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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.am wavelength, respectively. @999 American Institute of
Physics[S1063-785(19)03101-9

It is known that electron-optical image converters oper-dielectric film 13 of aluminum oxide around 150-250 nm
ate on the principle of photoelectronic emission, i.e., emisthick was deposited on its surface. The dielectric film was
sion of electrons by a photocathode under the action of inciproduced by thermal deposition of aluminum in air at a pres-
dent radiatiort. The long-wavelength photoelectronic sure of 0.4—0.6 Torr. After the dielectric film had been out-
emission threshold, which determines the spectral sensitivitgassed in vacuum at 120-180°C, a silver—oxygen—cesium
of the image converter, depends mainly on the work functiorphotocathodel4 only around 10 nm thick was fabricated on
of the photocathode. Since a silver—oxygen—cesium photdts surface using a special technology. This photocathode had
cathode has the lowest work function of all known films, an island-like structure and functioned as a film with a mini-
approximately 0.5-0.8 e\(Ref. 2, image converters with mal work function. The photocathodet! was fabricated by
this photocathode exhibit at least some sensitivity to théheating an oxidized layer of silver in cesium vapor. The ce-
1.5um wavelength range. However, no images convertersium atoms also penetrate into the pores of the dielectric film
capable of operating beyond 1.8n are available, which is a 13 and reach the surface of the semiconducting filinThis
major disadvantage. Thus, extending the spectral sensitivitgan lead to the formation of donor surface states at the sur-
range of image converters into the middle infrared is a veryface of the semiconducting film and matching of the Fermi
relevant scientific and technical problem. level in the bulk of the semiconductor to the top of the va-

The present author succeeded in extending the sensitifence band. In this case, the photoemission threshold or the
ity range of the image converter by using a different operatphotoelectronic work function corresponds to the work func-
ing principle. Figure 1a shows the operating principle of thistion determined by thermionic emission.
type of image converter. The molybdenum glass image con- In order to increase the emission of photoelectrons trans-
verter consists of a casinty 9cm in diameter and 10cm ferred to the semiconductor conduction band, the electron
long, with entrance and exit windowsand 3. A lumines-  affinity energy of the material must obviously be reduced,
cence screen comprising a layer of phosphand a layer of  which is equivalent to reducing the thermionic work func-
aluminum5 was fabricated at the exit mirror using conven- tion. This reduction in the thermionic work function is auto-
tional technology for image converter production. Unlike matically achieved by cesium atoms reaching the surface of
conventional image converters, this device also contains the semiconductor. The cesium atoms form a dipole layer on
cooling systemb6 shown separately in cross section in Fig. the vacuum-facing semiconductor surface, with the positive
1b. The cooling system consists of a curved glass tibe pole directed toward the vacuum. The electric field concen-
filled with a coolant(such as dry iceas required during trated inside this layer facilitates the emission of electrons
operation of the image converter. The surface of a transpafrom the semiconductor into vacuufmto the pores of the
ent plate7 affixed to the tubeés was coated with a semitrans- dielectrig. The reduction in the work function is propor-
parent molybdenum filn8 around 10 nm thick by thermal tional to the surface density of adsorbed cesium atoms and
deposition in vacuum. The edges of this fiBrwere made their dipole moment.
thicker in the form of a ringd (this ring 9 is the baffle of a A very important factor for understanding the mecha-
normal image converttr). In practice, the ring® and the  nism responsible for these processes is that the real value of
film 8 are a single entity, since the filBwas fabricated first the electron affinity does not depend on the bulk semicon-
and then the rin@ was added. The baffl@and the lumines- ductor doping and is determined by the material and state of
cence screen have contact outplisand 11 (0.2-0.3mm its surface. In addition to cesium atoms the surface of the
diameter molybdenum wijevacuum-tight welded into the semiconductor may also have cesium oxide molecules,
glass. After suitable heat treatmefnutgassing at 300— which have a higher dipole moment than cesium, so it is
450°C under vacuujna semiconducting filmi2 was grown quite likely that states close to negative or zero electron af-
onto the film 8, for example, polycrystalline lead sulfide finity will form on the surface of the semiconductor.
2.5cm in diameter and 200—-500 nm thick. When a working voltag€2—15k\V) is applied between

After the film 12 was sensitized, a friablezery porou$  the outputslO and 11, thermal electrons which are always
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8 — 10 12 73 11 cation in the pores as a result of secondary electron emission.

N f— A | / This causes an even greater increase in the charge of the
- dielectric film, lowers the electron affinity, and results in the
establishment of self-sustaining electron emiséids they
pass through the filnl3, the electrons enter the vacuum
where they are accelerated by the anode voltage, bombard
'/ the screen, and cause it to luminesce.

‘ Infrared radiationl5 from an object passes through the
window 2 and the plate7 and creates a specific irradiance
distribution on the surface of the filh2. This leads to an
, increase in the bulk concentration of free carriers, where the
A spatial distribution of the free electron concentration corre-
!
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sponds to the spatial distribution of the irradiance on the
surface of the filml2 and thus corresponds to the spatial
distribution of the brightness on the surface of the screen.
A change in the illuminancéirradiance of sections of
61 the film 12 changes the free electron concentration in these
7 170 sections and alters the self-sustaining emission current from
8 these sections, which produces a change in the brightness of
9 the corresponding sections of the luminescence screen.
Electrons leaving points in the filrh2 as a result of the
radiation15 are replenished mainly from the fil&
The sensitivity of this image converter at 1.06, 2.0, and
2.5 um was 4.0, 5.0, and 2.0 mA/W, respectively, the spec-
Xz TS = tral sensitivity characteristic was practically the same as that
' L% < & of zinc sulfide, and the spatial resolution wad.2 r Im/mm.
L. X To sum up, it has been established experimentally that
12 unlike the photoelectronic principle, the proposed self-
1% sustaining emission principle for image conversion can con-
13 vert an image in a broader spectral range with a suitable
b choice of semiconductor material, which substantially ex-

FIG. 1. Schematic of image convert@) and cooling systent). tends the range of application of the image converter.
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