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ABSTRACT

In this article, construction schemes direct and
indirect control systems were analyzed, and new
construction, providing high operating character-
istics for optic filters, was introduced. Authors in-
troduce the original decision for creation modern
broadband optic control system. Based on the pro-
posed method, approbation of created system was
made, and output characteristics control system —
spectral transmission dependencies were introduced
as a result. Spectral transmission dependencies of
interference optical filters, made with different op-
tical control systems were analyzed. Conclusions
and prognoses about further developments of di-
rect broadband optic control system for thickness
sprayed coatings were made.

Keywords: interference optical filters, straight
broadband optic control, thickness of films, vacuum
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1.INTRODUCTION

Nowadays, it is hard to find any optical device
manufactured without application of any coating on
its surface. For instance, coatings modifying sur-
faces to increase their resistance against external
factors (wear and tear, effects of aggressive sub-
stances), to enhance their optical properties (antire-
flection) and to provide them with new optical prop-
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erties (polarisation and radiation filtering, etc.) have
become widely used.

One of the most important components of spray-
ing equipment is the system for thickness of applied
films monitoring, which (primarily) defines pro-
cess capabilities of spraying equipment in applying
multi-layer interference structures. Moreover, mon-
itoring of optical constants is directly linked with
quality and repeatability of the process of formation
of multi-layer optical coatings [1].

2. CONTEMPORARY METHODS
OF OPTICAL COATING THICKNESS
MONITORING

Modern spraying equipment is based on the prin-
ciples of direct and indirect monitoring, and preci-
sion of measurement of thickness of the films of
applied optical coatings therefore is not always sat-
isfactory for customer’s requirements. Today, opti-
cal monitoring systems can be divided into 2 major
types [2]:

1. Indirect optical monitoring systems, which
apply accompanying samples (witnesses) for mea-
surement of spectral transmittance (reflectance) fac-
tor of an applied coating (usually placed in the cen-
tre of the vacuum jig);

2. Systems of direct optical monitoring, in which
measurement of spectral transmittance (reflectance)
factor is conducted directly on a product fixed in a
rotating vacuum jig.
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Fig. 1. Example of an operating broadband optic monitor-
ing system

Only a broadband optical monitoring system
may provide the most complete information about
the structure of an applied film [3]. It analyses the
information on spectral dependence of transmit-
tance factor (SDT) of a coating in the set wave-
length range, allows us to define dispersion of op-
tical constants (refractive index and absorption
index) and thicknesses of sprayed films right in the
course of coating formation on a product in vacuum.
Usually contemporary equipment is equipped with
ion-assisted sprayers, which in turn provide per-
sistence of optical constants after a coated product
is taken out of a vacuum chamber. This fact demon-
strates undeniable advantage of modern spraying
equipment.

Functioning of the contemporary system of di-
rect broadband optical monitoring implies three
cycles of measurement at each rotation of the jig,
which is caused by necessity of high precision mea-
surements [4]. Fig. 1 shows the vacuum jig with 3
marked areas which relate to the system of direct
optical monitoring:
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Fig. 2. Structural diagram of the proposed system of direct
broadband optic monitoring of thickness of spray coatings

— Area 1 is the product on which SDT of the
sprayed coating is measured;

— Area 2 is the section of the jig that does not
transmit radiation (0 % transmittance) and used for
dark current measurement;

— Area 3 is the hole (100 % transmittance)
where transmittance factor has to be measured.

The proposed modern method of direct broad-
band optical monitoring of layer thicknesses has the
following features:

— Transmittance is measured right on a product
fixed in a rotating jig;

— To ensure high accuracy of measurement, a
digital encoder (Fig. 2) is used, which allows us
to make measurements almost at one physical point
of a product;

— At each rotation of the jig, measurements are
made in 2 major steps: calibration and measure-
ment; calibration consists of transmittance measure-
ments at 100 % and 0 % (areas 2 and 3 in Fig. 1),
then the transmittance factor of the product itself is
measured (area 1 in Fig. 1);

— Broad wavelength measurement range of
(400-1100) nm;

— Application of a mathematical apparatus for
processing of information on SDT of applied coat-
ings in a broad spectral range, which allows reanal-
ysis to conduct of the structure of a sprayed coating
and to correct errors made during application of pre-
vious layers in the course of application of the re-
maining non-sprayed layers of coating;

— Provision of virtually complete concordance
between the acquired design and experimental val-
ues of SDT.

Based on the proposed method, the authors con-
ducted testing of the monitoring system they had de-
veloped and the result of this test was the system’s
output characteristics: SDT. Fig. 3 demonstrates the
graphs of SDT which characterise precision of the
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monitoring system by means of which thickness
of films sprayed during production of a 9-layer di-
chroic coating was measured. As the figure shows,
SDT of the manufactured filter (the red curve) al-
most completely corresponds with SDT calculated
by means of OptiLayer! (the black curve).

In the course of manufacturing, monitoring of
thickness of an optical coating is conducted by an
operator based on analysis of SDT calculated by
means of the said software for each layer of the
coating.

During spraying, SDT measured on the prod-
uct shall correspond with the calculated (theoret-
ical) SDT set by the operator. In case of superim-
position of the two SDT graphs, the operator stops
spraying of the current layer and launches spraying
of the following one. Fig. 4 contains the compre-
hensive algorithm of the developed system of mon-
itoring of thickness of applied coatings and the au-

! OptiLayer is the software for modelling, optimization and
calculation of optical coatings and their characteristics. The
scope of application is thin-film coatings. It allows the operator
to recalculate parameters of coating layers in order to correct
errors in previously applied layers [5].

tomated design system OptiLayer in the form of a
block diagram.

3. COMPARISON OF PRECISION
CHARACTERISTICS OF THE
DEVELOPED DIRECT MONITORING
SYSTEM AND THE SYSTEM

OF INDIRECT MONITORING

OF THICKNESS OF OPTICAL
COATINGS

Fig. 5 demonstrates spectral characteristics of
the filters manufactured by means of 3 different pro-
cesses using the indirect monitoring system with a
witness sample in the centre. The insert in this fig-
ure shows the variation of 4 5 within the spectral re-
gion of (605—620) nm equal to 14 nm in more detail.
Such variation leads to defects of some of manufac-
tured parts. More detailed analysis of the run of the
curves in the insert by means of OptiRe? shows the

2 The OptiRe software computation module is designed
for measurement of parameters of the layers of sprayed optical
coatings based on the data of spectral photometry and/or ellip-
sometry. The results obtained by means of OptiRe provide feed-
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values of random deviations of layer thickness-
es when repeating the optical structure within the
range of (3—5)%. Different runs of the curves in
each process confirm availability of a non-system-
atic error, which significantly complicates automa-
tion of the process of application and coating moni-
toring by an engineer.

It is likely that such high errors of repeating of
layer thickness are caused by the change in the solid
angle of the flow of vapours of the substance evap-
orated from the pot due to change in the shape of
the substance crater in the pot over the course of
the lengthy process which takes (4-5) hours. As a
result, the films with different thicknesses are ap-
plied on the witness sample and the product. The
nature of such errors is non-systematic, they depend
on many factors and are very difficult to forecast in
most cases.

In order to minimise the errors of the indirect
monitoring system, the system of direct broadband
optical monitoring was developed and experimen-
tally studied. Its structural elements are shown in
Fig. 2 and the results of the experimental studies are
shown in Fig. 6, which contains the graphs of spec-
tral dependences of filters obtained in the course of
three different processes with use of direct optical
monitoring of thickness of applied coatings.

The insert in Fig. 6 demonstrates the variation of
Ao.5 in more detail — it is only equal to 3 nm. With
that, the analysis of the run of the curves in this in-

back of the spraying process. Using these results, it is possible
to adjust the parameters of the spraying process or the process of
layer monitoring and thus to increase the quality of the sprayed
coatings. The module is a part of OptiLayer.
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sert makes it possible to conclude that, in the course
of application of the optical structure layers, thanks
to use of direct optical monitoring, high-precision
repeatability of each layer is observed in the series
of three processes. The analysis of the achieved re-
sults by means of the OptiRe modules shows that
deviations of actually applied layers from the design
ones are less than 0.5 %.

4. DISCUSSION OF THE RESULTS

The system of direct broadband optical monitor-
ing described above is currently being tested by Ro-
mashin ORPE Technologiya. It is planned to sup-
plement it with the OptiReopt software module (part
of the OptiLayer software) which is a library for
support of optical coatings application monitoring.

Since errors still accumulate in the course of
spraying (they are determined by the damper clo-
sure time, non-ideality of operation condition, etc.),
when a larger (>30) number of layers is applied,
these errors turn out to be significant, which may
lead to non-satisfactory quality of a product. More-
over, it is planned to implement a completely au-
tomatic spraying process eliminating the human
factor.

To conclude, as a result of the conducted studies:

— A prospective optical monitoring system is
developed — the system of direct broadband optical
monitoring, which has demonstrated high repeat-
ability of thicknesses of dichroic coating layers in
production conditions;

— The system of direct broadband optical con-
trol is practically implemented on an electron-beam
evaporation installation;
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— The system of direct broadband optical control
is introduced in the production process of dichroic
filters for optical devices (cut-off, narrow-band and
other types of filters).
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