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(57) ABSTRACT 
Thermal control filter having a substrate capable of 
transmitting visible energy and having a surface with a 
coating thereon with the coating being formed of a first 
layer of dielectric material on the substrate side of the 
coating and a bilayer consisting of a thin layer of a ma 
terial different from the substrate and a metal layer of 
either copper or gold. The thin layer serves as a nucle 
ating layer for the metal layer and is on the substrate 
side of the bilayer. The coating has a second dielectric 
layer formed on the atmosphere side of the metal layer. 

20 Claims, 5 Drawing Figures 
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THERMAL CONTROL FILTER 

BACKGROUND OF THE INVENTION 

1. Field of the invention 
This invention relates to thermal control filters of the 

type having a transparent substrate with a coating 
thereon formed of thin films. 

2. Description of the Prior Art 
In copending application Ser. No. 71,009, filed Sept. 

10, 1970 and since issued as U.S. Pat. No. 3,682,528 
dated Aug. 8, 1972, there is disclosed an infra-red in 
terference filter which is of a type intended primarily 
for the separation of heat from light emanating from 
incandescent sources. Spectrally, the performance of 
this filter provides a high transmission in the visual 
spectrum and high reflection in the infra-red spectrum 
with a very rapid transition between the visible and the 
infra-red. There are, however, other applications where 
thermal control is desired where the source of radiation 
is from a much lower temperature source than an in 
candescent lamp. Examples of such sources are warm 
bodies such as ovens and furnaces. In such lower tem 
perature applications, there is still a need for a filter 
which will transmit visible light and which at the same 
time will reject infra-red energy so that heat which is 
present on one side of the filter is confined to that side 
of the filter and does not flow to the other side of the 
filter. Thus, if the filter is used as a window in a build 
ing, the heat from the outside would be excluded from 
the building during the summertime and in the winter 
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time heat within the building would not flow out of the . 
building. In the case of an oven or furnace, the heat 
would be contained within the oven or the furnace to 
make the oven or furnace perform more efficiently 
and, in addition, the outside surface of the filter would 
be appreciably cooler than a simple uncoated window, 
and thus, less dangerous to human beings. The specific 
filter which is disclosed in the copending application 
has an additional disadvantage in that it is inadequate 
for use at very high temperatures. Also, the filter has 
the disadvantage that it is relatively expensive because 
it utilizes silver. There is, therefore, a need for a ther 
mal control filter which can be utilized in conjunction 
with low temperature sources, which is relatively inex 
pensive to produce, and has a high operating tempera 
ture. 

SUMMARY OF THE INVENTION AND OBJECTS 

The thermal control filter consists of a substrate 
formed of a material capable of transmitting visible en 
ergy. The substrate has a surface and a coating is 
formed on the surface. The coating is comprised of a 
bilayer which consists of a thin layer of material which 
is different from the material of the substrate and a 
metal layer. The coating also consists of a layer of a di 
electric material on each side of the bilayer which 
serves as a protection for the bilayer and also enhances 
the optical properties of the filter. 

In general, it is an object of the present invention to 
provide a thermal control filter which is capable of re 
flecting infra-red energy while transmitting visible en 
ergy and which can be utilized in connection with tem 
perature sources which have a temperature substan 
tially lower than that of an incandescent lamp. 
Another object of the invention is to provide a filter 

of the above character which can be utilized in a rela 
tively high temperature environment. 
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2 
Another object of the invention is to provide a filter 

of the above character which is relatively inexpensive. 
Another object of the invention is to provide a filter 

of the above character which can be readily produced 
with a high yield. 
Another object of the invention is to provide a filter 

of the above character that utilizes a bilayer formed of 
relatively inexpensive materials. 
Another object of the invention is to provide a filter 

of the above character in which the filter is protected 
by a layer of dielectric material on each side of the bi 
layer. 
Another object of the invention is to provide a filter 

of the above character which is particularly useful for 
windows for ovens and furnaces. 
Another object of the invention is to provide a filter 

of the above character which has low emissivity. 
Another object of the invention is to provide a filter 

of the above character which has a hard, durable coat 
ing which greatly reduces heat flow and surface tem 
perature. 

Additional objects and features of the invention will 
appear from the following description in which the pre 
ferred embodiments are set forth in detail in conjunc 
tion with the accompanying drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is an isometric view of a portion of an oven 
having a window therein utilizing a thermal control fil 
ter incorporating the present invention. 

FIG. 2 is a cross-sectional view of the window shown 
in FIG. 1 taken along the line 2-2 of FIG. 1. 
FIG. 3 is a graph showing the optical characteristics 

of a filter incorporating the present invention. 
FIG. 4 is a graph showing the reflectance and emis 

sivity of a filter incorporating the present invention. 
FIG. 5 is an enlarged cross-sectional view similar to 

FIG. 2 showing another embodiment of a filter incorpo 
rating the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In FIG. 1 there is shown an oven 11 of a conventional 
type, for example, one which is utilized in the home 
which is heated either by, gas or electricity. As is well 
known to those skilled in the art, such an oven is com 
prised of a housing 12 which is provided with an open 
ing normally closed by a hinged door 13. A window 14 
is provided in the door to permit the user of the oven 
to view the interior of the oven. Conventionally, such 
windows consist of two spaced panes 16 and 17 of glass 
which are hermetically sealed so as to provide an air 
pocket therebetween which serves as an insulator. As 
is well known to those skilled in the art, more recent 
ovens are provided with a self-cleaning feature in which 
the ovens are raised to a high temperature. In order to 
prevent the window 14 from reaching an excessively 
high temperature which could burn a person touching 
the window, the window 14 is provided with a thermal 
control filter incorporating the present invention. 
As shown in FIG. 2, the thermal control filter consists 

of the pane 16 which serves as the substrate for the fil 
ter and a coating 18 which is carried by the substrate 
16. The substrate 16 is formed of any suitable material 
but it is preferable that it be formed of a material which 
is highly transmitting in the visible region of the spec 
trum. Thus, for example, the substrate 16 can be 
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formed of a glass having an index of refraction of ap 
proximately 1.517. The substrate 16 is provided with 
two parallel surfaces 21 and 22 with the surface 21 
being exposed to the outside air or the medium and the 
surface 22 having the coating 18 covering the same. 
The panes 16 and 17 can be referred to as the outer and 
inner panes if desired. 
The coating 18 consists of at least four layers identi 

fied as first, second, third and fourth layers 26, 27, 28 
and 29, respectively, counting from the substrate with 
the layers 27 and 28 forming a bilayer and layers 26 
and 29 being formed of layers of dielectric material 
which serve to protect the bilayer and which also add 
to the optical properties of the filter as hereinafter de 
scribed. 
The bilayer consists of a relatively thin layer 27 

which is formed of a material different from the sub 
strate and which serves as a nucleating layer for the 
thicker metal layer 28. The thin layer 27 is preferably 
maintained as thin as possible so that it will have very 
little, if any, effect upon the optical characteristics of 
the filter. Thus, it has been found that the layer 27 can 
have a thickness ranging from 5 to 29 Angstroms. This 
thin layer 27 can be formed of any one of a number of 
materials. However, it has been found that nickel and 
chromium are particularly satisfactory. The other met 
als which also can be utilized are rhodium, palladium, 
Nichrome, tungsten, etc. In addition, certain dielectric 
materials such as titanium monoxide, silicon monoxide 
and aluminum oxide, and metal oxide mixtures such as 
those disclosed in U.S. Letters Patent No. 3,034,924 
also can be utilized to provide a satisfactory pre-coat or 
nucleating layer for the metal layer 28. 
As pointed out above, the thickness of this pre-coat 

or thin layer is not critical providing it exceeds a certain 
minimum thickness which is believed to be approxi 
mately 5 Angstroms. The effect of this pre-coat or thin 
layer appears to be that of a nucleation layer which 
gives to the thin metal film 28 the optical properties of 
the bulk metal. In other words, the pre-coat or thin 
layer 27 is so thin as to be ineffective in changing the 
optical properties of the filter but causes the subse 
quent thin metal film to behave as if it were a homoge 
neous metal slab or, in other words, a slab of bulk 
metal. 
The thin metal layer 28 is formed of a metal which 

makes it possible for the coating to withstand relatively 
high temperatures as, for example, temperatures rang 
ing from 250°C. to 450°C. To meet these high tempera 
ture requirements, it has been found that it is necessary 
to select either copper or gold as the metal for this 
layer. When copper is utilized for this layer as shown 
in the embodiment disclosed FIG. 2, the copper layer 
has a thickness of approximately 13.5 millimicrons. 
However, the thickness can range from approximately 
8 to 50 millimicrons. It has been found that the thinner 
the copper layer, the greater the visual transmission, 
the greater the emissivity so that the heat flow through 
the window increases. Conversely, when the copper 
layer is thicker, the visual transmission decreases and 
the emissivity decreases so that the heat flow through 
the glass is decreased. Thus, the coating performs more 
effectively as the thickness of the copper is increased. 
However, this thickness increase has the disadvantage 
in that as the copper thickness is increased, the visual 
transmission decreases. 
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in order to make the bilayer consisting of the layers 

27 and 28 into a coating which is hard, durable and sta 
ble, it is necessary that the two additional layers 26 and 
29 be provided on opposite sides of the layer. The lay 
ers 26 and 29 are formed of a suitable dielectric mate 
rial such as aluminum oxide and magnesium fluoride 
for low index materials, and titanium dioxide for a high 
index material. 

In one embodiment of the invention shown in FIG. 2, 
the dielectric layer 26 was formed of aluminum oxide, 
or sapphire. The layer 26 had a physical thickness of 58 
millimicrons and a quarter wave optical thickness of 
382.8 millimicrons. These thicknesses can be varied it 
30 percent while still retaining satisfactory optical 
characteristics. To obtain the desired mechanical prop 
erties from the layer 26, it is only necessary that it have 
a thickness which is greater than 100 to 200 Ang 
Strons. 
The layer 29 was formed to have a physical thickness 

0 of 37 millimicrons and a quarter wave optical thickness 
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of 244.2 millimicrons. Again, as with the first dielectric 
layer 26, the minimum thickness for the layer 29 to ob 
tain the necessary mechanical durability and stability 
should be from 100 to 200 Angstroms, whereas to ob 
tain the desired optical properties, the thickness can 
range to a + 30 percent from the optimum 37 millimi 
cron thickness. 
The layers 26,27,28 and 29 forming the coating 18 

can be deposited in a conventional manner. The mate 
rials are evaporated sequentially in a vacuum chamber 
carrying the substrates which are to be coated to form 
the coating of the present invention thereon. Thus, the 
coatings 26,27,28 and 29 can be deposited in that order 
in the vacuum chamber. 
The first dielectric layer 26 performs an adhesion 

function for the bilayer as well as protecting the bilayer 
from air and from the chemicals that are in the glass 
substrate. The second or outer layer 29 serves as a pro 
tective layer for the bilayer and protects it from the at 
mosphere. Thus, it can be seen that two dielectric lay 
ers stabilize the coating in that they provide mechanical 
durability as well as protection. In addition, they serve 
an optical function by reducing the reflection from the 
coating from the side viewed by the viewer as shown in 
FIG. 2. 
When the coating is completed, the bilayer provides 

the principal properties which are desired from the fil 
ter; however, the two dielectric layers give the coating 
the desired hardness, durability and stability. It has 
been found that the copper layer by itself even with the 
nickel pre-coat layer 27 is unstable. It will oxidize in the 
atmosphere. In addition, it will not pass humidity tests 
and abrasion tests. By surrounding the bilayer with the 
dielectric layers, the coating will readily pass conven 
tional humidity, hardness and abrasion tests for thin 
film coatings. However, the most important character 
istic is that the two dielectric layers make the coating 
stable so that the coating will not oxidize and so that it 
can be utilized in high temperature environments. 
Coatings such as that provided in FIG. 2 have been 

capable of withstanding a standard 20 rub abrasion 
test, a 24 hour humidity test, and a tape test. They have 
also been able to withstand a high temperature test 
which consisted of baking the filter at a temperature of 
350°C in a normal atmosphere for 1000 hours. Such a 
high temperature test had little or no effect upon the 
emissivity of the filter. 
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After the coating 18 has been applied to the substrate 
16, the substrate 16 with the coating thereon and the 
pane 17 are sealed around their outer peripheries and 
are positioned in such a manner that there is provided 
a space 31 between the coating and one surface of the 
pane 17 which is filled with air normally at atmospheric 
pressure. Thus, it can be seen that the coating is pro 
vided on the inside of the pane 16 and is exposed to the 
air in the space 31 between the panes 16 and 17. The 
assembly can then be incorporated in an oven door as 
shown in FIG. 1. The coating 18 has a very low visual 
reflection when viewed from the outside as shown in 
FIG. 2. This is a very desirable characteristic. In addi 
tion, the reflection, if possible, should be without color, 
i.e., neutral. 
The spectral performance of a filter such as that 

shown in FIG. 2 is shown in FIG. 3. As can be seen, the 
graph shown in FIG. 3 covers the wavelength region 
from approximately 400 millimicrons to 2500 millimi 
crons. Four curves are shown in FIG. 3 with two of the 
curves being transmission curves and two of the curves 
being reflection curves. Two of the curves deal with an 
embodiment of the invention hereinafter described, 
whereas the other two curves 32 and 33 deal with the 
embodiment shown in FIG. 2. Curve 32 is the curve 
which shows the reflection for one design incorporating 
the present invention and shows that the reflection at 
400 millimicrons is 8 percent and that it is relatively 
neutral until approximately 600 millimicrons, after 
which the reflection begins to climb and climbs steadily 
through 2500 millimicrons where the reflection is ap 
proximately 69 percent. The transmission curve 33 
shows that the transmission starts off at 400 millimi 
crons at approximately 63 percent and then goes up to 
a peak transmission of approximately 75 percent at 600 
millimicrons and then falls off through the infra-red re 
gion until at 2500 millimicrons that transmission is ap 
proximately 13 percent. Thus, it can be seen that the 
filter does not have neutralness of transmission 
throughout the visible region. In other words, the trans 
mission is not flat across the visual spectrum. 

In comparing the characteristics of this filter with the 
filter which is disclosed in copending application Ser. 
No. 71,009, filed Sept. 10, 1970, now U.S. Pat. No. 
3,682,528, it can be seen that the present filter utilizing 
copper does not have the neutralness of transmission in 
the visible spectrum but has an appearance which is 
slightly coppery in transmission. In addition, the trans 
mission of the copper design does not fall off as rapidly 
as does the transmission utilizing silver and for that rea 
son the silver is more desirable for use with high tem 
perature sources such as a tungsten light bulb. The re 
flection of the copper filter of the present invention and 
the silver filter in the earlier filed application are simi 
lar but it can be seen that the copper reflection does 
not increase as rapidly as the reflection of the silver fil 
ter. This is relatively unimportant in many applications 
as, for example, where warm body sources are utilized. 
In such applications, it is necessary that the high reflec 
tion be obtained at wavelengths of 4 microns and 
greater, in which region the reflection of the copper fil 
ter is just as great as the silver filter. Aproximately 95 
percent of the power spectrum of a black body having 
a temperature of approximately 200'C. is between 4 to 
50 microns with the peak radiation being at approxi 
mately 6 microns. Thus, it can be seen for a filter to 
have a coating which has good emissivity for applica 
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6 
tions such as for oven doors, it must have low emissivity 
in the region of 4 to 50 microns. This temperature of 
200'C. for a cool black body is low in comparison to an 
incandescent source such as tungsten which has a black 
body temperature of approximately 3200K. In the case 
of a black body of this latter temperature, 85 percent 
of the energy falls at wavelengths less than 2.5 microns. 
It is necessary to have good infra-red reflection be 
tween 0.7 and 2.5 microns for heat rejection. For appli 
cations such as oven doors, it is unnecessary to have 
high rejection until approximately the 4 micron wave 
length region. 
The filter of FIG. 2 has a distinct advantage in that 

the materials from which it is formed are extremely in 
expensive. In addition, the materials are easy to evapo 
rate and control so that the yield is very high. 
In FIG. 4, there is shown a graph which depicts the 

heat properties of a filter made in accordance with FIG. 
2. The visual properties of the filter are shown in FIG. 
3 in which the visual region is represented by the 400 . 
to 700 millimicron region. To determine the heat re 
flecting properties of the filter, it is necessary to exam 
ine the region from 4 to 50 microns. The curve 34 in 
FIG. 4 shows the heat reflectance and the emissivity for 
the region from 4 to 50 microns and shows that the re 
flectance is approximately 0.85 and the emissivity is 
0.15. The emissivity as defined is one minus the reflec 
tance. 
When it is desired to utilize the filter in environments 

having temperatures substantially above 350°C., it is 
desirable that another filter incorporating the invention 
of the type shown in FIG. 5 be utilized. The coating 36 
shown therein is formed on the surface 22 of the sub 
strate 16 and consists of at least five layers 37, 38, 39, 
41 and 42. Since gold is utilized in place of copper in 
this design as hereinafter described, and since the gold 
is intrinsically very soft, it is necessary to add to the 
four layers of the previous embodiment at least one ad 
ditional layer to obtain the necessary hardness and du 
rability for the coating. Also, because gold has different 
optical properties from that of copper, it is necessary 
to utilize different materials and a different design in 
order to obtain a low visual reflection through the glass 
substrate 16. 
The first layer 37 of the coating 36 counting from the 

substrate is formed of titanium dioxide with an index of 
refraction of 2.3. This layer 37 has a physical thickness 
of 29.4 millimicrons and a quarterwave optical thick 
ness of 270.48 millimicrons which can vary - 30 per 
cent and still obtain satisfactory results. The second or 
next layer counting from the substrate is layer 38 which 
is a thin nucleation layer formed of a suitable material 
such as nickel as hereinbefore explained. This thin nu 
cleation layer makes it possible to obtain bulk optical 
properties from a thin layer of gold. The thin layer 38 
can have the same thickness as described in connection 
with the previous embodiment. 
The next layer is layer 39 formed of gold having a 

physical thickness of 4.4 millimicrons. This is the opti 
mum thickness for the gold layer. However, if desired, 
the thickness can vary from 2.0 millimicrons to approx 
imately 30 millimicrons in thickness. In the same man 
ner as with the copper layer, the emissivity properties 
of the coating can be improved by sacrificing visual 
transmission. 
The next layer 41 which is the layer next adjacent to 

the gold layer is formed of yttrium oxide (YOs) which 
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has an index of refraction of 1.9. This layer of yttrium 
oxide has a physical thickness of 166 millimicrons and 
a quarterwave optical thickness of 1260.60 millimi 
crons. This layer is provided for hardness and gives the 
desired stability and hardness to the coating. The opti 
cal thickness and physical thickness of this layer can 
vary within - 20 percent without too seriously impair 
ing the properties of the coating. 
The last layer, layer 42, is a dielectric layer and is uti 

lized for optically matching the coating to air and con 
sists of a dielectric layer formed of magnesium fluoride 
(MgF) which has an index of refraction of 1.38. This 
magnesium fluoride layer has a physical thickness of 
80.15 millimicrons and a quarterwave optical thickness 
of 442.428 millimicrons. For the MgF, the physical 
thickness and the quarterwave optical thickness can be 
varied within +30 percent while still obtaining accept 
able results. The optimum thicknesses set forth give a 
low visual reflection with the most neutral coating. As 
soon as these optimum thicknesses are changed, the vi 
sual reflectance is increased and there is a loss of neu 
trality in color. In certain applications, it may be desir 
able to obtain a specific color by reflection and this can 
be obtained by changing the thicknesses of the dielec 
tric layers. 
The layers forming the coating 36 also can be evapo 

rated in a conventional manner in a vacuum chamber 
by sequentially evaporating the materials onto the sub 
strate. 
The spectral performance of a filter of the type 

shown in F.G. 5 is shown in FIG. 3 in which the curve 
46 represents the reflection obtained from the gold fil 
ter and the curve 47 represents the transmission which 
is obtained from the gold filter. It can be seen that the 
transmission by the gold filter is very similar to the 
transmission by the copper filter. It starts out at 400 
millimicrons with a transmission of approximately 60 
percent. It peaks at a transmission peak of 75 percent 
at 575 to 580 millimicrons and then falls off in the in 
fra-red. Initially, it falls off more rapidly than the cop 
per but then it falls off less rapidly so that at 2500 milli 
microns, the transmission is approximately 18 percent. 
The reflection for the gold starts at 400 millimicrons at 
16 percent and decreases to a minimum of 550 millimi 
crons at approximately 4% percent, and then increases 
until approximately 1000 millimicrons and then de 
creases until approximately 1700 millimicrons and then 
increases to 2500 millimicrons, at which time the re 
flection is approximately 42 percent. The reflection 
continues to increase until when 4 microns is reached, 
which is a critical region, the reflection of the gold is 
just as good as the copper and both reflect at 85 per 
cent as represented by the curve 34 in FIG. 4. The 
emissivity is less than 0.2, i.e., 0.15. 
Thus it can be seen that the gold also provides a very 

satisfactory thermal control filter and that it can be uti 
lized in the same manner as the filter which is shown in 
FIG. 2. The only difference is that the coating is com 
prised of more layers which makes it more expensive 
and, in addition, it requires the use of gold which is 
more expensive than copper. It, however, does have the 
advantage in that it can be utilized in much higher tem 
perature environments as, for example, temperatures 
ranging from 250 to 550°C. 

It is apparent from the foregoing that there has been 
provided a new and improved thermal control filter 
which is particularly adapted for energy emitted from 
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8 
black body sources having temperatures substantially 
less than the temperatures of incandescent lamps. The 
filter utilizes a coating which is relatively inexpensive 
and which can be readily produced with a high yield. 
It will withstand the conventional humidity and abra 
sion tests and, in addition, can withstand high tempera 
tures in excess of 300°C. for extended periods of time. 
The coating has low emissivity which makes it possible 
to obtain a drastic reduction in surface temperature of 
windows which are exposed to heat. The optical char 
acteristics are determined primarily by the single metal 
layer that it utilized which consists of either copper or 
gold. 
i Although the principal emphasis on the present i 
vention has been directed to the utilization of the filter 
in conjunction with black body sources having temper 
atures in excess of 200°C., the coatings are also particu 
larly adaptable for use with architectural glass to con 
trol the heat input through a window due to solar radia 
tion which is in the region from 400 to 2500 millini 
crons and is generally characterized as the shading co 
efficient of the architectural glass. The thermal 
through-put of heat through the glass due to the tem 
perature difference existing on opposite sides of the 
glass is determined by the transfer of energy in the re 
gion from 4 to 50 microns and is often characterized as 
the U-factor of architectural glass. As can be seen from y 
the curves shown in FIGS. 3 and 4, architectural glass/ 
with coatings thereon incorporating the present inven 
tion would have excellent shading coefficients and U 
factors. - 

| claim: 
1. In a thermal control filter, a substrate formed of a 

material capable EEE energy, said 
substrate having a surface, a coating formed on said 
surface, said coating comprising a first layer of a dielec 
tric material on the substrate side of said coating, a bi 
layer consisting of a thin nucleation layer of a material 
different from the substrate on the substrate side of said 
bilayer and a metal layer in contact with said thin nu 
cleation layer, said thin nucleation layer serving as a 
nucleation layer for said metal layer and being thin 
enough so that it is substantially ineffective in changing 
the optical properties of the filter, and a second layer 
of a dielectric material formed on the atmosphere side 
of said coating, said coating providing a filter having a 
reflectance greater than 80 percent for the wavelength 
region from 4 microns to 50 microns. 

2. A filter as in claim 1 wherein said metal layer is 
formed of copper. 

3. A filter as in claim 2 wherein said copper layer has 
a thickness ranging from 8 to 45 millimicrons. 

4. A filter as in claim 2 wherein said copper layer has 
a thickness of approximately 13.5 millimicrons. 

5. A filter as in claim 1 wherein said metal layer is 
formed of gold. 

6. A filter as in claim 5 wherein said gold layer has 
a thickness ranging from 2 to 30 millimicrons. 

7. A filter as in claim 5 wherein said gold layer has 
an optimum thickness of approximately 4.4 millimi 
COS 

8. A filter as in claim 5 together with an additional 
layer disposed between said metal layer and said sec 
ond layer of a dielectric material and being formed of 
yttrium oxide having a physical thickness of 166 it 34 
millimicrons. 
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9. A filter as in claim 8 wherein said first and second 
layers of a dielectric material are formed of titanium 
dioxide and magnesium fluoride, respectively. 

10. A filter as in claim 1 wherein said thin nucleation 
layer is formed of nickel. 

11. A filter as in claim 1 wherein said first and second 
layers of a dielectric material are formed of aluminum 
oxide and have optimum thicknesses of 58 - 17 
millimicrons and 37 t l l millimicrons respectively. 

12. A filter as in claim 1 wherein said metal is formed 
of a metal selected from the group consisting of copper 
and gold. 

13. In a thermal control filter, a substrate formed of 
a material capable of transmitting visible energy, said 
substrate having a surface and a coating formed on said 
sugace, said coating being formed of at least four lay 
ers counting from the substrate, the first of said layers 
being formed of a dielectric material, the second of said 
layers being a thin nucleating layer formed of a mate 
rial different from the substrate and being thin enough 
so that it is substantially ineffective in changing the op 
tical properties of the filter, third of said layers being 
formed of copper and having a thickness ranging from 
8 to 45 millimicrons, said thin nucleating layer serving 
as a nucleating layer for said copper layer, and said 
fourth layer being formed of a dielectric material. 

14. A filter as in claim 13 wherein said first and 
fourth layers are formed of aluminum oxide and 
wherein said first layer has an optimum physical thick 
ness of 58 - 17 millimicrons and said fourth layer has 
an optimum physical thickness of 37 - 1 1 millimicrons. 
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15. A filter as in claim 13 wherein said copper layer 

has an optimum physical thickness of approximately 

O 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

13.5 millimicrons. 
16. In a thermal control filter, a substrate formed of 

a material capable of transmitting visible energy, said 
substrate having a surface and a coating formed on said 
surface, said coating comprising at least five layers 
counting from the substrate, said first layer being 
formed of a dielectric material, said second layer being 
formed of a thin nucleating layer being thin enough so 
that it is substantially ineffective in changing the optical 
properties of the filter, said third layer being formed of 
gold having a thickness ranging from 2 to 30 millimi 
crons, said thin nucleating layer serving as a nucleating 
layer for said gold layer, said fourth layer being formed 
of yttrium oxide, and said fifth layer being formed of a 
dielectric material. 

17. A filter as in claim 16 wherein said first layer is 
formed of titanium dioxide and said fifth layer is 
formed of magnesium fluoride. 

18. A filter as in claim 17 wherein said first layer has 
an optimum physical thickness of 29.49 millimicrons 
and said fifth layer has an optimum physical thickness 
of 80.5 - 24 millimicrons. 

19. A filter as in claim 16 wherein said gold layer has 
an optimum thickness of approximately 4.4 millimi 
COS. 

20. A filter as in claim 16 wherein said yttrium oxide 
layer has a thickness of approximately 166 it 34 
millimicrons. 
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