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(71) We, THE ELECTRICITY 
COUNCIL, a British Body Corporate, of 
30 Millbank, London, SW1P 4RD, do here-
by declare the invention, for which we pray 

5 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 follow-
ing statement: — 

This invention relates to methods of and 
10 apparatus for the coating of wire, rod or strip 

material by sputtering. 
In order that the sputtered coating should 

•properly adhere to material to be coated, the 
surface of the latter must be suitably activated. 

15 It is an object of the present invention to 
provide an improved form of apparatus in 
-which wire, rod or strip material is heated 
and cleaned and then coated in a continuous 
process. 

20 According to one aspect of this invention, a 
method of coating wire, rod or strip material 
by sputtering comprises the steps of firstiy 
subjecting the material to electron bombard-
ment in a glow discharge, and then subject-

25 'ing it to sputtering from a soft cathode dis-
charge. The initial electron bombardment 
heats and activates the surface of the material 
and may be arranged to give the optimum 
temperature and surface quality for the de-

30 position of the coating. A soft cathode is 
a cathode having a surface material that can 
be eroded by ion bombardment. The soft 
cathode thus provides the required coating 
material. 

35 As described later, a two-part gun having 
a first cathode part for the electron bombard-
ment and the second cathode part for the 
sputtering may be used. In some cases how-
ever, where the optimum cleaning and coating 

40 temperatures are different, two separate guns 
may be employed to allow some cooling before 
the sputtering operation. In general, exposure 
to air between tihe two operations is undesir-
able. 

45 According to another aspect of this inven-
tion apparatus for the coating of wire, rod 

or strip material comprises a chamber through 
which the material is passed, said chamber 
containing a gas at low pressure and a glow 
discharge electron gun having a tubular 50 
cathode shaped so that the wire, rod or strip 
can be passed axially through the cathode 
and an anode surrounding said cathode, the 
cathode being formed of two parts, a first 
part at one end being of a low sputtering 55 
yield material e.g. stainless steel or alumi-
nium, and the remaining part being formed 
at least partially of the required coating 
material whereby the wire, rod or strip, as it 
passes through the first part of the cathode, 60 
is subjected to electron bombardment in the 
glow discharge to heat and activate the sur-
face of the wire, rod or strip before the wire, 
rod or strip is passed into the coating region. -

The electron beam bombardment by the 65 
first part of the cathode, in addition to activat-
ing die surface, may also be used to anneal 
or generally heat treat the wire, rod or strip 
to be coated so that it is at the optimum 
temperature and surface quality for success- 70 
ful deposition of the coating material. 

By making the second part of the cathode 
physically close to the first part, there is no 
interruption in the bombardment of the sur-
face of the material to be coated as it passes 75 
through the cathode structure. The sputtering 
is caused by the bombardment of the cathode 
surface by neutral atoms or positively charged 
ions from the gas. In the region of the first 
part of the cathode, secondary electrons are 80 
released from the cathode by the bombardment 
of the cathode surface with ions and atoms of 
the gas. The surface of the material to be 
coated is cleaned, by the electron bombard- " 
ment, of any dirt, grease or oxide material 85 
and is thus suitably prepared to receive the 
coating. In the second part of the cathode, 
the material to be coated receives both elec-
trons and sputtered cathode material. 

The two parts of the cathode may be elec- 90 
trically isolated and means provided for 
applying a lower negative potential (with res-
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pect to the anode) to the second part com-
pared with the potential on the first part of 
the cathode. 

Instead of having the first and second parts 
5 of the gun in the same chamber, they may be 

arranged in separate chambers with means for 
separately controlling the pressures and/or 
the types of gas in the two separate chambers; 
means would be provided for feeding the 

10 wire, rod or strip continuously through the 
two chambers in succession. Thus the atmo-
spheres- can be separately controlled for the 
heating and coating sections. 

Provision may be made for controlling the 
15 second cathode voltage to control the sputter-

ing rate. This may also be controlled by choice 
of the gas, by varying the gas pressure or by 
controlling the cathode temperature. 

The coating material, e.g. lead or zinc 
20 or copper, may be arranged as inserts in a 

fixed cathode structure, for example as a 
series of segments around the material to be 
coated. In some cases it may be preferred to 
arrange such inserts so that they can be fed 

25 inwardly into the cathode structure as the 
material is used up. 

The cathode structure is preferably shaped 
to have substantially uniform spacing from 
the surface to be coated. For this reason, 

30 a cylindrical cathode is preferably used for 
coating a rod or wire. For a strip, the cathode 
may be of rectangular shape. 

In the following description, reference will 
be made to the accompanying drawings in 

35 which: — 
Figure 1 is a longitudinal section through 

an electron gun structure for use in appar-
atus for continuous coating of wire by 
sputtering; 

40 Figure 2 is an end view of the structure 
of Figure 1; 

Figure 3 is a transverse section through 
the sputtering section of the cathode in a 
modification of the arrangement of Figure 1; 

45 and 
Figure 4 is a transverse section through an 

electron gun structure for coating strip 
material. 

Referring to Figures 1 and 2, a wire 10 
50 to be coated is moved continuously at uni-

form speed through an electron gun structure 
in the direction of the arrow A. The gun 
-structure comprises a two part cylindrical 
•cathode having, at the entry end a hard cathode 

55 11 of stainless steel and at the exit end a 
soft cathode 12 (to be described later with 
reference to Figure 3) containing a material, 
such as lead or zinc or copper, for coating the 
wire. The two parts of the cathode are in 

60 . close proximity but electrically insulated from 
one another by insulation 13. Surrounding 
the cathode is an annular anode 14 having 
inwardly directed flanges 15 extending in-
wardly of the ends of the cathode. The gun 

65 is operated in a chamber containing a suit-

able low pressure gas, the gas being ionisable 
but chemically inert with respect to the 
materials of the wire and gun. 

The soft cathode 12 in the construction 
of Figures 1 and 2 is a simple cylindrical 70 
member of the coating material. Figure 3 
however illustrates another and preferred form 
of construction in which the sputtering, section 
of the cathode comprises segments 16 of stain-
less steel (or other low sputtering yield 75 
material) between which the coating material, 
in the form of rectangular bars 17, can be 
fed in radially. Means may be provided for 
slowly feeding these bars in continuously as 
the material is used up. 80 

In operation, the anode is at earth poten-
tial and the cathode at a negative poten-
tial. The gun is operated as a glow discharge 
electron gun. The wire is passed along the 
axis of the cathode. The hard cathode sec- 85 
tion 11 consists of a low sputtering yield 
material. Electrons generated from this sec-
tion of the cathode bombard the wire sur-
face and suitably prepare it for coating. At 
gas pressures around 25 Nnr2 the internal 60 
cathode surface is bombarded by ions and 
atoms and releases secondary electrons which 
are focused, by the concentric shaping of the 
electric field, onto the wire on the axis. In 
the hard cathode region the wire receives a 95 
high energy electron bombardment which 
cleans the surface of dirt, grease or oxide that 
may be present. In the soft cathode region 
the wire receives both electrons and sputtered 
cathode material. The soft cathode section 12 100 
or 16, 17 is physically close to the hard 
cathode so that there is no break in the elec-
tron bombardment of the wire or strip sur-
face. This soft cathode, however, contains the 
high sputtering yield material and the elec- 105 
tron generating process can thereby transfer 
the cathode material, by sputtering, to the 
wire surface. The sputtering is caused by 
the bombardment of the cathode surface by 
neutral atoms or positively charged ions from 110 
the gas in the area of the gun. The sputter-
ing rate can be controlled by varying the gas 
type, the gas pressure, the gun voltage or the 
cathode temperature. The two cathode sec-
tions are electrically isolated from each other, 115 
so that a lower negative potential may be 
applied to the soft cathode region as the 
coating rate requires. 

For coating a strip material, the gun is pre-
ferably suitably shaped to have a uniform 120 
spacing of the cathode surface from the strip 
surface. Such a gun is shown in Figure 4 
with a rectangular section cathode 20 sur-
rounded by a rectangular section anode 21. 
The strip 22 to be coated is passed along 125 
the centre of the structure. 

In some cases, it may be preferred to have 
the two parts of the cathode in separate cham-
bers so that pressures and/or the gases in 
the atmospheres for the electron bombardment 130 
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and for the sputtering operations can be dif-
ferent. 

WHAT WE CLAIM IS: — 
1. A method of coating wire, rod or strip 

5 material by sputtering comprising the steps of 
firstly subjecting the material to electron bom-
bardment in a glow discharge and then sub-
jecting it to sputtering from a soft cathode 
discharge. 

10 2. An apparatus for the coating of wire, 
rod or strip material comprising a chamber 
through which the material is passed, said 
chamber containing a gas at low pressure and 
a glow discharge electron gun having a tubu-

15 lar cathode shaped so that the wire, rod or 
strip can be passed axially through the 
cathode and an anode surrounding said 
cathode, the cathode being formed of two 
parts, a first part at one end being of a low 

20 sputtering yield material, and the remaining 
part, referred to as the second part, being 
formed at least partially of the required coat-
ing material whereby the wire, rod or strip, 
as it passes through the first part of the 

25 cathode, is subjected to electron bombardment 
in the glow discharge to heat and activate 
the surface of the wire, rod or strip before the 
wire, rod or strip is passed into the coating 
region. 

30 3. Apparatus as claimed in claim 2 where-
in said first part is formed of stainless steel. 

4. Apparatus as claimed in claim 2 wherein 
said first part is formed of aluminium. 

5. Apparatus as claimed in any of claims 
35 2 to 4 wherein the two parts of the cathode 

are electrically isolated and wherein means 
are provided for applying a lower negative 
potential (with respect to the anode) to the 
second part compared with the potential on 

40 the first part of the cathode. 
6. Apparatus as claimed in any of the pre-

ceding claims 2 to 5 and having means for 
controlling the voltage applied to the second 
part of the cathode to control the sputtering 

45 rate. 
7. Apparatus as claimed in any of the pre-

ceding claims 2 to 6 wherein means are pro-
vided for controlling the gas pressure in said 
chamber. 

50 8. Apparatus as claimed in any of the pre-
ceding claims 2 to 7 wherein the coating 
material is arranged as inserts in a fixed 
cathode structure. 

9. Apparatus as claimed in claim 8 where-
in the coating material is arranged as a series 55 
of segments around the surface to be coated. 

10. Apparatus as claimed in either claim 8 
or claim 9 wherein the inserts are arranged 
SO' that they can be fed inwardly towards 
the axis of the cathode structure as the coating 60 
material is used up. 

11. Apparatus as claimed in any of the pre-
ceding claims 2 to 10 wherein the cathode 
structure is shaped to have substantially 
uniform spacing from the surface to be 65 
coated. 

12. Apparatus as claimed in claim 11 and 
for coating a cylindrical rod or wire where-
in the cathode is a cylindrical cathode. 

13. Apparatus as claimed in claim 11 and 70 
for coating a strip wherein the cathode is of 
rectangular shape. 

14. Apparatus as claimed in any of the 
preceding claims wherein the coating material 
is lead. 75 

15. Apparatus as claimed in any of claims 
1 to 12 wherein the coating material is 
zinc. 

16. Apparatus as claimed in any of claims 
1 to 12 wherein the coating material is 80 
copper. 

17. A modification of the apparatus of any 
of the preceding claims 2 to 16 wherein the 
first part and second part of the gun are 
arranged in separate chambers with means 85 
for separately controlling the pressures and/ 
or the types of gas in the two separate cham-
bers and wherein means are provided for 
feeding the wire, rod or strip material con-
tinuously through the two chambers in succes- 90 
sion. 

18. Apparatus for the coating of wire, 
rod or strip material by sputtering substan-
tially as hereinbefore described with refer-
ence to the accompanying drawings. 95 

19. A method of coating wire, rod or strip 
material substantially as hereinbefore des-
cribed. 

20. Wire, rod or strip material coated by 
the method of either claim 1 or claim 100 
19. 
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