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Use of porous dielectric films for electron-optical image conversion
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It was established experimentally that, unlike the photoelectronic principle, the image conversion
principle developed here can convert an image in a broader spectral range with a suitable
choice of semiconductor material. For example, a device was fabricated with a sensitivity of
5 and 2 mA/W at the 2 and 2.5mm wavelength, respectively. ©1999 American Institute of
Physics.@S1063-7850~99!03101-8#
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It is known that electron-optical image converters op
ate on the principle of photoelectronic emission, i.e., em
sion of electrons by a photocathode under the action of i
dent radiation.1 The long-wavelength photoelectron
emission threshold, which determines the spectral sensit
of the image converter, depends mainly on the work funct
of the photocathode. Since a silver–oxygen–cesium ph
cathode has the lowest work function of all known film
approximately 0.5–0.8 eV~Ref. 2!, image converters with
this photocathode exhibit at least some sensitivity to
1.5mm wavelength range. However, no images conver
capable of operating beyond 1.8mm are available, which is a
major disadvantage. Thus, extending the spectral sensit
range of image converters into the middle infrared is a v
relevant scientific and technical problem.

The present author succeeded in extending the sens
ity range of the image converter by using a different ope
ing principle. Figure 1a shows the operating principle of t
type of image converter. The molybdenum glass image c
verter consists of a casing1, 9 cm in diameter and 10 cm
long, with entrance and exit windows2 and 3. A lumines-
cence screen comprising a layer of phosphor4 and a layer of
aluminum5 was fabricated at the exit mirror using conve
tional technology for image converter production. Unli
conventional image converters, this device also contain
cooling system6 shown separately in cross section in F
1b. The cooling system consists of a curved glass tub6
filled with a coolant~such as dry ice! as required during
operation of the image converter. The surface of a trans
ent plate7 affixed to the tube6 was coated with a semitrans
parent molybdenum film8 around 10 nm thick by therma
deposition in vacuum. The edges of this film8 were made
thicker in the form of a ring9 ~this ring 9 is the baffle of a
normal image converter1–3!. In practice, the ring9 and the
film 8 are a single entity, since the film8 was fabricated first
and then the ring9 was added. The baffle9 and the lumines-
cence screen have contact outputs10 and 11 ~0.2–0.3 mm
diameter molybdenum wire! vacuum-tight welded into the
glass. After suitable heat treatment~outgassing at 300–
450°C under vacuum!, a semiconducting film12 was grown
onto the film 8, for example, polycrystalline lead sulfid
2.5 cm in diameter and 200–500 nm thick.

After the film 12 was sensitized, a friable~very porous!
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dielectric film 13 of aluminum oxide around 150–250 nm
thick was deposited on its surface. The dielectric film w
produced by thermal deposition of aluminum in air at a pr
sure of 0.4–0.6 Torr. After the dielectric film had been ou
gassed in vacuum at 120–180°C, a silver–oxygen–ces
photocathode14 only around 10 nm thick was fabricated o
its surface using a special technology. This photocathode
an island-like structure and functioned as a film with a mi
mal work function. The photocathode14 was fabricated by
heating an oxidized layer of silver in cesium vapor. The c
sium atoms also penetrate into the pores of the dielectric
13 and reach the surface of the semiconducting film12. This
can lead to the formation of donor surface states at the
face of the semiconducting film and matching of the Fer
level in the bulk of the semiconductor to the top of the v
lence band. In this case, the photoemission threshold or
photoelectronic work function corresponds to the work fun
tion determined by thermionic emission.

In order to increase the emission of photoelectrons tra
ferred to the semiconductor conduction band, the elect
affinity energy of the material must obviously be reduce
which is equivalent to reducing the thermionic work fun
tion. This reduction in the thermionic work function is aut
matically achieved by cesium atoms reaching the surfac
the semiconductor. The cesium atoms form a dipole layer
the vacuum-facing semiconductor surface, with the posit
pole directed toward the vacuum. The electric field conc
trated inside this layer facilitates the emission of electro
from the semiconductor into vacuum~into the pores of the
dielectric!. The reduction in the work function is propor
tional to the surface density of adsorbed cesium atoms
their dipole moment.

A very important factor for understanding the mech
nism responsible for these processes is that the real valu
the electron affinity does not depend on the bulk semic
ductor doping and is determined by the material and stat
its surface. In addition to cesium atoms the surface of
semiconductor may also have cesium oxide molecu
which have a higher dipole moment than cesium, so it
quite likely that states close to negative or zero electron
finity will form on the surface of the semiconductor.

When a working voltage~2–15 kV! is applied between
the outputs10 and 11, thermal electrons which are alway
© 1999 American Institute of Physics
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present at room temperature as an electron cloud above
photocathode14 are drawn off to the luminescence scre
and as a result, the surface of the dielectric film13 becomes
positively charged and an electric field is created in the bu
When the radiation being converted15 enters the semicon
ducting film 12, electrons form in its conduction band. Ha
of these drift toward the vacuum-facing surface and are e
ted into the pores of the dielectric film13 because of the
extremely low work function~electron affinity!. On entering
the dielectric film13, the electrons emitted by the semico
ducting film are accelerated and undergo avalanche mult

FIG. 1. Schematic of image converter~a! and cooling system~b!.
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cation in the pores as a result of secondary electron emiss
This causes an even greater increase in the charge o
dielectric film, lowers the electron affinity, and results in t
establishment of self-sustaining electron emission.4 As they
pass through the film13, the electrons enter the vacuu
where they are accelerated by the anode voltage, bom
the screen, and cause it to luminesce.

Infrared radiation15 from an object passes through th
window 2 and the plate7 and creates a specific irradianc
distribution on the surface of the film12. This leads to an
increase in the bulk concentration of free carriers, where
spatial distribution of the free electron concentration cor
sponds to the spatial distribution of the irradiance on
surface of the film12 and thus corresponds to the spat
distribution of the brightness on the surface of the screen

A change in the illuminance~irradiance! of sections of
the film 12 changes the free electron concentration in th
sections and alters the self-sustaining emission current f
these sections, which produces a change in the brightne
the corresponding sections of the luminescence screen.

Electrons leaving points in the film12 as a result of the
radiation15 are replenished mainly from the film8.

The sensitivity of this image converter at 1.06, 2.0, a
2.5 mm was 4.0, 5.0, and 2.0 mA/W, respectively, the sp
tral sensitivity characteristic was practically the same as
of zinc sulfide, and the spatial resolution was;12 r lm/mm.

To sum up, it has been established experimentally t
unlike the photoelectronic principle, the proposed se
sustaining emission principle for image conversion can c
vert an image in a broader spectral range with a suita
choice of semiconductor material, which substantially e
tends the range of application of the image converter.
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