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G. Härtens, P. Rabe, G, Tolk iehn and A. Werner

Institut für Exper imentalphysik , Univers i tä t Kie l , 2300 Kiel,

Germany

AbstracL

The total photoelectron y ie ld äs a funct ion of the photon energy

of poly- and singlecrystalline Ni and Ge and of thin f i lme of Cu an

Ni has been measured at the K absorption edges and compared wi th the

absorption coeff ic ien t . The daLa are dlscussed considering the

relative contribution of the electron cascades caused by Auger- and

photoelectrons to the yield and the Information depth of the yield

EXAFS method.

Die totale Photoelektronenausbeute von poly- und einkristallinem

Ni and Ge und von dünnen Schichten von Cu auf Ni wurde in: Bereich

der Absorptions-K-Kanten gemessen und mit dem Absorpt ionskoeHizienten

verglichen. Die Daten werden bezüglich der relativen Beiträge der

von Auger- und Photoelektronen ausgelösten Elektronenkaskaden sowie der

Informationstiefe der Ausbeute EXAFS Methode diskutiert.

- 2 -

The invest igat ion t lf rhe ext.ended x-ray absorption f ine

s t ructure (EXAFS) has become a powerful tool for the analysis of

the local geometrical s t ruc ture of atoms in po lya tomic Systems.

In the rc'r.ent years, much exper imental work has been done to

Tüeasure EXAFS by various techniques { l , 2} . Here we present

measurements of the K edge EXAFS of Ge, Ni and Cn-Ni Systems whi i -h

.irc re la t t 'd to previous work on Cu yield EXAFS {3). In this paper

we discuss (i) the relat ive contr ibut ion of electron cascades

caused hy pr imary Auger and photoe!ectrons to the total y ie ld ,

(ii) the i n f l ue nc e of direction dependent emission probability of

photoelectrons on yield EXAFS and (iii) the In fo rma t ion dcpth of

the yi e ld method,

The yield spectra have heen measnred at the Synchrotron

radiation f a c i l i t y of the Deutsches Elektronen-Synchrotron DESY at

Hamburg. The experimental arrangement cons is ts of an x-ray raono-

chromator with channel-cut Si (220) and Ge ( 1 1 1 ) crystals for the

spectral ränge from 5 keV to 28 keV. The primary in tens i ty is

monitored by an ion iza t ion chamber. The degree of polarization

amounCs to weil over 90%. In order to exclude influences on the

KXAFS due to d i f f e ren t orientations of the po la r i za t ion vector relative

to the r.rystal lographic axcs {4], we have chosen samples with cubic

symmetry. An ultra-high vacuuni sample chamber with a base pressure

of less than 10 mbar allows the preparaLion of the sample by heat

treatment, Argon ion sput ter ing, and vacuum evaporation, The surface

quali ty can be controlled by LEED. The x-rays enter the chamber

through a Be window. The electrons are monitored by an electron

m u l t i p l i e r .

In Fig. la, b the absorption coe f f i c i enLs of polycrystal l ine Ge

and Ni nre compared wi th the yield spectra of single crystal Ge { 1 1 1 ) ,

single crystal Ni ( 1 1 1 ) and polycrystal l ine K i . It is worth noting

that the energy posit ions of the half step height of the K edge of

both the Ge and Ki yield spectra coincide with the respective absorption

edge w i t h i n the resolu t ion of the monochromator of about l eV, This

holds also for the K edge of the Cu spectra reported elsewhere f 3 } . The



near edge s tructures of Ge are compared in F ig . l a . The.se results

lead to the conc lu s ion that the main c o n t r i b u t i o n tu ehe t o t a l

yield c o n s i s t K of the casr.adcs o£ secondary electrons of pr imary

Auger e le r t rons and reabsorbed x-ray f luoreseence photons. A con-

siderahle con t r ibu t ion of d i rek t photoelectrons and t h e i r secondaries

at the K edge energy would havc shifted t l i e edge towards higher

e.xcitation energies compared with the Absorpt ion case due L O the work

func t ions ui the samples which are approximately 5 eV f ü r C u , Ni and

Ge {5}. A s ign i f i can t c o n t r i b u t i n n of tlie priraary phn toe l ectrons and

their secondaries to the t o t a l yield is expecfed several tens of eV

beyund the edge. There the energy of t he pr imar ies is s u f f i o i e n t to

produce an e lec t ron cascade Chat, reaches the su r face f rom deeper

regions of the sample. This re.su'ts in the observed monotonously

increasing contribiition to the total yield w i th increasing photon t:m;rgy

in coff ipar ison to Llie absorption c o e f f i c i e n t (Fig , la) .

As an example the f i n e a t r u c t u r e X ( k ) beyund t ho Ni K edge is shown

in Fig. 2 versus photoelrc tron wave number k. All spectra have het'n

handled in the samt; way by techniques described in d e t a i l in R e f . ! .

Cumpared to the A b s o r p t i o n sper t ra , an o v er a. 1 l r e d u c l i u n of t l ie y i e l d

anplitudes i ^ observecl for Ni äs well äs l or Ge and Cu {3). Th i s f a c t ,

which has not beeil understood u n t i l now, has no inf l i ienc:e on the

d e t e r m i n a t i o n of bund lengths by the EXAFS raethod äs ran be seen f r o m the

pos i t i ons of L h t > zeros of the f i n e s t r u c t u r e s (Fi;>,. 2 ) . |)ut; to the

f.'ict that Lhr outgoing photoelectron wave and par ts of it bca t l c rcd nt

the neigdboring atoms in te r fe re ouLa idc of the sample, an a d d i t i o n a l

cont r ibu t ion to the EXAFS is expc'.cted f 6 ) . U dc-ponds on the wavevector

k and the d i rec t ion of d e t r r t i o n and w i l l in f .cneral not be p r o p o r t i o n a l t o

the normal E X A F S . As can be seen f rom F i ; > . l , 2 , the f ine s l r u c . t u r e s

observed in the a b s o r p t i o n and y i e l d spectra are v i r t u a l l y iden t ica l for

each r.aterial. T h i s aga in i.s explained by L h c t 'act th.it o n l y a smal l

K o n t r i b u t i o n to the t o t n l y ie ld is based on photoe le t -1 rons; . In a d d i t i o n ,

the scat ter ing of t h r phoLoe le t - . t rnns ins ide i h n sair.ple and e h e co l lec t ion

of the electrons by an ar . 'celerat ing p o t e n t i a l outside the sample r ause

an avera^ins of t l ic i r angular di si r i hu t ioiis over a l i n o s t 4 ,i of the solid

angle which is essentia] for reproducing EXATS in the photoelectron yic . ld (

A i u r L h s ? r argument for reproducing EXAFS in total yield spectra

resul ts f rom the Informat ion depth of the sample- 1t is well known

that the a t t e n u a t i o n length of electrons (0 eV to 2000 eV) in the

b u l k r.inge s f rora 5 A t o 20 A for the indiv jdual elec tror. : 7:, Based

on measurements of the dependence of the yield OTI the angle of incidence

of tlie x-rays, for the w h o l e e l e c t r u n cascade a t t e n u a t i o n li-n^ths öl

1000 S to 2000 A have been reported {31. This r c su l t s in an I n f o r m a t i o n

depth for s t ructural analysis by y ie ld EXAFS of the same order . V.'e have

checked these large i n f u r m a t i o n depths by tlie o v e r l a y e r t ec l in ique .

Measur erneut s of u he y i e l d l or oveHayer th i cknesses beiween 30 A and

1000 A have been per formed nn Cu covernj;es on N' i and T;i s n h s t r a t e .

As an exaTnplc we show a y ie ld spectrur, of 100 A Cu (in a Ni S u b s t r a t e

in Fig. 3a. The insert F ig . 3b d i sp lays tlie Cu LXAFS which, äs wel l äs

the f ine s t ructure of t he Ni Subs t ra te , i.s L d e n t i i - . a l to bu lk K edge

EXAFS { l , 3 l . Fr t im t h i s spert rum we have p e r f o r m e d a Finirie.r L r a n s f o r m ,

L he m a ^ n i t u d e F (r) of which yields a radial s t r u c t u r e f u n c t i o n

(F ig . 3c) . A comparison w i t h bulk Cu shows that the nearest neighbor

dis tance is conserved in the t h i n f i l m . A s l i g h t broadening of the

K t r u c - L i i r e s in J F ( r ) is due to the l i m i t e d ran^e in k spsce u-here the

FXAFS exceeds the noise level .

In F i g , 4 we have sunniarized the Var i a t ion of the r e l a t i v e step

height of the Cu K edge whi t ih is d e f i n t - d äs ihe r a t i o öl" t l i e increuse

of the y ie ld due to the Cu K edge to the yield in f ron t of the edge- We

have i m - l u d cd r e su l t s for d i f f e r e n t a t t e n u a t i o n lengths L of the e l e r t r u n

cascades i 'alculated w i t h i n a model w h i c h ts based on t h e aasumption that

the e lec t rons are eir.i 11 ed 1 rnm the absorbinj? nt om isotropica 11 v and tha t

the at.Lenuai ion oi the electron cascade can be described by an exponen-

t i a l damping w i t h mean f r ee pa th L . I b i s model was used f o r t h e

desc r ip t ion of t hü de.pendenr.e of the y i e l d on the photon •f, l an f i n g angle

!3!-. The resul t shows that this model cannot descr ibe the t h i c k n e s s

dependence of the yield over the «hole ränge of mcasured th ickness t -s . The

tota l y i e l d fo i overl.-iyer thicknesses up to 200 A is well d e s r r i b e d by

I, = bOO K. The y ie lds for overlayers of more than 200 X r e q u i r e a t t e n u a t i o i

lengths of 1000 Ji to 20ÜO K in order lo be d e s c r i b e d reasonably . 1 hi s

a l so h n l d s for the step he igh t of the K edge of the Ni subs t r a t e . The

c o n c l u s i o n i s that in agreement w i t h f o r m e r meayuremi 'nLs the I n f o r m a t i o n



depth i;£ Lhe y i e l d method amounts LO 1000 Ä , T h i s largi; value is

cansed by the large k ine t ic energy of the hot primary Auger eJec t rons

from which the yield mainly originales äs si_al_ed abuve.

This work is supported in part by ehe D e u L s c h e Forschungsgemeinschaft

and the Bund^sministerium für Furschuns und Techno!ngic. Ho woulcl l i k e

tu thank W. Pronknw fo r assistance in the experiraent. The assis tance

by Prof . R. Haensel and hls general Support. L K a lso g r a L e f u l l y acknowledged.

References

1 G. Härtens, P. Rabe, N. Schwentner and A. Werner ,

Phys. Rev. Bj_7, 1481 (1978)

2 J. Stöhr, D. Denley and P. Pe r fe t t i ,

Phys. Rev. B I S . 4 1 3 2 (1978)

for a shorC review see P. Rabe,

Jap . J. Appl. Phys. \T_ (1973) , Suppl. 17-2, p. 22

and ref erences Liier ein.

3 Ü . Här tens , P. Rabe, N . Schwentner and A , Werner,

J . Phys. C l l , 3125 (1978)

4 P . A . I.ec and J .B. Pendry,

Phys. Rev. El l , 2795 (1975)

5 F. Kohlrausch, Praktische Physik Bd. 3, 22. Auf lage

Teubner Verlag, S tu t tgar t (1968)

6 P.A. Lee, Phys. Rev. 813, 5261 (1976)

7 T. Lindau and W . E . Spicer,

J. Electron Spectrosc. ji, 409 ( 1 9 7 4 ) ,

C.J . l 'owel l , S u r f . Sei. 44 , 29 (1974)



O
. 

ro
 

rt

<!> 
O

 
o
- 

rr

Y
ie

ld
, A

b
s
. co

e
ff. 

[a
rb

itr. u
n

its
]

31
ta

'



Fig. 1b Fig. 2

.O
i_
O

O
o
t/i
.o

"U

(U

8.3

Ni Absorption

Ni Total Yield

Ni(111) Total Yield

8.5 8.7 E[keV]
J 1 L 1 ...l t

XI k)

0.4-

4 6 8 10 12 k[Ä~1]
i—i—i—i—i i i , i . i .



relative step height

Y i e l d arbitr.units]

7 ' !


