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SPUTTERING TARGETS AND METHOD FOR THE 
PREPARATION THEREOF 

[0001] The present invention relates to improved sputter 
ing targets and, in particular to sputtering targets of titanium 
dioxide, and to a method for the preparation thereof. 

[0002] Sputtered coatings of various oxides (e.g. silica) 
and nitrides (e.g. silicon nitride) are used to form optical 
coatings shoWing interesting properties on a number of 
substrates. KnoWn applications include loW emissivity ?lms 
on WindoW glasses, cold mirrors on re?ectors, enhanced 
mirrors for photocopiers and antire?ective coatings on pic 
ture glass or TV screens. These coatings are usually made of 
stacks of several different layers With different refractive 
indices, preferably of loW and high refractive index, to 
produce optical ?lters. For antire?ective coatings it is pre 
ferred to combine tWo materials shoWing the highest and the 
loWest possible refractive indices. Such materials are titania 
and silica. Another advantage of these materials is their 
durability. 

[0003] Titanium dioxide coatings have a high refractive 
index and can thus be used to provide coatings of a high 
refractive index or to provide the high refractive index 
coatings in optical stacks. The existing process for produc 
ing titanium dioxide coatings comprises using titanium 
metal as the sputtering target and using oxygen as a com 
ponent of the plasma gas. The titanium is thus converted to 
titanium dioxide during the sputtering process. Although 
satisfactory coatings of titanium dioxide can be produced, 
the rate of production is very sloW and much sloWer than 
coating With silica. 

[0004] As a substitute for titanium dioxide it has been 
suggested to use alternative materials such as niobium 
oxide. Whilst it is possible to coat a substrate With niobium 
oxide using a niobium metal target at slightly higher speeds 
than the equivalent process using titanium, niobium is very 
expensive. 

[0005] Thus, there is a need for an improved process for 
coating titanium dioxide onto substrate materials. We have 
noW surprisingly discovered that titanium dioxide can be 
sputtered from a target comprising sub-stoichiometric tita 
nium dioxide to provide coatings on a substrate either of 
sub-stoichiometric titanium dioxide, or titanium dioxide, 
depending upon the sputtering conditions. 

[0006] Accordingly, the present invention provides a sput 
tering target Which comprises sub-stoichiometric titanium 
dioxide, TiOX, Where x is beloW 2. Sub-stoichiometric 
titanium dioxide, TiOX, Where x is beloW 2 and generally is 
in the range of from 1.55 to 1.95 is knoWn in the art. It may 
be produced by the reduction of stoichiometric TiO2. It is a 
form of titanium dioxide Which is conductive. 

[0007] The sputtering target of the present invention may 
comprise sub-stoichiometric titanium dioxide, TiOX coated 
onto a target base. such as a backing tube or plate, for 
example a target base of an electrically conductive material, 
for example stainless steel or titanium metal. The target may 
be of any type knoWn in the art, for example a rotatable 
target or a ?at magnetron target. 

[0008] The sputtering target of the present invention may 
be prepared by plasma spraying titanium dioxide onto a 
target base. During the plasma spraying process, the tita 
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nium dioxide loses some oxygen atoms from its lattice and 
is converted into the sub-stoichiometric form. The primary 
plasma gas used for the plasma spraying is preferably argon, 
With hydrogen as the secondary plasma gas. The titanium 
dioxide Which is subjected to plasma spraying preferably has 
a particle siZe in the range of from 1 to 60 micrometers. It 
is also important to cool the sputtering target during the 
plasma spraying in order to quench the titanium dioxide in 
sub-stoichiometric form and to improve the conductivity 
thereof. It also important to use a certain amount of hydro 
gen in the plasma gas in order to produce a high temperature 
plasma and to assist in the reduction. 

[0009] The present invention also provides in another 
aspect a process for coating a substrate surface With titanium 
dioxide, Which process comprises using as a sputtering 
target a target comprising sub-stoichiometric titanium diox 
ide, TiOX. The sputtering from the target is preferably carried 
out using as the plasma gas argon, a mixture of argon and 
oxygen, a mixture of nitrogen and argon, or a mixture of 
nitrogen and oxygen. If the plasma gas does not contain 
oxygen, eg if pure argon is used, then the coating Will 
comprise sub-stoichiometric titanium dioxide. The coating 
is not completely transparent and possesses some conduc 
tivity. If, hoWever, the plasma gas contains oxygen then the 
sub-stoichiometric form of titanium dioxide is converted 
into the transparent form Which is stoichiometric or sub 
stantially stoichiometric. The degree of transparency Will 
depend upon the amount of oxygen contained in the plasma 
gas. A preferred gas mixture to form transparent titanium 
dioxide as the coating comprises 70-90% by volume argon 
and 30-10% by volume of oxygen. 

[0010] The substrate Which is coated according to this 
process may comprise, for example, optical glass, the screen 
of a cathode ray tube, such as a TV screen, cold mirrors, 
loW-emissivity glasses, architectural glasses, antire?ective 
panels, ?exible ?lms or oxygen barrier ?lms. In this case the 
coating process Will be carried out under conditions such 
that the sub-stoichiometric titanium dioxide is converted 
into the stoichiometric form. 

[0011] In a further aspect the present invention also pro 
vides a process for the preparation of sub-stoichiometric 
titanium dioxide, TiOX, Where x is beloW 2 Which process 
comprises subjecting titanium dioxide to a plasma ?ame. In 
carrying out this process the titanium dioxide is preferably 
sprayed through a plasma ?ame, for example a plasma ?ame 
using a mixture of argon and hydrogen as the plasma gas. 

[0012] The main advantage of the present invention is that 
from the sub-stoichiometric titanium dioxide targets used in 
the present invention the rate of sputtering is increased by a 
factor of about ten as compared to sputtering from a titanium 
metal target, thus making the process industrially attractive. 

[0013] The present invention Will be further described 
With reference to the folloWing Examples. 

EXAMPLE 1 

Comparative 

[0014] A rotatable target comprising a tube of titanium 
metal of diameter 133 mm and length 800 mm Was used to 
sputter titanium metal onto a glass plate placed at a distance 
of 18 cm from the target. The sputtering Was carried out at 
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a povger level of 35 kW (80A, 446V) under a pressure of 
5x10 mBar of argon as the plasma gas. 

[0015] After 31/2 minutes a layer of titanium metal 18000 
Angstroms in thickness as measured by a pro?lometer had 
been deposited upon the glass plate. 

EXAMPLE 2 

Comparative 
[0016] The procedure of Example 1 Was repeated but 
substituting a mixture of 80% O2 and 20% Ar as the primary 
plasma gas to replace the argon primary plasma gas of 
Example 1. The sputtering Was carried out at a poWer level 
of 45 kW (97A, 460V) under a pressure of 45x10‘3 mBar. 
Using a titanium metal target as described in Example 1 a 
titanium dioxide layer of thickness 1500 Angstroms Was 
deposited on a glass plate place above the target in 31/2 
minutes. 

EXAMPLE 3 

[0017] A rotatable target comprising a tube of stainless 
steel of diameter 133 mm and length 800 mm Was coated 
With sub-stoichiometric titanium dioxide, TiOX, Where x is 
beloW 2 as hereinbefore described by plasma spraying 
titanium dioxide onto the target using argon as the primary 
plasma gas and hydrogen as the secondary plasma gas. 72 
liters (60% argon, 40% hydrogen) Were used. The poWer 
level Was 45 kW (455A, 96V). 

[0018] This target Was then used as a sputtering target in 
the manner as described in Example 1. Using argon as the 
primary plasma gas the sputtering Was carried out at a poWer 
level of 45 kW (97A, 460V) under a pressure of 54x10“3 
mBar Ar. A dark blue semitransparent layer of sub-stoichio 
metric titanium dioxide, TiOX, of thickness 14000 Ang 
stroms Was deposited on a glass plate placed above the target 
in 31/2 minutes. The sputtering proceeded smoothly Without 
signi?cant arcing. 

EXAMPLE 4 

[0019] Arotatable target prepared as described in Example 
3 Was used as a sputtering target in the manner as described 
in Example 3 using a mixture of 75% Ar and 25% 02 as the 
plasma gas. The sputtering Was carried out at a poWer of 45 
kW (95A, 473V) under a pressure of 5x10“3 mBar. A clear 
transparent coating of stoichiometric titanium dioxide of 
thickness 12500 Angstroms Was deposited on a glass plate 
placed above the target in 31/2 minutes. The sputtering 
proceeded smoothly Without signi?cant arcing. 

EXAMPLE 5 

Comparative 
[0020] A rotatable target Was prepared as described in 
Example 3 by using pure argon (40 liters) at a poWer level 
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of 34 kW (820A, 42V). The electrical conductivity of the 
target Was ten times inferior to that of Example 3. Sputtering 
from the target Was dif?cult due to arcing. The process Was 
not stable enough to produce samples. 

1. A sputtering target Which comprises sub-stoichiometric 
titanium dioxide, TiOX, Where x is beloW 2. 

2. A sputtering target as claimed in claim 1 Wherein the 
TiOx is coated onto an electrically conductive base. 

3. A process for the preparation of a sputtering target as 
claimed in claim 1 or claim 2, Which process comprises 
plasma spraying titanium dioxide, TiO2, onto a target base. 

4. Aprocess as claimed in claim 3 Wherein the target base 
is cooled during the plasma spraying. 

5. Aprocess as claimed in claim 3 or claim 4 Wherein the 

plasma spraying is carried out using argon as the plasma gas 
and hydrogen as the secondary plasma gas. 

6. A process as claimed in any one of claims 3 to 5 

Wherein the target bas e is titanium. 

7. A process as claimed in any one of claims 3 to 6 
Wherein the titanium dioxide Which is plasma sprayed has 
particle siZe in the range of from 1 to 60 micrometers. 

8. Aprocess for coating a substrate surface With titanium 
dioxide, Which process comprises the use as a sputtering 
target of a target as claimed in claim 1 or claim 2. 

9. A process as claimed in claim 8 Wherein the sputtering 
from the target is carried out using as the plasma gas argon, 
a mixture of argon and oxygen, a mixture or argon and 

nitrogen, or a mixture of nitrogen and oxygen. 

10. A process as claimed in claim 9 Wherein the plasma 
gas comprises 70 to 90% by volume argon and 30 to 10% by 
volume oxygen. 

11. A process as claimed in any one of claims 8 to 10 

Wherein the substrate Which is coated is optical glass, the 
screen of a cathode ray tube, a ?exible ?lm or an oxygen 

barrier ?lm. 

12. A substrate Which has been coated by a process as 
claimed in any one of claims 8 to 11. 

13. A process for the preparation of sub-stoichiometric 
titanium dioxide, TiOX, Where x is beloW 2 Which process 
comprises subjecting titanium dioxide to a plasma ?ame. 

14. A process as claimed in claim 13 Wherein titanium 
dioxide is sprayed through a plasma ?ame. 

15. Aprocess as claimed in claim 13 Wherein the titanium 
dioxide is sprayed using a combustion ?ame. 


