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Fig. 1. Strategies for using dc sputtered metal deposition in a deposition zone followed by oxidation in a reaction zone activated by
an ion or plasma source. The two zones are carefully separated using vacuum pumps and/or baffles.

It is essential in these strategies that the metal target surface is un-oxidised and this is achieved by physically separating
the zones using either baffles5,6 or vacuum pumping7. It is also essential that the reaction zone is activated using either
an ion source5,7 or a plasma source6 otherwise only partial oxidation will occur. Even with ion or plasma source
activation the thickness of metal deposited in each pass of the carrier must be restricted to a few atomic layers since un-
oxidised metal leads to absorption. More recently, a microwave plasma source8 has been used with oxidation occurring
under the source and some way around the rotating carrier to provide a larger reaction volume. This results in partial
oxidation of the target. The target oxidation, and hence deposition rate, is controlled by feedback to the mass flow of
oxygen into the system. In all these strategies, the deposition rate is limited by the efficiency of oxidation and residual
absorption is a problem if the rates are too high. Also, the ion or plasma source adds significant cost and complexity.

The “Closed Field” magnetron (CFM) process9 overcomes the limitations of using separate deposition and oxidation
zones. The optical quality of a range of individual metal-oxide films has already been reported10. In this paper, we will
describe use of the CFM process as a method of obtaining sub-nanometre layer thickness control including the
incorporation of novel cylindrical shutters. The efficacy of the layer thickness control will be illustrated using a range of
multilayer optical coatings.

2. THE CLOSED FIELD REACTIVE SPUTTERING PROCESS

The CFM process was devised in 1991 by Teer9. The concept is simple and is shown schematically in Figure 2.
Essentially, adjacent magnetrons are made with magnets of opposite polarity. This configuration of the magnetrons
produces a magnetic “bottle” which supports an intense, chemically activating, plasma in which the oxidation takes
place. As a result, the process does not require a separate ion or plasma source for oxidation making the process simpler
and less expensive. Oxidation at the target is controlled using a plasma emission monitor with feedback to the oxygen
gas admission.
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Fig. 2. The “Closed Field” traps the reactive plasma all the way around the drum substrate holder ensuring that all the metal sputtered
from the targets is oxidised.

Figure 3 shows actual plasma confinement for adjacent magnetrons with (a) open and (b) closed field configuration, indicating
enhancement in plasma density.

(a) Open field (b) Closed field

Fig. 3. Influence on plasma confinement for adjacent magnetrons with (a) open and (b) closed field configuration

Measurements of ion current and induced voltage at the drum position have been determined for a variety of magnetron
configurations12. These are summarised in Figure 4. Use of the closed field magnetron configuration increases ion
current at the substrate position by approximately a factor of 100 as compared with a conventional balanced magnetron.
Moreover, bias voltages (ion energies) down to 20V can be sustained.
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Fig 4. Ion current measured at substrate as a function of induced bias voltage12 for various magnetron configurations

The CFM sputter process offers the combination of high ion current density [mA`s/ cm2 ] at the substrate with
controllable energies down to 20eV. This provides optimal combination of high ion current densities and ion energies
for plasma assisted deposition of low stress, dense and super smooth optical coatings13,14. Specific single film results are
described in Section 3.

2.1 Linear magnetron and drum format

The multilayer coatings illustrated in this paper were produced in a CFM450 system from Applied Multilayers Ltd11.
This uses the CFM process together with a 250mm diameter drum substrate carrier and up to four 405mm unbalanced
linear magnetrons. The dimensions of the standard systems available from Applied Multilayers are shown in table 1.

Fig 5. CFM450 coating system
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