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(71) We, THE ELECTRICAL 
RESEARCH ASSOCIATION, A British 
Company, of Cleeve Road, Leatherhead, 
Surrey, do hereby declare the invention, for 

5 which we pray that a patent may be granted 
to us, and the method by which it is to be 
performed, to be particularly described in and 
by the following statement: — 

The use of a radio-frequency supply source 
10 for the process of sputtering coatings is now 

well established as it also the use of a double 
electrode system in conjunction with such a 
source. The preferred type of source is a self-
excited radio-frequency power generator 

15 usually with a non grounded balanced output 
which has advantages of cost and ruggedness 
in use. 

One arrangement of electrodes which can be 
used in such a system in a pair of similar 

20 coplanar rectangular electrodes mounted 
side by side within a sputtering chamber 
and such an arrangement is described, for 
example, in the publication of Edwards High 
Vacuum (Plant) Limited, numbered 11820. 

25 This arrangement is intended primarily for 
use in an in-line system in which substrates 
to be coated are passed through successive 
chambers in which successive stages of the 
process are carried out. The direction of 

30 movement of these substrates is parallel with 
the common transverse axis of the two elec-
trodes and during the sputtering process itself 
the substrates may be either moving or 
stationary. Such an arrangement leads to 

35 reasonable uniformity of deposition as shown 
in the publication referred to above. Despite 
this there are applications where greater 
uniformity of deposition may be required. 

The present invention is based on the prin-
40 ciple of increasing the uniformity of deposi-

tion by the use of appropriately shaped elec-
trodes or by variation in the spacing between 
the electrodes and the substrates along the 
length of die electrodes. If the first alterna-

45 tive is adopted, a pair of similar electrodes 
are mounted side by side and each decreases 
progressively in width from the edges to the 
centre at a rate so chosen as to compensate 

at least to a major extent for variations in the 
thickness of coating which would otherwise 50 
occur. In other words the slight decrease in 
the thickness of coating which occurs towards 
the edges of the substrates in the prior 
arrangement is counteracted so as to produce 
substantial uniformity of thickness. The refer- 55 
ence to the edges as compared to the centre 
is intended to apply to a direction transverse 
to the line joining the centres of gravity of the 
two electrodes so that the width of the elec-
trodes is measured in the direction of travel 60 
of the substrates. 

The width of each electrode will need to 
vary in a curve such that the width of the 
electrode increases at a rate which is roughly 
the same as the thickness of deposition would 65 
decrease if the electrodes were rectangular. 
The precise shaping may need to be detr-
mind in each particular instance by firstly 
carying out a trial with rectangular elec-
trodes, measuring the variations in thickness 70 
of deposition and then shaping the electrodes 
to compensate for this. As a first approxima-
tion the percentage increase in the width of 
the electrodes at a position xcm. from the 
common axis is given by the expression. 75 

T , - T x 
X100% 

T* 

where T0 is the film thickness on a parallel 
plane substrate at a position perpendicular 
to the centre of the electrode and Tx is the 
film thickness x cms. from this position in a 80 
direction perpendicular to the direction of 
travel of the substrate, the values T0 and Tx 
being determined from the trial previously 
mentioned. 

If the compensation is to be obtained by 85 
variation of the spacing, i.e. by making this 
less at the edges than at the centre this can 
be achieved by appropriate shaping of either 
the electrodes or the substrates, preferably the 
former. If the electrodes are to be shaped, 90 
the spacing between them and the substrates 
which are fiats needs to decrease towards the 
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edges at a rate so chosen as to compensate at 
least to a ma/or extent for variations in the 
thickness of coating which would otherwise 
occur, in other words they will need to be 

5 generally concave towards the substrates, being 
curved about an axis (or axis in the case of a 
compound curve) parallel to the line joining 
the centres of gravity of the two electrodes, 
i.e. parallel to the direction of movement of 

10 the substrates. This geometrical configuration 
in conjunction with the nature of the polar 
distribution characteristic of the emitted target 
material leads to improved uniformity in the 
deposit perpendicular to the direction of sub-

15 strate travel. 
A similar effect can be obtained by leav-

ing the electrodes flat and so shaping the 
substrates that the spacing between them and 
the electrodes decreases towards the edges at 

20 a rate so chosen as to compensate at least to a 
major extent for variations in the thickness 
of coating which would otherwise occur. In 
other words the substrates need to be curved 
in a manner similar to that just described 

25 for the electrodes so that their edges (i:e: 
the sides parallel with the direction of travel) 
are closer to the electrodes than their central 
portions. 

As with the first method referred to above 
30 the variation in the spacing may need to be 

determined in each particular instance by 
firstly carrying out a trial with flat electrodes 
and flat substrates, measuring the variations 
in thickness of deposition and then adjusting 

35 the spacing between die electrodes and sub-
strates either by curving the electrodes and 
leaving the substrates fiat or vice versa so as 
to compensate for the variations in thick-
ness. 

40 Different methods in accordance with the 
invention will now be described by way of 
example with reference to the accompanying 
diagrammatic drawings in which: 

Figure 1 is a plan view illustrating the 
45 shaping of electrodes used in a first method, 

Figure 2 is a perspective view showing a 
pair of electrodes in accordance with Figure 1 
in relation to a substrate being coated, 

Figure 3 is a view corresponding to Figure 
50 2 and illustrating an alternative method, and 

Figure 4 is a further view similar to Figures 
2 and 3 and illustrating a third method. 

Turning first to Figure 1 the electrode 1 
is illustrated in relation to the intended direc-

55 tion of substrate travel indicated by the 
arrow A. As can be seen from the drawing 
the width of the electrode 1 (as measured 
in the direction of the arrow A varies along 
its length as indicated by an arrow B, being 

60 a minimum at the centre and a maximum at 
the two edges. Each side 2 of the electrode 
is in the form of a relatively smooth curve 
which needs to be determined in advance 
by firstly carrying out a trial with rectangular 

65 electrodes, measuring the variations in thick-

ness of deposition on a substrate and then 
shaping the electrodes appropriately. In other 
words the width of the electrode increases in 
the direction B at a rate which is roughly 
the same as the thickness of deposition would 70 
decrease if the electrodes were rectangular. 

Figure 2 shows a pair of electrodes 1 
shaped as just described mounted side by 
side in a sputtering chamber 3. The electrodes 
1 are applied from a radio-frequency gener- 75 
ator indicated diagrammatically at 4. The 
sputtering carried out in the chamber 3 con-
stitutes one stage of an in-line process in 
which the substrates are moved through suc-
cessive chambers. In the chamber 3 succes- 80 
sive substrates, one of which is shown as 5, 
are moved in a direction indicated by an arrow 
C along the line joining the centres of gravity 
of the two electrodes 1. During the sputtering 
process itself the substrates may be either 85 
moving or stationary. When rectangular elec-
trodes are used the thickness of deposit on 
each substrate is found to decrease slightly 
towards its edges indicated as 6 by the use 
of electrodes shaped as shown in Figure 1 sub- 90 
stantial uniformity of deposit is obtained. 

The precise shaping of the electrodes 1 is 
derived as previously described, i.e. by firstly 
carrying out a trial with rectangular electrodes 
and measuring the variations in thickness of 95 
the coating thus obtained. The shaping of the 
electrodes can then be derived from the 
expression previously quoted and if necessary 
a further trial can then be carried out in 
case any final adjustments of shaping are 100 
required to give the degree of uniformity 
of deposition necessary in any particular cir-
cumstances. These trials are carried out at 
the beginning of a run and once the shaping 
has been finalised large number of substrates 105 
can be coated with the required degree of 
uniformity. Similar results are obtained with 
the alternative arrangement of Figures 3 and 
4 in which similar features are identified by 
the same reference numerals. In Figure 3 110 
the width of the electrodes shown at 31 is 
constant but instead of being flat they are 
curved so that the spacing between the elec-
trodes 31 and the substrates 5 is less at 
the edges than at the centre. The curvature 115 
required to give the necessary degree of uni-
formity of deposition is derived in the same 
way as described with reference to Figures 1 
and 2, i.e. by carrying out one or more pre-
liminary trials starting with flat electrodes 120 
and measuring the variations in the thickness 
of deposition. 

In the alternative of Figure 4 flat rect-
angular electrodes shown as 41 are used but 
the spacing between the electrodes and the 125 
substrates, one of which is shown at 45, is 
made less at the edges than at the centre 
by appropriate curvature of the substrates 
themselves as shown in this figure. Once again 
the shaping of the substrates is determined by 130 
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one or more preliminary trials at the begin-
ning of a run. 

With any of the three arrangements shown 
in Figures 2, 3 and 4 a magnetic field may 

5 be associated with the electrodes but is not 
indicated in the drawings. When such a mag-
netic field is used the flux lines are prefer-
ably oriented parallel with one of the three 
axes of the system, transverse orientations 

10 being useful for controlling electron bom-
bardment of the substrates. 

To give an example of the scale involved, 
the following typical dimensions apply to all 
three examples: — 

15 Minimum central width=50 mm 
Length of electrodes=100 mm or greater 
Minimum separation at any point between 

electrode and substrate=20 mm. 

WHAT WE CLAIM IS: — 
20 1. A method of sputtering coatings on to 

substrates within an evacuated chamber by 
means of a radio-frequency supply source con-
nected to a pair of similar electrodes mounted 
side by side, the sputtering constituting one 

25 stage of an in-line process in which the sub-
strates are movel through successive cham-
bers, the movement in the evacuated sputter-
ing chamber being parallel with the line 
joining the centres of gravity of the two 

30 electrodes, and in which method electrodes are 
used which decrease progressively in width 
from the edges to the centre at a rate so 
chosen as to compensate at least to a major 
extent for variations in the thickness of coat-

35 ing which would otherwise occur. 
2. A method of sputtering coatings on to 

substrates within an evacuated chamber by 
means of a radio-frequency supply source con-
nected to a pair of similar electrodes mounted 

40 side by side, the sputtering constituting one 

stage of an in-line process in which the sub-
strates are moved through successive cham-
bers, the movement in the evacuated sputter-
ing chamber being parallel with the line join-
ing the centres of gravity of the two electrodes, 45 
and in which method the electrodes are so 
shaped that the spacing beween them and 
the substrates which are flat decreases towards 
the edges at a rate so chosen as to compensate 
at least to a major extent for variations in the 50 
thickness of coating which would otherwise 
occur. 

3. A method of sputtering coatings on to 
substrates within an evacuated chamber by 
means of a radio-frequency supply source con- 55 
nected to a pair of similar electrodes mounted 
side by side, the sputtering constituting one 
stage of an in-line process in which the sub-
strates are moved through successive cham-
bers, the movement in the evacuated sputtering 60 
chamber being parallel widi the line joining 
the centres of gravity of the two electrodes, 
and in which method the electrodes are flat 
and the substrates are so shaped that the 
spacing between them and the electrodes 65 
decreases towards the edges at a rate so 
chosen as to compensate at least to a major 
extent for variations in the thickness of coat-
ing which would otherwise occur. 

4. A method according to any one of the 70 
preceding claims in which, as a preliminary 
step, a coating is sputtered using flat rect-
angular electrodes and flat substrates, the vari-
ation in thickness of the coating so obtained 
is measured, and the measurements thus 75 
obtained are used in choosing the degree of 
compensation. 

For the Applicants: — 
GILL, JENNINGS & EVERY, 

51/52, Chancery Lane, 
London, WC2A 1HN. 

Printed for Her Majesty's Stationery Office, by the Courier Press, Leamington Spa, 1973. 
Published by The Patent Office, 25 Southampton Buildings, London, WC2A1AY, from 

which copies may he obtained. 



1332791 COMPLETE SPECIFICATION 

ig Is a rep 
al an a. re 
Sheet 1 

O CLICLTC This drawing Is a reproduction of 
e. anccia the Original on a. reduced scale 

FIG.2 



1332791 COMPLETE SPECIFICATION 

This drawing is a reproduction of 
the Original on a reduced scale 

Sheet 2 

F/6.3. 

FIG 4 

1332791 

2 SHEETS 


