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Image device.

@ An image device includes a housing for hous-
ing an image tube with a predetermined space
therebetween, and a plurality of Peltier ele-
ments for cooling the photoelectric surface of
the image tube. The heat absorption portion of
each Peltier element is fixed to a portion near
the photoelectric surface of the image tube, and
the heat dissipation portion of each Peltier
element is fixed to an end plate near the trans-
parent window plate of the housing. The interior
of the housing is set at a vacuum. Therefore, the
photoelectric surface is free from external ther-
mal influences and can be efficiently cooled by
the Peltier elements. In addition, the housing is
heated by heat from the heat dissipation por-
tions of the Peltier elements to prevent dew
condensation.
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BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates generally to an im-
age tube for converting an optical image, received by
an incident window, into a photoelectric image
through a photoelectric surface and reproducing the
photoelectric image as an optical image through a re-
production window and, more particularly, is con-
cerned with an image device including means for
cooling the photoelectric surface of the image tube.

Related Background Art

An image tube has a substantially cylindrical
closed vessel. One end plate of the closed vessel
serves as an incident window for receiving an optical
image. A photoelectric surface is formed on the inner
surface of the incident window. An optical image inci-
dent on the incident window is converted into photo-
electrons by the external photoelectric effect of the
photoelectric surface. The photoelectrons are accel-
erated and focused by an electron lens to form an
electronic image on fluorescent screen which is
formed on the inner surface of the other end plate of
the closed vessel. The electronic image formed on
the fluorescent screen is then reproduced as an opt-
ical image. The other end plate will be referred to as
a reproduction window hereinafter.

In such an image tube, the photoelectric surface
emits thermoelectrons owing to heat even if no light
is incident on the photoelectric surface. The thermo-
electrons cause thermal noise, and a decrease in the
S/N ratio of the image tube. As a method of restricting
emission of such thermoelectrons, a method of using
means for cooling an image tube, especially, a pho-
toelectric surface thereof is available.

Fig. 1 shows one of conventional cooling means.
This cooling means uses cooling elements 1 based on
the Peltier effect. The cooling element will be referred
to as Peltier element hereinafter. More specifically,
the cooling means is designed as follows. An image
tube 2 is covered entirely with a cylindrical housing 3,
and the space therebetween is set at a vacuum. In
addition, a plurality of Peltier elements 1 are arranged
between the outer surface of the side wall of the im-
age tube 2 and the inner surface of the side wall of
the housing 3 in such a manner that a heat absorption
portion 1a of each Peltier element is located on the
side of the image tube, and a heat dissipation portion
Ib of each Peltier element 1 is located on the side of
the housing 3. With this arrangement, when voltages
are applied to the Peltier elements 1, the heat absorp-
tion portions 1a are set at low temperatures to cool
the side wall portion of the image tube 2. As a result,
the photoelectric surface (not shown) formed on the
inner surface of an incident window 4 of the image
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tube 2 is cooled.

However, since this cooling means is designed to
cool the entire image tube 2, the cooling efficiency is
very poor.

In addition, as a conventional cooling means, a
device for cooling mainly a photoelectric surface, as
shown in Fig. 2, is known (Japanese Patent Laid-
Open No. 62-180930).

This photoelectric surface cooling device 5 com-
prises two annular metal plates 5a and 5b having
transparent window plates 6a and 6b mounted on
their central opening portions, and a plurality of Pelt-
ier elements 7 arranged between the metal plates 5a
and 5b. Heat absorption portions 7a of the Peltier ele-
ments 7 are in contact with the metal plate 5b. When
voltages are applied to the Peltier elements 7, the
window plate 6b of the annular metal plate 5b is set
at a low temperature. Therefore, since the window
plate 6b is mounted on an incident window 4 of an im-
age tube 2 so as to be in contact therewith, a photo-
electric surface 8 on the inner surface of the incident
window 4 can be cooled.

In this photoelectric surface cooling device 5,
since the window plate 6b having a low temperature
is in contact with the incident window 4 of the image
tube 2, a reproduction window 9 is also cooled
through the side wall portion of the image tube 2.
Since the reproduction window 9 is exposed to the at-
mosphere, dew condensation may occur on the sur-
face of the reproduction window 9. In addition, since
most of the image tube 2 is exposed to the atmos-
phere, the photoelectric surface 8 cannot be suffi-
ciently cooled owing to external heat.

SUMMARY OF THE INVENTION

It is, therefore, an object of the present invention
to provide an image device which can effectively cool
the photoelectric surface of an image tube to sup-
press generation of thermoelectrons, thereby in-
creasing the S/N ratio of the image tube.

Itis another object of the present invention to pro-
vide an image device which can prevent dew conden-
sation.

It is still another object of the present invention to
provide an image device which can keep the temper-
ature of the photoelectric surface of an image tube
constant to stabilize the spectral sensitivity character-
istics of the image tube.

The above objects can be achieved by an image
device comprising (a) an image tube including a first
end plate having a photoelectric surface formed on an
inner surface thereof, and a second end plate located
on the opposite side of the first end plate and having
a fluorescent screen formed on an inner surface
thereof, the image tube being adapted to reproduce
on the fluorescent screen an optical image incident
on the photoelectric surface through the first end
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plate, (b) a housing adapted to house the image tube
with a predetermined space therebetween and hav-
ing an inner space substantially completely evacuat-
ed, the housing including a first transparent portion
arranged to oppose the first end plate with a prede-
termined space therebetween, and a second trans-
parent portion arranged to oppose the second end
plate with a predetermined space therebetween, and
(c) a plurality of Peltier elements for cooling the pho-
toelectric surface of the image tube and supporting
the image tube at a predetermined position in the
housing, each Peltier element having a heat absorp-
tion portion fixed to the image tube at a position near
the photoelectric surface and a heat dissipation por-
tion fixed to the housing at a position near the first
transparent portion.

Preferably, the housing comprises a transparent
cup-like main body, an annular metal end plate air-
tightly fixed to an open end portion of the cup-like
main body, and a transparent window plate airtightly
mounted on a central opening portion of the cup-like
main body, and the image tube is coaxially arranged
in the cup-like main body. In this case, the transpar-
ent window plate is the first transparent portion of the
housing, and the bottom plate of the cup-like main
body is the second transparent portion. Also, it is pre-
ferable that the cup-like main body consists of a glass
material, the end plate consists of copper, and the
window plate consists of a glass material. In addition,
the heat dissipation portion of each Peltier element
can be fixed to the end plate of the housing. The heat
absorption portion of each Peltier element can be
fixed to an outward flange provided on an outer per-
ipheral portion, of the image tube, which is adjacent
to the first end plate.

Furthermore, the image device of the present in-
vention may include a temperature detection means
for detecting the temperature of the photoelectric sur-
face of the image tube. Preferably, the temperature
detection means is a temperature sensor for detecting
the temperature of a portion, of the image tube, which
is adjacent to the photoelectric surface.

Moreover, the image device may include a control
means, electrically connected to the temperature de-
tection means and the Peltier elements, for controlling
voltages applied to the Peltier elements to keep the
temperature of the photoelectric surface constant on
the basis of a detection result from the temperature
detection means.

The present invention will become more fully un-
derstood from the detailed description given herein-
below and the accompanying drawings which are giv-
en by way of illustration only, and thus are not to be
considered as limiting the present invention.

Further scope of applicability of the present in-
vention will become apparent from the detailed de-
scription given hereinafter. However, it should be un-
derstood that the detailed description and specific ex-
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amples, while indicating preferred embodiments of
the invention, are given by way of illustration only,
since various changes and modifications within the
spirit and scope of the invention will become apparent
to those skilled in the art form this detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a sectional view schematically showing
a conventional means for cooling the photoelec-
tric surface of an image tube;

Fig. 2 is a sectional view schematically showing
another conventional means for cooling the pho-
toelectric of an image tube;

Fig. 3 is a side elevational view of an image de-
vice according to the present invention, partly in
section;

Fig. 4 is a sectional view taken along a line IV -
IV in Fig. 3;

Fig. 5 is an enlarged view of a portion Ain Fig. 3;
Fig. 6 is an enlarged view of a portion B in Fig. 3;
Fig. 7 is a graph showing the relationship be-
tween the temperature of a photoelectric surface
and the number of thermoelectrons in the dark;
and

Fig. 8 is a graph showing the spectral sensitivity
characteristics of an image tube with respect to
different temperatures of the photoelectric sur-
face.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to the drawings, and particularly,
to Fig. 3, there is shown a partial sectional side view
of an image device according to the present inven-
tion, which is generally designated by the numeral 10.
The image device 10 includes an image tube 12. The
image tube 12 is of a known type and has a substan-
tially cylindrical closed vessel 14. One end plate (the
end plate on the left side in Fig. 3) of the closed vessel
14 serves as an incident window 16 for an optical im-
age, on the inner surface of which a photoelectric sur-
face 18 is formed. The other end plate of the closed
vessel 14 serves as a reproduction window 20, on the
inner surface of which a fluorescent screen 22 is
formed.

The image tube 12 is coaxially housed in a cylin-
drical housing 24 with a predetermined space there-
between. The housing 24 is constituted by a cup-like
main body 26 consisting of a transparent glass mate-
rial, and an annular end plate 28 consisting of a metal,
preferably a copper material having a high thermal
conductivity, and mounted on an open end portion of
the cup-like main body 26. Awindow plate 30 consist-
ing of a transparent glass material is mounted on a
central opening portion of the end plate 28. The win-
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dow plate 30 is arranged to oppose the incident win-
dow 16 of the image tube 12 with a predetermined
space therebetween. The window plate 30 serves as
an inlet for optical information to be imaged on the
photoelectric surface 18 of the image tube 12. There-
fore, it is preferable that the diameter of the window
plate 30 is similar to or larger than that of the photo-
electric surface 18. In addition, it is preferable that an
air-cooled or water-cooled annular heat dissipation
plate 32 is arranged on the outer surface of the end
plate 28.

The end plate 28 and the cup-like main body 26,
and the end plate 28 and the window plate 30, respec-
tively, are airtightly coupled to each other so that the
housing 24 has a hermetically sealed structure. Since
it is difficult to directly couple a glass member to’ a
copper member, a plurality of metals such as chro-
mium (Cr), nickel (Ni), copper (Cu), and indium (In)
are preferably interposed between the end plate 28
and the cup-like main body 26 or the window plate 30,
as shown in Fig. 5 and 6.

An outward flange 34 consisting of copper is
formed on the image tube at an outer peripheral por-
tion thereof which is adjacent to the incident window
16. An annular copper plate 36 is fixed to the flange
34. When the image tube 12 is arranged at a prede-
termined position in the housing 24, the annular cop-
per plate 36 is arranged to oppose the end plate 28
of the housing 24 coaxially. As shown in Fig. 4, a plur-
ality of (eight in this embodiment) Peltier elements 38
are arranged between the end plate 28 of the housing
24 and the annular copper plate 36 at equal intervals
in the circumferential direction. A heat dissipation por-
tion 38a of each Peltier element 38 is fixed to the end
plate 28 of the housing 24, and a heat absorption por-
tion 38b of each Peltier element 38 is fixed to the cop-
per plate 36. With this structure, the image tube 12
is supported on the housing 24 only by the Peltier ele-
ments 38.

The Peltier elements 38 are connected to electro-
des 40 and 41 extending through the cup-like main
body 26, through lead lines 42 and 43 having a low
heat conductivity. Atemperature controller 44 located
outside the housing 24 is connected to the electrodes
40 and 41. A temperature detector 46 such as a pla-
tinum temperature sensor is mounted on the annular
copper plate 36. Although the temperature detector
46 serves to detect the temperature of the annular
copper plate 36, the temperature of the photoelectric
surface 18 can be calculated from a detection value
from the temperature detector 46. The detection value
from the temperature detector 46 is input to the tem-
perature controller 44 through a lead line 48 having a
low thermal conductivity and an electrode 50. The
temperature controller 44 controls voltages applied to
the Peltier elements 38 in accordance with this detec-
tion value, thus controlling the temperature of the
heat absorption portions 38b.
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The numeral 52 designates a chip tube, which is
used to exhaust air from the housing 24 to set a va-
cuum therein after the image tube 12 is housed in the
housing 24 and the end plate 28 is mounted. When
the pressure in the housing 24 is decreased to a de-
sired value, the chip tube 52 is closed by using a burn-
er or the like.

Also, the numeral 54 designates a getter, which
absorbs residual gases to maintain the degree of va-
cuum after the housing 24 is evacuated. The getter 54
is suspended from a side wall of the image tube 12.

Further, the numeral 56 designates electrodes
extending through the cup-like main body 26. The
electrodes 56 serve to apply voltages to the image
tube 12 or extract signals from the image tube 12.
These electrodes 56 are properly connected to the
image tube 12 through lead lines 58 having a low heat
conductivity.

In operation, optical information is incidenton the
incident window 16 of the image tube 12 through the
window plate 30 of the housing 24, and an image is
formed on the photoelectric surface 18 on the inner
surface of the incident window 16. The optical image
incident on the photoelectric surface 18 is converted
into a photoelectric image by the external photoelec-
tric effect of the photoelectric surface 18. The photo-
electric image is accelerated and focused by an elec-
tron lens (not shown) in the image tube 12 and is re-
produced as an optical image through the fluorescent
screen 22. The reproduced image is output through
the reproduction window 20 of the image tube 12 and
a transparent end plate 60 of the housing 24 (i.e. a
bottom plate 60 of the cup-like main body 26) which
is opposed to and spaced from the reproduction win-
dow 20.

The Peltier elements 38 serve to absorb heat
from the photoelectric surface 18 under the control of
the temperature controller 44. More specifically, the
heat absorption portions 38b of the Peltier elements
38 absorb heat from the photoelectric surface 18
through the incident window 16, the outward flange
34 and the annular copper plate 36, and the Peltier
elements 38 dissipate the heat from the heat dissipa-
tion portions 38a to the annular heat dissipation plate
32 mounted on the end plate 28. Since the image tube
12 is supported only by the Peltier elements 38 in the
vacuum in the housing 24, the image tube 12 is free
from the influence of external heat, and hence the
photoelectric surface 18 is efficiently cooled. In an ex-
periment, when the external temperature was 20°C
and the water-cooled heat dissipation plate tempera-
ture was kept at 20°C, the temperature of the photo-
electric surface 18 could be decreased to -40°C. With
the conventional arrangement shown in Fig. 2, the
temperature of the photoelectric surface could be de-
creased to only -20°C. As described above, according
to the present invention, the cooling efficiency with
respect to a photoelectric surface is very high, and a
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reduction in energy consumption can be achieved. Of
course, this cooling temperature varies depending on
the thermal capacities of the Peltier elements 38, the
annular heat dissipation plate 32, the housing 24, and
the like.

Fig. 7 is a graph showing the relationship be-
tween the temperature of the photoelectric surface
18 and the number of thermoelectrons (dark count)
in the dark. It is apparent from this graph that the
number of thermoelectrons is reduced with a de-
crease in the temperature of the photoelectric surface
18. When the generation of thermoelectrons is re-
stricted, thermal noise is reduced and the S/N ratio is
increased.

The heat absorbed from the photoelectric surface
18 is dissipated from the annular heat dissipation
plate 32 through the heat dissipation portions 38a of
the Peltier elements 38 and the end plate 28. How-
ever, part of the heat is transferred to the cup-like
main body 26 of the housing 24 so that the tempera-
ture of the bottom plate 60 on the output side of the
housing 24 can be set to be higher than the external
temperature. As a result, dew condensation on the
surface of the bottom plate 60 of the housing 24 can
be prevented. In addition, since the heat from the
Peltier elements 38 is also transferred to the window
plate 30 on the input side of the housing 24, no dew
condensation occurs on the window plate 30. It is ap-
parent that no dew condensation occurs on the inci-
dent window 16 and the reproduction window 20 of
the image tube 12 housed in the housing 24.

In the above-described experiment, the temper-
ature of the window plate 30 of the housing 24 was
23°C, and the temperature of the bottom plate 60 on
the output side of the housing 24 was 20°C.

In addition, as the temperature controller 44 can
control voltages applied to the Peltier elements 38 on
the basis of a detection value from the temperature
detector 46, the temperature of the photoelectric sur-
face 18 can be kept constant. Fig. 8 is a graph show-
ing the spectral sensitivity characteristics of the im-
age tube 12, which are obtained when the tempera-
ture of the photoelectric surface 18 is set to be -25°C
and +25°C, respectively. As is apparent from this
graph, the spectral sensitivity characteristics change
with a change in the temperature of the photoelectric
surface 18. Therefore, the spectral sensitivity charac-
teristics can be stabilized, and the performance of the
image tube 12 can be improved, by means of keeping
the temperature of the photoelectric surface 18 con-
stant by the temperature controller 44.

From the invention thus described, it will be ob-
vious that the invention may be varied in many ways.
Such variations are not to be regarded as a departure
from the spirit and scope of the invention, and all such
modifications as would be obvious to one skilled in
the art are intended to be included within the scope
of the following claims.
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Claims

1. An image device comprising:

an image tube including a first end plate
having a photoelectric surface formed on an in-
ner surface thereof, and a second end plate lo-
cated on the opposite side of said first end plate
and having a fluorescent screen formed on an in-
ner surface thereof, said image tube being adapt-
ed to reproduce on said fluorescent screen an
optical image incident on said photoelectric sur-
face through said first end plate;

a housing adapted to house said image
tube with a predetermined space therebetween
and having an inner space substantially com-
pletely evacuated, said housing including a first
transparent portion arranged to oppose said first
end plate with a predetermined space therebetw-
een, and a second transparent portion arranged
to oppose said second end plate with a predeter-
mined space therebetween; and

a plurality of Peltier elements for cooling
said photoelectric surface of said image tube and
supporting said image tube at a predetermined
position in said housing, each Peltier element
having a heat absorption portion fixed to said im-
age tube at a position near said photoelectric sur-
face and a heat dissipation portion fixed to said
housing at a position near said first transparent
portion.

2. An image device according to claim 1, wherein

said housing comprises a transparent cup-like
main body, an annular metal end plate airtightly
fixed to an open end portion of said cup-like main
body, and a transparent window plate as said first
transparent portion airtightly mounted on a cen-
tral opening portion of the end plate, said image
tube is coaxially arranged in the cup-like main
body, and said second transparent portion is a
bottom plate of the cup-like main body.

3. An image device according to claim 2, wherein

said cup-like main body of said housing essential-
ly consists of a glass material, said end plate of
said housing essentially consists of copper, and
said window plate of said housing essentially con-
sists of a glass material.

4. An image device according to claim 2, wherein

said heat dissipation portion of each of said Pelt-
ier elements is fixed to said end plate of said
housing.

5. An image device according to claim 2, wherein
said heat absorption portion of each of said Pelt-
ier elements is fixed to an outward flange provid-
ed on an outer peripheral portion of said image
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tube, said outer peripheral being adjacent to said
first end plate.

An image device according to claim 1, further
comprising temperature detection means for de-
tecting a temperature of said photoelectric sur-
face of said image tube.

An image device according to claim 6, wherein
said temperature detection means is a tempera-
ture sensor for detecting a temperature of a por-
tion, of said image tube, which is adjacent to said
photoelectric surface.

An image device according to claim 6, further
comprising confrol means, electrically connected
to said temperature detection means and said
Peltier elements, for controlling voltages applied
to said Peltier elements to keep a temperature of
said photoelectric surface constant on the basis
of a detection result from said temperature detec-
tion means.

A photoelectric device comprising a photoelectric
surface mounted within a substantially evacuat-
ed housing at least a portion of which is transpar-
ent, thereby to enable radiation from outside the
housing to be incident in a first direction on said
photoelectric surface and at least one Peltier ele-
ment disposed within said housing with its cold
surface facing in said first direction and its hot
surface facing in a direction opposite to said first
direction, thereby to cool said photoelectric sur-
face.

An imaging device comprising a photoelectric
surface and an imaging surface mounted within
a substantially evacuated housing at least a por-
tion of which is transparent, thereby to enable ra-
diation from outside the housing to be incident on
said photoelectric surface, the arrangement be-
ing such that, in use, such radiation causes pho-
toelectrons to be emitted from said photoelectric
surface which are then imaged on said imaging
surface, there being provided at least one Peltier
element disposed within said housing with its hot
surface in proximity to said housing and its cold
surface disposed so as to exert a greater cooling
effect on said photoelectric surface than on said
imaging surface.
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