
General Disclaimer 

One or more of the Following Statements may affect this Document 

 

 This document has been reproduced from the best copy furnished by the 

organizational source. It is being released in the interest of making available as 

much information as possible. 

 

 This document may contain data, which exceeds the sheet parameters. It was 

furnished in this condition by the organizational source and is the best copy 

available. 

 

 This document may contain tone-on-tone or color graphs, charts and/or pictures, 

which have been reproduced in black and white. 

 

 This document is paginated as submitted by the original source. 

 

 Portions of this document are not fully legible due to the historical nature of some 

of the material. However, it is the best reproduction available from the original 

submission. 

 

 

 

 

 

 

 

Produced by the NASA Center for Aerospace Information (CASI) 



^	 I	 v

r	 ^
I

4 1
On the Sputtering of Binary Compoundsx

P.	 K. RAFFt

Niels Bohr Institute

University of Copenhagen, 	 DK-2100 Copenhagen 0, Denmark

and

W.	 K. Kellogg Radiation Laboratory

California Institute of Techn)logy, 	 Pasadena, California 91125

N
GN

and
n t` i	 :J f

	 a

00 N Z. C. SWITKOWSKI	
tN Id N [ h^''

Niels Bohr Institute	 `°	 AUG {cri`s

z c University of Copenhagen, DK-2100 Copenhagen ^, Denmark : 	 RECEIVED

f	 NASA SCI FACILITY
INPUT BRANCH

cma ABSTRACT	 .^^ ;	 ? 
I	 *.j^'

A simple physical model is presented to describe some aspectsCM
U

[mi V of the sputtering of compound targets.	 In particular,	 expressions
W	 N

o u are developed for the partial sputtering yields for binary systems
•a
m	 .
W Ni n terms of the elemental sputtering rates, 	 the stoichiometric con-
ks r.

E1 ~ centrations and surface binding energy.	 The partial yields depend
b rd

W 
u

non-linearly on the bulk target concentrations.	 Comparison of the

ra o
m44 theoretical predictions with the data on sputte-ing of PtSi,	 NiSi
H •r1

r^l

p v and Cu Auindicates that the general features are weli described.

.-, rn
ao A
m^
u1 G O ...__ ..

7 ^ m Suppor in part by the National Science Foundation [PHY76-02724],	 the
I p W

U
U
u National Aeronautics and Space Administration [NGR 05-002-333] and the

I
Fc
w
ca
m

z ° Ford Motor Company at the California Institute of Technology.
z 1-I r-

Present address: Wright Nuclear Structure Laboratory, Yale University,

New Haven, Connecticut 06520.

]



r	 1

e

In recent years there has been increasing attention directed towards

studies of the sputtering of complex materials. Investigations of metal

alloys have indicated that, at least for those cases where more than a few

atomic layers are removed, sputtering proceeds at a rate which bears no

obvious relationship to the sputtering rates of the individual constituents. 1'2

In addition, while the composition of the sputtered material closely reflects

the bulk composition of the target, the surface layer undergoes differentia-

tion during bombardment. 
2-8 

Studies of the behavior of SiO2 under Ar

irradiation have pointed to similar conclusions.9

At the present time there exists no theory which predicts the partial

sputtering yields of the individual constituents of a compound target-. In

this paper we address this particular aspect of binary sputtering through

the use of physical arguments similar to those used to describe the sputter-

ing of elemental targets. Comparison of the model predictions are then made

with recent data of Poate et al. 2 for sputtering of PtSi and NiSi as well

as the measurements of Ogar et al. 1 on Cu3Au.

In the standard picture of sputtering of elemental targets, a beam-

target collision produces a primary recoil atom which induces a cascade of

low energy secondaries, some of which escape through the target surface and

comprise the sputtering yield. Both the probability for the initial colli-

sion to occur near the surface and the average number of low energy secondary

recoils are quantities proportional to the number density of target atoms.

In a binary target composed of species a and b with abundances n  and nb,

respectively (na + n  = 1) the partial sputtering yield of a is therefore

expressible in terms of the abundances and elemental sputtering yields as

the sum 10
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S a(na )	 na naSa (1) a nanbS b (1) .	 (1)

In accordance with the picture referred to above, the first term accounts

for sputtered a-atoms ultimately derived from beam-a collisions, and the

second term accounts for those sputtered a-atoms having their origin in

beam-b collisions.

Here we have made the important assumption that the fraction of a-

atoms	 tributing to the secondary cascade is just the stoichiometric

fraction na, and similarly for species b. Different atomic masses in the

target can, in general, lead to non-stoichiometric effects. However,

Andersen and Sigmund 11 have studied this problem in detail and, while no

simple rules seem to emerge, find that deviations from stoichi.ometry are

significant only for cases of extreme mass ratios, as exemplified by uranium

carbide.

Actually, in most sputtering theories the yield from an elemental tar-

get is inversely proportional to a

depends upon the target structure.

by multiplying S a (1), Sb (1) by the

and then dividing by a similar qua

the compound target,

surface binding energy U. This quantity

In eq. (1) we may allow for this feature

corresponding elemental surface energies,

itity characteristic of the composition of

n	 r
S a(na) = U

a na 
C na Ua(1>Sa(1) + nbUb (1)Sb(1)	 (2)

A similar equation holds for Sb(nb).

The function Ua(na) is not known, in general, and if fitted to experi-

ment, its empirical value would reflect not only changes in binding energy

induced by alloying, but also the effects of the various approximations we
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have made. On the other hand, we will see that the value determined in this

way is rather independent of the bombarding energy and projectile — as it

should be if it reflects a purely target characteristic — and furthermore,

does not become so extremely large or small that its interpretation as a

surface energy (^-- few eV) becomes untenable.

The total sputtering yield S 
tot (n

(n ) then becomes

S tot(na ) ` Sa(na) + Sb ( nb )	 (3)

If we take Ua (na ) = Ub (nb ) = U, then

S tot(na) = U Ln
aUa (1)Sa (i) + nbUb (i)S b (1)] •	 (la)

Within the assumption of equivalent surface binding energy for a and b,

the sputtering is predicted to be stoichiometric, as observed experimentally.

Although eq. (4) bears some similarity to models in which the total sput-

tering yield is constructed from partial yields postulated to be of the

form S i(n i ) = niS 3 (1), the physical arguments adduced above show that this

approach is misleading.

To illustrate the behavior implied by eq. (2), we plot in Fig. (1)

the ratio of sputtering rates in an alloy to that of the element as a func-

tion of composition for the case of a PtSi target. All values of U were

set equal, so that the variation evident in the figure arises from the

explicit non-linear abundance factors in eq. (2). The fact that 
SPtSi 

may

become higher than S Si (in this example, when nSi ?O.6) emphasizes that

addition of Pt to Si results in more efficient extraction of energy out of

the beam near the target surface.

Recently published data  for Ar sputtering of PtSi and NiSi are

3
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presented in Table I and it is seen, for example, that the ratio of the

alloy to elemental sputtering rates are in disagreement with the calculn-

Lion of Pig. 1. Within the context of our model this is clearly due to

the fact that we have set all values of U equal. In order, therefore, that

calculations of S 
tot 

(PtSi) fiL the observed value at 20 keV, a value of

USi (;k) = Upt ( ) = 3.3 eV was used and may be compared to the unalloyed

value:'
a  

UPt(1) = 5.9 eV, USi(1) = 4.7 eV. This choice of 3.3 eV gives

excellent agreement with the experimental partial sputtering yields. More-

over, with this same choice, the 900 eV data are well reproduced and pre-

serving the same value for U (UNi(1) = 4.5 eV, for comparison) also produces

good agreement with the 20 keV measurements on NiSi.

With respect to the data of Ogar et al. I on the sputtering by fig and

Ar of Cu3Au, we show in Pig. 2 a comparison of calculated energy dependencu

of partial sputtering yields of Au and Cu under Hg bombardment- with the mea-

surements. Normalizing the theoretical curve to the 10 keV point (requiring

a value of U which is 9L, 65% of the average elemental values), results in

rather good overall agreement except at the 14 keV point. With the same

choice of U, the predicted partial yields of Au and Cu under Ar bombardment

are about 30% higher than measured, ;.possibly indicating the degree to which

U may be interpreted as reflecting solely a change in the surface energy.

Although it has not been possible within the simple model outlined

here to accomodate effects of composition changes at the surface of alloys, 2-8

we feel that the sequence of physical events summarized in eqs. (2) and (4)

is an important characteristic of sputtering in binary systems. Our

approach, therefore, has been to try to expose these salient features in

a manner consistent with the observation of stoichiometry in the sputtering

4
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yielL. In order to verify the validity of this approach, in a way that

minimizes parameter adjustments, it would be valuable to have data on alloy

sputtering at fixed bulk concentrations as a function of projectile and

beam energy. For instance, in the case studied by Poate at al. 2 of Ptsi

the ratio of 
SPiSi/SSi 

is predicted to increase from the measured value of

1.6 at 20 keV to a 3 at 1 MeV Ar energy if one extrapolates the elemental

rates, S Pt and SSi, with Sigmund's formulae. 13 SPtSi/Spt is expected to

decrease only slightly (^ 10%) over this energy range.

In conclusion, we have presented physical arguments which extend the

usual theory of elemental sputtering to the case of binary targets. The

contribution to the partial sputtering yield of one species is seen to be

closely connected to the elemental sputtering yields of both species. The

partial yields do not scale linearly with abundance, but may be either

greater or less than a stoichiometric scaling would predict. An adjustable

parameter of the model is interpreted as a modified surface binding energy,

and some experiments are suggested which do not require an adjustment of

this parameter to effect a comparison. The model is shoran to reproluce

qualitatively the observed tendency for sputtering of Si in PtSi and Cu in

Cu3Au to occur at rates higher than their stoichiometry suggests, and when

the model is normalized at one bombarding energy, it reproduces the partial

yields at other energies reasonably well.

We very much appreciate encouraging comments from Drs. J. Mayer and

J. Poate. We are especially grateful to Professor T. A. Tombrello whose

enthusiastic support and advice stimulated our thoughts in this work.
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Ar-Sputteri.	 f PtSi and NiSi

	

900 eV	 20 IteV

expt. a 	 theory	 expt.a
	

1,1.eory

i

S Pt 1.7

PtSi/Spt
0.50	 0.52

S S 1
0.52

SPtSi/SS1
1.77	 1.85

SNi

SNiSi/SSi

NiSi/SNi

14.1

	

0.51+	 0.54h

1.5

	

1.67	 1.61

14.9

	

1.47	 1.149

	

0.145	 0.1414

a Data are taken from Poate et al.2

bTheory normalized to this point giving U = 3.3 eV. In the calculations,

the following compositions, noted by Poate et al., 2 were used: PtSi1.1

and NiSi1.05'
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Figure Captions

Fig, 1. Variation of partial sputtering rate with composition. The ratio

of the sputtering of the components in a Pt-Si alloy to their

elemental rates are shown as the dashed curves for the case of

sputtering by 20 keV Ar (where S Si (1) = 1.5 and S,,(1) m 4.1

ref. 2 ). The solid lines reflect a simple stoichiometric varia-

tion.

Fig. 2. Energy dependence of sputtering yields of Cu, Au and Cu3Au under

Hg bombardment. The curves for Cu and Au were calculated with

Sigmund's formalism 
13 

(with UCu = 3.5 eV ) UAu . 3.8 eV) and agree

well with published data for sputtering of the (100) metals at

normal incidence (see references quoted in ref. 1 ). The dashed

curves are the predictions of eq. (2) with U = 2.35 eV. The data

points were taken from Fig. 1 of Ogar et al.l
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