
PATENT SPECIFICATION dD 1 582 231 

(21) Application No. 33794 /76 (22) Filed 13 August 1976 
C* (23) Complete Specification Filed 8 Aug. 1977 
^ (44) Complete Specification Published 7 Jan. 1981 
0© (51) INT. CL.3 C23C 11 /00 
^ (52) Index at Acceptance 
^ C7F 1B2 1B5 2Z4 2Z5 3E 4H 4W 5A 

(72) Inventor: LESLIE A R T H U R HOLLAND 

(54) THE APPLICATION OF A LAYER OF CARBONACEOUS MATERIAL TO A 
SURFACE 

(71) We, NATIONAL RESEARCH DEVELOPMENT CORPORATION, a British 
Corporation established by Statute, of Kingsgate House, 66 - 74 Victoria Street, London 
SW1, do hereby declare the invention for 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 

5 following statement: 5 
This invention relates to the application of a carbonaceous material to a surface. 
Several methods are known of applying carbon to a surface, but they may have disadvan-

tages. If carbon is evaporated in vacuo and deposited on an electrical conductor or insulator, 
the deposition rate may be low and the carbon coating may not adhere firmly. If carbon from 

10 a carbon target is sputtered in an argon glow discharge on to a surface, only a small quantity of 10 
carbon is released per incident positive ion so that only a slow growth rate can be achieved, 
perhaps of the order of a monolayer per second. A hydrocarbon gas may be exposed to 
energetic electrons from a hot electron emitter or a cold cathode or radio frequency glow 
discharge and a carbonaceous film deposited, but when the polymer-like film which forms 

15 contains a high proportion of carbon, adhesion to the substrate may be poor. In yet another 15 
method, a metal cathode in a d.c. glow discharge may be exposed to a hydrocarbon gas so that 
carbon grows on the cathode, but the deposited carbon is of low electrical conductivity, which 
limits the conduction current and allows an accumulation of positive charge on the coated 
surface. 

20 It is also known to employ a radio frequency (r.f.) system in a method of applying a 20 
carbon-containing material to a surface. In the Japanese Journal of Applied Physics, Volume 
12,1973 No. 5, page 69, Tekeda and Saito use an r.f. discharge excited by an induction coil to 
form polystyrene film from styrene monomer. In Thin Solid Films, Volume 23, 1974 page 
S45, Ando and Aozasa use a triode system with one electrode coupled to a r.f. system; a glow 

25 discharge is developed in a gas such as styrene and a film of a polymer, such a polystyrene, is 25 
deposited on the r.f. coupled electrode. However, a frequency of 100 kHz is used and it is 
believed that only material containing a high proportion of carbon-hydrogen bonds can be 
deposited, that is, a conventional high polymeric material. 

In this specification, the term 'carbonaceous' means a material which is either pure carbon, 
30 or carbon containing a small proportion of hydrogen or other element; the number of 30 

carbon-hydrogen bonds is smaller than the number occurring in the (CH2)n general structure 
of a high polymeric or plastics material. 

According to the invention, a method of applying a carbonaceous material to a surface 
comprises exposing the surface to an ionised gas atmosphere generated in a gas consisting 

35 substantially of carbon and hydrogen, and applying to the surface through capacitive means 35 
an electrical potential which changes sign at time intervals of between 5 x 10 ~9 and 10~6 

seconds. In such a method, the surface has a net negative bias potential. 
The surfaces may be of a conducting or semiconducting material, when the capacitive 

means comprises a separate capacitor, or the surfaces may be of an insulating material, when 
40 the bodies of material may themselves comprise the capacitive means. 40 

The ionised gas atmosphere may also be termed a plasma, and the gas will normally be a 
hydrocarbon compound with the optional addition of a small proportion of another gas if a 
"doped" carbonaceous layer is required on the surface. 

The plasma may be generated in a two electrode system by said source of radio frequency 
45 or may be generated in a three electrode system by separate means, for example an additional 45 
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radio frequency source or a hot cathode or a cold cathode glow discharge arrangement. 
One method of applying a carbonaceous material to a surface comprises connecting the 

surface through capacitive means to one terminal of a source of electromagnetic radiation at a 
frequency of between 0.5 and 100 megahertz, connecting the other terminal of the source to 

5 an electrode spaced from the surface, and supplying to the vicinity of the surface a gas 5 
consisting substantially of carbon and hydrogen whereby an ionised gas atmosphere is 
generated in the vicinity of the surface. 

A method of applying a carbonaceous material to two spaced surfaces comprises connect-
ing each surface through respective capacitive means to a different terminal of a source of 

10 electromagnetic radiation at a frequency of between 0.5 and 100 megahertz; and supplying to 10 
the vicinity of the surfaces a gas consisting substantially of carbon and hydrogen whereby an 
ionised gas atmosphere is generated in the vicinity of the surfaces. 

Also according to the invention, apparatus for use in a method of applying a carbonaceous 
material to a surface comprising means for supporting the surface; means for connecting the 

15 surface through capacitive means to a source of electrical potential which changes in sign at 15 
time intervals of between 5 x 10~9 and 10~6 seconds; and means for generating an ionised gas 
atmosphere in the vicinity of the surface. 

In conventional sputtering process, a target is bombarded with positive ions which release 
particles of the target material for deposition on a separate substrate. 

20 In the present process, in complete contrast, a carbonaceous material is deposited on the 20 
"target". Further, conventional sputtering is normally carried out in an atmosphere of argon 
or argon and oxygen, and the presence of a hydrocarbon gas is considered deleterious. In the 
present invention, a hydrocarbon gas is deliberately introduced and the presence of argon or 
oxygen or water, even at small concentrations, inhibits the growth of carbonaceous material 

25 on the surface by reducing the growth rate. 25 
In a conventional sputtering process in which a material is deposited on an insulating 

substrate, it is usual to apply a radio frequency signal to the target to prevent build-up of a 
positive charge layer. Since electrons move more quickly than the much heavier positive ions 
present, the effect is to give the substrate a net negative charge, provided the frequency is 

30 between about 0.5 megahertz and 100 megahertz. This effect also occurs when the method of 30 
the present invention is used, and the substrate to be coated will be at a negative potential 
with respect to the plasma; this is an essential condition for the application of a carbonaceous 
material to the substrate by a method according to the invention. 

The invention will now be described by way of example with reference to the accompany-
35 ing drawings in which: 35 

Figure 1 illustrates apparatus for applying carbon to a surface of an insulating material by a 
method according to the invention; 

Figure 2 is a detailed view of the electrical connections used when the carbon is to be 
applied to an electrically conducting surface; 

40 Figure 3 illustrates an alternative radio frequency supply arrangement; 40 
Figures 4(a) and 4(b) illustrate apparatus by which carbon may be applied to the inside of a 

conducting tube and an insulating tube (shown in section) respectively; and 
Figures 5 (a) and 5 (b) illustrate schematically alternative way of generating a plasma from a 

supply other than the radio frequency source connected to the surface to be coated. 
45 In Figure 1 a glass slide 10 is supported by a metal electrode 11 which is insulated at 12 45 

from the grounded base plate 13 of a vacuum chamber 14. The electrode is connected 
through a coaxial lead 12A to one terminal of a 13.56 megahertz power supply and matching 
network 15, the other terminal of which is grounded. This frequency is of a convenient value 
and is also a permitted radiation frequency. A thin metal shield 8 supported by the base plate 

50 13 is arranged around the surface to be coated. 50 
The base plate also carries a tube 16 connectable as indicated by the arrow 17 to a vacuum 

pump or to an air admission value 18; a vacuum gauge 10; and a tube connection to a needle 
valve 20 through which a gas supply may be connected as indicated by the arrow 21. 

In operation, the chamber 14 is evacuated to 10"3 torr, and butane gas is admitted through 
55 the needle valve 20 to a pressure of between 10~2 and 10"1 torr. Connection of the power 55 

supply 15 to electrode 11 causes a plasma 22 to form in the chamber between electrode and 
earthed base plate 13 (which constitutes an r.f. electrode). Under these conditions it has been 
found that in a few minutes a layer of carbon forms over the whole upper surface of the glass 
slide 10, as indicated by reference 23. The layer was found to be several micrometers in 

60 thickness, hard and tenacious, and resistant to scratching by glass of the same kind as the 50 
slide. The shield 8 prevents deposition on other surfaces by spatially limiting the positive ion 
sheath in the plasma. 

Fig. 2 indicates the connection to the electrode 11 when a conducting or semidonducting 
substrate 24 is to be coated. The electrode is then connected to the radio frequency supply 15 

65 through a 600 pF blocking capacitor 26. Under similar conditions to those described above, a 65 
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10 

carbon layer 25 will be deposited on the substrate. This arrangement also shows a water-
circulation system 9 in contact with the electrode 11 to provide temperature control. 

Figure 3 illustrates an alternative arrangement to the grounded supply used in the 
apparatus shown in Figures 1 and 2. In a balanced system, two similar spaced electrodes 27, 

5 28, each equivalent to electrode 11, are connected one to each terminal of the supply 15. The 
electrodes must be capacitively coupled when conducting and semiconducting substrates are 
to be coated. Two surfaces can be coated simultaneously. 

The spacing between the capacitiveiy coupled electrode 11 and the earthed base plate 
electrode 13 in Figure 1, or between the two capacitively coupled electrodes 2 7 , 2 8 in Figure 

10 3 must be sufficient to allow a plasma to be excited, and must be greater than the depth of the 
positive sheath in the plasma. The minimum spacing is usually about 2.5 centimetres and a 
practical spacing is several times greater. 

In modified arrangements the second r.f. terminal can be connected directly to the base 
plate 13 instead of through earth. 

In Figure 4(a) the inside of a metal cylinder 32 may be coated with a carbonaceous material . , 
by sealing the ends of the tube by insulated connectors 33, 34, evacuating the cylinder 
through a tube 35, supplying hydrocarbon gas through a tube 36, and connecting the cylinder 
through a blocking capacitor 37 to a radio frequency source. In Figure 4(b) an insulating 
cylinder such as a glass tube 29 surrounded by a cylindrical metal electrode 30 can be 

20 connected directly to the source without the blocking capacitor. A carbonaceous layer 31 will 
be deposited in the tube. 

In Figure 5(a), the vacuum chamber 14 is surrounded by a coil 40 which constitutes a 
separate source of plasma excitation and which is connected to a second radio frequency 
source 41 which is used to generate the plasma, while the radio frequency source 15 is 

25 connected to the electrode 11 as before. In Figure 5(b), a plasma 42 is generated between a » , 
hot tungsten filament 43 connected to a power supply 43 A, and an electrode 44 connected to 
a power supply 44A, and the electrode 11 connected through blocking capacitor 26 to the 
source 15 is immersed in the plasma. In both cases, a blocking capacitor is required when a 
conducting substrate is to be coated, but may not be needed when an insulating substrate is to 

30 be coated. ™ 
Although temperature control by water-circulation has been shown only in Figure 2, it may 

be applied to any of the other arrangements. If temperature is to be increased, in an 
alternative arrangement an excess of r.f. power may be applied to the surface to be coated, 
which will raise the temperature. 

35 In all arrangements, the hydrocarbon gas in the plasma is bombarded by electrons and is 
dissociated and ionised. During part of one half of the r.f. cycle, the surface to be coated is in a 
region where the applied electric field attracts electrons which, because of their high speed 
and the short distance of travel, arrive almost instantaneously. Because the surface is 
connected to a capacitor, the electrons cannot escape through the surface. When the negative 

40 charge from the accumulator electrons result in a potential equal and opposite to that of the 
applied potential, positive ions are attracted to the negatively charged surface and when they 
impinge on it their charge is neutralised by the electrons, which are replenished from the 
plasma during part of the next half cycle. The positive ions move much more slowly than the 
electrons so that the surface has a net negative charge throughout the r.f. cycle. If the positive 

45 ions are to have sufficient energy for the surface to be coated, they must be accelerated 
towards the surface by the negative charge and the reversal of field at the surface must be 
sufficiently fast to keep the surface at a fairly high net negative charge with respect to the 
plasma. Switchable frequencies are 0.5 to 100 megahertz. 

The surface is bombarded by carbon ions, hydrogen ions, gas molecular ions, ionised 
50 fragments and energetic neutral particles. It is believed that the energy deposited on the ,n 

surface removes superficial matter from the substrate and results in the implantation of 
carbon. The material deposited on the surface is richer in carbon than the hydrocarbon gas 
because hydrogen atoms and molecules are more easily removed from the surface. It is 
believed that the effect is due to the low self-sputtering yield of carbon and the low sputtering 

55 yield for hydrogen impinging on carbon. , , 
The proportion of hydrogen in the material with which a surface is coated by a method 

according to the invention depends on the conditions used. Three different structural types of 
coating produced under different conditions can be distinguished, although the three types 
merge from one to the other with no clear division. 

60 (i) "polymeric" type 60 
The carbonaceous layer contains numerous carbon-hydrogen bonds (detectable by infra-

red absorption methods) as well as carbon-carbon bonds. The material is formed on the 
surface when fragmented and reacted hydrocarbon molecules in the plasma combine with 
hydrocarbon molecules to form larger molecules as they all then impinge on and receive 

65 alternate electron and positive ion bombardment on the surface. Such a structure may be 
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useful if, for example, the coated surface is to be carbonised by heating, when the hydrogen 
will be removed at the elevated temperature, 

(ii) amorphous carbon 
Such a layer contains no carbon-hydrogen bonds, because any molecule containing a 

5 carbon-hydrogen bond and which has condensed on the surface is exposed to the impact of 5 
positive ions and electrons in alternate r.f. half-cycles at energies and impact rates per unit 
area sufficient to break any such bonds, although hydrogen is present in the layer due to 
sorption and ion burial. The carbon does not have a crystalline structure but has useful 
properties. For example such a coating on a silicate glass substrate cannot be scratched by a 

10 similar glass or by hard metals such a tungsten carbide; the coating is resistant to attack by jg 
solvents and active agents which dissolve polymeric hydrocarbons; the coating has a high 
electrical resistivity, of the order 101 2 ohms per square for films of about 0.2/xm thick, and 
good electric breakdown strength. The refractive index is about 2 and the coating is transpar-
ent to infra-red radiation at wavelengths above about 1 /xm. 

15 (iii) graphitic carbon 15 
As with type (ii) there are no carbon-hydrogen bonds of the type in a (CH2) chain 

characteristic of a polymer structure. The material has the usual graphitic structure, with the 
associated low electrical resistivity, and about 104 ohms per square for a coating about 0.1 n m 
thick. 

20 The properties of the deposited carbonaceous film are also affected by the temperature of 20 
preparation. The surface may either be cooled or heated by provision of a water circulating 
system in contact with the supporting electrode or may be heated by the supply of high r.f. 
power. The pressure of butane gas and the negative bias voltage on the surface also affect the 

, type of carbonaceous coating, as illustrated in the Table I below. 



TABLE I 

Temperature 
of surface 

15 

Input 
power 

watts 

30 

Unit imput 
power 

watts 
cm2 torr 

Growth 
rate 

A" 

minute 

- 1 0 0 

Film 
thickness 

A° 

4,000 

15 

>150 

15 

180 

420 

450 

24 

56 

1,800 

-500 

-800 
- 8 0 0 

1,600 

8,000 

2,000 

Target Type of 
Pressure bias deposit 

torr volts 

0.6 —80 "polymeric", 
C-H bonds 
present 

0.15 —600 amorphous 

0.15 —1,300 graphitic 

5 X 10"3 —1,500 graphitic 
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It can be seen that the r.f. power input per unit target area and per one torr pressure is an 
important factor in determining the type of deposit. Further, gases other than butane may be 
used, i.e. hydrocarbon gases having lower or higher molecular weights, and thermally 
vapourised compounds of up to 400 to 500 atomic mass units; the higher the molecular 

5 weight at a given gass pressure and temperature, the greater the required input power, hence 5 
the range of values in Table II below, which illustrates the type of deposit produced on a glass 
target. 

10 T A B L E 1 1 10 
r.f. watts input to plasma type of film 
per unit target area and deposited on glass 
per one torr pressure. 

1 5 r.f. watts 1 5 

cm2 torr 

u P t o 2 0 "polymeric film" 
20 C-H bonds present 20 

> 2 0 2 0 0 amorphous 

> 2 0 0 graphitic 
25 25 

Since the surface was glass and of low thermal conductivity, the temperature of the surface on 
which deposition took place was above 200°C. at high input powers, leading to the change in 

30 structure. If an amorphous carbon layer is heated after the deposition process, a similar 30 
change occurs. 

In Table II, the deposits were made at potentials down to -80 volts at 5 x 10"3 torr and 
below -100 volts at 0.6 torr. 

35 Materials to which a layer of carbon has been applied by a method according to the 35 
invention may be used in circumstances when corrosion resistance or surface hardness are 
required or may be used as high-value resistors, or as a passivating film on a semi-conductor 
to prevent corrosion or adsorption of gases etc. The coatings also have optical properties 
which make them suitable for use as absorption filters of controlled density, optical interfer-

40 ence films of high refractive index, to reduce the surface reflectivity of e.g. germanium, and 40 
absorptive coatings on opthalmic lenses. Further, the technique may be used for chemical 
modification of a metal surface by formation of carbides or reduction of oxygen content. 

In addition to the method using a gas containing only carbon and hydrogen, other organic 
gases may be used, either in admixture with a purely hydrocarbon gas or alone, provided the 

45 content of reactive elements such as oxygen is not sufficient to remove the carbon as fast as it 45 
is deposited. A net deposition is the required condition. 

Further, other elements in atomic or molecular gas form may be added to the hydrocarbon 
gas, provided the sputtering yield of the additional element is insufficient to cause complete 
removal of the deposited carbon layer. For example, small additions of inert gases may 

50 enhance the dissociation of the hydrocarbon gas in the plasma, even though such a gas may 50 
reduce the rate of carbon deposition. Other elements, such as group III or group V elements 
in gaseous compounds, may be added to the plasma and will be implanted or trapped in the 
carbon film as it is deposited; an example is implanting boron from boron hydride or boron 
chloride. 

55 The invention has been described with reference to the application of carbon to a flat 55 
substrate or the internal surface of a cylinder. It is to be understood that there is no limitation 
on the shape of a surface which can be coated; the surface may be flat or curved, and the 
surfaces of a three-dimensional object can be treated. Also, the area of surface which can be 
coated is limited by considerations of size of apparatus rather then any limitation intrinsic to 

60 the method according to the invention. 60 
There is however a limit to the thickness of amorphous carbon coating which can be 

applied; it has been found that a film greater than about a few micrometres thick (depending 
on the substrate material) cracks spontaneously during deposition, and that films thicker than 
a few thousand Angstrom units (depending on the substrate material) tend to crack a few 

65 days after deposition. These effects are believed to be due to hydrogen gas trapped in the film ^ 
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and unable to pass through the amorphous carbon layer. 
It may be advantageous to clean a surface before deposition by, for example, sputtering. 
WHAT WE CLAIM IS: 
1. A method of applying a carbonaceous material to a surface comprising exposing the 

5 surface to an ionised gas atmosphere generated in a gas consisting substantially of carbon and 5 
hydrogen, and applying to the surface through capacitive means an electrical potential which 
changes in sign at time intervals of between 5 x 1CT9 seconds and 10"6 seconds. 

2. A method of applying a carbonaceous material to a surface comprising connecting the 
surface through capacitive means to one terminal of a source of electromagnetic radiation at a 

10 frequency of between 0.5 and 100 megahertz; connecting the other terminal of the source to ^ 
an electrode spaced from the surface; and supplying to the vicinity of the surface a gas 
consisting substantially of carbon and hydrogen and at a pressure lower than atmospheric 
pressure whereby an ionised gas atmosphere is generated in the vicinity of the surface. 

3. A method of applying a carbonaceous material to two spaced surfaces comprising 
15 connecting each surface through respective capacitive means to a different terminal of a 15 

source of electromagnetic radiation at a frequency of between 0.5 and 100 megahertz; and 
supplying to the vicinity of the surfaces a gas consisting substantially of carbon and hydrogen 
and at a pressure lower than atmospheric pressure whereby an ionised gas atmosphere is 
generated in the vicinity of the surfaces. 

20 4. A method of applying a carbonaceous material to a surface comprising connecting the 20 
surface through capacitive means to one terminal of a first source of electromagnetic 
radiation at a frequency of between 0.5 and 100 megahertz; connecting the other terminal of 
the source to an electrode spaced from the surface; supplying to the vicinity of the surface a 
gas consisting substantially of carbon and hydrogen and at a pressure lower than atmospheric 

25 pressure; and generating in the gas an ionised gas atmosphere by means of a conducting coil 25 
surrounding the surface and connected to a second source of electromagnetic radiation at a 
radio freuquency. 

5. A method of applying a carbonaceous material to a surface comprising connecting the 
surface through capacitive means to a terminal of a source of electromagnetic radiation at a 

30 frequency of between 0.5 and 100 megahertz; connecting the other terminal of the source to 30 
an electrode spaced from the surface; supplying to the vicinity of the surface a gas consisting 
substantially of carbon and hydrogen and at a pressure lower than atmospheric pressure; and 
generating in the gas an ionised gas atmosphere by means of a heated filament and a spaced 
further electrode. 

35 6. A method according to any one of Claims 1 to 5 in which the gas is a hydrocarbon. 35 
7. A method according to Claim 6 in which the hydrocarbon is butane. 
8. A method according to Claim 6 in which the surface is maintained at ambient 

temperature and the power input applied to unit area of the target per unit reduced pressure 
is less than 20 watts centimetre torr-1. 

40 9. A method according to Claim 6 in which the surface is maintained at ambient 40 
temperature and the power input applied to unit area of the target per unit reduced pressure 
is between 20 and 200 watts centimetre "2 torr"1. 

10. A method according to Claim 8 in which the power input applied to unit area of the 
target per unit reduced pressure is greater than 200 watts centimetre -2 torr" 

45 11. Apparatus for use in a method according to any preceding claim comprising means 45 
for supporting a surface to which a carbonaceous material is to be applied; connected to the 
support means a source of electrical potential which changes in sign at time intervals of 
between 5 x 10~9 seconds and 10~6 seconds; and means for generating an ionised gas 
atmosphere in the vicinity of the surface. 

50 12. A material having on at least one surface a carbonaceous material which has been 50 
applied by a method according to any one of Claims 1 to 10. 

13. A method of applying a carbonaceous material to a surface substantially as hereinbe-
fore described with reference to any one of Figures 1 to 5 of the accompanying drawings. 

Agent for the Applicants 
5 5 VIVIEN IRISH 5 5 

Chartered Patent Agent 

Printed for Her Majesty 's Stationery Office, by Croydon Printing Company Limited, Croydon, Surrey, 1980. 
Published by The Patent Office, 25 Southampton Buildings, London, W C 2 A 1 AY.from 

which copies may be obtained. 



1582231 COMPLETE SPECIFICATION 

2 SHEETS Growing is a reproduction of 
the Original on a reduced scale 

Sheet 1 

K g - * 

WATER. IN 



1582231 COMPLETE SPECIFICATION 
This drawing is a reproduction of 

2 S r l E h l b fte Qr/ginai on a reduced scale 
Sheet 2 

£ 27 28 

ft-

13 

IS S S S ^ - S S S S Y 

T~T 

1ZI 

£7 30 / 

3/ 

ro /s 

^ n 

USA 
H' -2d 

44 

S5-

Fig. S& I T 0 ^ 0 

/4 
4/ 

- k 

<4 
/3 

h — r 1 + 
1<J> 5a 


