
Coatings for ophthalmic lenses 
By A. Colonna de Lega 

The correction of vision defects basically requires 
that the patient be provided with an optical device 
with a specified optical power. The most common 

way at present involves unifocal or multifocal lenses, in 
either mineral glasses or organic polymers. 

Since there are more than one hundred million combi
nations of corrective glasses, the principal companies in 
ophthalmic optics organize their fabrication in two differ
ent ways to optimize delivery time to the customer. In 
stock production, the lenses that have the more frequently 
requested optical formulas are made in advance and deliv
ered into stock. As we will see, the coating of such lenses 
represents a serious challenge. 

In prescription production, however, the correction of 
presbyopia and astigmatism (multifocal and toric lenses) 
leads to such an enormous number of combinations that 
the glasses are usually made in two steps. Semi-finished 
lenses in large factories are first fabricated and then the 
lenses are finished to the prescription of the patient (given 
by the ophthalmologist) in small decentralized facilities 
near the point of sale. As an example, the entire fabrica
tion thin film coating process complex for (Progressive + 
Toric) glass, with coloration and anti-reflection, may in
volve not less than 60 successive fabrication steps. 

Ophthalmic coatings 
This, then, is the background of corrective lens fabrica

tion. Here we are interested particularly in the coatings 
that may add several functions to the glasses. These fall 
into three categories. 
• Coloration. If the patient's prescription requires a speci
fied absorption, then the use of bulk colored glass is possi
ble, but an inhomogeneous light transmittance that de

pends on the lens thickness following Lambert's law, T = 
e - α x is introduced (where x = thickness and a is the ab
sorption coefficient). A rather more satisfactory solution is 
to coat a transparent lens by a uniform colored thin film, 
which is very common in Europe and Japan, where miner
al glass is more frequently used than in the U.S. 
• Abrasion resistance. Organic polymers are light and un
breakable, but are very sensitive to abrasion, especially in 
comparison with mineral material. A particularly com-
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FIGURE 1. Spectacles exhibiting wear: the right glass was 
coated, the left uncoated. 

FIGURE 2. A half-coated glass submitted to increasing 
load scratch test. 
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FIGURE 3. The difference between a simple increase in 
luminous intensity and the achievement of same total in
tensity by the addition of parasitic light. 

mon technique for reducing that weakness is to coat or
ganic lenses either with quartz film by physical deposition 
or by means of chemical polysiloxane. Figure 1 shows an 
example of spectacles exhibiting wear, where the right 
glass has been coated and the left one has been left un
coated. Figure 2 shows a half-coated glass submitted to 
increasing load scratch test. 
• Anti-reflection. The parasitic effects of physical light— 
reflection by glass diopters—are well-known. It is impor
tant to note that we must consider not only the point of 
view of the wearer of the spectacles, but also that of peo
ple talking with him. We are becoming more and more 
sensitive to the complete cosmetic appearance of specta
cles. It is unpleasant to be impeded in making eye contact 
with the person to whom we are speaking. 

From a more technical viewpoint, we also must consid
er the disturbing effect of double reflection at the two faces 
of a corrective lens—particularly in night-driving. A very 
troubling, but rather less well-known, phenomenon is the 
loss of optical contrast due to a parasitic reflection that 
results in a patch of illumination on the retina. This patch 
increases the total local illumination so that even though 
the difference I m a x i m u m - I m i n i m u m i n a particular feature re
mains constant, the contrast, defined by ( I m a x i m u m

- I m i n i 
m u m ) / ( I m a x i m u m + I m i n i m u m ) , falls. Figure 3 illustrates the 
difference between a simple increase in luminous intensity 
and the achievement of the same total intensity by the ad
dition of parasitic light. This makes it more difficult to 
distinguish two separate points. This, too, is particularly 
worrying to a spectacle-wearer in night driving. It repre
sents, of course, an excellent application challenge for 
anti-reflection coatings, on which we will now concentrate 
our attention. 

Characteristics of anti-reflection ophthalmic thin 
films 

In a compromise between efficiency and cost, ophthal
mic anti-reflection coatings are usually made in three 
types: 
• Quarterwave single layer ( M g F 2 ) 

• Halfwave/quarterwave double layer 
• Quarterwave/halfwave/quarterwave multilayer. 

Typical multilayer stacks are: 

λ/4 n = 1,68 
λ/2 n = 2,2 
λ/4 n = 1,38 

for mineral glass. 
λ/4 n = 1,70 
λ/2 n = 2,05 
λ/4 n = 1,49 

for organic polymers. 

Multilayer anti-reflection coatings presently on the mar
ket typically reduce the reflectance of each lens surface 
from around 4% to about .4%, while the transmission of 
the complete lens increases from 92% to 99.2%. Figure 4 
shows a half coated lens and Fig. 5 a pair of spectacles 
with only one lens coated. Unfortunately, in every case the 
multilayer A R system gives rise to a small, but real, residu
al reflection, mainly at the edges of the visible spectrum. 

FIGURE 4. A half 
coated lens. FIGURE 
S. Spectacles with 
only one lens coated. 
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FIGURE 6. Two R (λ) curves of typical multilayer anti-re
flection production coatings. 

As the human eye is very sensitive to slight changes in 
color balance, the least change in the characteristic R ver
sus λ will be very obvious, causing an unpleasant cosmetic 
effect. 

For example, in Fig. 6 we show two R (λ) curves of 
typical multilayer anti-reflection production coatings. The 
broader one represents the specified standard, R = 
0,3755, while the narrower one represents a 1.1% devi
ation in integrated reflectance value, R = 0,3796. A l 
though the curves are almost exactly the same, the differ
ence in color appearance is substantial—the standard ap
pearing almost colorless, but the defective one with a 
strong pink tint (see Fig. 7). Such differences are complete
ly unacceptable to a customer. Indeed, the challenge for 
ophthalmic anti-reflection coatings is not the absolute val
ue of transmission as it is in instrumental optics but, rath
er, the chromatic characteristics of residual reflection. 

Achieving reproducibility 
The manufacturer must thus improve the reproducibili

ty of the chromatic residual reflection to the extent that 
differences are not detectable. Problems that face us are: 
First, the large diversity in the geometrical shape of the 
substrates. A range from (+20) to (-20) diopters leads to 
convex radii from 28 to 525 mm, concave radii from 19 to 
175 mm, and diameters 55 to 80 mm. Second, the eco
nomic necessity of perfect uniformity over the whole area 
of the substrate holder, usually containing some 88 glass
es. And third, achieving the best reproducibility from run 
to run in the case of stock lens manufacture. This last, 
because any lenses coated at different times (in advance) 

must, when mounted in a customer's frame, avoid causing 
the dissimilar chromatic effect indicated above. Of course, 
complete correspondence between two different anti-re
flection coatings deposited on different dates is impossible. 

The best compromise between the smallest tolerance 
and the difficulties of production must be found. Here, 
investigations of the trichomatic characterization of a mul
tilayer A R Thin Film derived from the characteristics R 
versus λ is of great interest. The low level of energy in 
residual reflected light creates difficulties, but it is very use
ful to locate on a trichromatic diagram a small defined 
area representative of an overall production tolerance. 

Another principle problem in ophthalmic thin film tech
nology is related to the physical properties of organic poly
mer materials. As one cannot heat such substrates above 
100°C, it is practically impossible to use certain common 

FIGURE 7. The defective coating (Fig. 7a) has a strong 
pink tint, while the standard coating (Fig. 7b) is almost 
colorless. 
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The manufacturer must thus improve the 
reproducibility of the chromatic residual 

reflection to the extent that differences are 
not detectable. 

coating materials such as M g F 2 , which has poor adherence 
and low density. The tremendous outgassing of those ma
terials also induces a complex pollution of the vessel and 
involves the use of very high pumping speeds. 

Then, concerning the mechanical reliability of the films, 
we must take account of the large difference in thermal 
expansion coefficient between organic substrates and min
eral film materials (almost a factor of 100). In cooling 
from the deposition temperature of the film at 100°C, to 
ambient temperature, very high stresses are generated at 
the interface, which may be high enough to generate 
cracks in the film or even deformation of the substrate 
surface in the form of orange peel. 

Reliability important 
Then, last but certainly not least, we must pay consider

able attention to the reliability of coated lenses. Environ
mental disturbances suffered by ophthalmic lenses are pro
nounced and frequent, including abrasion (wiping, putting 
spectacles on the desk, moving them in a purse, etc.), cor
rosion (sweat, humidity, marine atmosphere, cleaning 
agents), mechanical disturbances (grinding, edging), ther
mal shock (sun striking through the windshield). A coated 
corrective lens must have an average lifetime of three 
years. 

During the development of a thin film process, the engi
neer must enhance the reliability and this requires an ex
perimental program involving specific accelerated aging 
tests that are correlated with real-time wear-tests using 
company people. Comparing the test results with the phy
sico-chemical parameters of the process, the engineer tries 
to reduce the risk of poor reliability until it is below a 
commercially viable threshold for customer plants (typi
cally less than .02%). 

Figures 8 to 11 show some examples of aging tests and 
the damage they do. We may note a difference in the reli
ability of coatings that are commonly used in instrumental 
optics compared with those applied on ophthalmic optics. 
More than 10 years of progress in materials and technolo-

FlGURES 8—11. Examples of aging tests and the damage 
they do. 
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gy has been necessary to achieve the levels required in 
ophthalmics. It is also interesting to note the interdepen
dence of electronics and optics. Without the aluminum 
evaporation plants of the optician, the silicon planar tran
sitor would have been impossible, but it is the improve
ments in vacuum technology inspired by the manufacture 
of integrated circuits that have made efficient multilayer 
anti-reflection coatings possible. 

A list of the principal areas of the optical thin-film field 
that are of immediate primary relevance to ophthalmic 
coatings would certainly include: 
• The problems inherent in closed-loop monitoring. 
• The physico-chemical parameters of vacuum evapora
tion. 
• The intrinsic properties of thin-film materials. 

Industrial applications and implications 
The trends in the industry are toward items such as: 

• Clean rooms and flow boxes. 
• Substrate temperatures measured by pyrometers. 
• Electron beam evaporation of refractory materials. 
• Diffusion pumps with very high pumping speeds. 
• Evaporation rate measured by quartz crystal monitors. 
• Optical properties measured by spectrophotometric 
means. 
• Full automatic process control using the above sensors. 
• Characterization of films once deposited by ellipsometry 
and spectrophotometry. 

We can also try to predict future trends in the industry 
and suggest ion assisted deposition for materials structure, 
in situ ellipsometry for measurement, cryopumps for sta
bility of residual atmosphere, and better control of phy
sico-chemical parameters for accurate partial pressure 
monitoring, improved temperature measurements, etc. 
Also, use of the most efficient optical parameters for moni
toring the growth of multilayer stacks will lead to many 
wavelengths, function of merit computations, etc. 

Historically, the development of ophthalmic thin film 
processes was slow to begin. Few substrates were involved 
and the main objective was to build up the basic know-
how. Then there was an acceleration due to the multiplica
tion of substrates both in mineral glasses and in organic 
polymers. The diversification of substrate types on which 
can be applied various classes of thin film coatings leads 
today to a company like Essilor delivering more than 96 
different commercial products in terms of the combination 
of substrate and coating. Figures 12 and 13 show typical 
scenes in the coating operation. 

As already suggested, the fabrication of both broad 
classes of product—stock lenses and prescription lenses— 
leads to the installation of vacuum coating equipment 

FIGURES 12, 13. Typical scenes in the coating operation. 

(with all its very heavy technical infrastructure) in decen
tralized facilities. The complexity of processes requires a 
high level of competence from the technicians involved in 
these production labs. This indicates the large human and 
technical investment necessary for a company to achieve 
efficiency over a large market. 

While on the subject of the market, Fig. 14 shows the 
enormous world variation of the proportion of thin-film-
coated lenses in relation to the total ophthalmic lens mar
ket. 

FIGURE 14. There is an enormous variation in the pro
portion of thin-film coated lenses in relation to the total 
ophthalmic lens market worldwide. 
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