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Electrically non-conducting materials can be anal
ysed in a glow discharge lamp by mixing them with 
a conducting powder 2. A certain amount of cop
per powder, for instance, is added to the ground 
non-conducting sample and the mixture is pressed 
into a pellet. The non-conducting material can be 
regarded as being present in the sample pellet as 
inclusions in a conducting matrix. It is generally 
assumed that the whole sample surface is covered by 
a conducting layer after the pre-burn time, typically 
20 seconds. The present work is concerned with 
scanning electron microscope studies on the redepo- 
sitioning of sample material during the process of 
sputtering in a glow discharge.

Small holes, 0,5 mm in diameter, were drilled 
into the flat surface of copper discs and were filled 
up with epoxy resin. Thus the sample prepared 
represented non-conducting inclusions (epoxy resin) 
in a conducting matrix. These samples were then
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Fig. 1. Secondary electron micrograph of a typical surface 
area (tilt angle 40°) near the centre of non-conducting in
clusion.

exposed to sputtering in a glow discharge lamp. The 
electrical discharge parameters were so chosen that 
excessive heating of the sample was avoided. A dis
charge current of 20 mA and a burning voltage of 
600 V were found to be best suited. An increase in 
the discharge current resulted in the partial melting 
of the inclusions.

The sputtered surfaces of the samples were studied 
by means of a scanning electron microscope equip
ped with an energy-dispersive X-ray spectrometer. 
Figures 1 and 2 are secondary electron micrographs 
taken near the centre and near the perimeter of the 
surface of an "inclusion" (epoxy resin) after the 
sample had been sputtered for 60 seconds. Both 
micrographs show that a copper layer had formed 
over the entire surface of the non-conducting in
clusions. A thick porous layer had formed near the 
centre in contrast with the perimeter where the layer 
had compacted and was about 15 //m thick. The 
pillar structure of the copper layer is clearly notice
able in Figure 2. Micro-analyses on various areas 
confirmed that the layer on the inclusions consisted 
of copper. A shorter sputtering time resulted in 
thinner layers and it could be concluded that the 
redepositioning of copper starts at the perimeter of 
the inclusion. With increased sputtering time the 
layer develops further towards the centre of the sur
face of the inclusion.

From the micrographs it is evident that copper is 
deposited preferentially on the non-conducting in
clusions, which is most probably due to the influence 
of an electric field. The non-conducting areas are 
negatively charged and will therefore attract the

Fig. 2. Secondary electron micrograph of a typical surface 
area (tilt angle 40°) near the perimeter of non-conducting 
inclusion.
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positive copper ions present in the discharge plasma. 
The electric field is stronger at the transition zone 
between the conducting and non-conducting material 
giving rise to the gradient in thickness and com
pactness of the layer on the inclusion.

A rough calculation reveals that about 4 x 1018 
copper atoms had been sputtered away after 60 sec
onds assuming that the energy of the bombarding 
ions 3 was about 100 eV and the sputtering yield 4

reached 0.5 atoms per incident ion. It is estimated 
that about 8 x 1017 copper atoms, which is 20% of 
the copper atoms removed by sputtering, are de
posited on the inclusions representing only 1.5% of 
the total surface area of the sample disc.

The present contribution provides experimental 
evidence that an appreciable amount of sample ma
terial is redeposited mainly on non-conducting in
clusions during sputtering in a glow discharge.
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