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Abstract.  Beat-like signal modulations in sputter depth 
profiles of multilayer structures are shown to enable an 
estimation and the optimization of the homogeneity of the 
sputter erosion process. Using W-Si multilajer structures 
of 69 doublelayers with a thickness of 40 A, it is shown 
that the high-frequency mode (HFM) of electron-gas 
SNMS (e--gas SNMS) for the analysis of insulators pro- 
vides the same high depth resolution as the conventional 
direct-bombardment mode (DBM) of this technique. 

Introduction 

Secondary neutral mass spectrometry with electron-gas 
postionization has been shown to be a suitable technique 
for the quantitative analysis of the composition of sur- 
faces and thin films, especially when high depth resolu- 
tion is required [1, 2]. 

A recent methodical development of e--gas SNMS is 
the so-called high frequency mode HFM for the analysis 
of electrically insulating samples [3, 4, 5, 6]. In compari- 
son to the established modes for the analysis of non-con- 
ducting samples, the separate and the external bombard- 
ment mode (SBM and EBM), [7, 8]), i.e. techniques that 
use an ion gun for sputter erosion, the HFM applies the 
plasma as sputter-ion source similar to the conventional 
direct bombardment mode DBM. 

The special advantage of the DBM is its high depth 
resolution by establishing low bombarding energies. 
Crater effects can be avoided by choosing the bombarding 
voltage Ub for a given distance D between the sample and 
an aperture in contact with the plasma (Fig. 1) very accu- 
rately in order to obtain a plane plasma boundary. Ac- 
cording to the d ~ U 3/4 law [1], the plasma boundary is 
bent out- or inward leading to an inhomogeneous distribu- 
tion of the bombarding ion current when Ub is too low or 
too high. The developing sputter crater will then have a 
concave or convex profile, respectively (Fig. 1). 

The present paper aims to demonstrate that the HFM 
provides the same high depth resolution capabilities as the 
DBM. 
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Fig. 1 a, b. Schematic illustration of the deformation of the plasma 
boundary for a too low and b too high bombarding voltages and 
the resulting crater profiles 

The High Frequency Mode 

The setup for the HFM is in principle the same as for the 
DBM [1]. However, to avoid a charging of insulating 
samples during sputtering, a high frequency (some 100 
kHz up to 1 MHz) rectangular shaped voltage with a total 
amplitude UHF is now applied to the sample (Fig. 2) in- 
stead of a DC voltage via a conducting sample holder. 
During the part T of the HF Cycle the sample is sputtered 
by the extracted plasma ions and accumulates charge. 
This charge is compensated in part T + of the cycle, when 
the bombarding voltage is switched off and electrons from 
the plasma can reach the specimen. The behavior of the 
potential U(t) at the sample surface during the HF-period 
can be described by [5]: 

IS=~-I [lSi + i re U(t))] for U(t) < Upl (1) 

where C is the capacity of the sample arrangement and Upi 
the (constant) plasma potential against a grounded elec- 
trode. I ~ is the ion saturation-current given by 

I ~ = A . n i . e 0 . a - / k T e  
"~ m i 
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Fig. 2. Arrangement for the high frequency mode HFM of e-gas 
SNMS 

A is the area of the aperture determining the ion extraction 
section, n i = n e = n the plasma density, e 0 unit charge, T e 
the electron temperature and m i the ion mass. ~ is a factor 
in the order of 0.5 to 0.8 which accounts for the variation 
of n and the potential inside the plasma [9]. 

Ire in Eq.(1) is the electron retardation-current given by 

• [ kTe .e-n(up,-u(t)) lr = Is. e-q(upi-u(t)) = - A n e  "% ~ 2rcm~ 

where I s is the electron saturation current and q = e0/kTe 
(m e electron mass) 

The differential Eq.(1) is solved by 

U(t) = 
I~ U(t) < + ~-. t ;  0,T- 

U p t _ q - l . l n l  Ie(1 nI~ / _ e  ~ - ' t  q_ en(U pt-UHF ) 

s 

+ ~-.t ;  O_<U(t)<_Upl,T + 

+ 

+ 

(2) 

An example for the time dependent variation of the sur- 
face potential U(t) is given in Fig. 3. 

During the ion bombarding interval T the charge built 
up at the sample (Uch) reduces the effective bombarding 
voltage U b = IUHFI + Up] to a value U b" = U b - U c h  at the 
end of T-. UHF becomes zero at the beginning of T +, and 
the surface potential rises by this value. U(t) at this point 
is therefore given by Uch- This means, the higher Uch, the 
higher is the current of plasma electrons which now starts 
to flow. If Uch > Up1, even an electron saturation current I s 
is drawn by the sample, reducing its potential very fast 
(some 10 -8 s) to a value below Up1 because IS is about two 
orders of magnitude above the ion saturation current IS. 
For Uch < Upl both an electron retardation current I t and the 
ion saturation current I s arrive at the sample surface, shift- 
ing its potential to the floating potential U~ (i.e. the poten- 
tial of an insulated probe in the plasma), where I~ = IeL 
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Fig. 3. Potential of the sample surface according to Eq.(2) for Ud~ 
< UHF 

For Uch << IUHF[ the electron retardation-current in 
Eq.(1) can be neglected and U(t) is given by 

T s  

U(t) = UHF + ~_L. t (3 a) 

and Uch at the end of T- is 

I s i 3' (3 b) 
Uch = ~-- • VH F 

with 7 = T-/( T+ + T-). VHF is the frequency of the applied 
rectangular HF voltage. The higer I ~ or 3' and the lower C 
or VnF are, the higher will be Uch. Since I~ and C are con- 
stants of the apparatus and the sample, respectively, charg- 
ing can be reduced by increasing VHF or reducing 7. 

For samples with a low capactiy (e.g. for oxidic glasses 
with a low dielectric constant ~), a charge build-up cannot 
be completely avoided even for very high values of VHF. 
Then the applied voltage, and therefore the distance d be- 
tween the plasma boundary and the sample surface do not 
remain constant during T-. Since the depth resolution de- 
pends strongly on the shape of the plasma boundary, the 
question arises, if it is possible to obtain good depth reso- 
lution with the HFM at all. 

E x p e r i m e n t  

Depth analysis of a multilayer structure is a good possi- 
bility for checking the depth resolution during sputter- 
profiling. In the present study we used a W-Si multilayer 
structure with 69 double layers of 40 A each, deposited on 
crystalline silicon. In order to form a non-conducting 
sample, the multilayer specimen was insulated against the 
sample holder by a glass slide (0.4 mm thick, ~ = 5.8 at 
1 MHz). A circular mask covering the sample was at the 
same potential as the sample surface. The measurements 
were carried out in a Leybold INA3 e- gas SNMS instru- 
ment [2]. 

A typical intensity versus erosion-time profile of such 
a multilayer is shown in Fig. 4. A striking feature of this 
profile is the modulation of both the W and Si signal su- 
perimposing the periodical variation of the signals from 
the individual layers. The long range variations can be re- 
ferred to an inhomogeneous bombarding current, resulting 
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Fig.4. Intensity vs. sputter-time profiles for an insulated W-Si 
multilayer with 700 kHz and Y = 0.5. The HF amplitude was 340 V 
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in different erosion rates at different parts of the crater. 
Then, the superposition of contributions from different 
crater sites results in a beat-like modulation of the signal 
oscillations from the individual layers. Assuming only 
two different ion current densities j~ and J2 as a rough ap- 
proximation (e.g. in the center and at the edge of the 
crater), the "beat frequency" Av of the long range signal 
modulation is given by 

Av = v~ - v2 Jl-J2 _ A j  a: doublelayer spacing. (4) 
a a 

Hence, the inhomogeneity of the bombarding current can 
be expressed as 

zxj _ zXv (5) 
j v 

For the respective depth profile measurements shown in 
Figs.4 and 5 HF-voltages of different amplitudes UHF 
have been applied at a constant distance of D = 2 mm be- 
tween the plasma aperture and the sample. VHF was always 
700 kHz, and Y = 0.5. Starting with UHF = 340 V (Fig. 4) 
an increase of the bombarding voltage by steps of 10 V 
leads to an improved homogeneity of the sputter erosion. 
The best result for the chosen step width was achieved for 
420 V (Fig. 5 a). At higher voltage (440 V) the erosion ho- 
mogeneity deteriorates again (Fig. 5 b). 

According to that the optimum HF-voltage must be 
about 420 V for VHF = 700 kHz and the actual sample con- 
figuration. This is in contrast to corresponding DBM mea- 
surements, where the optimum voltage was found to be 
around 300 V. The investigation of this discrepancy will 
be the subject of further experiments. It is very likely that 
the higher optimum voltage in the HFM is connected with 
charging effects that will reduce the bombarding voltage 
to a lower value. This assumption is supported by a calcu- 
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Fig. 5 a, b. As in Fig. 4, but for HF-voltages of a 420 V and b 440 V 

lated value of Uch = 80 V according to Eq.(3 b), that would 
reduce the effective UHF to a value near 300 V. 

C o n c l u s i o n  

It was demonstrated that the high-frequency mode of elec- 
tron gas SNMS enables the analysis of insulators with a 
depth resolution as good as obtained with the direct-bom- 
bardment mode for conducting samples. A very easy and 
fast method to check and optimize the depth resolution 
determined by the homogeneity of the sputter erosion is 
the analysis of multilayer structures. For practical perfor- 
mance, we propose to mount thin conducting multilayer 
samples onto the insulating sample to be analysed. Then 
the capacity of the non-conducting sample will determine 
that of the whole structure, and the UHF-Value for opti- 
mum depth resolution of the multilayer will also apply to 
the insulator. 
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