surface quasimode ~ The model dielectric used in this work is identical to that
has a rather limited extent about the surface. The effectiveised previously. Here we present a brief synopsis for the
region extends into the solid to a depth abelib,, where  purpose of completeness. The real and imaginary parts of the
w, is the plasmon enerdy. The depth is roughly around dielectric function are given By®~*°

3-6 A for a 1-keV electron from the fact that, lies in the 5 P
interval 20—35 eV. Accordingly, in XPS, where the concen- ey(q ) =ep— > Ao~ (0i+q7/2)"]
tration of excited electrons is likely homogeneous, we may n b [0 (01072 + (o))
expect that most emitted electrons penetrate the effective re-
gion of surface excitations. Thus surface effects can be af"
proximately characterized by the differential surface excita-

> (24)

] . - Aviw
tion paramete(DSEP (Ref. 27 which can be calculated via (0. @)= A 25
integration of Eq.(15), i.e., 24 ) Z [0®=(wi+0%2)°]*+ (0y)? @9
© dz where A;, v, and w;, respectively, are the oscillator
PS(EHE—w,a)zj cosa u(E—E—-w,a,z). strength, damping coefficient, and critical-point energy, all

associated with théh interband transition. Note that we in-
16 clude aneg, term to account for the background dielectric
The surface excitation paramet&EP for an electron cross- constant due to the influence of polarizable atomic cores.

ing a vacuum-solid surface is then givenzby Since the exact dependence of the dielectric function on the
momentum transfer is seldom known, an extrapolation from
E the optical limit to other momentum transfers must be made.

Ps(E,a)= fo P(E—E-w,a)do. A7 The expression adopted in Eqg4) and (25) for the g de-

pendence works correctly at the two ends of the momentum

Neglecting the effect of spatial dispersion of the mediumtransfer, i.e.q—0 andq— o, with an accuracy proportional
a local dielectric functiore(w) could be used to describe the to g°.*° The actual dispersion relation makes only a minor
response of the medium. From Edd) and (8) we easily difference in the determination of the DIMFP and DSE?’
obtain The parameters in the model dielectric function were de-
termined by a fit of Eq(25), in the limit g—0, to the ex-
e(Qw)=¢(0,w)=¢(w) (18 perimental optical data. To make sure that the fitted param-
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eters are accurate, we require that the model dielectribtMFP, \. Since in generah<L, the influence of angular

function satisfies two sum rules, i.e., electron deflection on the energy spectrum near-peak region
A can be ignored? This conclusion indicates that a detailed
@ 77 7T description_ of inelastic scattering in the function
0,w)do==5 A== w? 26 - C : o
f wez(0w)dw ZEi T2 26 G(Eq,R;E,Q) is far more important for the determination of

the energy spectrum of emitted electrons in the near-peak

and region compared to the effect of angular deflection on the
o -1 Tl function Q.
f o Im do= P (27) The energy-loss distribution is often given by Landau’s
0 ¢(0w) 28 formula'®

where wj, is the bulk plasmon energy of valence electrons, 1 (o

and & is an energy cutoff, large compared to the valence- GL(Ep,R;E)= _f ds exgiso—R3(Eq:9)],
band excitations but well below the energy of the inner-shell 27 ) -

transitions responsible for the dispersive dielectric back- (31

ground. with

IIl. DECONVOLUTION FORMULA

S(E ;S)Zdew (Eg—Ep— w)[1—exp(—isw)
In general, it is difficult to obtain an analytical solution 0 0 Hel=oT o : d !

because of the correlation between energy and angle scatter-
ing cross sections involved in the equation. However, it is — —i
reasonable to assume that only elastic interactions contribute Ae(Eo)
tq the angular deflection, and. onIyllneIastlc m_teractlons CONYy here w=Eo—E, ia(Ey:s) is the Fourier transform of
tribute to the energy loss. Wlth this assumption, the flux OfMB(EO_’d E,—w) with respect tow, and\g(Eo), the IMFP
electrons J(E,Q)dE d?Q) emitted from the solid surface of bulk excitations. is qi

: i ; 3 420) i qi 2,34  Is given by
with energy €,dE) in solid angle(Q,d%Q) is given by

N 1o [0 -
J(E,Q)=fdEOF(EO)fdx’f(x')fdznof dR e (EO)_L me(Eo—Ep~w)dw. (33

-~ - A Note that the Landau formula is independent of the escape
XQ(EO’{)O’X RO)G(Eo,RIE ), (28 angle of electrons due to the isotropic property of the bulk
where G(E,,R;E,Q) is the energy distribution of an elec- excitations.
tron of initial energykE, after having traveled the path length  The energy-loss distribution contributed by surface exci-
R; Q(Eo,ﬁ,x’;R,ﬁ) is the angular and path length distribu- tations can be explained in terms of the DSEP. Note that the
tion of an electron, excited isotropically at depth to a  DSEP is the probability for a single loss event. For the total
kinetic energy E,, passing the surface in a direction surface loss spectrum, we therefore have to sum over all
(Q,d2Q); andF(E,) is the source energy distribution of ex- Multiple loss events usifg >
cited electrons, assumed to be uncorrelated with the depth .
distributionf(x") of the excited electron. . _ Gs(Eo,a;E):f dsexdiso—E(Eq, ;)]  (34)

In the case of a homogeneous concentration of excited 0
electrons, which is likely in XPS and photonexcited AES
where the source attenuation is negligible, the path Iengtﬁ1
distribution may be expressed by a single exponéhtial

8(Eo;9), (32

nd

E(Eo,a;s)Zf dw PyEq—Ep—w,a)[1—exp—isw)]
0 N - ~ 0
f dx' Q(Eg, Qo x" ;R F(x)=1(Q)e N (29 )

’ _ =Py(Eq, @)~ Py(Eg,;9), (35
HereL is the characteristic attenuation length, dif€) is = . : .
the angular distribution. Within thB1 approximation to the where  Py(Eq.a's) is the Fourier transform of

Boltzmann transport equatioh,~5.6\, \ is the transport PS(&;;E&;w’tﬁ)evéihgﬁzgﬁg ttg;)m xE(E, a9)], in E
mean free path for elastic scattering. To obtain a more accu- b 9 P = (o, :S) 1 9

rate characteristic attenuation length, the path-length distri-34)’ we obtain

bution may be obtained by resorting to the Monte Carlo ext] — E(Eq, a:s)]=ext — Py(Eq, )]
simulation on the basis of a quasielastic model. With this o S
path-length distribution, the energy spectrum is then given

©

[Ps(Eq,;8)]"

by xgo o ., (36)
J(E’ﬁ):|(ﬁ)f dEoF(Eo)f e‘R’LG(EO,R;E,())dR. which is the result of the Poisson stochastic process for sur-
face excitations.
(30 Using the convolution method, we can incorporate the

For the energy spectrum near a peak, the range of the patiurface effect into the Landau formula and find the total
length, R, is of the order of several times the value of the energy-loss distribution
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E 1 (=
G(Eo,a,R;E)sz 0GL(EO,R;E’)GS(E’,a;E)dE’. (37 G(Eo,a,R;E)zﬁL dsexdiso—R2(Eg;s)

—E(Eg,a;s 38
The product term on the right-hand side of E87) repre- (Bo,ai9)] (38

sents that an electron of initial enerdy, loses energy

Ey,—E’ due to bulk excitations, and Ioses_eneE;:;y—E due  Using Eqs(32) and(35) and expanding(E,,a,R;E) in Eq.
to surface excitations. From the convolution theorem of thq3g) we can find

Fourier transform and Eg$31) and(34), G(E,,«,R;E) can

be written as

G(Eo,a,R;E)=e[R’)‘B(EO)ers(EO’“)][5(E0_E)+RMB(E0—>E)+Ps(Eo—>E,0¢)+ f Rug(Eq—E)Py(E—E,a)dE

1 1
—I—ERzJ ,U«B(Eo—>E’),u,B(E'—>E)dE'+E P(Ey—E',a)P(E'—E,a)dE"+---|, (39

where the first, second, third, etc. terms in the bracket reprdt is noted that the response function is dependent on the
sent, respectively, the energy-loss flux due to a zero plasmoemission angle due to inclusion of the surface excitations.
bulk plasmon, a surface plasmon, a bulk plasmon and surfackaking P,(E,—E;—w,a)=0, i.e., neglecting the surface ef-
plasmon, two bulk plasmons, etc. This expression indicatefects, we find that Eq.(41) reduces to the result of

that G(Ey,a,R;E) in Eq. (39 includes all multiple-loss Tofterup®®®

events contributed by bulk and surface excitations. For a numerical treatment, a maximum kinetic energy
Substituting Eq(38) into Eq. (30), and carrying out the E,,,is chosen to lie a few eV on the high-energy side of the

integration ovemlR, we obtain peak structure. Dividing the spectrum bel&yy,,, into chan-

nels E,=E.«—1AE, we then find a recursion formula for

- LA ~ © the determination oF (E),
JE,Q)=—2> I(Q)ePS<E0~“)[F(E)+f F(Eo) ®
L+\g E
i1
XA(EO%E’a)dEO} 40 F(E)=](E; ,a)—mgl F(Em)A(En—E;,@)AE, (44)
and wherei=1,2,3... is the space index, amE is the mesh
size. Hence oncH E, @) andA(E,—E,«) are given, and the
1 (= _ source functionF(E) with background subtracted is then
A(Ey—E,a)= ﬁﬁ ds exdi(Eq—E)s] obtained by the recursion formula.
exd P<(Eq,a;9)] IV. RESULTS AND DISCUSSION
-11.
LAg On the basis of the model dielectric function, we have

1- L+\g #e(Eo:S) calculated the DIMFP for bulk excitations and the DSEP for
(41)  surface excitations. The parameters in the model dielectric
_ _ _function have been obtained in our previous wotkRs>3A
Here A(Eo—E, ), the response function, describes speci-yiot of the energy-loss dependence of the calculated DIM-
men interactions. With the obtained DIMFP and DSEP, the-p's for electrons with various energies in Cu, Ag, and Au is
response function can be calculated rapidly using the fasthown in Fig. 1. As the energy is increased, the DIMFP’s for
Fourier transform(FFT) algorithm. Usually, only relative in- |k excitations in general decreases, as one would expect.
tensity measurements will be performed. Hence, introducing.,owever, the structures and peak positions of DIMFP’s for
the relative electron flux density distribution different electron energies are similar.

L 4 Figure 2 shows a plot of the DSEP’s for electrons of sev-
B 1(Q)e PS(EO,a)} NEQ), (42 eral energies that escape normally from Cu, Ag, and Au as a

J(Ba)= L+Ag function of the energy loss. As for the DIMFP’s, the DSEP’s

) . decrease with increasing electron energy, and the observed
we can write Eq(40) in the general form structure and peak positions of these curves are insensitive to
the electron energy. It is seen that surface excitations contrib-

F(E)+ wa(EO)A(E0—>E a)dEo} (43 ute largely at small energy losses as compared to bulk exci-
E ’ ' tations.

J(E,a)=
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FIG. 2. A plot of th K
FIG. 1. A plot of the energy-loss dependence of the calcuIatedsevercj1I ener il?agtir?ctu eADS;EnIZSALor normal escape electrons of
DIMFPs for electrons with various energies in Cu, Ag, and Au. 9 A0, '

Figure 3 shows a plot of the SEP’s as a function of theof Eq. (44), we have evaluated the primary XPS spectra.
angle between emission direction and the surface normal Figures 5—7 show the primary excitation spectra of @u 2
for 500-eV electrons in Cu, Ag, and Au. The sharp increaseAg 3p, and Au 4l (solid curve$ determined from the experi-
of the SEP’s at large angles indicates that the surface excitanental AlKa-excited photoelectron spectra(dashed
tions are most probable for near-grazing electrons. This arcurves.!” For comparison, we also plot the corresponding
gular dependence has been verified experimentally foresults given by Tougaartthain curvel!’ who neglected
large« values®® surface excitations. It is found that essentially all intensity

With the obtained DIMFP and DSEP, we have calculatedar away from a peak is consistently removed. In all cases
the response functions using the FFT algorithm. Figure 4tudied the present results are markedly different from Tou-
shows the results of these calculatiofsolid curve$ for gaard’s results, which have a tail extendirgp0 eV below
500-eV electrons that are emitted in different directions fromthe peak. It is seen that the tail can almost be removed when
Cu. Also plotted in this figure are the results without surfacethe surface excitations are considered. Therefore, the large
excitations(dashed curve This shows that the contribution tail which occurred in Tougaard’s results is not part of the
from surface excitations to the response function is signifiprimary excitation spectrum, but may be due to inelastically
cant for energy loss in the region below 30 eV. This is con-scattered electrons caused by surface excitations.
sistent with the results of the DSEP’s in Fig. 2. It is also seen The solid curves in Figs. 5—7 still accompany tiny tails.
that the influence of surface excitations is relatively moreWith respect to the solid-state effect, Doniach and Sthijic
important at larger escape angles due to the increased surfaseggested that a single-electron excitation induces a shake-
excitation probability at these angles, as shown in Fig. 3. off process for metals called the Doniach-Sunjic process.

Applying the response functions to the recursion formulaPen#! has also pointed out that, theoretically, the intrinsic
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d FIG. 5. The primary excitation spectrum of Cp &olid curve
o (deg) determined from the experimental Aa-excited photoelectron
spectradashed curve(Ref. 17. The chain curve is the correspond-

FIG. 3. A plot of the SEP’s as a function of the angle betweenind result of TougaardRef. 17.
electron velocity and solid surface normafor 500-eV electrons in
Cu, Ag, and Au. AES spectrum is in the region not only close to but also far
away from the peak.
plasmon loss leads to another shake-off. The Doniach-Sunjic Finally, it is worthwhile to mention that the present for-
process cannot apparently account for the appearance @fulas for the surface excitations differ from the recent treat-
these tiny tails. It is also not effective to interpret these tinyments by Yubero and Tougaattiwho included surface ex-
tails as derived from intrinsic plasmon or from the intrinsic citations in the analysis of REELS spectra. The authors
interband transitions. Therefore, more complete investigaassumed that an electron passes normally through a solid
tions are necessary to fully account for these tiny tails.  surface, and specular reflection in the backscattering event.
Figure 8 shows the result of a similar analysis of theFor normally escaped angles, their results overestimate the
photon-excited Ag(MNN) AES spectrunt/ It reveals that contribution of surface excitations, because the detected elec-
the influence of surface excitations on the photon-excitedrons in XPS cross the surface once. In addition, their model
was insufficient to describe the dependence of surface exci-
tations on emission angles.
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FIG. 6. The primary excitation spectrum of Ag 3solid curve
FIG. 4. A plot of the response function for 500-eV electrons of determined from the experimental Afa-excited photoelectron
several escape angles in Cu. The solid and dashed curves, respspectradashed curve(Ref. 1. The chain curve is the correspond-
tively, are results with and without surface excitations. ing result of TougaardRef. 17.
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FIG. 7. The primary excitation spectrum of Aul 4solid curve FIG. 8. The primary excitation spectrum of the photon-excited

determined from the experimental Afa-excited photoelectron Ag (MNN) auger transition(solid curve determined from the ex-
spectradashed curye(Ref. 17. The chain curve is the correspond- perimental Al Ka-excited photoelectron spectri@ashed curve

ing result of TougaardRef. 17. (Ref. 19. The chain curve is the corresponding result of Tougaard
(Ref. 19.
V. CONCLUSIONS experimental data. In all cases studied the present result is

We have included surface excitations in the Landau for_markedly different from Tougaard's result, which has a tail
50 eV below the peak. It was seen that the large

mula through Poisson statistics, and have derived a deconvg-x,tend'ngw i S
lution formula in which the response function is in terms of tail can be consistently removed when surface excitations are
the DIMFP and the DSEP. The influence of surface excitafonsidered. In conclusion, the large tail which occurred in

tions on the background removal of electron spectra has alsfPugaard's results is not part of the primary excitation spec-
been studied. Through numerical calculations the primargrlum but may be due to inelastically scattered electrons
XPS spectra of Cu, Ag, and Au were calculated from thecaused by surface excitations.
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