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ABSTRACT 
The sputtering and secondary ion emission of binary Fe-

based alloys of simple phase diagrams have been studies simul
taneously. A series FeNi and FeCr alloys in the concentration 
range of 0-100% have been bombarded by t keV Kr ions in a 
secondary ion mass spectrometer. The composition of the seconda
ry ions has been analysed and also a fraction of the sputtered 
material has been collected and analysed by electron microprobe. 
The surface topography of the etched samples has been studied 
by scanning electron microscope. 

The relative sputtering coefficients of the metals have 
been determined, and the preferential sputtering of the alloying 
component of lower S have been proved. The etching pictures of 
the samples are in correlation with the sputtering rates. Also 
the degree of secondary ionization has been calculated from the 
simultaneously measured ion emission and sputtering data, a 
shows the change in the concentration range of the melting point 
minimum. This fact emphasises the connectinn between the physico-
chemical properties of alloys and their secondary emission 
process. From the c dependence of the emitted homo and hetero 
cluster ions conclusions could be shown concerning the produc
tion mechanism of small metallic aggregates. 
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INTRODUCTION 

The secondary ion mass spectrometry (SIMS) is frequently 

used method for the analysis- of multicomponent solid systems. 

By this method the concentration of one of the components (c) 

of the bombarded target can be determined from its secondary 

ion current (if a « 1) according to the formula: 

I* = n.S(c).o+(c).c.I (1) 

(n - instrumental constant, I -primary ion current) in which 
+ ? 

both S(c) and o (c) may depend on c. Therefore the knowledge 
of sputtering coefficient 

S(e) - n u m D e r of sputtered particles ( 2) 
number of primary ions 

and of the degree of ionization 

o+(ci - nuroDer °f secondary positive ions (3« 
number of sputtered neutral particles 

with changing target composition ic of basic importance. Besides, 

the sputtering and secondary ion emission of alloys are also 

interesting from the theoretical point of view throwing the 

light on the complex processes of ion beam interaction with 

crystal lattice. 

Inspite of its practical and theoretical importance the 

number of studies on this subject are not numerous. Most of 

the papers relate to the alloys in low concentration range, 

where one of the components can be treated as impurity. In this 

range S ana o+ generally do not show c-dependence. The range 

of high concentrations is not properly covered. Beske 111 

studied the secondary ionization of Ni, Cr, Mn etc. in Fe 

matrix up to the concentrations of 10-15%. He has found the 

ion emission independent on concentration, and the yield higher 

than in the case of element in pure state (matrix effect). 

Schclten 111 investigated Al and Fe based alloys up to the con-
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centration of 25%. The ionization was found to be the same in 

pure and in alloyed state. Leroy et al. 141 studied Fe based 

alloys up to the concentrations of 0,01-15%, with oxygen bombard 

ment. The I_el«c curves were found linear, and the author sug

gested, that occasionally the same relative ion yields (S_ej> 

can be used for binary and ternary alloys. Cherepin et al. Ikl 

have studied a broad variety of alloys of different phase dia

grams in the wide range of concentrations. It was observed, that 

the I - c curves are linear only in the case of homogeneous 

solid solutions. In the realm of crystal structure changes 

(phase transition,eutecticum etc.) there exists a change in the 

ion yield. The authors explained the behaviour of concentrated 

alloys on the base of autoionization theory for low concentra

tion alloys (Bleise /5/). 

The theoretical treatment of secondary a.on emission of 

concentrated alloys is still missing. Andersen /6/ has found 

in the case of oxygen bombardment, that the plasma equilibrium 

theory may give satisfactory results for SIMS analysis of multi-

component alloys. Schroder 111 uses quantum mechanical approxi

mation for the description of a in the case of alloys too 

(0-10%). Rudenauer et al. 101 developed this model using simple 

assumption for S values of alloys too. 

Reviewing the literature it appears that the existing 

experimental data and theoretical models for the high concentra

tion alloys are not satisfactory. There is missing the combined 

study of sputtering and secondary ion emission of alloys in tht 

whole concentration range. Such study could contribute to thi 

better understanding of the particle emission and ionization 

caused by ion bombardment. 

Ir this paper the studies are presented of the Fe-Ni and 

Fe-Cr binary alloys in the whole concentration range, i.e. from 

0 to 100%. Ion emission and sputtering have been studied si

multaneously, i.e. the basic quantities for the analytical ap

plication of SIMS (S and a+) have been obtained in the same 

experiment. Our program included; 

a) - mass spectromotric analysis of secondary 

- atomic ions (Fe , Ni , Cr )} 

- homo and hctero cluster ions (Fe,, Ni2» Cr~, FeNi , 

FeCr*); 
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b) analysis of the process of sputtering 

- sputtering rates* 
- surface topography by ion etching. 

EXPERIMENTAL 

Materials 

The reason of the choice of the iron based alloys (Fe-Ni, 
Fe-Cr) were: 

- this metal pairs form alloys of solid solution type 
in the whole concentration range (with minimum in the melting 
point at 68 wt% of Ni and 22 wt% of Cr) (Fig.1. /9/>; 

- both their sputtering and ionization yields are in the 
medium range among the elements, so both effects can be studied 
properly; 

- the choice is also justified with respect to the practi
cal importance of these alloys. 

We prepared sets of the polycrystalline specimens of al
loys from high purity Fe, Ni and Cr by smelting and cooling. 
(The purity of the elements were 99,999 »). The composition 
of the alloy series were 

0, 20, 40, CO, 80, IOC wt%, 
with the average grain size: 100-200 um. We estimated the devia
tion in the bulk composition caused by the preparation of the 
samples Ac < ±0,5%. Its influence to the relative sputtering 
values caused an error < 10%. Ey the checking of the grain size 
distribution over the bombarded surface we could suppose, that 
the composition distribution of the specimens were homogeneous. 
The samples were polished mechanically by diamond paste (B, 
grain size 0,5 um). 

Experimental set up 
The bombardment of the specimens was performed in the 

SIMS instrument which was built in the. Institute "Boris Kidrič" 
in 1973, (Fig.2.) The ion source (Fig.3.), its connection with 
the mass spectrometer, and the checking of the instrument with 
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Fig.l. Fhaaa diagram« of Fa-Wi(a) and Fa-Cr(b) alloya. 



Fig.2. Scheme of the SIMS instrument. 1. Ion source. 
2. Magnet. 3. Electrostatic analyser. 4. Col
lector. 5. Pumps. 

Fig.3. Ion source of the SIMS instrument. '. Vacuum chamber 
2. Mass spectrometer. 3. Magnetron ion source. 4. Uni-
potential lens. 5. Target holder. 6. Secondary ion 
optics. 7. Collector for sputtered material. 
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secondary ion emission of pure metals vers described in details 
in a previous report (Riedel, Perović /10/). The main features 
of the SIMS are: Kr+ ions are produced in a magnetron ion source, 2 then accelerated up to ^ keV and focused in a spot of 0,1 cm 
onto the target at 15° angle of incidence. The density of pri-
raary ions can be varied (i = 1 - 20 uA/cm ) and measured. The 
homogeneity of the intensity distribution of the ion beam has 
been increased by introducing a limiting aperture in front of 
the target. 

The secondary ions are accelerated at «*5° extraction angle 
through the slit of ion optical system of the mass spectrometer 
(secondary optics) with a 60° magnetic sector field. The mass 
resolution was ̂ «=100. A multiplier 311 type was used as detec
tor, a Keithley (610 C type) electrometer and a XY recorder 
served as displays. The sensitivity of the collector system was 
IO"16 A. 

Vacuum conditions 
The SIMS instrument worked in medium vacuum conditions. 

Pressure in the ion source: 
- residual - 2.1Q~6 Torr 
- working - G.10 T>rr 

The composition of the gas atmosphere in the ion source was 
checked by an appendix quadrupole mass spectrometer (MAT AMI 3 
type). Mass spectra of residual gas and working atmosphere are 
presented on Fig.1. These spectra show that the surface was 
covered to some extent with active gases (H-O, N2> 02)» For 
the information, in Fig.5. the coverage of th<2 surface in de
pendence of the bombarding current density (i ) at the pressure 
of I.IO-6 Torr is given (calculated after Rubalko /ll/ and 
Benninghoven /12/). 

Collector for sputtered material 
For determination of composition of sputtered (ionic and 

neutral) material a high purity (99,999%) Al collecting plate 
was fastened on the first electrode of the secondary ion optic?. 
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The distance of the collector from the target was 1.5 cm 
(7. on Fig.3,). 

Figure 6 shews the geometry of the collector plate. The 
most part of the sputtered material has been deposited on the 
collector (substrate) in the form of thin film with thickness jf 

o 
200-1000 A. The obtained thin film spot was approximately cir
cular (dashed line) with Gaussian thickness distribution. 

The composition of thin film was determined by means of •.« 
electron microprobe in the zone marked with the hatched lines 
on Fig. 6., near the maximum thickness. There was a slit in the 
centre of Al plate, through which a proportional part of the 
sputtered material could pass into the mass spectrometer* where 
the secondary ions were separated from neutrals and mass ana
lysed. 

Experimental procedure 
- The polished sample was fixed on the target holder ̂ ns 

the cleaned Al collector plate on the first electrode. 
2 

- The sample was bombarded by 20 uA/cm primary ion cur
rent for two hours to clean the surface by ion etching, and Xu 
reach the steady state of the surface absorbed layer. This pro
cess was checked by reaching thć constant level of the secondary 
ion currents. 

- After that, secondary ion spectra were recorded at se-
veral different bcmbardix;g ion densities (i = 2-20 uA/cm ) in 
decreasing and increasing i sequences: before each recording 
the steady state was established in 20-30 min. The purpose of 
this method v/as; 1) to chsck the influence of i (that is the 

P surface coverage,(6) on ion emission, 2) to detect if no steady 
state is settled or any other irrevercibilo effect, as ad- or 
chemisorption (Blaise, /53/) takes place in surface composition. 
The mass spectra were recorded between m/e = 12 - 140. The 
primary ion current calibration was done after the measurements, 
by URI DN 1050 type picoameter. 

- The total bombarding ion dose was evaluated from the 
i and time data by addition of the values of the individual 17 2 bomba*aing steps. The ion doses ranged between 1 - 4.10 ion/cm . 

- After the bombardment the Al collector with the thin 
film of sputtered material was demounted, the area to be ana-
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Pig.4. Mass spectra of residual gas 
and working atmosphere of 
the target chamber.(Thin and 
thick lines, respectively). 
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ip(jiA/cnft 

Pig.5. Degree of coverage of the 
bombarded surface at 
p • 1.10"* Torr. 

Pig.6. Collector plate for sputtered 
material. Dashed line - spot 
of the sputtered material. 
(Thin line - thickness dis
tribution of the thin film.) 
Hatched area - analysed by 
microprobe. 
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lysed cut out (see Fig.6), and the composition of the thin film 
was determined at several points by AEI electron microprobe 
(U - 25 kV). Thickness distribution measurement has been per
formed with Fe thin films obtained by bombardment in the SIMS 
instrument. The film thickness was determined at different 
points by a stylus instrument (Talystep), and an example is 
shown on Fig.6. (Fe on glass substrate, bombarding ion dose 
6,5.1017 ion/cm2). 

- The changes in surface topography on the samples after 
ion bombardment were studied by scanning electron microscope 
(JEOL JSM 50 A) with magnifications 200 x, 600 x, and 6000 x. 

- All the specimens of alloys were bombarded in two se
parate runs of experiments. 

CALCULATIONS 

Sputtering 
According to Đurić and Cerović /13/ the ion microprobe is 

suitable not only for determination of concentrations, but also 
for thickness measurements of thin films (up to 1000 - 1500 A): 

XF 
=1 = k'.d.x CO 
lM 

where Ip - X-ray intensity of the element in the thin film} 
I« - X-ray intensity of the same element in massive 

standard; 
d - density (g/cnf )", 
x - the thickness of the clement in thin film 

(proportional to its concentration and the total 
thickness of the film if the element is homogeneous
ly distributed in the film)(cm)} 

k' - constant (£|2). 
From this equation either the thickness (x) or the quanti-

ty of the material in the volume x.l cm (m) can be obtained 

(valid for the analysed spot): 
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The sputtering coefficient can be calculated from the microprobe 

data: 

2 

c _ number of sputtered atoms/cm /c* 
number of primary ions/cm* 

d.x.« IF/IM 1 N 
S = 2 = JLJi . _ . _ (7) 

D D k' M 

where D - the ion dose 

N - the Avogadro number 

M - the atomic weight of the element. 

The value of k" can theoretically be separated into 2 factors: 

k - is characteristic of the elemental sensitivity of 

the microprobe (without dimension) 

K -(~r-) contains the overall sensitivity of the micrcprobt 

and the reduction factor between the measured and the 

mean intensity according to the Gaussian thickness 

distribution of the sputtered film (see Fig.6). We 

treat K as constant for all the three elements in 

every measurement. 

Therefore 

Ir/IM N * N 

S = JLJI . = S • — (1%) 
D'k K-M KM 

* 

S is proportional to the sputtering coefficient. In this report 
* -13 

we give and use instead of the S the S values (in units 10 
2 

cm /ion), because of the lack of the knowledge of the numerical 
value of K. 

In our calculations we used the arbitrary values of k 

given in Table 1 on the basis of Duric's paper /13/ and some 

considerations concerning the microprobe sensitivity of the 

elements 755/. 



- 10 -

Table 1 

Microprobe sensitivity and some physical constants 
of elements studied 

Ni 
Fe 

Cr 

1,16 

1 ,00 
0 ,83 

8 ,90 

7,87 

7,17 

d(g/cm ) isotope abundance of 
the measured peak /1U/ 

67,9 

91,7 

83,8 

However the relative sputtering coefficient of one element (1) 
* 

to the other (2) can be calculated also from S values: 
* 

Sl Sl Srel = 5J '- Š* (S) 

Sputtering of alloys 

Composition of the thin film obtained by sputtering can 

be evaluated by the sams way. For the two components of a syst-.n 

it can be written: 

mi = d r x i = <r;>i ' kT ( 1 0 - a ) 

M 1 

m2 • V 2 • (ij>2 ' lr2 < 1 0 - b ) 

The ratio of quantities of two components will be: 

(11) 

where c* and c« are the concentrations of elements in the thin 

film, for which 

cj • cj * 1, 

similarly as: 
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Cl + C2 = ** 

where c. *nr* c. are the concentrations of elements in the target. 

If we suppose, that in case of alloys the probability of 

sputtering of one component is proportional to its concentration 

in the bulk of the specimen the quantity of the sputtered mate

rial may be written 

ni* s S~ . c~ . D 

or (12) 

nu - Sv . c.j . D 

where S.T and S~ mean the sputtering coefficients of the element 

in the alloy. Therefore the sputtering coefficient of one com 

ponent of the alloy can be calculated from the thin film analysis 

data: 

s; = f M 1 • — = s;* * — (13) 

1 D.kj.Cj KM X KM 

Its relative value is 

S i S i * 

S' - s - i s _ i . (14) 
r e l s' s'* 

i>2 b 2 

With known S' . value, the composition of the film obtained by 

sputtering can be calculated by the formula 
1 

c; = (15) 
1 • S' 21 r e l c2 

We have here to pay attention to the fact, that S' , 

changes in time before the steady state of sputtering is reachcc. 

In case of steady state S* , theoretically have to be = 1. The 

change of composition of the sputtered material as well as of 

the sputtered thin film can exactly be described by differential 

equations similar to that, derived by Shimizu ot al. /15/ for 

the change of target surface composition during sputtering. 
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The mean sputtering coefficient of the binary alloy can 
be calculated according to the definition: 

m i Ra
 + m2 R2

 ( IF / IM )I ' k r̂q; ( IF / IM )2 * rprq 
• i Z. (16) 

D 

from which one can write 

S' = Sj ca + Sj c2 (17) 

or with the proportional S* values, defined earlier: 

S'* = S^* -Cl + Sj* -c2 (17.) 

In the case of ion bombardment of alloys there exists 
the possibility of increase or decrease of sputtering coeffi
cient in comparison with pure element sputtering. For numerical 
describing this effect we can define the following ratio as 
preferential sputtering factor in the alloy: 

S' S'* 
Ps = — = —- <J»> 

S S* 

or for one of the components of the alloy 

s; sr* 
PS, = -i s -i (19) 

Sl SS 

Ion emission 

The secondary ion yield (S ) is frequently used for cha
racterizing the process of ion emission inspite of the fact, 
that a gives a more direct information on the secondary ioniza
tion, namely: 

S+ * S ' a+ (2C) 

S being the measure of secondary particle production, and a 
the measure of ionization of these particles. From the data of 
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our measurements it was possible to calculate the degree of 

ionization. 

As it is known, the secondary ion current of one element 

(i) of a multicomponent system can be expressed as 

it = n • S± . at . ci . I (21) 

if 
a* « 1. 

From the secondary ion current of the ionic species, according 

to the mentioned formula 

i — • — = S. . a* (22) 

n • *P «i X 

the degree of ionization could be calculated using simultaneous

ly measured value for the sputtering coefficient. Because of 

the lack of calibration of the. mass spectrometer (n) in our ex

periment, the relative secondary ion currents of components of 

the alloys have been evaluated from the recorded mass spectra: 

11 S . o1 . c, 

rel T+ „-» + 
12 S2 . a2 . c2 

where index 1 means Ni or Cr, and index 2 Fe, 

or in relative figures: 

C l - Srel(c) ' °rel(c> c^ ( 2 ^ 

from which 

Xrel ' c2 '- Srel(c) ' <4l ( c ) • cl ( 2 5 ) 

Consequently the I . . c« c1 plot is linear if neither 

S' , nor <*rel depend on composition of the alloy, the other case 

being indicated by the deviation from the linear function. 

The composition dopondence of the relative secondary ion 

yield can be expressed bj the relation 
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Srel(c) - Kel • S* ' A ( 2 6 ) 

where A contains the isotope abundance of Die measured peaks 

(Table 1), and the sensitivity factors of the multiplier collec

tor for the two elements; I . is the peak height ratio of the 

most abundant isotope of the constituents in the mass spectrum. 

The relative degree of ionization can be obtained by means 

of the measured S' , values, 

S* 
a* = -2Si (27) 
rel „-. 

&rel 

Similarly in the case of cluster ion emission the relative 

ion intensities can be defined as 

I+ I* 1* 
AMe2

 aFe2
 xMeFe 

-_. t _-___ t __ 
XMe TFe JF2 

where Me stands for Ni or Cr. 

With some considerations with respect to the cluster ion 

production we can calculate the value 

* "rel ' ^' T^rrr, <28) 
IMe ioMe ' cMe' 

which is proportional to the relative degree of ionization of 

the cluster species compared with the atomic ions. 

RESULTS 

Sputtering 

By bombardment of pure metal and alloy targets the sput

tering of metals in pure and alloyed state can be compared, 

moreover the S' , and S*"* data are necessary at evaluation of 

the secondary ion emission experiment. 

For pure elements we obtained tha following proportional 

values to the sputtering coefficient (S*0, and S , values. 
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(see Table 2)» For comparison we give also the literaturel data 

obtained with Kr ion bombardment at different energies. 

Table 2 

Sputtering coefficients of pure metals 

(S* in units 10-19 cm2/ion) 

s* 

Srel 

-

4 keV Kr* 

0,4 keV Kr+ 

4 keV Kr+ 

45 keV Kr+ 

Ni 

2,6 

1,18 

1,03 

1,40 

Fe 

2,5 

1,00 

1,00 

1,00 

Cr 

1,7 

1,41 

0,70 

0,38 

Ref. 

this work 

Almen /16/ 

this work 

Wehner /17/ 

The sequence of the elements according to their sputtering 

coefficient in our experiment is: 

SNi * SFe > SCr * 

which corresponds to Wehner"s data obtained at higher energies. 

We have to mention here that the error of determination of 

S* values are relatively high (±20%) because the ion dose was 

measured by limited accuracy. The relative values could be ob

tained with substantially better accuracy (±5%), consequently 

the error in determination of a' is: A;' < ±1%. 

The composition of the sputtered thin film when bombarding 

the alloys of different concentrations showed deviation from 

the composition of the target. On Fi%.7 a.and b we present 

our results as c' - c curves, for Ni-Fe and Cr-Fe alloys res

pectively (dashed line). The full line corresponds to the samt 

concentrations (c" - c). (See also Table 3). At high Ni concen

trations (c... > Cf-e) the sputtered material contained more Fe 

than the target. Similarly at high c„ , the concentration of 

the Cr content was increased in the film which resulted in luwtr 

Cp in this range. 

Theoretically, with increasing bombarding dose the compo

sition of sputtered thin film must approach to the composition 

of the target. At doses high enough c' = c, which defines the 
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Table 3 

Sputtered material composition and relative sputtering 

coefficients at bombardment of alloys 

c Fe% 

0 

20 

*»G 

60 

ao 
100 

c' Fe% 

0 

24 

44 

62 

80 

100 

Fe/Ni 

S'rel 

-

1,28 

1,17 

1,09 

1,01 
— 

c* Fe% 

0 

21 

4C 

55 

77 

100 

Cr/Fe 

*rel 

-

0,96 

0,99 

1,23 

1,19 
-

steady state of target sputtering, similarly as with anodic 

dissolution, evaporation, etc. In the present experiments the 
17 range of dose variations (1-4.10 ) was too narrow for* a more 

accurate observation of this phenomenon. Our experimental data 

shew, however, an increase in c' of elements of lower S in pure 

state, which does not correspond to the theoretical expectation? 

The relative sputtering coefficients (S',) of alloying 

components are presented in Table 3 and on Fig.8 On Fig.8 

the S , for the elements in pure r.tate is also marked. The 

S* , values are in case of Fe-Cr alloys 30-4 0% higher than the 

S ,, corresponding to the effect of trend to the congruent 

sputtering /54/: 

or 
q' »-* q' 

b1 „ b2 

Besides that an additional increase in S' . is also observable: 
rel 

at high Ni concentrations the Sr /SN• , at high Fe concentrations 

the Sp /SFe ratio is increased over 1, by about 20%. 

More data can be obtained on changes of sputtering in 

alloyed state if we compare the S* values of elements with their 

S'* at different concentrations (see Fig..9.. and Table 4.). 



P«100% Fe 100*4 

0 20 40 80 80 100% 
100% Ni C F* 

20 40 60 80 100% 
100%Cr C Ft 

Sr b, 

Pig. 7. Composition of the sputtered thin film (c') in 
function of the target bulk composition (c). 
a, Pe-Ni b, Pe-Cr alloys. 

I 20 4b 60 80 1007. 
Ft 

Pig.8. Relativ« sputtering coeffi
cients of components of al
loys (Sytl). On the right 
srel calculated from sput
tering of pure metals. 
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However, the introduced "preferential sputtering factors" (Ps) 

(Eq.13,19) give much better evidence for the change of sputter

ing coefficient in different alloys (see Fig.10 and Table 4 ) 

Table 4 

Sputtering values (S**) and preferential sputtering factors 

(Ps) of metals in pure and alloyed state 

Fe-Ni Fe-Cr 

c Fe% <T* Pi Š"** FŠ 

0 

20 

40 

60 

80 

100 

Ni 

2,6 

3,0 

2,1 

2,4 

2,9 
-

Fe 

-

3,9 

2,4 

2,6 

2,8 

2,5 

Ni 

1,0 

1,2 

0,8 

1,0 

1,1 
-

Fe 

-

1,5 

1,0 

1,1 

1,1 
1,0 

Cr 

1,7 

1,»» 

1,7 

2,5 

2,3 
-

Fe 

-

1,* 
1,7 

2,0 

2,0 

2,5 

Cr 

1,0 

0,8 

1,0 
1,4 

1,4 

-

Fe 

-

0,6 

0,7 

0,8 

0,8 

1,0 

We can read, that the sputtering coefficient of the ele

ments in alloys deviate from their S value in pure state. The 

expressed preferential sputtering of Fe in Fe-Ni alloys at high 

Ni concentrations and that of Cr in Fe-Cr alloys at high Fe con

centrations can be observed. Moreover, the decrease in sputtering 

coefficient of Fe in Fe-Cr alloys is also evident, while the 

Ps of Ni does not show significant changes. Some slight effect, 

however, at the melting point minima is appearing. 

The preferred sputtering has been reported for some other 

homogeneous alloys by Poate et al /18/ (for Si in Pt-Si system) 

and by Fabcr et al /19,50/ (Ag in Ag-Au) by Shimizu et al /15/ 

(Ni in Cu-Ni) at some particular compositions. In the present 

experiments the cross effect between the constituents of the 

alloys are observable. The Cr (of lower S) in high concentration 

influences the sputtering of Fe, which show therefore decrease; 

in sputtering rate in case of Fe-Cr alloys. On the other hand, 

at high Fe concentrations the influence of the neighbouring 

Fe atoms increase thti sputtering of Cr. Similar effect is ob

servable at Fe-Ni alloys, if even in less expressed manner, 



0 20 40 60 60 W>% 
100% Ni Pe 

0 20 40 60 60 100% 
100 %Cr F» 

a, b , 

Fig .9 . Sputtering values of elements in the a l l o y s (S '* ) . 
S* represents that in pure s t a t e of elements. 

0 20 40 60 60 100% 0 20 40 60 60100% 
1007. Mi Fe 1007.Cr Ft 

b , 

Fig.10. Preferential sputtering factor of components in alloys. 
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being the difference in the sputtering coefficients of Fe and 

Ni smaller. 

Comparing the S** values with the phase diagrams of the 

alloys the more pronounced change in sputtering of FeCr alloys 

of different concentrations is understandable, considering the 

bigger change in melting point with composition. At the melting 

point minimum, where the surface binding energy is minimal, an 

increase in sputtering is expectable. The comparison of Figs.1 

and 9_ gives evidence of this, but to obtain better corrslation 

more experimental data would be necessary in this concentration 

range. 

The sputtering rates of components determine the sputter

ing of the alloys. We calculated the S** for the alloys from 

the individual S'* values of components by Eq.17 a and plotted 

them vs composition on Fig.11 (thick line). We also calculated 

the average values by the linear combination from the S* of 

pure elements /8/. The preferential sputtering factors are pre

sented on Fifl.12 (see also Table 5 ). The NiFe alloy shows 

generally increase of sputtering while the CrFe alloy its de

crease, the deviation from the simple average is clearly expres

sed. It means, that generally the NiFe alloys sputter faster, 

and the FeCr alloys slower than the average of the components. 

Table 5 

Sputtering values and preferential sputtering of alloys 

Fe - Ni Fe - Cr 

c Fe% 

0 

20 

HO 

60 

80 

100 

S ' * 

2 ,6 

3,2 

2 ,2 

2 ,6 

2 , 8 

2 ,5 

Ps 

1,0 

1,3 

0 , 9 

1,0 

1,1 
1,0 

s'* 
1,7 

1,4 

1,7 

2 ,2 

2 ,0 

2 , 5 

Ps 

1,0 

0 ,8 

0 ,8 

0 ,9 

0 ,9 

1,0 

It is supposed in the literature, that the sputtering 

coefficient of the alloys of solid solution type is close to the 

S of the component with higher S./5U/, while at two phase metal 



Pig.11. S'* valuas of tha alloys. 
Tha thin linas present tha 
average calculated from 
sputtering values of pure 
elements. 

Pig.12. Preferential sputtering 
factors of the alloys. 

20 40 60 §0 100% 
100% Nip Ft 
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pair systems a decrease in sputtering rate of the more volatile 

component have been observed (Ag-Ni, Ag-Co, Dahlgreen /20/. 

The present experiments show, however, that even at one phase 

alloys higher and smaller over all sputtering rates are possible, 

comparing with the S of the pure constituents. 

The micrographs of the bombarded alloy surfaces show in

tensive differences in etching depth of the crystallites of 

different orientation (Fig.13 ). At several cases fine etching 

structures appeared on the surface of the crystallites (Fig.m); 

with higher magnification the etching cones were observable both 

at FeNi and FeCr Alloys (Fig.15).(The bombarding doses of the 
17 2 

photographed samples ranges 2-3.10 ion/cm ). The micrographs 

of the bombarded alloys are in correlation with the sputtering 

data discussed above. Generally the FeNi alloys have higher 

sputtering rate than the FeCr alloys (see Fig.11). The FeNi 

samples show therefore more intensive etching and, consequent

ly bigger differences in etching depths of the single crystalli

tes, than the FeCr targets. The comparison of the micrographs 

of Fig.16 gives an evidence of this observation. At 20% Fe 

concentration the difference in S'* of FeNi and FeCr is the 

highest. In this case the difference of the etching depths be

tween the two kinds of alloys is well expressed (Fig.16 a,b). 

The 60% Fe containing alloys differ in S'* less, and their 

etching pictures are similar too (Fig.16 c,d). 

Secondary ion emission 

Evaluating the SIMS spectra of the alloys we could detect 

a great number of peaks: 

m/e 12-18, 26-29, 40-H4 are the species of the adsorbed 

impurities; 

m/e 50-60 the peaks of singly charged metal ions; 

m/e 65-80 metallic oxides, hydroxides and Kr ; 

m/e 100-115 metal cluster ions; 

m/e 120- several groups of ions of Me20 type. 

There is the possibility and reason to analyse all the 

ionic species, but in this report we restrict us only to 

- monoatomic single charged metal ions 

- homo and hetero cluster metal ions. 



iiSLill 
Micrograph of Fe sample, 
n « 2.5.1017 ions/cm2 

Fig.14. 

Micrograph of FeNi(80t-20t) 

200 x 
sample 
D - 3.4.10 
M - 200 x 

17 ion«/cm' 

Fig.15. 

Etching cones 

a, 
Fe-Ni (80t-20t) sample 

D -

M - 6000 x 

3.4.1017 ions/cm2 

b, 

FeCr (601-401) sample 

D - 2.6.1017 ions/cm2 

M » 6000 x 



FeNi (20%-80%) 

D - 2.6.1017ions/cm2 

b, 

FeCr (20%-80%) 

D • 2.0.1017ions/cm2 

FeNl (601-40*) 

D - 2.7.1017ions/cm2 

Flg.16, 

FeNi (601-40%) 

D - 2.7.1017ions/cm2 

Difference in surface etching at different concentrations 
of FeNi and FeCr alloys M - 200 x 
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From the secondary ion mass spectra we evaluated the rela

tive ion currents with an error ±10%. According to the equation 

of secondary current defined earlier (Eq.25) we can write for 

the two component systems: 

I , . c2 s const, c. (29) 

The slope of the I . . c» ĉ  curve gives information 

wether the secondary ion emission process is c dependent. This 

is at the same time the calibration curve for SIMS analysis 

because the numerical value of the constant can be used for the 

determination of concentrations from the ion intensities of the 

mass spectra: 

I* , . (1-c,) = const, c, (30) 
rel l l 

const - I , 
c, = E£± (31) 

rel 

(For multicomponent systems the proper number of equations 

const - I , 
c = g E£iiS (32) 
n T + 

rel,n 
and Ec = 1 have; to be used. The const must be determined by n n ' 
series of alloys of similar composition). 

Our experimental results concerning the ion emission art 

presented in Table 6 and plotted on Fig.17. (The values at 10 

and 90% Fe are interpolated ones from the inverse function). 

From the slope of the curves the c dependence of the secondary 

ion emission is recogn•' .able. All curves taken for different pri

mary ion densities show a clearly visible change in slope in the 

concentration range around the melting point minimum (cmDm>' 

This effect is more expressed at higher primary ion densities 

and for the FeKi alloys. The tangent of the curves are approxi

mately the same before and after the c , Cherepin /21/ also 

noticed the influence of changes in phase diagram on ion emission. 
From the I . we have calculated the relative secondary rel 

ion yield by Ei. 26 (Table 7, Fig.18 ), which shows the c depen
dence of the S -.(c) i.e. the ion emission process, 

rel 



100% 60 60 40 20 0 
Ni 100% Ft 

100% W 60 40 20 0 
Cr 100% Fe 

b, 
Fig.17. Secondary ion emission of alloys in function of compo

sition. Parameter ip « 2,5,10,15 pA/cm2. The values de
noted by x are calculated ones, a, Fe-Ni, b, Fe-Cr alloys. 
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1007. Ni Ft 
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1007. Cr Ft 
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Fig.18. Relative secondary ion yield of elements in al loys. 
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Table 6 
Ralativo sonos-la:?}' ion currents expressed by the term fe • - ] 

Ni-Fe 

Cr-Fe 

c £e% 
i [uA/cm 3 

i^ IT 
0 -
20 0,22 0,19 0,17 0,16 
':> 0,20 0,18 8,17 0,16 
60 0,13 0,11 0,10 0,10 
dC 0,08 0,06 0,06 0,05 
100 0,00 0,00 0,00 0,00 

0 -
20 2,6 5,3 9,8 13,2 
HO 1,8 3,7 6,6 8,5 
60 2,0 2,8 4,1 5,1 
80 1,2 1,9 2,7 3,1 

100 0,0 0,0 0,0 0,0 

Table 7 

Relative ion yields (S ,) 

a l loy 

Ni-Fa 

Or-Ft 

r Fo% 

0 
10 
70 
40 
60 
CO 
90 

100 

c 
-:c 
20 
".Q 
SO 
30 
SO 

100 

2 
_ 

0 , 3 5 
0 , 3 6 
0,<t5 
0,1+4 
0 , 5 0 
0 , 5 0 

-

_ 
3,7 
3 ,7 
3 , 5 
5 , 6 
6 ,8 
6 ,8 

mm 

i [pA/cm ] 

5 15 
_ «. 

0 , 3 0 0 , 2 8 
0 , 3 1 0 , 2 8 
0,«*0 0 , 3 7 
0 , 3 7 0 , 3 3 
0 , 4 0 0 , 3 7 
0,4C 0 , 3 7 

- -

_ — 

7,4 1 3 , 9 
7,5 13 ,9 
7 ,0 12 ,4 
7 ,9 11 ,7 

10 ,9 15 ,4 
10 ,9 15 ,4 

w mm 

15 
_ 

0,26 
0,26 
0 ,36 
0 ,31 
0,36 
0,36 

-

„, 

18 ,7 
18 ,7 
1 6 , 1 
14 ,5 
17 ,6 
17 ,6 

•* 

By the separation of S* , into two parts: 

Srel ( c ) * Srel<c) ' °rel(c> <33) 

it was possible to calculate the relative degree of ionization 

of Vi. and Cr related to Fe and therefore to get a better infor

mation about the behaviour of the different processes during th<. 



- 22 -

sputtering of alloys. The a . was calculated using the S 1 

data measured in the same experiment (for the average see 

Table 3 ). The results are presented in Table 8 and on Figs. 

19 and 20. 

Table 8 

a l l o y 

Ni-Fe 

Cr-Fe 

R e l a t i v e 

c Fe% 

0 

20 

40 

60 

80 

100 

0 

20 

10 

60 

80 

IOC-

degree o 

2 

-

0,45 

0,52 

0,47 

0,50 
-

-

3 ,8 

3 ,5 

4 ,6 

5,7 
-

f i o n i z a t i o n (<* r e l ) 

ip[uA/cm2] 

5 10 

-

0 ,40 0 ,36 

0,47 0 ,43 

0 ,40 0 ,35 

0 ,40 0,37 
-

-

7 ,8 1 4 , 5 

7 , 1 1 2 , 6 

6 ,5 9 ,5 

3 ,2 1 3 , 0 
_ 

15 

-

0 ,30 

0,42 

0 ,34 

0,36 
-

-

19 ,4 

16 ,3 

11 ,8 

14,7 
-

From our experiments the following results are obtained: 

- The series of elements with respect to their secondary 

ionization is: 

aCr * °Fe * °Ni 

at every composition. 

- The influence of composition, especially at the c is 

clearly recognizable, which is bigger on a ., than on S , 

(see Figs.9 and 19 ), especially if we consider that the latter 

must theoretically be = 1 at bombarding doses high enough (if 

no preferential sputtering exists). It means that the change 

in slope of curves on Fig.17 is caused mostly by change of a .,. 

Around the. c _ a , seems to increase at FsNi and decrease mpm rel 
at FeCr alloys. The better understanding of this phenomenon 
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Fig.19. Relative degree of Ionization of elements in function 

of concentration at different primary ion densities, 
a, Fe-Ni,* b, Fe-Cr alloys. 
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would need more experimental points in this region. The fact 

however can be supposed, that the structure of the alloy in

fluences the ionization itself too, even at homogeneous alloys. 

- The influence of c on a , is less expressed at higher 

surface coverage (at smaller i ) and a - becomes nearly equal 

at all concentrations. This supports the reasons for the use A 

oxygen atmosphere around the target (Guenot 1221, Werner 1231) 

at SIMS analysis of alloys too. Moreover, the o values of the 

components approaches to each other in the function of decreasing 

i , at given c. 
P + 

For comparison Table 9 presents S . values measured by 

different authors for pure metals and alloys. (The surface con

dition of the target is also presented). 

Table 9 

Relative secondary ion yields of alloying components by different 

authors 

author 
ref. 

Benning-
hoven 
/2U/ 

Beske 
111 

Schelten 
121 

Leroy 
W 

this 
work 

Ni/Fe 

pure 

0,3 
(clean) 

0,053 
(oxydized) 

0,71 

0,21 

-

-

s « i 

in alloy 

-

0,71 
(clean) 

0,21 
(clean) 

0,79 
(oxydized) 

0,26-0,50 

Cr/Fe 

pure 

5,0 
(clean) 

3,16 
(oxydized) 

7,l«f 

-

-

-

in alloy 

5 x higher 
(clean) 

-

2,55 
(oxydized) 

3,7-18,7 

Numerous models have been proposed with the aim of descrip

tion of the mechanism of secondary ion emission. These are clas

sified and compared in some recent papers (Schroeer /25/, 

Werner /26/, Riedel /27,28/). Most of the models, however, are 
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not suitable for quantitative evaluation of the degree of ioni

zation (o ) for broad variety of elements because of their com

plicated mathematics, restricted validity and lack of the neces

sary atomic and electronic data of the solids (Blaise /5/, Joyes 

/56/). For the moment only the local thermal plasma equilibrium 

approach (Andersen /29/) and the simplified adiabatic quantum 

mechanical model proposed by Schroeer et al /30/ seem to be 

applicable in quantitative work by SIMS. The application of 

these models for multicomponent systems has been confined to 

dilute alloys only (Andersen /6/, Schroeer /25/, Rudenauer/32/). 

The adaptation of the auto-ionization model (Blaise /5/) to 

highly concentrated alloys was possible only for several metals 

(Cherepin /4/). 

Taking into account that no formula have been published 

so far for the emission of highly concentrated alloys, we at

tempted to check the validity both of the above models for our 

experimental results. 

The plasma model supposes, that locally restricted plasma 

exists in the surface region of the ion bombarded solid, which 

is assumed to be in thermodynamic equilibrium. Consequently 

the degree of ionization can be described by the Saha-Eggert 

equation. (The assumption of equilibrium is doubtful and has 

been criticized by Werner /26/ and Blaise /33/ 

. 2Q+ (2irmkT)3/2 -(el - eI')/kT 1 
a - -r- 5 e • — (34) 

+ o where Q and Q are the partition functions; 

T - the plasma temperature, which probably has no 

direct physical meaning in the case of secondary 

ion emission (Werner /26/); 

n - the supposed density of free electrons in the 

plasma (Shimizu /34/); 

I'- is the lowering of the ionization potential due 

to plasma effects. 

Applying the equation (34) to both elements of each of the al

loys and supposing 

IMe ""Te 
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we obtain 
ln kLi'<^> 1 = - m <&-) + (§J) - (§£) (35) 

I rel Q° Mej Q° Fe CT Fe ** Me 
Only one parameter (T) remains which have to be fitted to the 
experimental results. With the known values of Q and Q for 
5000^ (Boumans /35/) and of I for Cr,Ni,Fe (Kienitz /1«»/) 
(Table 10 ) 

In [ a ^ / C ^ ) I = -0,4304 • 9,169.104. | - |i • | (36) 

Table 10 
Some electronic and thermodynamic data of alloying elements 

el /14/ AH (293°K)/41/ e 4. <clean)/42/ Q° Q* s (eV) 5000 K/35/ 
Fe 
Cr 
Ni 

7 ,90 
6,76 
7 ,63 

4 ,32 
4 ,11 
4,i*5 

4 ,31 
4 ,58 
4,SO 

2 7 , 7 
1 0 , 3 
3 0 , 8 

42 ,6 
7 ,1 

10 ,3 

Plotting the experimentally determined values of In L r £ l Q°K*J 
»s7 el, We fitted the points to E3»3Č by the least squares 
method. We used also o , = 1 for Fe. Moreover, we supposed, 
that n was the same at samples of all compositions at given 
primary ion density. 

The results are presented on Fig.21 for i -2 and 15 pA/cm' 
The corresponding "temperatures" are: T=5820 and 3540°K respec
tively. These values are closa to those recently published by 
Rudcnauer et al /32/ for stainless steel standards. The trend, 
that increasing surface coverage cause3 increase in T can be 
noticed. Using the obtained values of T, the calculated o , 
values agree with the measured ones within ±25% both for FeCr 
and FeNi alloys of all concentrations. The fitting in Rudenausr'« 
work /32/ for Fe and Al based alloys resulted in the same accu
racy. 
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We also calculated the c dependence of the fitting para

meter T by 

L r e l Q° Me Q+ FeJ kT 

where 

Ael = eIMe - eIFe 

The results are presented on Fig.22. The observable 

c dependence of T, especially at FeNi alloys suggests, that 

there is missing some term in the equation (35) which would 

express this c dependence. The n , the only factor which may be 

c and matrix dependent in equation (34) is eliminated when de

riving the equation (35). Similar difficulties appeared with 

the use of the other thermal ionization theories too (Jurela 

/52/, Krohn /36/). 

The* adiabatic surface ionization model (Schroeer /30/) 

uses quantum mechanical description, resulting for the degree 

of ionization 

«+=(-r^-l)2[- I T * S <38) 
\ el - e$/ La (el - e$)J 

where 

B - th& binding energy of the superficial atoms 

v - the velocity of the sputtered particle 
$ - the work function . 

There are two arbitrary figures (a and n) which have to be fit

ted to the experimental results. 

Schroeer 111 and Rudenauer 181 expanded the model for tha 

case of dilute binary alloys by using some simple approximations 

of the terms in the equation (38). Moreover Gries /38/ combined 

the ionization model with Sigmund"s /39/ sputtering theory. For 

concentrated alloys it is plausible to adopt the following from 

the mentioned studies: 

1. The binding energy of one of the superficial atoms of the 

alley can be calculated from the heat of sublimation (AH ) 
s 

(RUdenauer IS I) 
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B. = 1/2 [AH -(l+c.) • AH .(l-c,)] (39) 
1 * S,l 1 S,2 1 ' 

This approximation has to be used, because there is not avail* 

able experimental data on binding energies of alloy constituents 

in the function of concentration. Also the corresponding theory 

is missing. 

2. On the basis of experimental data concerning the energy dis

tribution of secondary ions Gries /38/ presumes, that 

n = 1 

On the other hand the best fit calculations resulted also in 

similar values (Rudenauer /8/). 

3. According Rudenauer /8/ a is proportional to the lattice cons

tant, while according to Gries AO/ to the length of the trajec

tory of emitted particles through the surface zone. Both appro

ximations seem to give the same value for the components of the 

same alloy. 

On the other hand the application of the Sigmund's sput

tering theory cannot be accepted without any restriction because 

of the experimentally observed preferential sputtering of the 

alloys. Considering that no data or theory are available for the 

velocities of the sputtered particles in the case of highly con

centrated alloys, we assume 

v1(c) = v2(c) 

According to these assumptions the relative degree of 

ionization of alloys according to the adiabatic surface ionization 

model can be given by the relation 

"rel ' (Brel> ' ~ » <*°> 
)2f l2_^'|c 

U - •(c)/ 

The ionization efficiency is dependent on the work func

tion, which must play an important role in the process, as we 

can suppose from the observed i dependence of a , • We calculated 

the <|>(c) values by the equation (.HO) using heat of sublimation 

data for 293°K (Margrave Al/)(Table 10). The results are 
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presented on Fig.23. In both cases some slight c dependence is 

observable, but it can also be seen that for FeCr alloys the 

values are not reliable. The calculation of a . by the mean 

value of $ results ±30% fit to the experimental data. 

From our results we can conclude, that neither the plasma 

theory nor the adiabatic surface ionization model describe 

exactly the secondary ion emission process in the case of con

centrated alloys. With the first model, the parameter T, with 

the second the work function $ - which can be considered also 

only as a fitting parameter - are not enough for fitting the 

experimentally obtained a , values to the cox-responding equa

tions. Our results refer to the need of a combined theory of 

secondary ion emission of alloys which would describe the ob

served c dependence of a+ ., especially its change from the 

mean value at the melting point minimum composition. (See Fig.19 ) 

lor this purpose some better approximations for surface binding 

energies 

Bl <ci5» B2 <c2)» e t c * 

and work function 

• (c) 

are necessary, which would contain some term connected with the 

phase diagram of the alloy. The simple linear combination from 

data, related to c=l are not satisfying. 

Cluster ion emission 

Increasing interest has recently appeared for the emission 

of metallic clusters from pure elements (Herzog /lf3/, Satkievitz 

A t / , Oechsner /t5/ etc.) because of its theoretic importance 

But data on cluster emission of alloys are rather poor (Cherepin 

In the secondary ion mass spectra from our experiment wo 

observed also the intensive cluster ion peaks of 

( Me2 , Fe2, FeMe type. 



tffej 

wx 
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Fitting of the plasma model 
of secondary ion emission to 
the experimental results of 
this work. 

Fig.22. 

Calculated c dependence of the 
fitting parameter (T) at alloys 
by different i (2,15 uA/cm2) 
using the plasma theory. 
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0 20 40 00 80 W% wrn ft 



- 29 -

Relative ion 

alloy 

Fe-Ni 

F«-Cr 

c Fe% 

0 
20 
40 
60 
80 
100 

0 
20 
40 
60 
80 
100 

Table 

currents of 

2 
0,00 
0,02 
0,07 
0,04 
0,08 
0,04 

0,000 
0,007 

< 0,001 
0,012 
0,024 
0,044 

11 

Fe_ clusters 
\hl; 

A 2 
'JFe -

ip[uA/cm ] 

5 
0,00 
0,03 
0,09 
0,06 
0,11 
0,07 

0,000 
0,010 
0,010 
0,018 
0,040 
0,069 

10 
0,00 
0,03 
0,12 
0,09 
0,15 
0,10 

0,000 
0,016 
0,020 
0,031 
0,070 
0,099 

l5 
0,00 
0,04 
0,14 
0,11 
0,18 
0,13 

0,0GG 
0,024 
0,031 
0,049 
0,089 
0,127 

Table 12 

Relative ion currents of Ni« and Cr2 clusters 

lMe, 

Tie J 

alloy c Fe% T 

i M/on 2] 
T"* T0~ TT 

Fe-Ni 

0 
20 
40 
60 
80 
100 

0,042 
0,051 
0,11 
0,065 
0,058 
0,0 

0,032 
0,074 
0,190 
0,110 
0,090 
0,0 

0,13 
0,037 
0,21 
0,16 
0,14 
0,0 

0,16 
0,12 
0,29 
0,19 
0,17 
0,0 

Fe-Cr 

0 
20 
40 
60 
80 

100 

0,0010 
0,0010 

< 0,0005 
0,0015 
0,0020 
0,0 

0,0028 
0,0035 
0,0028 
0,0035 
0,0038 
0,0 

0,0075 
0,012 
0,0090 
0,0080 
0,0068 
0,0 

0,014 
0,026 
0,023 
0,014 
0,0098 
0,0 

Figures 24 and 2£ and Table 11 present the relative ion 

intensity of Fe2 cluster to the monoatomic Fe
+ peak as a function 

of FeNi and FeCr alloy composition, respectively. Figures 26 •?.:•: 

27 and Table 12 show the similar ratios for Ni2 and Cvl ions 

respectively. 
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Fig.24. 

Relative ion currents of Fet 
clusters in FeNi alloys in 
function of concentration at 
different primary ion densi
ties (i -2,5,10,15 A/cm*). 

Fig.25. 
Relative ion currents of Fe* 
clusters in FeCr a l loys . 
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Fig.26. 
Relative ion currents of Ni? 
clusters in FeNi a l loys . ' 

Fig.27. 

Relative ion currents of Cr, 
clusters in FeCr alloys. 
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Table 13 
rI S " 

Relative ion currents of FeNx and FeCr clusters * ! 
I * ' 

L^Fe J 

i [uA/ca2] 

axxuy 

Fe-Ni 

Fe-Cr 

C [ R * 

0 
20 
•»0 
60 
80 
100 

0 
20 
40 
60 
80 
100 

2 

0,00 
0,07 
0,11 
0,04 
0,02 
0,00 

0,000 
0,005 

< 0,001 
0,008 
0,013 
0,000 

Table 

5 

0,00 
3,10 
0,18 
0,06 
0,03 
0,00 

0,000 
0,050 
0,025 
0,042 
0,050 
0,000 

14 

16 
0,00 
0,14 
0,27 
0,09 
0,04 
0,00 

0,00 
0,27 
0,13 
0,13 
0,13 
0,00 

15 
0,00 
0,17 
0,31 
0,12 
0,04 
0,00 

0,00 
0,7Q 
0,27 
0,26 
0,19 
0,00 

Cluster ion emission if alloys 

cluster target Lrel /Ref./ 

Ni» 

Fe2* 

< * • 

FeCr 

pure Ni 

a FeCr alloy 47% Cr 

II 

II 

0,33 

0,0149 

0,126 

0,045 

/45/ 

/4/ 

/4/ 

/4/ 

The influence of i is very expressed, I . increases 

with increasing i . Similar effect was also reported by Maul 

/46/ for SiJ from pure Si. Figures 28 and ££ and Table 13 

represent the relative intensities of the hetero clusters re 

lated to Fe* ion.(The accuracy of I* , data are about ±25%). 

For comaprison we mention the similar relative yields from 1' 

terature (Table 14.). 

The relative cluster intensities show very intensive a.* 

characteristic changes in the function of concentration; wel^. 

defined maxima are observable, and the cluster emission of pur 



Fig.28. 

Relative ion currents of FeNi"1 

clusters fiom FeWi alloys. 

Fig.29. 

Relative ion currents of FeCr* 
clusters from FeCr alloys. 

# 
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metals are generally less intensive than that of the alloys. Ths 

intensity of the cluster ions compared with the monoatomic spe

cies is approximately: Nit about 20-30%, Crj 1-3%. The Fe2 emis

sion is more intensivd from FeNi alloys (10-20%) than from FeCr 

(5-10%). The relative intensity of the clusters increase with 

increasing primary ion density. The clusters emitted from Fe-Cr 

alloys are especially sensitive in this respect (eg. FeCr at 

2uA/cm2 0,1-0,5%, at 15 uA/cm2 30-70%). 

From the c dependence at the clusters some conclusions 

can be drawn on the mechanism of cluster ion production from 

alloy targets. 

The mechanism of the ion bombardment induced cluster ion 

emission has been studied so far in the literature mostly on the; 

basis of the energy (E), angular (a) distribution of clusters 

and by the intensity distribution with increasing cluster size 

(n) as well; that is the function 

I*x (n,a,E) 

(Staudenmaier M7/, Herzog et al /43/, Joyes /'+8/, Leleyter M9/ 

Konnen et al /31/). 

There exists, however, the possibility to study the claster 

emission in the function of concentration of binary solid systems, 

because the cluster production can also be considered as a re

action of second (or n ) order. That is, the ion intensity of 

clusters is 

1. a direct function of cn, and moreover 

2. it may be influenced by the c dependence of sputtering and 

ionization of clusters too. For a two atomic cluster ion: 

I* =n . S ,(c) . a* (c) . c2 . I2 (fl) 
c± cl el p 

There are several probable mechanisms of cluster ion pro

duction: 

1. The cluster is directly sputtered from the bombarded solid 

target, while it may be ionized from the beginning or is ionized 

during leaving the surface. This mechanism is suggested e.g. by 

Herzog M3/ 
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metal -• » Me_ 

or 

metal > Me2 - > Me2 

2. The sputtered neutral atoms may associate to clusters before 

the target surface under proper conditions (enough energy, 

small difference in emission time and angle). This cluster can 

be ionized by its enhanced internal energy.(Staudenmaier I hi I 

Wittmaack /51/ Joyes /U8/). 

metal —-» Me • Me - -•» Me„ • * Me2 

3. One sputtered atom and one emitted ion associate under the 

conditions previously mentioned. This mechanism could reason 

the experimental data of Tantsirev /37/, 

metal *—*Me + Me —~» Me-

*•. The dissociation of big, excited clusters, which in a common 

process is the usual mass spectrometric ion source, can be ge

nerally neglected because of the low probability of emission of 

such aggregates (Leleyter /49/). 

metal —»Me > Me„ + Me _ 
n / n-2 

The ion current of clusters resulting in each of the 

above processes can be expressed according tc the formula (11): 

1. I* :n . S , . a* . c2 . I2 (42) 

2. I\ --n • S* . o , . ct . w(0,0) . r C+3) 

Xcl sn • 

T + 
T c l sr> • 

X c l =r> • 

cl 

S2 

S2 

+ . a , . cl 

+ 
* acl ' 

' °Me ' 

cMe ' 

cMe ' 

cMe ' 

. I2 

P 

. w(0,0) . 

w(+,0) , 

• $ 

•*? 3' Xcl '« ' SMe ' °Me ' cMe ' w(+'°> ' K ^ 

where index cl refers to cluster and Me to atomic particle, n 

contains instrumental constants. The terms w(0,C) and w(+,0) 

express the probability of association frcm sputtered free 

neutrals or from neutral and ionic species respectively 
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(in case of cM = 1 ) . This probability factor may be the - \ .. 

as introduced in Staudenmaier^s A 7/ paper. 

The relative ion currents of clusters 

I+ = ̂ Sl 
Arel T+

 v 

xMe 
can be expressed for the different processes: 

+ 

1. i+ = -£l 
r e l ~ «j 

bMe 

I* . = SM rel Me 

°cl 

°Me 

• 
acl 

°Me 

' cMe 

cMe * 

• X P 

w(0 2. I , = S„ . -i± . cu . w(0,0) . I <^7) 

rel Me ne p (uo) 

The probability factors arc not c dependent > because they ̂ re 

referred to free particles, while the terms concerning the 

sputtering and ir-nizttion can be function of the composition. 

We can suppose furthermore for th-s first mechanism that th. 

clusters sputter similarly to -atomic particles 

S„, = sl . (w) (49) 
cl Me c 

where (w) is the probability of tho joint emission of two (or 

more) particles from the target. Here (w) may depend on comp-v 

sition, of course. 

Thus, I . is a function of S„ and cM . Plotting 
+ rel Mc Me 
*rel^ ^Me ' cMe vs* cMe' t h e dependence of the cluster r>r. suc

tion and ionization on target composition can be obtained (in 
the parameter of I ) 

1. —^2ii «| -s±l . (w) . I 
(S . c ) M e » -T I- c P 



- 3»» -

I + / a * ^ 
2. E £ i _ = | _£ i ) . w(0,0) . I (51) 

( S ' c)Me \ ° W c P 

3. Homo c lus ters : 

I+ . 
- ^ = w(+,0) I 

(S . c ) M e 

or hetero c lus ters : 

P 

\aTei c 
w(+,0> • I (52) 

where we denoted the possible c dependence by c lower index. 
it" 

Knowing S instead of S in the alloy we calculated from the 

experimental data of I ., (see Tables 11,12 and 13) a proporti

onal figure to the above ones. This "Hi . is a measure of cluster 

ionization: 

<v o* = f,* r e l (53) 
1761 <S ' c>Me 

The results are presented on Figs. 30-35. (The points at 10,30, 

50,70,90% are results of interpolation in Figs.2U-29). 

The "v o , of the clusters increase monotonously with 

increasing primary ion densities at each type of clusters and at 

each concentration. This corresponds to the equations(50 -52), 

though there are deviations from the expected direct function. 

This means, that the ionization of the clusters is also dependent 

on the surfaca status (i.e. the surface coverage) of the target, 

similarly to tha ionization of atomic ions. However this 0 (or 

i ) dependence is much more intensive, in the studied range, in 

case of clusters especially at FeCr matrices (e.g. FeCr ). This 

behavious of clusters was also reported by Wittmaach /SI/. 

The ionization of clusters depend intensively also on 

composition of the target, that is: 



0 20 40 
DOXNi 

60 100% 
FS 

m wox 

i - ig .30. 
Ionization of Fet clusters emit
ted from FeNi alloys. Dashed line 
presents the ionization in case 
of pure metal at iD"15 A/cm2. 

Fig.31. 

Ionization of Fe. clusters 
emitted from FeCf alloys. 

1 A A A A tio% 
KM ft 
Fig.32. 

Ionization of Nit clusters. 

OOXCr it to to m 

Fig.33. 

Ionization of Cr, clusters. 
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$ . f(c) 
°Me 

The ionization of Fe_ is increased in FeNi and decreased 

in FeCr alloys comparing with the ion emission from pure Fe 

target. The ionization both of Ni„ and Cr„ is increased at the 
+ + 

alloys. The ionization of Ni2 is higher, that of Cr» is lower 

comparing with the ionization of Fe_. 

We can observe moreover that the ionization of clusters 

from FeNi alloys shows expressed maximum at about c„ = 101 

while in the case of FeCr alloys minimum at cp = 50-60%. The 

maximum and minimum appear near to the melting point minimum 

of the alloys, which refers to the influence of target struc

ture on the cluster ionization, similarly to a+ ., see Fig.19. 

But the cluster ionization is influenced much intensively by c 

than the ionization of atomic species. Similar effect was ob

served also by Cher spin /«•/. 

We can also read by comparison of Figs.30,32 »3t and 

Figs. 31,33,35 that the emission of clusters is determined more 

by the properties of the target, than by the cluster itself. 

This means, that the study of the electronic structure of poly

atomic aggregates (Leleyter /19/)is not enough for understanding 

the secondary cluster ion emission process. 

The c dependence of the cluster ionization suggests that 

the 3. mechanism which must show c dependence only at hetero 

clusters did not contribute to the cluster ion emission in our 

experiments. This is supported also by the low proportion of 

ionized atoms among the sputtered particles (cf. Eq. 52) 

The fact, that the cluster ionization depends on surface 

coverage and also on the structure of the target means, that 

the degree of ionization of clusters is determined strongly by 

the properties of the solid body. Therefore the 1. process seems 

to be the most probable one, which supports the direct emission 

of polymer particles during ion bombardment. The 2. process is 

probable, too, because during the ion bombardment a great pro

portion of excited particles are emitted. These excited atoms 

aggregate to cluster and because of its enhanced energy the 

cluster may ionize. The properties of the surface and bulk of 
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the target determine the properties of the excited particles, 

therefore also at this process of cluster production the c 

dependence of the cluster ionization is expectable. That means 

our experiments support the 1. and 2. mechanism of the cluster 

ion emission. 
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