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The secondary ion emission of dilute and concentrated alloys was studied on the basis of 
the one-dimensional pseudo-atom elnission model [5]. The original model was extended to 
alloys.The computed relative ionization probabilities were compared with experimental results 
and agreement better than one order of magnitude was found for most alloys. 

Introduction 

The quan t i t a t ive  and qual i ta t ive descript ion of the secondary  ion emis- 
sion of alloys iv~cluding highly concent ra ted  alloys and tha t  of  their  compo- 
nents  prove to become very  interest ing theoret ical ly  as well as experimental ly .  
Recent ly ,  the secondary  ion emission due to metals containing only one com- 
ponen t  has been studied theoret ical ly,  and several models have  been elaborat-  
ed [1--7] .  A few a t t empt s  were made to apply  some of these models for dilute 
many-componen t  alloys [8--16] .  Several  authors  have  recent ly  compared  
exper imenta l  results on concentra ted  alloys with ex tended  versions of the  
L T E  model (R• [17], ]:{ODRIGUEZ [18], I:{IEDEL [19, 20]), of  the  ASI 
model (~ARUSAWA [21] and [18--20])  and with some other  simple models 
(PIvI• [22], JIRICEK [23]), bu t  there  is no proper  model worked  out  for con- 
cen t ra ted  alloys. In  this paper,  we are going to describe the  secondary  ion 
emission of concent ra ted  alloys using the pseudo-a tom model  [5] and to 
make a compar ison between theoret ical  and exper imenta l  results collected 
f rom the l i tera ture .  

I t  is well-known tha t  the secondary  ion yield depends also on the spatial  
distr ibution of  different  atoms in the  bulk. This is the reason w h y  we studied 
as the simplest case, homogeneous alloys only. The elements f rom the first  
row of t rans i t ion metals  easily forro homogeneous  alloys [24], t h ey  have great 
pract ical  significance and exper imenta l  da ta  are known only concerning 
their  alloys. 

Table  I shows the b inary  systems invest igated.  These can be divided 
into two i m p o r t a n t  groups: Fe- and Ni-based alloys. 
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Table I 

Investigated alloys 

Atomic 
number 

23 
24 
25 
26 

27 
28 

29 

Component 
O) 

V 
Cr 

Mn 
Fe 

Co 
Ni 

Cu 

V Cr 

X X 

Component (2) 

Mn Fe 

X 

X 

X 

X 

X 

X X 

Co Ni 

X 

X X 

X 

X 

• 

Cu 

X 

Theore t i ca l  

For  pure  metals ,  the  p robab i l i ty  of  a secondary  ion emission R + can 
be ca lcula ted  b y  the one-dimensional  p seudo -a tom emission model ,  which  can 
be wr i t t en  in the following fo rm [5]: 

where  

R+= i ' - t ~ i  ~ 
(1 +~J ' (*) 

V 2Ei -- qb 
= Ep + 2E i exp (--~ro) (2) 

E t is the  f irst  ionizat ion energy  of the  emi t t ed  a t o m s , ~  is the work  funct ion,  
Ep is the  Fermi  energy  and  

~2 = 4z~ e 2 N(Ep) ,  (3) 

_[ 311/3 

N(Fp) is the  densi ty  of  s ta tes  of  electrons at  the  Fe rmi  energy and  Q is the  
a tomic  densi ty  in the  bulk.  

In  the  case of  alloys ~ ,  Ep  (and Ÿ depend  on the  composi t ion which 
can  be expressed b y  the  concent ra t ion  (c) of  one of the  components .  I f  Eix 
means  the  f i rs t  ionizat ion energy  of the a tom,  we get 

R+(c) = [ ~ ~~x(c) t2 
1 + ~x(c) J ' (5) 
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where 

and 

2 Eix - -  q~(c) 

flx(C) = EF(c)  -~ 2 E ~ x e x p ( ~ ( e ) r o x )  (6) 

- - /  3 /1/3 
ro~ 1-~~~} . (7) 

According to R• assumption [17], ~ (c) can be approximated 
by  a linear forro. Recent  experimental  da ta  and theoretical calculations con- 
f i rm its val idi ty  in case of several alloys [25--27]. So we used the work func- 
tions for alloys as follows: 

q~(c) = cq)~ ~- (1 -- c)(/)2. (8) 

The Fermi energy of the bulk was a'pproximated as: 

where 

h 2 
E F(c) --  -~m (3~r2)2/3 [n(c)]2/3' 

n(c) = v 1 Oic § v 2 Q2(1 -- c). 

(9) 

(10) 

vi, v2, ~1, Q2 ate the valencies and atomic densities of the two components,  
respectively [41]. 

Calculations 

For calculating the probabil i ty of secondary ion emission according to 
formula (5), the necessary experimental  da ta  are: atomic densities, ionization 
energies, free electron numbers and work functions. The first  two of them are 
well-known, the published data are accurate and correct [28, 29]. The valency 
of a single a tom can be found but  this value is not, in all cases, equal to the 
" f r ee"  electron number  in metal [30]. There are no reliable da ta  for the lat ter  
in the l i terature.  In  our calculation we considered the free electron number  
to be 2 a s a  most probable value. 

Tbere are fur ther  doubts concerning the work funct ion of metals. A 
number  of different measured va lues  are available. Therefore, we have cal- 
eulated the probabil i ty  of secondary ion emission for every component  with 
the preferred value of the work funet ion [31, 32] and have repeated the cal- 
culation with its min imum and max imum  value (see Table II). R + (c) has 
been calculated in the range of 0 - -100% concentrat ion in 10% steps for each 
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Tahle II 

Data collected from the literature (see [42]) 

Element 

V 
Cr 

Mn 

Fe 

Co 
Ni 

Cu 

Ionization 
energy (eV) 

6.74 

6.76 
7.43 

7.90 

7.86 
7.63 

7.72 

preferred 

4.21 

4.54 

3.97 
4.40 

4.70 

4.90 
4.53 

Work function, eV 

I max.imum 

4.42 

4.68 

4.25 

4.80 

4.09 

5.34 
5.26 

minimum 

3.80 

3.72 

3.77 

3.92 
4.98 

4.02 

3.85 

Atomic 
density 
10~/em a 

7.12 

8.33 
7.93 

8.49 

8.97 
9.14 

8.46 

Table lII 

Probability of secondary ion emission calculated by Eq. (5) concerning dilute alloys (x 10 -2) 

Matrix 

V 
Cr 

Mn 

Fe 

Co 
Ni 

Cu 

Components 

V Cr Cu 

3.2 

7.9 

7.2 7.6 

12.3 

Mn Fe 

0.14 

1.5 

1.3 0.41 
3.1 1.5 

2.7 
3.4 

Co ls(i 

2.6 

1.7 2.5 

3.0 4.1 

3.8 5.1 
2.8 

4.3 
2.2 

combina t ion  of the preferred, max im um  and min imum value of q~l and q~2- 
In  the following we ate using the  values calculated by  preferred work func- 

tions. The dependence of Rr+l on the work funct ion is indicated in Figs. 1 - - 8  
by  bars for 3 different concentrat ions.  

Considering the infinitesimally dilute alloys (see Table I I I )  first  i t  
seems t h a t  the calculated absolute value of  probabi l i ty  of secondary  ion 
emission varŸ in the range of 10 - 2 - 1 0 - 4  in this case. According to the pre- 

sent model when Fe is the solute, the probabi l i ty  depends on the matr ix ,  
while in the case of Ni and Co the dependence is not  so significant. The calcul- 

ated probabi l i ty  of element emit ted from its own matr ix  in a dilute alloy 
does no t  depend, of course, on the solute of  v e r y  low concentrat ion,  because 
the above-ment ioned approximat ions  ate use& 
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Fig. 1. t{elative probabilities of seeondary ion emission for Fe-V alloys (Fe is M1), (Calculated 
values are denoted by the upper thick lin 0. Experimental data: C~EREeIr~ [33] 

Since all the experimental  da ta  published so far for concentra ted alloys 
present only relative ion yields of yields in arbi t rary  units,  the relative ioniza- 
t ion probabil i ty of both  components (R +, R +) in the concentrated alloys is 
calculated 

R +, (c) --  R+e2 (c) (11) 

which is used f o r a  comparison with  the experimental  results. 
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2O 
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5O 100 
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Fig. 2. Measured and calculated relative probabilities for Fe-Cr. Experimental data: JIRtCgK 
[23], RXEDZr. [20], LEROY [341, PIVXN [22], STULIK [36] 

The computed  results and their  spread (due to the different values of  
the  work function) are shown (thick full lines) in Figs. 1--8.  As funct ion of 
the  concentra t ion,  the  calculated relative probabili t ies do not  change too 
much  and they  generally are of  the order of 1. 

Discuss ion  

Exper imenta l  da ta  for secondary ion emission of eoncent ra ted  alloys 
have  been eollected f rom the l i terature.  The th in  full and do t ted  lines of 
Figs. 1 - -8  ate the averages of  exper imenta l  da ta  for clean and oxidized surfaces, 
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respectively.  The most  impor tan t  parameters  of the measurements  collected 

are shown in Table IV. The comparison of the calculated and experimental  

curves shows tha t  the pseudo-a tom model provides good results for F e - - M n ,  
Fe - -Co ,  Ni - -Cu ,  bu t  the deviation between the theoretical and measured 

results is larger than  one order of magni tude  for clean Fe- -V.  The shapes of  

curves are, however, ra ther  different in some cases (Fe- -Co,  Fe - -Mn) .  Bu t  

Table IV 
Most important parameters of measured data 

Author Pressure (Pa) Bombarding ion Current deusity ~A/cm 2 

CnERErlN [33] 

LEROY [34] 

RODRIGUEZ [18] 

JIRICEK [23] 
RIEDEL [19, 20] 

NARUSAWA [21] 

Komsm [35] 

STULIK [36] 
PIVlN [22] 

10-~ 
1 0 - 2 "  

10-7 

10-~ 
10-7 

10-3 

I0-~ 

10-3" 

5 KV Ar + 

O + 
11 KV Ar+ 

O +, Ar+ 
4 KV Kr + 

1,5 KV Xe + 

12 KV Ar+ 

3 KV Xe + 

O + 

1OOO 

1oo 

1500 

2 and 15 

25 

5O0 

3O0 

i n  o x y g e n  

we have  to ment ion  here t h a t  the da ta  measured  b y  different au thors  a te  
r a t h e r  sca t te red  as shown in the  Figures.  

Even  if the correlat ion is not  always good enough, it is remarkable ,  

however,  tha t  as lar  as we know this is the only m o d e l a t  present in which 

no f i t t ing parameter  is needed. The pseudo-a tom model in this rough one- 
dimensional approximat ion  m ay  be ra ther  sensitive to the densi ty  of the 

valence electrons and to the work function. In  any  case, one should develop 
a more elaborate model for concentra ted alloys and should get more reliable 
values of the ment ioned input  data.  

The relative degree of ionization is f requent ly  used for analysis by  SIMS. 
One usually assumes t h a t  they  are more reliable t han  the absolute values 

owing to s tandard  errors occurring in the experiments  [9, 19]. On the other  
hand,  it is remarkable  t h a t  the variat ion of sput ter ing yield can cause fur ther  

deviat ion depending on the concentra t ion within one order of magni tude  
[37--40] .  

Acknowledgements 

The authors express their thanks to B. ZSIGMOND for his help in collecting some of the 
quoted references. 

.Acta Physica Academiae Scientiarttrn Htmgaricae 49, 1980 



SECONDARY ION EMISSION 115 

REFERENCES 

1. C. A. ANDERSEN and J. R. HINTHORNE, Science, 175, 853, 1972. 
2. Z. JURE~A, Int. J. Mass Spectrom. Ion Phys., 12, 33, 1973. 
3. J. M. SCH~OEER, Surface Sci., 36, 485, 1973. 
4. Z. ~~OUBEK, Surface Sci., 44, 47, 1974. 
5. J. ANTAL, Phys. Lett., 55A, 493, 1976. 
6. J. ANTAL, VI1. Int. Conf. on Atomic Collisions in Solids (Moseow) Publ. House of State 

Unir. Moscow, 2, 296, 1977. 
7. G. BLAISE, Radiat. Eff., 18, 235, 1973). 
8. P. JOYES, J.  Phys. (Paris), 29, 774, 1968. 
9. D. H. SmTr~ and H. W. CBBISTIE, Int. J. Mass Spectrom. Ion Phys., 26, 61, 1978. 

10. J. M. SCnOEER, J. Vac. Sci. Technol., 14, 343, 1977. 
11. R. SHIMIZU, T. ISItITANI, T. KONDO and H. TAMURA, Anal. Chem., 47, 1020, 1975. 
12. J. SCttELTEN, Z. Naturforsch., 23A, 109, 1967. 
13. G. BLAISE and G. SLODZlAN, J. Phys. (Paris), 35, 237, 1974, 
14. H. ~E. BESKE, Z. Naturforsch., 22A, 459, 1967. 
15.1~. G. R• and W. STEIGERT, Vacuum, 26, 537, 1976. 
16. W. H. GnlES and F. G. R• Int. J. Mass Spectrom. Ion Phys., 18, 111, 1975. 
17. F. G. R• W. STEIGER and R. PORTENSCltLAG, Microchim. Acta Supp]., 5, 421, 

1974. 
18. H. RODRIGUEz-MuBcIA and H. E. BESKE, Ber. Kernforsch., Jª 1No. Jª 1292, 1976. 
19. M. RIEDEL, Thesis for "Candidate of Sciences" Degree, Budapest, 1978. (Hungarian 

Academy of Sciences.) 
20. M. RIEl)EL, T. ]NENADOVI6 and B. PEaovId, Acta Chito. Acad. Sci. Hung., 97, 187, 1978. 
21. T. NAaUSAWA, T. SATAKE and S. KOMIJA, J. Vac. Sci. Technol., 13, 414, 1976. 
22. J. C, PIVlN, C. ROQUEs-CAI~MES and G. SLODZrAN, Int. J. Mass Spectrom. Ion Phys., 26, 

219, 1978. 
23. P. JlmCEK, Z. HULEK, J. KBAL, M. SETVAK and G. CnADZlTASKOS, Int. Conf. on Ion Beato 

Modification of Materials, Budapest, Ed: Centr. Ins. Phys. Hung. Acad. Sci. Budapest, 
1978. 

24. M. HANSEN, Constitution of Binary Alloys, McGraw Hill Co., New York, 1958. 
25. Ii. E. DAVIDSOI~ and S. C. FAIZ~, J. Vac. Sci. Technol., 13, 209, 1976. 
26. S. C. FAIr~ and J. M. McDo~rALD, Phys. Rey. B., 13, 1853, 1976. 
27. S. C. FAIr~ and J. M. McDoNALO, Phys. Rey. B., 9, 5099, 1974. 
28. American Institute of Physics Hzndbook, ed, by D. E. Gray, 3rd Ed., McGraw-Hill Co., 

1972. 
29. Handbook of Chemistry and Physics, ed. by Hodgman, CRP Co., Cleveland, 1974. 
30. L. S. DA~XEN and R.W. GUBBY, Physical Chemistry of Meta]s, McGraw Hill Co., London, 

1953. 
31. V. S. FOMENKO and I. A. PODCHEBNYAYEVA, EmissŸ252 i adsorbcionnª svoystva ves- 

chestv i materialov, Atomizdat, Moscow, 1975. 
32. H. B. MlCnAELSON, J. Appl. Phy~., 48, 4729, 1977. 
33. V. T. CHEREPIN and M. A. VA$ILYEV, Vtorichno ionno-ionnaya emissiya, 1Naukova Dumka, 

Kiev, 1975. 
34. V. LEaOV, J.-P. SERVAIS and L. HABBAKEN, CRM Rep. Li~ge, No 35. 69, 1973. 
35. F. KoNISHI, K. KUSAO, Y. YOSHIAOKA and N. I~AKAMURA, US-Japan Joint Seminar, 

Hawaii, 1975, Central :Res. Lab. Matsushita Electric Industries Co. Kadoma, Osaka, 
Japan. 

36. P. STULIK, J. SUBA and A. STOPKA, Proc. Conf. Surface Analysis 79, Karlovy Vary, 1979. 
Ed. P. Stulik, Skoda, Pisen. 

37. J. M. POATE, W. L. BROWN, R. HOMER, W. M. AUGUSTINIAK, W. M. MAu K. ~. TU 
and F. W. VAN DEB WEG, Nuc]. Instr. Meth., 139, 345, 1976. 

38. W. F)~BER, G. BETS and P. BBAUI~, Nuc]. Instr. Meth., 132, 351, 1976. 
39. M. RIEDE~, T. NErr and B. PEROW6, Acta. Chito. Acad. Sci. Hung., 97, 177, 1978. 
40. P. SmMUI~D, Phys. Rey., 184, 383, 1969. 
41. M. RI•DEL, J. Ar~TAL and S. KUGLEI% Proc. XXII .  Hung. Spectr. Cong., Salg£225 

1979. p. 171. Ed. G› Tudom• Egyesª Budapest, 1979. 
42. J. AI~TAL and S. KUCLER, Acta Phys. Hung., 49, 1No. 4, to be published. 

8 "  Acta Physici Academiae Scientiarum Hungaricoe 49, 1980 




