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In general the quantitative Auger electron spectroscopic analysis of metal fracture 
suffaees is based on elemental sensitivity factors of the components, segregated impurities of 
seeond phases. In metallurgical AES studies mostly the PHI Auger IIandbook is used, the 
relative sensitivities being determined on atomic elean metal and semiconductor surfaces, of 
insulating compounds (e.g. MgO, KCI, CdS, GaP). In the literature, many contradietory data 
are communicated. In the analysis of segregated fihns, however (C, S, P etc.), the contribution 
of backscattering from the fractured metal might be important. 

Some problems of fracture analysis on steel and tungsten are discussed, eonsidering the 
backscattering correction, escape depth and excitation eross sections as well. 

The use of  e lementa l  sens i t iv i ty  factors  in Auger electron spec t roscopy 
is a widely appl icd pract ica l  a p p r o x i m a t i o n  [ 1 - 6 ] .  A resonable  accuracy  of 
surface  analysis can be achieved in m a n y  cases, under  some condit ions:  

--  the energy  of Auger peaks  (escape dep th  of Auger electron) is not  

v e r y  different;  
- -  the backsca t t e r ing  exci ta t ion can be neglected for e lements  s i tua ted  

in the ne ighbourhood  in the periodic table ;  
- -  Auger cmission is produced b y  a tomic  t ransi t ions (i. e. not  KVV of 

LVV transi t ions  in insulators);  
- -  roughness  of  the  surface can be neglected.  

In  the analysis  of  scgregated impur i t ies  below the monolayer  thickness 
range,  considerable discrepancies m a y  occur. Appa ren t l y  anomalous  values 
or relat ive sens i t iv i ty  factors  of some segregated (e. g. S) c lements  have  been 

deseribcd in the  l i t e ra ture  (c. g. [4]). 
In  the l i t e ra ture  of  quan t i t a t i ve  AES using e lemental  sens i t iv i ty  factors,  

l i t t le a t t en t ion  has been paid  h i ther to  to backsca t t e r ing  exci ta t ion.  After  the 
f u n d a m e n t a l  works  of  GXLLOr~ and coworkers  [7], recent ly  JABLOr~SKI [8] 

showed the grea t  impor t ance  of the backsca t te r ing .  
In  this pape r  some problems of quan t i t a t i ve  AES of segregated  impuri -  

ties on f rac ture  surfaces are discussed. McMA-or~ and coworkers  publ ished a 
grea t  n u m b e r  of works  on AES studies of  steel fac ture  surfaces (e. g. [9]). 
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Recently, the author and coworkers reported on AES study of tool steel [10], 
whereas MEr~Y~,XRD reported on tungsten [11]. 

In this work analysis is based on the newly published method of 
MARCHUT and McMAno~ [12], improving their accuracy with considering the 
effect of backscattering excitation. MARCHUT and McM~no~ derived some 
simple equations for the case of two component alloys with X 1 and X 2 = 1 - -X  1 
surface composition; associated with I1 and I2 Auger peak intensities: 

11 P1 X1 . 1 --  k2 
-~2 : ~  l--XI l - - k 1  , (1) 

In Eq. (1) P1 and P2 are the Auger 

ki : exp 

yields, 

L 

( O,74Lj} ;  

L i s  the lattice spacing, L i denotes the escape depth of Auger electrons. The 
factor 0.74 in k 1 comes from the 42 ~ collecting angle of the CMA. 

In a similar way M),RCm~T derived a simple expression for the case of a 
surface impurity (Ii) with coverage O on a substrate with Auger emission 
intensity l i :  

x__~~ = P~O (2) 
'1 ~(1 1-kl ~ 

I t  will be shown in this paper that  P1 and P2 can be derived from the elemental 
sensitivity factors, taking into account the backscattering excitation [rB] com- 
paring the Auger peak heights of two homogeneous samples: 

I1 = P1 rm 1 -- k., (3) 

I2 P2 rB2 1 - - k l  

Eq. (3) however corresponds to the Auger spectra presented in the P H I  
Handbook [1]. The ratio P1/P2 can be determined for any pair of elements, 
provided reliable data are availabbe for the escape depth L i and the backscat- 
tering excitation factors. In our Eqs. (1--3) Li/L denotes the number of ato- 
mic layers crossed by escaping Auger electrons. Our analysis is based on the 
recently published data of LnH~RIcY [5]. On the other hand, real values of 
the backscattering factor are rather problematic. Besides of some early ex- 
perimental data of SmTH [7], GOTO [13], VRAKKINC [14] below Ep = 1,5 keV 
excitation energy, JABLO~SKI's recent calculations gave considerably higher 
values. Recently, the backscattering spectra of various elements have been 
measured in our laboratory [15]. 

The backscattering coeffients -- not identical with the Auger excita- 
tion backscattering factors -- found in our reeent work showed similarity 
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with EVERHART'S [16] and McAFEE's data  [17], available unfor tunate ly  

only below Z = 32. For  higher Z values, sa turat ion character  was observed 

[16], as found also by  SmTH [7] on r z. For  this reason, in some cases r B values 

where derived by  extrapolat ing GALLO~'s experimental  da ta  [7]. Some results 
are summarized in Fig. 1 exhibiting also calculated da ta  of JABLOr~SKI, for 

E ~ / E i - -  10. 
I t  is reasonable to assume tha t  the (Auger excitation) backscat te r ing  factor 

rBShould be propor t ional  to the backscat te r ing  coefficient r of the surface. 

Fi t t ing the experimental  r values with JABLO~SKI's data,  t h e y  ate conforto 

below Z = 26, bu t  above iron, deviat ion is increasing with Z. JABLONSKI 

made his calculation ut~ t o Z  = 46 (Pd) only for some elements. Supposing the 
proport ional i ty ,  in our analysis, the reduced r B curve was applied. I n  Fig. 1 

experimental  points available [7, 14] are also indicated. 

The parameters  used in our analysis and results are summarized in 

Table 1. The Auger yield ratios ate referred to the 703 eV peak of iron [4] 

for E v = 3 keV excitat ion energy. The Auger excitation cross sections a ate 

taken  from VRAKKINC and MAYER [18], bu t  for 3 keV. 

cr(E) was calculated according to VRAKKING for aK and GRYZlI~ISKI [7] for cr L. 

In  principle, the P i  Auger yield values should be proport ional  to o. In  a similar 

B 
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Fig.  1. The r B Augcr excitation backscattering factor and the r backscattering coefficicnt 
versus Z - -  JXBLONSKX'S data for Ep = 3 keV, E i ~- 0.3 keV. -- -- -- reduced r B curve. 
. . . . .  r, curve of ]~CAFEE, x points own results. ~ points data of S~IITr~ and C-ALLON 
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Table I 
Numerical values of parameters for AES 

Element 
(compound) 

C 
Si 

P(GaP) 
s(cds) 

K(KCI) 
Fe 
W 

6 
14 

15/23 
16/32 

19 
26 
74 

~/~Fe 
Pa lmberg  

2.08 
0,58 
0.39 
0.35 
0.28 
1 
3.04 

rBI 

1.21 
1.55 
1.75 
1.85 
1.64 
1.61 
2.1 

L i :L 
~r x l 0  ~o 

cm z Pu191 

3.2 
1.8 
2 
2.3 
3.1 
5 
2.85 

0.43 
2.1 
1.9 
1.6 

0.3 

1.1 
0.25 
0.208 
0.216 
0.19 
1 
2.43 

way,  PI is propor t ional  approx imate ly  to the e lemental  sensit ivi ty factor,  
neglect ing the effect of backscat ter ing.  Let  us compare  da ta  in Table  I with 
exper imenta l  cal ibrat ion data ,  published in the l i terature .  For  this reason, 
the  Auger signal of coverage has to be compared  with them.  In t roduc ing  the 
backsca t te r ing  exci tat ion into Eqs. (2): 

12 P2 rB.n 0 

-- P~ rB1 i 1 O/ (4) I1 
1 - -  k~ / 

rB1 denotes the backscat ter ing  factor  of the substra te ,  whereas rB21 denotes 
the exci ta t ion  of segregated impur i ty  by  the subst ra te ,  taking into account  
the  exci ta t ion energies. Knowing  pa iamete rs  Pi and rB1 Eq.  (4) can be used for 
eva lua t ing  Auger spectra of  thin surface layers,  segregated on grain boun- 
d a r y  fractures.  

For  two impurit ies with intensities 12 and I3 and coverages O 2 and O 3 

13 P3 rB3l O3 
- -  = 1 (5) 
11 P1 rB1 - -  --0~ --03~ 

1 - -  kl J 

Unfor tuna te ly ,  ve ry  few reliable cal ibrat ion da ta  ate available in the lite- 
ra tu re .  

In  AES f rac tography  of steel alloys, S, P, and Sb are the most  interest-  
ing segregating impurit ies,  producing t emper  embr i t t l ement .  For  P,  Sb and 
Sn, cal ibrat ion s tandards  have been studied by  MARCHUT [13]. Calculating 
I2/11 for O = 0,1 phosphorus with Eq.  (4) gives 0.54, instead of 0.30 found 
by  MARCHUT. The d iscrepancy can be explained by  the inadequacy  of ~t --~ 

0.55 elemental  sensi t ivi ty factor  of P,  de te rmined  on GaP. GaP is a semi- 
conduc to r  crystal  of high perfect ion,  possibly providing a higher mean  free 
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p a t h  (escape  d e p t h )  o f  A u g e r  e l ec t rons ,  as g i v e n  b y  t h e  ' i m m a t e r i a l "  s t a n d a r d  

c u r v e .  I t  s h o u l d  be  e m p h a s i z e d  t h a t  in  LEH• r e c e n t  p a p e r  exper i -  

m e n t a l  p o i n t s  a re  w i d e l y  s c a t t e r e d  a r o u n d  t h e  s t a n d a r d  c u r v e .  The  discre-  

p a n c y  of  t h e  ~ o f  p h o s p h o r u s  also occurs ,  c o m p a r i n g  i ts  ~ e x c i t a t i o n  cross 

s ec t i on  w i t h  t h a t  o f  Si. The  a u t h o r  is n o t  a w a r e  o f  r e l i ab l e  c a l i b r a t i o n  d a t a  of  

S on  Fe ,  b u t  ~ a n d  a o f  S are  s imi l a r  to  t h o s e  o f  P .  R e g a r d i n g  t h e  case  o f  po t a s -  

s i u m  on t u n g s t e n ,  q u a n t i t a t i v e  d a t a  a r e  g iven  b y  TrtOMAS a n d  HAAs [19]. 

F o r  O = 0.5 E q .  (4) g ives  6.1, i n s t e a d  o f  2.5 [19]. The  r a t i o  o f  e l e m e n t a l  sen- 

s i t i v i t y  f a c to r s  o f  K a n d  W m a k e s  27. E v e n  w i t h  our  c o r r e c t i o n s  in  T a b l e  I ,  

t h i s  r a t i o  is 12.8. T h e  d i s c r e p a n c y  c a n  be  r e s o l v e d  a g a i n  b y  t h e  h igh  escape  

d e p t h  of  A u g e r  e l e c t r o n s  in  KC1, a h i g h l y  p e r f e c t  i n s u l a t o r  c r y s t a l ,  as f o u n d  

b y  BATTYr a n d  c o w o r k e r s  [20] on a l k a l i  h a l i d e  c r y s t a l s .  S u m m a r i z i n g  t h e  re- 

su l t s  o f  t h i s  a n a l y s i s ,  t h e  e v a l u a t i o n  o f  A u g e r  s p e c t r a  o b t a i n e d  on f r a c t u r e  

su r f aces  needs  e x t r e m e  care .  I n  case  o f  s e g r e g a t e d  P o r  S, or  K on  W (surface  

d i f fus ion ,  as f o u n d  b y  ME~'ZHr237 t h e  s i m p l e  use o f  e l e m e n t a l  s e n s i t i v i t y  

f a c t o r s  is h a r d l y  j u s t i f i e d .  
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