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Abstract

In this paper the design and manufacture of ophthalmic multilay-~
er broadband antireflection coatings with same residual reflective
colors on the subsirates for different refractive indices have been
investigated. Someone need to dispense spectacles in which the two
lenses are different optical materials with different refractive indic-
es (e.g. n=1,75, n=1.52),and the residual reflective colors of the two
lenses must remain the same. We designed triplelayer anti-reflection
coatings on the substrates which have different refractive indices.
The residual reflective colors of these coatings have the same color
position in the CIE color chart and have almost the same average
reflective brightness. Also, we have found that the gquartz crystal
thickness monitor is a good method for preparing the AR coatings.

1. Introduction

Antireflection (AR) coatings are used today on the surfaces of lens-
es and windows of almost all optical equipment, AR coatings exhibit ch-
aracteristic reflection colours which influence the cosmetic appearance
of the bearer of the spectacles and thus subject to fashion trends, In
China, the most popular residual reflective color is green or green in
different shades, the green color is the current fashion in China, Some
people need to dispense spectacles that the {two lenes are made from
‘different optical glasses with different reflective indices and the resid-
ual reflective colors of the two lenses must remain the same green, We
. investigated different coating designs with three layers of different
material combinations with respect to the above mentioned goals,
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2. Coating Designs

Triple-layer broadband AR coatings, which are easily manufactured,
offer the possibility to adjust the reflective color and reflective brigh-
tness of lense. We have designed séveral coating structures by the fast
refining method’'? using personal computer, Figures, from 1 to 9, show
the spectral refrectance curves of some kind of structures of three-layer
AR coatings on the substrates with different refractive indices of 1.45,
1,52, 1,60 and 1,75, respectively,

The design commonly used for broadband AR coatings is the three-
layer structure of A/4-1/4-1/4,the thickness of outside layer one-quarter,
middle layer one half and inside layer one-quarter wavelength, For the
visibl region,the centre wavelength A=520nm, The coating material, used
as the outside layer with low index,is MgF,, the high-index coating as
the middle layer is the composite mixture of TiO,, ZrO,?? and the mi
ddle-index coating as the inside layer is Al,0,. Fig. 1 gives the theorit-
ical spectralcurve of reflecetance in the region of 400nm-—750nm. It was-
well known that the designs for the common glass BK7 to reduce the
reflectance in the visible region, Nevertheless,according to the computer
simulation by statistical method and our experiment,the design has not
good ratio of finished producl for the spectacle lenses, because it was
difficult to manufacture the coated lenses- with the stable reflective
colour,the slight errors of the layer thickness and refractive indices wi-
11 change the residual reflective color of the coatings.

We have mentioned the fact that some people dispense the two spec-
tacle lenses which made of different glass material with different refra-
ctive indices and they want that the colors and brightness of residual
reflective light of these two lenses maintain the same, We also have
noted the fact that the different people require the different brigtness
of green colour from the reflection. For these purpose, we have designed
aother structure triple layer broadbend AR coatings, That is A/4-4/4
-4/4, the thickness of every layer is one-quarter wavelength, For the
broadband AR coating in visible region,the centre wavelength A=520nm.
The coating material of the outside layer with low refractive index is
MgF,,the high-index material as the middle and inside layer is the com-
posite mixtures of ZrO,, TiO,, Ta,0, and Al,0,2*? It is very conv-
enient adjusting the refractive indices of middle and inside layer to ma-
intain the same residual reflective color and same reflective brightness
of coatings on the glasses with different indices,
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The requirement of some people who want the appearent color not
strong,that means we must make the antireflective effect obviousely, So
in these designs,it can be seen that,in green region,the maxmum residual
reflectance was controlled at the level arround 0.3—0.4% for all of four
iriple-layer designs with different substrates of 1,45, 1.52, 1.65 and 1.75
refractive indices, respectively, which was commonly used. Fig.2, 3, 4, 5
show us the theoretically calculated spectral curves of them,

Another group, also including four designs corresponding the subst-
rates with different refractive indices mentioned above, has been design-
ed. These designs fitted the requirements of other people who want the
brightness of green colour some stronger. they also have the st-
ructure of 4/4-4/4-4/4, which can be easily manufactured and of course,
the mixtural technique is also needed. Fig.6, 7, 8, 9 give us the calcul-
ated spectral curves which show us the residual reflectance is under
0.8% in the region of green,

The color and brightness of residual reflective of these coating have
no discrimination, The experiment and computer simulation of these des-
igns appeared that the last four designs (Design 6, 7, 8, 9) have larger
manufacturing error tolerances,

3. Thickness Monitoring

In the deposition process of the triple-layer AR coatings, the film
thickness was monitored by the quartz crystal oscillator positioned in
the centre of the substrate holder The thickness errors were mainly ca-
used by the unstability of the quartz oscillator and the fluctuation of
condensed density of films induced by the fluctuation of the temperature,
deposition rate and the residual pressure in vacuum chamber,

In the quartz crystal thickness monitor, we use a temperature frequ-
ency compensation system for stablizing the oscillatort*!, The deposition
rate was controled by the quartz crystal monitor, Large area uniformity
of temperature distribution was obtained by adjusting the positions of he-
aters, The temperature of substrates was precisely controled during the
process of deposition, The fluctuation of the pressure in the vacuum cha-
mber was reduced to 5% by an automatic valve. So,we can control the depo
sition process accurately, maintain refractive index of every layer reprod-
uctible and obtain the high accuracy of reflective color of AR coatlings,
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4, Conclusion

We have realized the mass production of the high qulity ophthalmic
AR coatings with the same residual green color. Good color reproducib-
ility on the different glasses can be reached with the coating that have
higher residual reflectance (Design 6, 7, 8, 9). The quartz crystal thick-
ness monitar method is excellent for preparing the AR coatings on the
spectacle lenses, The stability of the vacuum deposition condition is im-
portant,
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Fig.8 Reflectance vs wavelength of
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