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Electron inelastic interactions with overlayer systems

C. M. Kwei,¥ S. Y. Chiou, and Y. C. Li
Department of Electronics Engineering, National Chiao Tung University, Hsinchu 300, Taiwan

(Received 4 January 1999; accepted for publication 8 March)1999

An overlayer system composed of a thin film on the top of a semi-infinite substrate was studied in
this work for electron inelastic interactions. Analytical expressions for the depth-dependent inelastic
differential and integral inverse mean free paths were derived for both incident and escaping
electrons. The interfac@ilm-substratg effect and the surfaceracuum-film) effect were analyzed

by comparing the results of an overlayer system and a semi-infinite system. It was found that the
interface effect extended to several angstroms on both sides of the interface for a 500 eV electron
incident into or escaping from the vacuum-$iGi and the vacuum—Au—Ni systems. An
application of the spatial-varying inelastic differential inverse mean free paths was made by Monte
Carlo simulations of the electron elastic backscattering from an overlayer system. Good agreement
was found between results calculated presently and data measured experimentally on the elastic
reflection coefficient. ©1999 American Institute of Physids$s0021-89769)00712-4

I. INTRODUCTION Electron differential and integral inverse mean free paths
were constructed by considering all relevant inelastic inter-
Quantitative spectral analysis of low energy electronsactions including volume excitations, surfag@acuum-film
transmitted through or reflected from solids is important inexcitations and interfac@ilm-substratg excitations. The in-
surface sensitive electron spectroscopies. To analyze therface effect increases as electron moves close to the inter-
electron spectra, detailed information on electron inelastigace and extends to several angstroms on both sides of the
interaction cross sections in solids is required. The inelastighterface. Computations of electron inelastic inverse mean
interactions of probe electrons with solids comprise mainlyfree paths were performed for vacuum—Au—Ni and vacuum—
volume and surface excitations. These excitations can bsj0,—Si overlayer systems using the extended Drude dielec-
characterized in terms of the dielectric response function Ofric function. App"cation of these quantities to the calcula-
the solid medium. For semi-infinite solids, it was generallytion of the electron elastic backscattering intensity and the
assumed that volume excitations were spatially nonvaryingiastic reflection coefficient from an overlayer system was
inside the solid and surface excitations occurred rlght on th@nade and Compared to experimenta| data. Good agreement

surface” Recently, several theoretical approaches were deyas found between calculated results and measured data.
veloped to evaluate the position-dependent inelastic cross

sections. Yubero and his colleagtiémade use of the specu-

lar reflection modél® for these cross sections of electrons

traveling in a reflection geometry with the restriction of the

scattering trajectory lying on the same plane as the incideni, THEORY
trajectory. Chen and Kwéideveloped similar cross sections

in the application of the x-ray photoelectron spectroscopy  Figure 1 illustrates the problem of a fast electtdashed
(XPS). Later, Kwei, Wang, and Turigreated incident and arrow either incident from the vacuum to a system of a thin
escape electrons differently for a general geometry withoufiim on the top of a semi-infinite substrate or escaping from
the restriction on the scattering trajectory. All calculationsthe system to the vacuum. To simplify the derivation, the
were restricted to the homogenous semi-infinite solids. origin is set at the center of the film with thickneBsand
For the application of a more complicated system, e.9.dielectric functione,(q,»). The media inz<—D/2 andz
an overlayer system, one generally made use of step-function p/2 are characterized, respectively, by dielectric functions
like inelastic cross sections contributed by constant volumg. (g, ) and e5(q,»). The interface planes are locatedzat
excitation cross sections within constituting matefided = _ /o andD/2, with thez axis perpendicular to the inter-
zero-depth surface excitation cross sectifiis. Although  face plane and directed from the mediwy(g,w) to the
these cross sections are simple, it is unrealistic by their Unmediume,(qg,w). For the case of electron injection into the
derlying assumptions on both volume and surface excitation§acyym-film-substrate systere;(q,)=1 and es(q, ) is

and by the neglect of interface excitations. In this work, Weyhe gielectric function of the substrate. For the case of elec-
constructed depth-dependent inelastic cross sections for ingizy, ejection from the systena; (g, ) is the dielectric func-
dent and escaping electrons in an overlayer system cOMign of the substrate anes(g, ») = 1.

posed of a thin film on the top of a semi-infinite substrate. ko, an electron of velocity moving from a medium

with dielectric functione,(q,w) to a medium withe;(q, w),
dElectronic mail: cmkwei@cc.nctu.edu.tw Poisson equations of the problem in Fourier space are
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?b2(0,0) = m[—2W5(w—Q' v)

+05 (Q,w)expiq,D/2) + 03 (Q,w)

D —
z<0 X exp(—iq,D/2)], 5 >>—, «h)
FIG. 1. lllustration of the penetration for a fast electr@ashed arroyw 41
incident from medium 1, with dielectric functios,(d,®), to medium 2, ¢3(Q,0)= ————[—275(w—Qq- V)
dielectric function €,(§,w), and then to medium 3, dielectric function a°es(q, )
€3(g,w). The origin of the depth coordinate, is set at the mid-plane of .
medium 2 of thicknes®. to3(Qw)exa—iq,D2)], z>D/2,

whereq=(Q,q,) is the momentum transfegq is the energy
transfer, v=(v,v,) and r=(R,z). The induced interface

chargess,(Q,0), 0, (Q,0), 0, (Q,w), ando;(Q,w) are

o
$1(0,w)= m[—%ﬁ(a}—q v) to satisfy the boundary conditions. These interface charges
nH can be established by matching potentials and displacement
+0,(Q,w)expiq,D/2)], z<-DI/2, vectors at interfaces as
_ @D _ .wD
0 4v,Q 7721€X _IZ_Vz — Ma1723€XP(— QD)exp +i 2,
72T 52 (1,Q)? 1= 721723€XH — 2QD) !
- wD b m’D
00 4v,Q 723€XQ +i 2| 7237721€XPA(—QD)ex 2VZ
720007 571 (1,Q)? 1— ma1m23exp(—2QD) '
2
1 20D @b 1 D @b
O — 41,0 7210 1+ n23exp(—2QD)Jexp —i 20, 723(1+ ) exp(—QD)ex 2VZ
T 91 (1,Q)? 1~ 7217236X) — 2QD) '
~ .wD\| _ @D
0 — 41,0 724 1+ n21eXp(—2QD) Jex ""2_112 = 7211+ mz)exp(—QD)exp —i 2,
7@ w’+(v,Q)? 1—n21m238X(—2QD)
|
where 1 1
2 ~ _ &([,0) &(F,0)
w:(,l)_V“'Q, aZZ(VE +Q2, 77a,b(Q1w)— 1 1 1]
z

&Qw)  eQw)
for a=2 b=1,3,

1 +oo d 1
= Q qz( )), for L=1,2,3,

€(Quw) 7). ¢ le(qgw
(©)] exp QD) 1
L QJWEEE&EE QD) &(Qw)
€@ (Quwz2) 7a,0(Q, @)= 1 1 ,

Qo) Qo
for a=2 b=1,3.

1
><< ) for L=1,2,3,
€.(q,w)
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Substituting Egs(2) and(3) into Eq.(1), we obtain the scat- -1 ) _
tering potential in Fourier spacé(q, ), ¢,(q,), and Ping(r,1)= (2#)3def d“Qexdi(Q-R-wt)]
¢3(g,w). The induced scalar potential is then obtained by i w7z pp—
z
removing the vacuum potential of the electron from the scat- XeXF{ + V—) mr(v,Q,w,Z) ,
tering potential. In terms of the interface charges, the in- ‘ ‘ (4)
duced potential is given by where
47v,
mr(v,Q,w,Z)
z
(7] 01(Quw) ] ;{ imz) 4ov, [ 1 ]
—| = |exg ——— | — — 1|, z<-D/2,
Q_€1(Q,(U,Z+D/2)_ Vs, m2+(VZQ)2_€1(q!w) 1
[ 0, (Qu a5 (Q,w iwz 4 1 D -D
1T 2(Q ) L 2 (Q,0) ex - 2F| - A L 41 D TP ®)
Q_EZ(QIwYZ+D/2) GZ(Q,(X),Z_ D/Z) Vg w +(VZQ) Ez(qrw) 2 2
[ 03(Quw) ] '{ imz) 4ov, [ 1 ]
== eXp ——| — = 1|, z>DJ/2.
( Q| €&(Q,0,2—D/2)] v, | '+ (rQ)?| &(d,0) T
|
The stopping power is the derivative ¢f.4(r,t), i.e., exd —iw(zxD/2)/v,]=2 cogw(z=D/2)/v,]
_dW_ 1 dding —exfgiw(zxD/2)]lv,. (7)
e (6)
ds v\ ot |
r=wut
at the position of the electron=t. The integration in Eq. Thus we can write
(4) depends on sgmfD/2) as it determines whether the
integration must be performed by closing the contour dW -1 [~
through the upper or lower half plane. For the contour inte-  — ds - 4—3[ ) dwf d?Q
gration of the lower half plane, there are some complications S ™V Jo
as the integration contour involves the poles of the integrand. Ay
Since the dielectric function is an analytic function ©fin XIm ﬁB(v,Q,w,z) , (8
the upper half plane for dielectriéjt is convenient to con- @+ (rQ
vert the lower half plane contour into the upper half plane
contour by the use the identity where
B(1,0,0.2)= ol 1+ 723exp(—2QD)]exg Q(z+D/2)]  7pd 1+ m]exp(—QD)exd Q(z—D/2)] 1
U €(Q, 0,2+ DI2)[ 1 mpmpzex(—2QD)]  €1(Q,w,2+DI2)[1— ny17p3eXp(—2QD)] | €1(T, w) '( )
9
for z<—-D/2,
5 w(z+D/2) ~
721 2 C0$—— ——| —exfl — Q(z+D/2) ]| — 7217723€xp — QD)exf Q(z—D/2)]
B(»,Q w,z)= z
Q.2 €(Q.0,2+ DI2][1~ 7317256XH — 2QD)]
w(z+D/2)
723X Q(Z2—D/2)] = 123m21€Xp(—QD)} 2 co — —exd —Q(z+D/2)] 1
z
+ -_— ~ H
€2(Q,0,z—=D/2)[ 1= no1m23eXp(—2QD)] (7, )
(10)

for —D/2<z<D/2

and
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5 [ %m(z—DIZ) ]
724 1+ m1exp(—2QD) ]| 2 cos——— | —exd —Q(z—D/2)]
B(rQ,2)= €:(Q.0,2-DID{1- 77172200~ 2QD)]
- { i{m(n D/2)
o1 1+ no3lexp(—QD){ 2 cos——— | —exd —Q(z+D/2)]
- “(Q0,2-DI2)[1= 717 exp—2QD)] ¥ ee,m,w)}’ an
|
for z>D/2. In the above derivation, we useqd—q,— o) € (Q,0,2)=€,(Q,w)e?, for L=1,2,3, (13
=€"(q,0).

The spatially varying differential inverse mean free path ~ 7a,6(Q.,®) = 7a,5(Q, )
(DIMFP')., ,u,(E,w,.G,Z), which describes the interaction (Q,0) — €,(Q, )
probability per unit pathlength for an electron of eneigy = ,
=12/2 moving at an angl® with respect to the surface nor- ep(Q,w) + €,(Q,w)
mal to lose energw at the depttz from the surface is related for a=2, b=1,3.
to the stopping power as

aw fm (E,w,6,2)d (12) 1
—_——— s s ,Z . —
ds  Jo “H=@ @ w(E, w,0,2)= fsz

473y

The DIMFP is then given by

Because of the weak dependencecain q, compared with
the rest of terms in the integrals, we may asshffe
€(g,w) = €(Q,w). Under this assumption, E3) leads to

€ (Q,0)=¢€ (§,w)=¢€.(Q,w), for L=1,2,3, where

4y

XIm EZTZZQ)zB(V,Q,w,Z)

. (19

o1
El(Q!w)

721L 1+ 723€Xp(—2QD) Jexd Q(2z+D) ] — 724 1+ n21]exd q(2z—D) ]
€1(Q,@)[1— n217m23eX(—2QD)]

B(»,Q,w,2)= , (15

for z<—-D/2,

w(z+D/2)
721] 2 CO§—————

z

—exd —Q(z+ D/Z)J] exf —Q(z+D/2)] = nana3exp(—2QD)

B(»Q0,2)= €2(Q,w){1— mo17m23eX(—2QD)}

w(z+D/2)

723€XH Q(2Z2—D) ] — 72311 €Xp( — QD)( 2 005{

€(Q,0)[1— n217m23eXp(—2QD) ]

—ex{ —Q(z+D/2)] 1 exdQ(z—D/2)]
+

1

e

: (16)

for —D/2<z<D/2
and

w(z—D/2)

74 1+ n21exq—2QD)][ 2 co% —exd —Q(z— D/2)]]exr.[—Q(z— D/2)]

€3(Q, w){1— 7p1736xp(—2QD)}
w(z+D/2)

B(v,Qw,z)=

1
GS(Q!(‘))

N 1+ 7;23][2 cos{ —exr[—Q(z+D/2)]]exp[—Q(z+ D/2)]

€3(Q,w)[1— n21m23eXp(—2QD)]

+

. 17

for z>D/2.
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L o L o a (0] eV
6 t=4 A t=50 A Ll
4 F 1F 4 FIG. 3. Comparison of electron DIMFP in the semi-infinite Si€ystem
(chain curvesand in the vacuum—-Si©2-Si overlayer systengsolid curves
27 El 3 for incident electrons; dotted curves for escaping elecjrémsa 500 eV
| . . : . . . electron at two depthis=4 and 6 A. Refer to the top right insert in each plot
0 o T

0 10 20 30 40 50 10 20 30 = '40 50 for electron penetration configuration. Peaks A, B, C, and D represent, re-
spectively, surfacévacuum-SiQ) excitations, interface (Si>-Si) excita-
o (eV) tions, volume excitations in SiQand volume excitations in Si.

FIG. 2. Plot of the DIMFP for a 500 eV electron normally incident into
(solid curve$ or escaping from(dotted curvesan overlayer system com-
posed of a 4 ASi@film on the Si substrate for several electron depths,

inside the system. ted curvepan overlayer system composeibod A SiO, film

on a Si substrate at several depths inside the system. It is

seen that structures in the DIMFP vary with electron depth
Due to the conservation of energy and momentum, the uppeind are different for incident and escaping electronst At
and lower limits in Eq. (14) are, respecti\/ely,[q?F =50A, corresponding to an electron deep inside the Si sub-
—(wlv)?"? and [q? —(w/v,)?]"% where q.=2E strate, electron DIMFPs in the overlayer system approach to
+J2(E—w). Let €, be the dielectric function of the sub- those in an infinite Si system. At this depth, only volume
strate and =0, we obtain the results of Chen and KWkir  excitations in Si, with characteristic excitation energi7
a semi-infinite solid. If we take;=e,= €5, we obtain the €V, contribute to the energy loss. As electron depth de-
results for an infinite solid. creases, volume excitation peaks drop and interface

The inverse mean free paMFP), u(E,6,2), is ob-  (SiO~Si) excitation peak¢~9.5 eV) become prominent.

tained by the integration of E¢14) over all allowed energy ~As electron depth falls betw 4 A that the electron is within

transfers, i.e., the SiGQ film, both volume excitation peaks of Sj0~22
c eV, and surfacgvacuum-SiQ) excitation peaks~20 eV,
M(E,G,Z):f w(E,0,0,2)dw. (18  appear. To further illustrate the influence of $idm on Si

0 substrate and vice versa, we compare in Fig. 3 electron DIM-

Using the sum rule constrained dielectric functions and S in @ semi-infinite Sipsystem(chain curvesand in the
parameters given in Ref. 13, we have calculated electroriQz—Si overlayer systenisolid curves for incident elec-
DIMFPs and inverse MFPs in some overlayer systems. I{fONS; dotted curves for escaping electiout t=0 A of the
order to compare the calculated results for different thick-S€mi-infinite SiQ system(see the top right insert for electron
nesses and for injection and ejection electrons, it is mordicident configurations the DIMFP is only contributed by
convenient to reset the origin of depth coordinate on theUrface excitationdpeak A. For t=0A of the SIG-Si
surface of vacuum-solid interface. Liebe the depth coordi- overlayer system, the DIMFP is contributed by both surface

nate perpendicular to the surface plane with0 in the solid excitations and interface excitatioseak B. Thus the dif-
ference in the DIMFP between these two systems gives,

andt<0 in vacuum. Therefore, we can transform the coor- Sl ) 27 4

dinate system by setting=z+D/2 andt=—z+D/2 in the roughly, the coptrlbutlon from interface excitations. Simi-

above formulas for injection and ejection cases, respectively@ry: & comparison of the DIMFP for the=6 A curves
gives: (1) the contribution from interface excitatioripeak

B); (2) the change from volume excitations in Si(peak Q

to volume excitations in Speak D. The difference between

Figure 2 is a plot of the DIMFPs for a 500 eV electron incident and escaping electrons is due to the polarized inter-
normally incident into(solid curve$ or escaping fron{dot-  face charges shown in Fig. 4. A=0 A (the right plo}, the

Ill. RESULTS AND DISCUSSION
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v LEL 20 A D=4 ,& b
. . ) a 0 ]
FIG. 4. lllustration of the interface effect by polarized charges on the 15F I I"t\=0A E
Si-SiQ interface. Att=0 A (right plot), the force F, acting on the incident r ﬂ ~ —~ t=-1 Z ]
electron by interface polarization charges is parallel to the electron velocity, 10F /ﬂ NS . ]
v. At t=6 A (left plot), this force is antiparallel to the electron velocity. [ #/\\‘/ \\ \t: 2A ]
ooy / \o < \\\ —_]
00 e Ztm-a A T o s
force, F, acting on the incident electron is parallel to the 0 1 20 30 40 50
electron velocity» (solid arrow. This force accelerates the o (eV)

electron motion and reduces the DIMFP for interface excita-

tions. On the other hand, the force acting on the escapin Sy ; !

. . ‘acuum-—SiQ-Si overlayer system for several Sifilm thicknesse®. The
electron is antiparallel to the electron velocitjotted arrow lower plot is the DIMFP for an escaping electron at different depthrs
and thus increases the DIMFP for interface excitati@mn-  vacuum of the vacuum—SiOSi overlayer system of 4 ASiCHilm thick-
pare peaks B for incident and escaping electrons in the upp@ess.
plot of Fig. 3. At t=6 A, the polarization effect is reversed
as indicated in Fig. 4. In this case, the DIMFP for interface
excitations is larger for incident electrons than escaping elednterface and reach maxima at the interfate 4 A). Fort
trons (compare peaks B for incident and escaping electrons-4 A, where electron is in the Si substrate, the difference
in the bottom plot of Fig. B Further, the acceleration of between electron inverse MFP in the overlayer system and
escaping electrons by polarized interface charges makes thieat in the semi-infinite Si system is due to interface excita-
DIMFP for volume excitations in Si greater than that in $iO tions and surface excitationsee Fig. 3. Both excitations
(compare peaks D and C for incident and escaping electrordecrease as electron moves deeper inside the substrate. For
in the bottom plot of Fig. B

The interface effect extends several angstroms into both

sides of the interface. The upper plot in Fig. 5 gives the 010 17— .

IG. 5. Upper plot is the DIMFP for an incident electranlal depth in the

DIMFP for an incident electrontal A depth inside the :
SiO,—Si overlayer system of different Sj@ilm thicknesses. 0.08
It is seen that interface excitation peaks9.5 eV) decrease 0.06 -
with the increase of film thickness, i.e., with the increase of

electron distance from the interface. Since in this case elec- of{ 0.04 -
tron is fixed & 1 A from the surfacévacuum-SiQ), surface o
excitation peaks(~20 eV) remain almost constant. The < 0.02 ¢
lower plot in Fig. 5 gives the DIMFP for an escaping elec- $ 000
tron at different depths outside the Sic5i overlayer system o 010
of a 4 A SiQ, film. It reveals that both surface and interface = 0.08
excitation peaks drop with the increase of electron depth, i.e., '
with the increase of electron distance from the surface and 0.06
from the interface.

In Fig. 6, we plot the inverse MFP for a 500 eV electron 0.04
normally incident into(upper ploj or escaping fron{lower 0.02
plot) the vacuum-Si@-Si overlayer system composed of a f
4 A SiO, film as a function of electron depth. To determine 0.00 "———

the interface effect, we also show in this figure electron in-
verse MFP in a semi-infinite Si and a semi-infinite S&Ys-
tem. Fort<4 A, where electron is either in the vacuum or in

the S|Q fllm’ the d|fference(gray areab between electron FIG. 6. Inverse MFP as a function of electron depth for a 500 eV electron

. - . ;normally incident into (upper plo} or escaping from(lower ploj the
inverse MFP in the overlayer system and that in the SeMIy - cuum—Sio-Si overlayer system composed of a 4 ASim. For com-

infinite SiO, SYSt‘?m iS_ due to interface excitatio(see Fig. parison, electron inverse MFPs in semi-infinite Si and,Sigstems are also
3). These excitations increase as electron moves close to thtted.
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"2" 05 ' 1d 1 FIG. 9. Results of present calculatiofsolid circleg, experimental data
a (open circlesand computations by Jablons al. (triangles for the elastic
250 e - o backscattering intensity of a 500 eV electron backscattered from the

vacuum—Au—Ni overlayer system. The angle between the incident electron
20F JF ~ ] and the surface normal was 25°. All results were normalized to the data of a
E ] semi-infinite Ni system.

1551 TN t=22A IF t=50A
1'05-‘ ) layer system as a function of electron depth for several Au
0.5 3 E film thicknesses. For the two extremes, i.B.=0 ando,
0.0 OO | J Lo electron inverse MFP approaches to that in the semi-infinite
0 20 40 60 80 100 20 40 60 80 100 Ni and the semi-infinite Au systems. If one neglects the in-
o (eV) terface effect, electron inverse MFP in the overlayer system

FIG. 7. Plot of the DIMFPs for a 500 eV electron normally incident into should fOI.IC.)W step functions with dISCOﬂtI!’IUItleS pre§ent at
(solid curve$ or escaping fromdotted curvesan overlayer system com- the Au—Ni interface. The gradual change in electron inverse
posed of a 2.2 A Au film on a Ni substrate for several electron depths MFP at the interface in Fig. 8 reveals the contribution from
inside the system. the interface effect. This change extends to a greater depth as
the thickness of Au film increases.

Application of the spatial-varying inelastic DIMFPs in
rlayers was made in the calculation of electron elastic
backscattering intensity and elastic reflection coefficient us-
ing Monte Carlo simulations. Figure 9 shows the results of

‘ Jotted | 4 of 22these calculation&solid circles for the elastic backscattering
rom (dotted curvelsan overlayer system composed of a 2. intensity of a 500 eV electron backscattered from the

A Au film on a Ni s_ubstrate at several _depths inside thevacuum—Au—Ni overlayer system. Here the angle between
system. Here the main peaks corresponding to volume excipo incigent electron and the surface normal was 25°. The

tat||ons n N'.’ mterfape ;xcnatlgns ffor the Ag—l\p Intefrfac(;, acceptance angles in the Monte Carlo simulation were be-
volume excitations in Au, and surface excitations for they, oo 0° and 10°. For comparison, we also plot results mea-

vacuum—,AIu in'Ferface arﬁ apprﬁximately 20, 7, :?6’ and 6 evsured experimentalfy (open circles and computed by
respectively. Figure 8 shows the inverse MFP for a 500 eVJabIonskiet al. (triangles® using the step function shaped

electron normally incident into the vacuum—Au-Ni over- inelastic inverse MFPs without surface excitations and inter-
face excitations. All results were normalized to the data of a

t>4 A, electron inverse MFP in the overlayer system ap-gve
proaches to that in the semi-infinite Si system.

Figure 7 is a similar plot of the DIMFP for a 500 eV
electron normally incident intdsolid curve$ or escaping

014 . . semi-infinite Ni system. Note that the acceptance angles of
experimental measurements were between 0° and 6°. How-
012 [ A ] ever, theoretical calculations of this work and Jablorskil.

I': ; ———“ S adopted wider acceptance angles from 0° to 10° in order to
@ 010 / \ - L ] save the computing time. It is seen that the present results
< ] 7 agree better with experimental data than the results of
$ o008 — OApu-Ni ] Jablonskiet al. This is especially true for large film thick-

2 T g:gﬁﬁ: i z: ) nesses where the backscattering intensity reaches a saturation
= o086l — — B4AAu-Ni ] value. In this case, the elastic backscattering intensity makes
——— Seminfinite Au ] no difference between the vacuum—Au—Ni overlayer system
0.04 . . | and the semi-infinite Au system.
0 5 ., 15 Figure 10 shows the energy dependence of elastic reflec-
tA) tion coefficient for the vacuum—Au—Ni overlayer system of

FIG. 8. Inverse MFP for a 500 eV electron normally incident into the _dlfferent Au film thicknesses. For comparison, correspond-

vacuum—Au—Ni overlayer system composed of a Au film of different thick- N9 '_’eSUItS for S_emi'inﬁnite Ni and Semi'inﬁnite AU_SyStemS
nesses as a function of electron depth are included. It is found that for 2.2 A Au films, the interface
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= 005 that the interface effect extended to several angstroms on
2 ) both sides of the interface for a 500 eV electron incident into
S o0l wg . or escaping from the vacuum-SicBi and the vacuum-—
8 © Au—Ni systems. An application of the spatial-varying inelas-
_§ 003? tic DIMFPs was made by Monte Carlo simulations of elec-
3 —e— 0 Au-Ni tron elastic backscattering from an overlayer system. Good
;a;) .o 22 AAu-Ni agreement was found between presently calculated results
o 0021 —~—39AAu-Ni and experimentally measured data for both the elastic back-
2 — Semi-infinite Au scattering intensity and the elastic reflection coefficient.
W o901 : . These DIMFPs should also play an important role in electron
500 1000 1500 2000 spectroscopies such as the photoelectrons liberated from the

Electron Energy (eV) shallow region inside an overlayer system in the XPS.
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