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ABSTRACT OF THE DISCLOSURE

An optical filter is provided for suppressing
unwanted reflections of background light when used with a
display device such as a cathode ray tube or an
electroluminescent screen, or in optical communication or
survelllance. The filter has multiple thin layers
including a first series of layers for suppressing
reflections from its outer surface and a second series of
layers constituting a bandpass interference filter. The
first series of layers is arranged to suppress
reflections over a broad wavelength band while the second
series of layers allows transmittance ovér a reiatively
narrow wavelength passband within the broad wavelength
band, resulting in improved contrast when the display is

used in situations of high background light.
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ngkgrgund. of the Invention

The present invention relates to optical filters for use with
cathode ray tubes, electroluminescent screens and other display

devices. Other applications are, for example, in optical

communications and surveillance.
Prior Art

The legibility of a display depends on the contrast between
adjacent active and inactive pixels. It is convenient to define a

contrast ratio CAR in the following way,
CR = (Lon + Ro’amb)/(l-off + R.amp) (1)
where Lop, Loy are the luminances of the active and inactive pixels,

A is the resultant luminous reflectance of the display when viewed

from the side of the observer, and I, is the ambient illuminance.

The resultant luminous reflectance of the display.is composed of
light reflected from the front surface and from all the other internal
interfaces of the display that are reached by the ambient
illuminance. In the past, to protect the viewer from the glare

resulting from the term R.lamp in the above equatidn, a number of
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different approaches have been proposed. These include the use of
various combinations of the following: louvres, screens, neutral,

coloured or polarization filters placed in front of the display;

antireflection coatings applied to its front surface; or intrinsic

absorption in thin layers placed within the display structure in front

of strongly reflecting interfaces, such as the white phosphor in a
cathode ray tube or the aluminum. grids in an electroluminescent
screen.' The design of display devices in which the materials of
individual layers and their.thicknesses are carefully selected to
produce a low reflectance through the interference of
electromagnetic radiation in thin films has also been previously
described.

- Another solution to the problem would be to place a narrow
band filter in front of the display which would only pass the light
emitted by the device and, at the same time,,suppress unwanted
reflections from fhe viewer's side. One prior art way of
constructing bandpass fiiters is to make use of the intrinsic
absorp.tion of various chemfcal compoun‘ds, coloured glasses or

organic dyes. Filters based on this principle do not have a strong

2
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reflection for the unwanted radiation. However, the transmission
bands obtained in this way are not, as a rule, very narrow and the
transition from the transmission to the rejection region is rather
gradual. Furthermore, the wavelength of the transmission peak must

correspond to the absorption characteristics of the material and

cannot be selected at will.

Much narrower t'ransmission bands ‘centred accurately on the
wavelength of interest can be achieved with the aid of interference
fiters. Absorption in the coating materials may also cbntribute to
the .desifed effect. However, as' a rule, in thin film interference

filters much of the unwanted radiétion is reflected back towards the

source of light.

_ Up to the present, it is not known how to construct bandpass
filters that, at the same time, hav"e. a narr'bw band width and very
little reflection towards an outside light éource. Some of the
radiation reflectéd by presently 'known interference bandpass filters

could be removed with the aid of a short wavelength absorption cut-

off filter. Unfortunately, no corresponding comprehensive set ‘of

long wavelength cut-off filters exists, so there is no easy way with
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the present technology to deal with the radiation of wavelengths

longer than that of the bandpass.

summary of the Invention
The invention relies on combining interference in thin films
with the intrinsic absorption of coating materials to produce "black"

transmission bandpass filters. This effect is achieved with

relatively thin filters which will not affect the transmitted beam to

the extent that thick absorption filters would. Such filters may

enhance the contrast of monochrome display devices, in

communications and in military equipment. They may also be

designed for colour displays. The filters can be deposited directly
onto the front surface of the display, or they may be deposited onto

a transparent substrate that can be retrofitted to an existing device.

Preferably, the one surface of the substrate which carries the

muitiple thin layers is the inner face, adjacent to the display device.

In that case, for best results an additional antireflection coating on

-the outer face might be required.

In accordance with the present invention, in an opticalifilter

for use with a display device, having an outer face for facing an

4



10

15

2124922

observer and an inner face, the filter comprises multiple thin layers
on one surface of a substrate, the layers including a first series of

layers whose main task is to suppress reflection over a broad

spectral region and a second series of layers constituting a narrow
band interference bandpass filter. The transmission at the
transmission peak of the resulting fiiter is at least 20% of the
incident radiation over a relatively narrow passband, whilst the

reflectance is a fraction of that transmission.

‘Brief Description of the Drawings

The invention will further be described with reference to the

“accompanying drawings, in which:

Figs. 1A and 1B show a diagrammatic cross-section of the
device, _associated light. rays and the fraction of the incident light

propagating at different stages of the path. There are two cases: (A)

‘the filter is deposited onto a separate substrate which is then

cemented to the display; (B) it is applied dir'ectly to the display.
Figs. oA - 2D show series of graphs illustrating the light

transmittances and reflectances with a conventional coloured glass

filter:
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Figs. 3A - 3D show similar graphs for a known type of

interference filter; .

Figs. 4A - 4D show similar graphs for the interterence filters
of this invention;
Figs. 5A and 5B show, respectively, the prior art and inventive

versions of single cavity metal-dielectric bandpass filters;

Figs. 6A and 6B show, respectively, the prior art and inventive
filters using two cavity metal-dielectric bendpass filters;

Figs. 7A and 7B show, resp’ectivelyr, the prior art and inventive
single cavity all-dielectric bandpass filters;

ana

Figs. 8A and 88, show, respectively, prior at and inventive two
cavity all-dielectric bandpass filters.
Detailed Dgggriptign'

Fig. 1A _shows diagrammatically an arrangement in which an

optical filter 10 -is cemented with a refractive index matching

optical cement 17 to the front surface 16 of a display device screen

14. Ambient light (shown as lamp) falls onto the filter 10. A

fraction R of the Iight is reflected from the front surface 12. In

0
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general, an additional fraction A; will be reflected at the interface
11 it it carries a thin film system 13. The filter transmits an
amount T of the incident light which then proceeds towards the
display 14. Because of the refractive index matched cement, the
interface 16 does not reflect a significant amount Qf light.
However, the sun‘ace' 15 is coated with a phosphor, or carries an

electroluminescent or liquid crystal display. In any of these cases

the reflectance H2 can be as high as 0.9. If all the reflections are

specular, and if the illuminance of the ambient light is /zms , the
amount of light that will reach the observer is (Ro + Ay + T2R2).lams.

If L is the emitted luminance of the display device, the fraction that

will reach the observer will be TL.

The filter 10 in Fig. 1A is made of glass, fused quartz or a

suitable plastic material. In the inventive filter it acts as a

'transparent substrate for two sets of thin films indicated as 13a

and 13b on its inner surface 11, facing screen 14. The functions of

these sets of films are to suppress internal reflection R, at the

interface 11 and to act as a narrow band interterence fiiter,
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respectively.

There is ohe less surface to consider when the thin film
system 13 is deposited directly onto the front surface 16 of the

display screen 14 (Fig. 1B). The ambient and emitted light reaching

the observer in this case will be (R1 + T2R2).lamp and TL,

respective‘ly. This diagram also applies when the layers 13 are

applied to the surface 12 of the substrate 10 of Fig. 1A, and the
filter is cemented with a refractive index matched cement to the
froﬁt surface 16 of the display screen. From the point of view of

optical performance, there is little difference between the

embodiments of Figs. 1A and 1B - Ry is equal to about 0.04 for most

likely materials. This' small reflection can be reduced still further
by the application of an antireflection coating to surface 12 in Fig.

1A For the sake of clarity the reflection of light approaching the

multilayer 13 from the display device has not been indicated.

The general operation of such a combination of films will now

be discussed in relation to prior art devices, with reference to Figs.

2 -4
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Figs. 2A - 2D correspond to the prior art in which the filter 10
is, for example, a neutral density glass absorption filter and the
films '13 are absent. Fig. 2A represents the spectral transmittance
of a filter which absorbs roughly half of the incident light on a
s’ingle pass (7T = 0.5). Also shown are the reflectances A; and A5 of
the surfaces 12 and 15. In this and the following two figures it has
been assumed, for simplicity, that surface 12 has been perfeétly

antireflection coated (Ap = 0.0), that A2 = 0.9 and that the energy

spectrum of the ambient illuminance is constant throughout the

spectral interval shown. In Fig. 2A the value of R;is also 0.0

because of the use of a refractive index matching cement. The

product T.R> will therefore be of the order of 0.45 throughout the

spectrum (Fig. 2B). After the second pass through the absorption

filter the average value of the product T2R, will be 0.22 (Fig. 2C).

The value of (Rp + Rj " T2R5) shown in Fig. 2D is therefore also 0.22.

‘This then is the fraction of the ambient illuminance that reaches the

~observer and it corresponds to the quantity A in Equation 1.
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Fig. 3 shows the comparable situation for a known, all-

dielectric interference filter. The transmission band shown in Fig.

3A Is Iidealized, having a narrow passband with 7= 1.0 and A, = 0.0.
Outside this narrow wavelength region T= 0.0 and R; = 1.0, so only

light ot the colour emitted by the display device passes through the
fiter 13. Such filters have a mirror-like appearance which makes it
difficult to see the required display if there is stray light in the
viewing area. Fig. 3B shows the ambient light béam after'reﬂection

from the surface 15 (TR2 = 0.9), and Fig. 3C shows the beam after it
has passed a second time through the filter (T2R2 = 0.81). Fig. 3D
shows the final combined reflected light beams (Rp + Ry + T2Ry). It

will be seen that, with the exc'eption of a small fraction of the light

in the transmission band, all the ambient illuminance is reflected

~ back towards the observer and thus is a serious impediment to the

viewing of the screen.

Fig. 4 shows the comparable situation with the present

invention. Here, the transmittance T of the filter is 0.5 in the

bandpass and 0.0 outside it. The reflectance Ry is equal to 0.0

10
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throughout the spectral range shown (Fig. 4A). When all the

components are combined, as in Fig. 4D, (Ho + Ry + T2R5) will be

equal to 0.22 and 0.0 within and outside the bandpass, respectively.

The ambient illuminance reflected back towards the observer will be

seen to be a fraction of that shown in Fig. 3D.

If one assumes that the luminance of the inactive pixel L,y is
émall compared‘to Lon, the luminance of the active pixel, and to the

ambient illuminance reflected back to the observer, it follows from
Equation (1) that a large improvement in thé contrast ratio CH is to
be expected through the application of the new art.

The above discussion relates to ideal situations where thin
films can produce shafrphly defined profiles, complete'suppression of

reflection, etc, but such a situation does not occur in practice. Figs.

5B, 6B, 7B, and 8B show the kind of practical results which can be

achieved with Applicants’ invention. The corresponding Figs. SA-8A.
éhow the comparable situation with prior art interference filters.
The results shown _in_these‘_ﬁgures are obtained with thin filrn |
combinations shown in the table attached hereto as Tabl‘e 1. The

graphs relate to metal-dielectric and ali-dielectric bandpass

11
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systems. These will now be discussed.

Prior" art - Figs. 5A, 6A, 7A _and 8A

Metal-dielectric bandpass filters are the simplest thin film
bandpass filters. They consist of a dielectric layer (sometimes
called a cavity or a spacer layer) that is surrounded on either side by
partially transparent, highly reflecting metal layers. Transmission
peaks of this structure occur at wavelengths /lo.ai which the sum of
the optical thickness of this layer and the phase changes on
reflection at the interfaces of trt\e two reflecting metal layers with

the spaéer layer are equal to integral multiples of A¢/2. These

filters act, in fact, like very low order Fabry-Perot interferometers.
Their spectral transmission bands have rather trianguiar-looking
Airy profiles, which are not tﬁe best shape for many filtering
problems. The transmission band can be made to assume squarer
profiles by constructing somewhat more complex. multilayer
structures c.onsistin'g of two or more .cavities. Because_ metal layers
absorb, the transmittéﬁce T at the peak of a metal-dielectric
bandpass filter Is uéuéllyconéiderably Iéss than Ljnity. For th;e 'sarhe

reason, the reflectance A and absorptance A are different for light

12
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incident from the medium and the substrate sides.

In Figs. 5A' and 6A are shown the calculated spectral
characteristics of a single and a double-cavity metal-dielectric
baridpass filter. it‘will be seen that the spectral reflectance R is

quite high throughout the spectral range shown, with the exception

of the bandpass regions. Conversely, the transmittance T is low at

all wavelengths except at those which correspond to the first and

higher order transmission bands. Note that, at any wavelength, the
sum of the transmittance T and the reflectance A is not equal to

unity. The difference is equal to the absorptance within the metal

layers.

Also shown in Fig. 5A is the visibility curve, V; (dotted curve).

This curve represents the sensitivity of the human eye to light of
different wavelengths. An integral quantity, the luminous
reflectance LA, takes into account this variation in sensitivity and
is a good measure of the effectiveness of a multilayer for visual
use. The calculated values of LR for each fiiter are shown in the

figures.

13
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The most common forms of all-dielectric bandpass fiiters are

simple analogies of the metal-dielectric systems described above,
In which the partially transparent metal reflecting layers are
replaced by all-dielectric reflecting stacks. These are composed of
alternate high and low refractive index films, each having an optical

thickness of a quarter wave at the wavelength Ap at which a
transmission peak is desired.

In Figs. 7A and 8A are shown the calculated spectral

characteristics of a singile and a double cavity all-dielectric

bandpass filter. There are two essential differences between metal-
dielectric and all-diel'ectric bandpass filters. All-dielectric
reflectors have a high', reflectance in a narrower spectral region. For
this reason the transmittance rises on both the long and the short:
wavelength sides of the main transmission peak. The rejection
regions of all-dielectric bandpass filters are therefore ’niuch

narrower than those of the metal-dielectric bandpass filters. The

~ second difference is that the sum of the transmittance and the

reflectance of the filter is 'eq‘ual to unity throughout the spec’iral

region in which the dielectric coating materials are non-absorbing.

14
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Figs. 5B, 6B, 7B and 8B

To remove the unwanted reflected light and at the same time
transmit only a narrow band of the spectrum implies that the black
bandpass filter structure must contain absotbing materials. The
irﬁmediate consequence- of this is that the peak transmittance of the
bandpass filter must be less than unity. This is the trade-off that
one must accept. A suitable goal is a peak transmittance of the
order of 0.5 of the transmittance of a conventional band'pass filter.
This is not unreasonable, since in most other approéohes to display
contrast enhancement a similar loss is introduced and accepted.

Shown in Figs. .SB and 6B are two metal-dielectric filters with‘
relative spectral transmission characteristics that are similar to
those shovtrn in Figs. 5A and 6A. However, there is a big difference
in the reflectance curves. For light incident from the observer's

side, the reflectance values are small. Note that the reflectance AR;

is lowest at wavelengths that correspond to high values of the V;

curve. Ry exceeds the value of 0.2 only at wavelengths that are

15
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lower than 0.45 pum or higher than 0.69 um. However, a limit of 0.65

would also be acceptable. At these wavelengths the values of V;

are less than 0.03 and therefore thesé reflectances no longer
contribute significantly to the luminous reflectance LA. Note that,
as a result, the luminous reflectances of the black bandpass filters
of Figs. 5B and 6B are approximately one order of magnitude smaller
than those of the conventional designs.

In Figure 5B, which is typical, the passband 8A, for which the
transmittance is greater than 0.2, extends from 0.54um to 0.56um.
It. is a small fraction of the width of the wavelength band AA (from
0.48um to 0.67um) over which the reflectance has beén reduced to
less- than 0.1, and is preferably less: than one duarter of AA.

In Figs. 7B and 8B are shown tl;e corresponding curves for new
art filters that. are based on all-dielectric band‘pass filters. Once

again, except for a scaling factor, the main transmission peaks

‘resemble closely the transmission peaks of Figs. 7A and 8A and the

reflectance curves are much reduced. -
Filtérs similar to those shown in Figs. 5B-8B with passbands

centered at other anelengths and having different widths oA,

16



10

15

CA 02124922 2002-09-13

AA can be constructed in the ultraviolet, visible and infrared spectral
regions.

The construction parameters of all the multilayers shown in
FIGS. 5-8 are given in Table 1. In all systems the substrate and the
medium were BK7 glass and air, respectively. The designs therefore
correspond to the arrangement shown in FIG. 1B. For simplicity, only
two dielectric coating materials (Si10,, Nb,O,) and two metals (Ag,
Inconel) were used in all designs. Dielectric materials, such as Al,O;,
Zro,, HfO,, Sc¢,0,, TiO,, ITO, La,0,, MgO, Ta,0;, ThO,, Y,0,, CeO,,
AlF,, CeF,, Na,AlF,, LaF,, MgF,, ThF,, ZnS, Sb,0,, Bi,O,, PbF,, NdF,
Nd,O,, PrO,,, SiO, NaF, ZnO, LiF and GdO,, or others known to
those skilled in the art could be used with equal effect. In the
examples Inconel was used because its properties are well-known
and because it forms very tough, environmentally stable films.
However. it too could be replaced by metals such as Al, Cu, Au, Mo,
Ni, Pt, Rh, Ag, W, Cr, Co, Fe, Ge, Hf, Nb, Pd, Re, V, Si, Se, Ta, Y, Zr,
as well as alloys of these materials such as Nichrome and the like, or

by any strongly absorbing oxide of the above or other metals.

17
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The multilayer designs were obtained by using a modified flip-
flop thin film synthesis program in which multilayer structures
consisting of two dielectric materials‘ and one metal could be
appended to a given design. The program is described in a paper by
J.A. Dobrowolski and R.A. Kemp, entitled "Flip-flop Thin-Film Design
Program with Enhanced Capabilities”, Appl. Opt. 31, 3807-3812
(1992). In that program it was possible to specity transmittance,
reflecténce and absorptance for any wavelength. All the layers of

the systems obtained in this way were then refined to optimize tnhe

- performance using a program in which not only the above spectral

characteristics., but also the luminous reflectance of the multilayer
cou!d' be specified.
ncl ih remark
- The above discussion describes only black bandpass filters

that are based on the two most important types of thin film
bandpass filtér structures. The prbcedures outlined above could be
applied to produce black bandpass filters based on other filter types.
For e;émple, a hybrid bandpass filter type exists in which the |

reflectors consist of both partially transparent metal layers and

18
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dielectric quarter wave layers. The properties of such hybrid
bandpass filters are intermediate to thoso of the m.etal-dielectric
and all-dielectric types. For the description of yet other thin film
bandpass designs, the reader is referred to the article "Coatings and
Filters” in the "Handbook of Optics”, (eds. W.G. Driscoll and W.
Vaughan) (McGraw-Hill, New York, 1978), pp. 8.1-8.124.

The above discussion has been limited to bandpass filters with
a single transmission'peak. However, those practiced in the art wili

appréciate_that' it is possible with the above approach to design

black bandpass filters with several transmission bands, to

accommodate colour display devices.
It will be also obvious to those skilled in the art that, using

the methods outlined above, it is possible to construct filters for

other than the visible part of the spectrum substantially

transmitting the radiation incident upon it in one narrow spectral

region, and suppressing its reflection in broad spectral regions on

~ either side of the transmission band. In particular, filters based on

~ the above methods are possible in the ultraviolet and infrared,

although some of the rhaterials used for their construction may be

19



10

15

2124922

different.

The discussion has been centred on the use of black bandpass
filters in display devices. There are also other applications tor such
filters, two of which are briefly mentioned below.

In optical communications, radiation of several wavelengths,
each carrying a different signal, is combined by a multiplexer into a

single beam for transmission through free space or in a fiber-optic

bundle. At the destination the beam is separated once again into

- separate channels by a demultiplexer. In some multiplexers and

demultiplexers narrowband filters centered on the different
wavelengths are used for the clean-up of the signals. The use of
filters which do not feflect the incident radiation will reduce the
noise in the other channels.

In optical .sdrveillance instruments detect laser light or
infrared radiétion used by the subjects under observation. It is
desirable to do this in a manner which will not alert them to the
fact that they are being observed( Hence, once again, there is a need

for narrowband filters that do not reflect the incoming radiation.

20
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Table | - Construction parameters of filters shown in Figs. 5 - 8
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THEEMBODIMENTS OF THE INVENTION INWHICH AN EXCLUSIVE PROPERTY
OF PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. An optical filter for suppressing unwanted reflections of ambient radiation
incident on an optical apparatus comprising one of a display device, a cathode ray
tube, an electroluminescent screen. optical communications equipment, and
surveillance equipment, said optical apparatus having an outer surface for facing the
iIncident ambient radiation, said filter having multiple thin layers deposited thereon;

wherein said layers include a first series of layers for suppressing reflections
of ambient radiation incident onto the outer surface of the filter and a second series
of layers constituting a bandpass interference filter;

said first series of layers being arranged to suppress reflection of the incident
ambient radiation over a first broad wavelength band,

said second series of layers being arranged to suppress transmittance to less
than 0.2 of the incident radiation over most of a second, broad wavelength band
while allowing transmittance of an amount of at least 0.2 of the incident radiation over
a relatively narrow wavelength passband,; and

both said first and second broad wavelength bands being substantially
broader than and encompassing said relatively narrow wavelength passband, the

reflectance throughout said first broad wavelength band being less than 0.1.

2. An optical filter according to claim 1, wherein said multiple thin layers are
formed on an inner surface of said substrate, being that surface which is farthest

away from the incident ambient radiation.

3. An optical filter according to claim 1, wherein said multiple thin layers are

formed on the outer surface of the screen of a display device.

4. An optical filter according to claim 1, wherein the width of the relatively narrow
wavelength passband is less than one quarter of the width of the first broad

wavelength band.

5. An optical filter according to claim any one of claims 1 to 4, wherein said first

broad wavelength band extends from about 0.45 to about 0.65 pm.
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0. An optical filter according to any one of claims 1 to 5, wherein said first series
of layers contain at least one layer comprising a metal selected from the group
consisting of Al, Cu, Au, Mo, Ni, Pt, Rh, Ag, W, Cr, Co, Fe, Ge, Hf, Nb, Pd, Re, V, Si,
Se, Ta, Y, Zr, and alloys thereof.

7. An optical filter according to any one of ciaims 1 to 6, wherein said second
series of layers contain at least one layer made of a dielectric material selected from
the group consisting of SiO,, Nb.,O., Al,O,, ZrO,, HfO,, S¢,0,, TiO,, ITO, La,0,, MgO,
Ta, O, ThQO,, Y,0,, CeO,, AlF,, CeF,, Na,AlFg, LaF,, MgF,, ThF,, ZnS, Sb,0;, Bi,O,,
PbF,, NdF., Nd,O,, Pr,O,,, SiO, NaF, ZnQ, LiF and GdO,.

8. An optical filter for suppressing unwanted reflections of ambient radiation
incident on an optical apparatus, said optical apparatus having an outer surface for
facing the incident ambient radiation, said fiiter comprising a single substrate having
multiple thin layers deposited thereon,

wherein said layers include a first series of layers for suppressing reflections
of ambient radiation incident onto the outer surface of the filter and a second series
of layers constituting a bandpass interterence filter;

said first series of layers being arranged to suppress reflection of the inciaent
ambient radiation over a first broad wavelength band,

said second series of layers being arranged to suppress transmittance to less
than 0.2 of the incident radiation over most of a second, broad wavelength band
while allowing transmittance of an amount of at least 0.2 of the incident radiation over
a relatively narrow wavelength passband; and

both said first and second broad wavelength bands being substantially
broader than and encompassing said relatively narrow wavelength passband, the

reflectance throughout said first broad wavelength band being less than 0.1.
9. An optical filter according to claim 8, wherein said multiple thin layers are

formed on an inner surface of said substrate, being that surface which is farthest

away from the incident ambient radiation.
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10.  An optical filter according to claim 8, wherein said muitiple thin layers are

formed on the outer surface of the screen of a display device.

11.  Anoptical filter according to claim 8, wherein the width of the relatively narrow
wavelength passband is less than one quarter of the width of the first broad

wavelength band.

12.  An optical filter according to claim any one of claims 8 to 11, wherein said first

broad wavelength band extends from about 0.45 to about 0.65 pm.

13.  An optical filter according to any one of claims 8 to 5, wherein said first series
of layers contain at least one layer comprising a metal selected from the group
consisting of Al, Cu, Au, Mo, Ni, Pt, Rh, Ag, W, Cr, Co, Fe, Ge, Hf, Nb, Pd, Re, V, S,
Se, Ta, Y, Zr, and alloys thereof.

14.  An optical filter according to any one of claims 8 to 13, wherein said second
series of layers contain at least one layer made of a dielectric material selected from
the group consisting of SiO,, Nb,O,, Al,O,, ZrO,, HfO,, Sc,0,, TiO,, ITO, La,0,;, MgO,
Ta,O., ThO,, Y,0,, Ce0,, AlF,, CeF,, Na AlF,, LaF,, MgF,, ThF,, ZnS, Sb,0,, B1,O,,
PbF,, NdF,, Nd,O,, PrsO,,, SiO, NaF, ZnO, LiF and GdO,,

15.  An optical filter according to any one of claims 8 to 14, for use with a display
device selected from the group consisting of a cathode ray tube and an
electroluminescent screen, for improving the contrast ratio of the image displayed by

said display device when said image is viewed in ambient light.

16.  An optical filter according to any one of claims 8 to 14, for use in an optical
communication link, for permitting a plurality of wavelengths to be transmitted in the
second broad wavelength band while minimizing reflections in the first broad

wavelength band, to reduce noise in the optical communication link.

17.  An optical filter according to claim 16, wherein said communication link

comprises a free-space optical communication link.
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18.  An optical filter according to claim 17, wherein said communication link

comprises a fiber optic communication link.

19.  An optical fiiter according to any one of claims 16 to 18, wherein said filter is

used in a wavelength multiplexer.

20. An optical filter according to any one of claims 16 to 18, wherein said filter is
used in a wavelength demultiplexer.

21.  An optical filter according to any one of claims 8 to 14, for use in surveillance
instruments, for reducing reflectance of radiation coming from a subject under

survelllance.

22.  An optical filter according to claim 21, wherein said radiation coming from a

subject is laser light radiation.

23.  An optical filter according to claim 21, wherein said radiation coming from a

subject is infrared radiation.
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