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’
~~energles bel ‘w 30 eV , and result from secondary processes following

Auge r recombina tion of the core hole. The elastic yield decreases

at the threshold , however , due to opening a new channel for inelastic
scattering. A comparison of the elastic yield spectrum (DAPS) , the

total yield spectrum (AEAPS) and the soft X—ray yield spectrum (SXAPS),

shows very similar line shapes, but differences in the relative
strength of the lines.
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ABSTRACT

The energy distribution of electrons contributing to

the L—shell Auger electron appearance potential spectrum of

a polycrystalline titanium surface has been measured . The

Auger electron appearance potential spectrum is obtained by

differentiating the total secondary electron yield of an

elec t ron bombarded sample as a function of incident electron

energy . At the threshold for scattering from a core level

the secondary yield increases. Most of the electrons con-

tributing to this increase have energies below 30 eV , and

result from secondary processes following Auger recombination

of the core hole. The elastic yield decreases at the thre~-

hold , however , due to opening a new channel for  inelas t ic

scattering . A comparison of the elastic yield spectrum (DAPS),

the total yield spectrum (AEAPS) and the soft X—ray yield

spec t rum ( SXAPS ) , shows very sim i l a r  l in e shapes , bu t differ-

ences in the relative strengths of the lines.

ThIS work was supported by the Office of Naval Research
under Grant N00014—75C—0292.
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INTRODUCTION

Appearance potential spectroscopy measures the threshold potentials

for the creation of excited core states of atoms in the surface region

of a solid. Fine strucr ire above the excitation edges is related to

the d~�nsity of unfilled states. In the soft X—ray appearance potential

techn ique1’2 the total X—ray yield of an electron bombarded sample is

measured as a function of incident electron energy. Differentiation

enhances the threshold structure relative to a smoothly rising bremsstrah—

lung background.  Sof t  X—ray appearance potential spectroscopy (SXAPS)

ha s found use in recent years p r i m a r i l y  as a h i g h — r e s o l u t i o n  core leve l

probe of the electronic structure of the surface region .

In the energy range of interest for surface studies (< 2000 eV) an

excited core state is much more likely to decay b y an Auger pr ocess than

by emission of an X—ray photon . Early att emp ts to iden tif y these thres-

holds, however , were indec isive. Farnswoi th
3 

concluded that correlations

of inflections in the secondary yield with the critical potentials for

X—ray production were fortuitous. Richardson ,
4 
on the other hand , repor ted

that , although there were many unexplained inflections in the secondary

electron yield , the yield increased at every potential for which an

increase in sof t X—ray emission could be detected. This structure is

extremely weak, and diffic ult to identify in the total yield. But although

weak , these thresholds are quite sharp and may be detecte l in the derivative

of the secondary electron yield.
5’6 This technique has been termed Auger

elec tron appearance potential spectroscopy (AEAPS).

A similar procedure that also examines excitation thresholds has

been used by Klrschner and Sta [b
7’8 in a techn ique to which they r e fe r  as

)isappearance Potential Spectroscopy (DAPS). In this technique one

measures changes in only the elastic secondary electron yield. Although

- 

•. ww:r - - . ...a ..- ..
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the total secondary emission may increase at an excitation threshold ,

the elastic scattering coefficien t decreases because of the availability

of a new channel for inelastic scattering. This technique appears to be

somewhat more surface sensitive than AEAPS ,
8 

but a thorough comparison

has not been made. These two techniques samp le d i f f e r e n t energy rang es

of secondary electrons and their detailed understanding requires a

knowledge of the change in the distribution of secondary electrons as an

excitation threshold is crossed.

The distribution of electrons contributing to the AEAPS signal is

alsi relevan t to efforts to interpret Auger electron spectroscopy (AES)

quantitative ly. To interpret the measured line shapes of Auger signals

requires a knowledge of the secondary emission from electr n sources

inside the material. We believe that the energy distr ibution of the

electrons contributing to the AEAPS signal gives considerable insigh t

into these secondary emission processes.

In the present paper we present a study of the energy distribut i on

of the electrons contributing to the C
3 

(2p 3/2) and L
1 
(2s) Auger

electron appearance potential spectrum of a polvc rystalline Ti surface.

It  w i f l  be shown t h a t  most of the  e lec t rons  have energies below about

30 eV , but  t h a t  t he  d e t a i l s  of the d i s t r i b u t i o n s  are d i f f e r e n t  for

diff erent excitation thresholds. In a d d i t i o n , we compare L — s h e l l  spectra

measured by flAPS , AEAPS , and SXAPS.

EXPERIMENTAL

Auger electron appearance po tentIal spectroscopy Is ordinarily

carried out with a simple triode arrangement in which the sample forms

the anode , and the sample current is differentiated .
9 

In this form

A EAPS is the simplest of all core level spec t roscopies. To determine



3

the energy distribtuion of electrons contributing to the spectrum ,

however , we have employed a 2r spherical grid retarding analyzer shown

schemat ica l ly  in Figure 1. Electrons imp inge on t he sample su rface at

normal incidence and are backscattered into a near l y f i e l d — f r e e  region .

A small positive bias is maintained on the first grid to avoid space

charge problems. Analysis is performed by the second and third grids ,

which  are conn~ cted toge the r .  They func t ion  as a h ig h pass f i l t e r  tha t

serves to re ject  e lect rons  of energy less than cv , where V is the

po ten t i a l  of the grids re la t ive  to the samp le.  A f o u r t h  g r id  is commonly

used as a capaci t ive  sh i e ld , hut  is not required if the  p o t e n t i a l  modu—

l a t i o n  is superimposed on e i t he r  the sample or the gun f i l a m e n t .

For AF.APS the analyz ing po ten t ial is se t a t zero to pass al l  secon-

daries. The 2r collector measures essentially all secondaries which are

not scattered directly back into the electron gun . For IIAPS the analyzing

grid is biased with respect to the electron source rather than ground.

The bias, V , is generally set a few volts positive with respect to the

f i lamen t , to pass only elastically and quasi—elastically scattered electrons.

For the experiments described here, however , the effect of increasing the

bias to pass more secondaries was examined . In both the I)APS and AEAPS

measurements, the collected electrons pass through the same grids , and

rel ative measurements should be unaffected by transmission losses.

Because the secondary electron background is poorly behaved in both

AEAPS and DAPS , i t is generally be tter to make measuremen ts in the second

derivative rather than the first. This is done by detecting the second

harmonic of the modulation frequency. The Incident electron energy is

modulated by superimposing a small sinusoidal oscillation (~
\ 0.1 V r.m.s.)



on the accelerating potential. The spectrum Is obtained by p l ot t i n g  the

amplitude of the second harmonic variation of the collector current , as

the primary electron energy eV is ramped. The resolution , wh ich is

typical ly .5 eV , is limited by the spread in incident electron energy ,

with slight additional broadening from the oscillation amplitude .

Slight variations in the circuitry allows the Auger electron

spectrum (AES) or characteristic loss spectrum (CLS) to be obtained .

For these purposes the gun potential V is fixed at some arbitrary value ,

well removed from any appearance potentials. The spectra are obtained

by rai~~ing the po tential on the analyzing grids and aga in p lotting the

amplitude of the second harmonic content of the collector signal. For

characteristic loss spectra the modulation is superimposed on the fila-

ment potential. This has the effect of selecting signals correlated

with the incident electron energy.
10 

To obtain the Auger electron spectrum

the modulation is applied between the sample and ground. This effectively

discriminates against features correlated with the incident electron

energy.

The Auge r electron spectrum of the polycrystalline titanium sampLe

used in this study is shown in Figure 2. Traces of carbon and oxygen

impurities are evident on the surface. The sample was cleaned by argon—ion

sputtering and annealing. Some argon remains imbedded in the sample after

a brief anneal. Extended annealing, however , resulted in a diffusion of

sulfur to the surface. The base pressure in the stainless steel bell jar

system was be low 10 10 
Torr. The Auger spectrum gave no evidence of con-

tamination from background gases over periods much longer than was required

to obtain the data.
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A pol y c r y st a l l in e  sample was selected to reduce t I m e  ~ffect t dif -

f r a c t i o n  on the  secondary e lec t ron  yie ld .11 On the  p o l y c r y s t a l l i n e

sample , the  d i f f r a c t i o n  re la ted  v a r i a t i o n s  damp out  r a t h e r  q u i c k l y,  and

in the vicinity of the L—shell spectrum (450 — 560 eV) ba -k ground

v a r i a t i o n s  are not a serious problem .

RESULTS

fitanium ’s C—shell Auger electron appearance potential spectrum

(AEAPS) is shown toge ther  wi th  i t s  disappearance p o t e n t i a l  s p e c t r u m

(DAPS) in Fig .  3. In AEAPS , the  second d e r i v a t i v e  of the  t o t a l

secondary e l e c t r o n  yield was o b t a i n e d  w i t h  the analyzer grids at groun i

potential (V 0). In  DAPS , the second derivative of the quasi—

e l a s t i c c(~flpo-nent of the secondary e lec t ron y ield  was obtai ’ied w i t h  t h e

ana lyze r  g r id s  set to pass only e lect rons  tha t  had lost no more than

S eV w i t h  respect to the inc iden t  e lectron energy.

The mos t obvious d i f f e r e n c e  between the AEAPS and flAPS s p e c t ra  is

that tli~ s igna ls  are 1800 out of phase. This means that the number ol

true s ec o nd a r y  e l ec t rons  produced by the  decay of t he  core hole exceeds

the number  ot e l a s t i c a l ly  r e f l e c t e d  e l ec t rons  lost to the  e x c i t a t i o n

process. This Is not a r e s u l t  tha t  could have been a n t i c i p a t e d  w i th  any

certainty. Indeed , if may we l l  prove not to be the ca~ c for all levels

of all mater ials.

A clearer understanding of the  processes involved  can be ob ta ined

by considering the energy distribution of the secondary electrons Con-

tributing to the AEAPS spectrum . Tills distribution ran he obtained by

comparing the secondary electron energy distrih ut Ion measured with t h e

primary elec tron energy just below a given thr .’shold fur core leve l

excitation with that measured when the primary energy Is just above the
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threshold. in practi ce this comparison is made by measuring the amplitude

of the appearance potenti al spectrum as a function of the potent lal on the

analv,ing grids.

The re~-ailt s for the  C
3 

and l~ appearance  p o t e n t i a l  spec t ra  arc shown

i i t  Fig . 4. ‘i nc p lots were taken in two parts. Be l ow 301) V , t i n  potential

on the analyzing grids (V) was applied with respect to the samp le , and

the  modulation was imposed on the samp le potential (Fig. I). This  amount s

to comparing the  “ t u r n e d — o n ” and “ t u r n e d — o f f ”  d i s t r i b u t i o n s  l ined  up at

zero kinetic energy. The ch a r a c t e r i s t i c  loss f e a t u r e s , however , a re

s h i f t e d  In e n e r gy  by the  m o d u l a t i o n .  This  produces l a rge  a r t i f a c t s  when

the  a n a l y z e r  p o t e n t i a l  begins to cut  o f f  the  c h a r a c t e r i s t ic  loss f e a t u r e s .

To compare the turned—on and turned—off distributions at hi gh energies

therefore , the aflalyzing grids were biased with respect to the filament

and the modulation was imposed on the filament potential. T h i s  has the

effect of comp aring the turned—on and turned—o f I dist rihut ions t a t ch e d

at the elastic peak.

The L
3 

(2p j/2~ 
plot was taken by ramp ing the potenti al on t h e anal—

vzing grids with the primary electron energy set to coincide with t t i t ’

first maximum of the L
3 

appearance potentia l spectrun . Similar results

are obtained by setting on any other feature of the spectrum.

The L
1 
(2s) appearance potential spectrum was too weak to permit

a continuous plot of its amplitude as a function of analyzer potential.

I t s  ampl i tude  was therefore measured point by point as indicated by the

open circles in FIg. 4.

Positive values in FIg. 4 correspond to t h e  case In  which  the col lector

current increases at the threshold for core ex citation . Thus , more sec-

ondary electrons are gained f rom the decay of the core hole than are lost
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due to  i t s  c r e a t i o n . As t h e  anal y z i n g  g r i t p o t e n t i a l  ( V )  is increased ,

second.i r e lec t  r ons w i t h  energies  less than (
~
V
a 

arc rejected. T h e r e f o re ,

the amp I i  t ude decreases.

A t oii l v  about  25 V , t he  C 3 appearance pot ential spectrum is effectively

v uicc ’lled . As the potential on the analyzing grids is further increased ,

t ’ ~ c spectrum reappears Inverted. The init i ally rapid decrease means

t n l t  most  ~~t the electrons contributing to t h e  C.3 Auger electron appearance

potenti al spectrum have energies below about 30 eV (making correction for

t h e  work f u n c t i o n  of the a n a l y z i n g  g r i d s ) .

This might at first seem surprising, since i t  is clear from the

Auge r e l e c t r o n  spec t rum in Fig. 2 that the princip al Auger peaks resulting

f r o m  radiationle ss recombination of t h e C
3 

hole have energies in the

neighborhood of 400 eV. The explanation , of ourse , is t h a t  m a ny  Au g er

elec t rons are i n e l a s t i c al l y s c a tt  ered b e f o r e  escaping f r o m  t h e  sample.

‘[‘he number of emitted low—energy secondary electrons resulting I ron this

inelastic scattering, greatly exceed the number of Auger electrons that

es:ape without inelastic collisions.

Some idea of the energy distribution of electrons emitted as a result

of a particular Auger transition , could be gained from rn examination

of the secondary e l ec t ron  energy d i s t r i b u t i o n  r e s u l t i n g  f r o m  the impact

of monoenergetic electrons from a” external source. Such a distribution

for the polycrystalline titanium sample used in these studies is shown

in Fig. 5. The spectrum was taken In two parts. The part labelled

“emission” corresponds to those features of the secondary electron energy

distribut i on that are uncorrelated with the energy of the i nciden t  electrons.

The emiss ion spec t rum r e su l t s  f r o m  the  decay of excited states created by

stopp ing the  i n c i d e n t  e l e c t r o n  beam. The e l ec t r o n s  c o n t r i b u t i n g  to t h e

emission s p e c t r u m  are sometimes c a l l e d  the “true ” secondary e le ct r o n s .
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th e con t r i b u t i o n  l a b e l l e d  “ l oss ” r e p r e s e n t s  those I c i t  urc~s if  t h e

secondary electron energy distribution that are correlated in energy

with the incident electrons , and hence represents elastically scattered

electrons , plus those electrons that have suffered discrete energy

l o s ses  in the creation of excited s t a t e s .  Normally, t he secondary

electron energy distribution is given by the sum of the e m i s s i o n  and loss

spectra .

A p a r t i c u l a r  Auger  t r a n s i t i o n  will result in a somewhat similar

spect rum : an e l a s t i c  peak r e p r e s e n t i n g  the  f u l l  ene rgy  of t h e  e j e c t e d

e E c  Irons ;  a number  of c h a r a c t e r i s t ic  loss f e a t u r e s ;  ari d a large low

energy peak. The proportions of these contributions will be different ,

however , since the  Auger  electrons originate from a distribution of

i n t e r n a l  sources. Thus , the  rap id  decrease of the  appea rance  p o t e n t i a l

s igna l w i t h  analyzer potential simply means that for internal Auger

sources , as with external beams of electrons , most of the e m i t t e d  elec-

t rons  are  c o n t a i n e d  in the true secondary maximum at low energies.

The d e r i v a t i v e  of the p lo t  of appearance potential amplitude as a

function of analyzer potential in Fig. 4 should provide us with the

energy distribut i on of electrons contributing to the appearance p o t e n t i a l

spec t rum , but  t h i s  is a r a t h e r  different sort of distribution . The dis-

tribution has a large t r u e  secondary peak at  low energ ies , and a sharp

elasti c peak at the high energy limit. However , the change in true

secondaries contributes to an increased yield above the thresh iold , whereas

the change in elastic yield produces a decrease in  tot al y ield. Therefore ,

the derivative of Fig. 4 would more nearly re semble  the difference between

t he  emission and loss p o r t i o n s  of t h e  s econda ry  e l e c t r o n  energy c h i s t r i b u —

t io n  (Fig. 5) ,  t han  t h e i r  suni.
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The overall sha; e of t he  d i s t r i b u t i o n  of e l e ct  rons cont  n h ’  i n g

to the  Auger  e l e c t r o n  appearance  p o t e n t i a l  spectrum is simil ar to

t h a t  of t he  L
3
, h ) ut  is s h i f t e d  u p w a r d .  As a r e su l t  i t  does m i t  c ross

zero u n t i l  about  325 V . i n d i c a t i n g  a much smal er r e l a t i v e  e l e ~t fr c n n —

tribution. This is alsu eviden t in Fig. 3, In w h i c h  the stri’n~’ t Im of t i , ~

2s d i sappea rance  poten t ial s p e c t r u m  is much weaker  relativ e t o  t hti 2 p ,

than  is the  case f o r  t h e  Auger e l e c t r o n  appearance  p o t e n t i a l  sp e c t r u m .

There i s  of course  no reason to expect the r e l a t i v e  e l a s t i c  and in e lastic

contributions to the  y i e l d  to be the same fo r  a l l  l e v e l s .  The differ ence

in this case is at least partially attributable to the 2p 2s C i sm e r —

Kronig transition . Thus the recombination of a 2s hold should produce

the same distribution of emitted electrons as recombination of a

plus those secondaries associated with the Coster—Kronig transit ion .

A comparison with t he  soft X—ray appearance potential spectrum of

the sime levels is of interest. SXAPS measures the increase in X—r ay

y ield on crossing the threshold for excitation of a core bolt’. ~~~~~~ l i e

strong 2p 2s transition nonradiatively transfers the 2s h o l e  to t hie

2p level. The excitation of the 2s (L
1
) leve l is therefore signalled hv

an increa ;e in the yield of X rays essentially identic al to t h a t  f o r  cx-

c i  t a t  ion of a 2 p .  T h e r e f o r e , t h e  s o f t  X — r a y  a p p e a r a n c e  Put  e nt  i a l  spe t t rum

s h o u l d  a c r u r a t  e l y  r e f l e c t  the  r e l a t i v e  e x c i t a t  ion  probabilities of the

and 1,
~ 

l e ve l s .

The [lAPS , A EAP S and SXA}’S s p e c tr a  of the  t i t a n i um I — s h e l l  are  compared

In  F i g .  (. 11w s p e c t r a  were taken u s i n g  the  same samp le. The l)AP S and

AEAPS spectra were taken under essentially identical conditions. The SXAPS

spectrum , however , required a much h i g h e r  p r i m a r y  cu r ren t , and hence some

sample heating was involved. The modulation amplitude was the same t .

all three techniques , hut a different electron source was used for SXAPS
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and hence the resolution may have been slightly different. The modulation

amplitude was increased somewhat over that used for Fig. 3, to reduce the

integration time .

The line shapes in all three techniques are similar , alth ough small

d ifferences can he seen . These difference~; may relate to the f a c t  tha t

DAPS and AEAPS exam ined a small region of :he surface , while the incident

electrons in SXAP S were spread over a much l a rge r  area .  Our p o i n t  here ,

however , is t ha t  the s t r e n g t h  of the  2s sp~ c t ru m  r e l a t i v e  to the 2 p ,  is

about the same for AEAPS and SXAP S , wherea ; for flAPS the 2s is relativel y

much weaker. Thus , AEAPS appears to accurately reflect t h e  rel it ive

excitation probabilities of the levels. ihe reasons for t he  r e l a t i v e

weakness of the 2s disappearance potential spectrum is not un d &~~s to od.

I)ISCUSSPtN

I t  is c lear  f r o m  the  compar ison  f SY\PS , AEAPS and h Al’S t~~~ t ’ i l l

three  s p e c t ru sc op i e s  p r o v i d e  e s s e n t ia l l y  the same int orm am ion. Thu h i g h

p r i m a r y  c u r r e n t s  r e q u i r e d  in SXAPS , however , create serious proble m- .

These h i g h currents are necessitated by low fluorescence yields mo r soft

X rays and poor detection efficiency. Conventional metal photrn’athodes,

such as the one used to obtain the plot ii~ Fig. i~~, typ ically have quantum

efficiences for soft X rays of  io 2. Using a more sophisticated soft

X—ray detector , consisting of a surface—barrier detector and an aluminum

fil ter , Anderson , et. al.~~
2 

have been able to reduce the primary cu rren t

by at least an order of magnitude . This has enabled them t o  follow

13
spectral changes produced by strongly cliemi sorhed gases.
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Even w i t h  perfect detectors , however , the sensitivity of SXAP S Es

I i m i  ted by the low f luo re scence  y i e l d s  in t h e  ~ of I X — r a y  r e g i o n .  ‘these

y i e l d s  a re  t vpi eall y about io
_ 2

. Therefore i t  is not sm i r p r i s i  n~ t h at

t , i r  ., giv en signal—to—noise r a t io , Auger  e l ec t ron  appearance  p o t e n t i a l

spec t roscopy  r e q u i r e s  much lower p r i m a r y  e l e c t r o n  currents than SXAPS

in it ,v form.

Sensitivity, however , is not generally limited by signal—to—noise

rat io , but by the signal—to—background ratio .
14 

The background iii

AEAPS and DAPS is poorly behaved. It is well m own that at lo~ energies

the secondary electron yield is modulated by diffraction effects. ’5

Depending on the crystallinity of the sample , this structure may persist

to several hundred eV,
1
~ par ticular l y for materials with high Debye tem-

peratures. This diffraction qtructure is the c h i e f  obs tac le  to the appli-

cation of AEAPS and DAP S to chemisorption studies. Experiment suggests ,

however, that the diffraction effects are contained largely in the

elastic signal. It may therefore be possible to reduce this effect he

measur ing  j u s t  the  i n e l a s t i c  s ignal .

For chemisorption studies the incident electron beam in AEAI’S and

DAPS can be defocussed to further reduce the current density a t  the

surface. Since the resolution of appearance potential spectrometers is

fixed by the spread in incident elec tron energies , a defocussed electron

beam creates no difficulty. Indeed , the simplest way to obtain the

AEAPS spectrum Is to differentiate the sample current.
/

It would appear from Fig. 3 thai although the 2p AEAPS signal Is

larger than the DAPS, the signal—to-noise ratio is lower. This is not

surprising. The shot noise in the AEAPS spect rum Is ontributed by the
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total secondary yield , whereas in DAPS only the much smaller

elastic yield contributes. The situation is iust reversed for the 2s

spectr um however. The 2s signal is proportionately so much smaller in

DAPS that the signal—to—noise ratio is greater for AEAPS. Thus it seems

tha t no ulniple rules based on signal—to—noise ratio can he stated to

assist in choosing between these techn iques. As is so often the case , it

is probably best to have both.
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FIGURE CAPTIoN ;

1. Schematic diagram of the Spectro meter. The secondary e lec t rons

f rom an e lec t ron  beam at norma l inc idence  to the sample are ana lyzed  and

co l l ec ted  w i t h  hemispher ica l  g r ids .  To o ) t a i n  the second derivative of

the co l l ec to r  c u r r e n t , a small modula t ion  is super imposed on the inc ident

beam energy and the second harmenic is de :ected. With the switch in

pos i t i on  “a” , onl y those secondaries wi th  energy g rea t e r  than eV are

collected. V = 0 corresponds to an AEAP ’ measurement (total yield .)

W it h  the swi tch  in posi t ion “d” , only those secondaries that have an

energy less than CV r below the  prima ry are  c o l l e c t e d .  Vr a d j u s t e d  to

admi t only those electrons in the elastic peak corresponds to a flAPS

measureiment (elastic yield).

2. The Auger electron spectrum of the polycrys tal limi e Ti sample.

The excitation beam energy is 1600 eV. The sample surface was prepared

by Ar ion bombardment and annealing .

3. Elastic (DAPS) and total yield (AEAPS) spectra of the Ti 2p and

2s levels . The total yield inc reases at the threshold for core le ’el

exc itation while the elastic yield decreases. Apart from this Inversion ,

their shapes are essentially identical.

4. Amp l itude  of the second der ivat ive appearan ce potentia l signal

from the 2p (solid curve) and 2s (open circles) core levels of ‘
~
‘i as a

func t ion  of the analyzer retarding potential. To avoid aitifacts , above

300 V the sample potential was modulated witn respect to the analyzer

grid and gun filament . Below 300 V, the gun filament potential was

nmdulated with respect to the sample and analyzer. The resulting curves

represent the integrated energy distribution of electrons contributing
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to ~he 2p and 2s signals. The analyzer voltages corresponding to the AEAPS

and DAYS modes are Indicated on the 2p curve . The AEAPS spectrum was taken

at zero analyzer voltage and the DAPS spectrum with a 5 V bias with respect

to the gun filament.

5. Secondary electron energy distribution resulting from a 450 eV

ele ctron beam at normal incidence to the ‘11 sample. The distribution is

di~~ided into “emission” and “loss” parts. In t h e  loss p a r t  the  p r i m a r y

ent rgy is n~~du1ated so that only features correlated in energy with the

primary beam, such as the elastic and chatacteristic loss peaks , are detected .

In the emission part , the sample potential is modulated so that only features

uncorrelated with the primary energy are measured. It consists of electrons

arising from decay of exci ted  s ta tes  in t h e  metal . Ihese include the “true”

secondary peak and Auger electrons.

6. Comparison of the DAPS, AEAPS, and SXAPS spectra of the Ti 2p

and 2s levels. The second derivative signal is p lotted vs. the accelerating

potential (the primary energy apart from a work function correction). The

spec tra measured by the three techniques are very s imi la r  in shape though t

the disappearance spect rum is oppos i te  in si gn. The ampl i tude  of the

flAPS 2s feature is much weaker relative to the 2p t han is the case for

ei ther AEAPS and SXAPS. The DAPS and AEA1’S spectra can be taken with

much smaller incident  cu r ren t s , I , and sho r t e r  i n t e g r a t i o n  t ime s , T . C . ,

than are required for comparable SXAPS spectra.
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