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Photoelectron emitting structure, and electron tube and photodetecting device using the

photoelectron emitting structure.

@ The conventional photoemitting surfaces
cannot  efficiently absorb incident long-
wavelength photons. In the photoemitting sur-
face according to this invention, the absorption
of incident photons, and the generation of elec-
tron-hole pairs take place between sub-bands
of conduction bands or between sub-bands and
the bottoms of the conduction bands, and the
generated photoelectrons are further acceler-
ated by a internal electric field. Accordingly the
photoemitting surface can be sensitive to inci-
dent long-wavelength photons. In the electron
tubes using the photoemitting surface accord-
ing to this invention, and the photodetecting
devices using these electron tubes, photometry,
imaging, etc. can be effectively performed at
low illuminance.
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BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to a photoelectron emitting
structure which emits photoelectrons by the inci-
dence of photons, and an electron tube and a photo-
detecting device using the photoelectron emitting
structure.

Related Background Art

The art using semiconductor multi-layer films as
a photoabsorbing layer for the end of providing a high-
ly efficient photoelectron emitting structure are dis-
closed in Japanese Patent Laid-Open Publication No.
133634/1987 and 133633/1987. A first conventional
photoelectron emitting structure disclosed in Japa-
nese Patent Laid-Open Publication No. 133633/1987
has the energy band shown in FIG. 1. A narrow-ener-
gy gap film 6 has a sufficient thickness (below 300 A)
to absorb incident photons and generate photoelec-
trons. A wide-energy gap film 7 is thin (below 45 A)
enough to pass photoelectrons by the tunnel effect.
The films 6, 7 are alternately laid one on the other in
a photoelectron emitting structure. This photoelectron
emitting structure uses the effect that the alternate
superposition of two kinds of films increases a photo-
absorbing coefficient for the incident photons in com-
parison with that of a conventional photoabsorbing
layer consisted of homogeneous semiconductive ma-
terials. To efficiently lead photoelectrons generated
by the incident photons to a photoemitting surface, a
thickness of the wide-energy gap film 7 which is a
barrier has to be thin enough, and practically has to
be as thin as below 45 A. Only those of the generated
photoelectrons which have successfully passed the
wider-energy gap film 7 owing to the tunnel effect ar-
rive at the photoemitting surface to be emitted to a va-
cuum through a Cs,O, film 8 formed on the photoe-
mitting surface. In this photoelectron emitting struc-
ture, the photoemission efficiency is achieved by ab-
sorbing the incident photons and generating electron-
hole pairs between the valence band and the conduc-
tion band of the narrower-energy gap film 6. Asecond
conventional photoelectron emitting structure dis-
closed in Japanese Patent Laid-Open Publication No.
133634/1987 has the energy band structure of FIG.
2. In the energy band structure of this photoelectron
emitting structure a narrower-energy gap film 9 has
a smaller film thickness than the film 6 of the first
conventional photoelectron emitting structure. In this
photoelectron emitting structure as well, the absorp-
tion of the incident photons, and the generation of
electron-hole pairs take place between the valence
band and the conduction band of the narrower-ener-
gy gap film 9, emitting photoelectrons from a Cs,O,
film 11 for the improvement of photoemitting efficien-

10

15

20

25

30

35

40

45

50

55

cy.

Along-wavelength photodetecting device using a
quantum well structure is reported by B. F. Levine
(Appl. Phys. Lett. 58(14) 1991). The band structure of
the conduction band of this photodetecting device (a
third conventional photoelectron emitting structure) is
as shown in FIG. 3. Incident photons are absorbed be-
tween sub-bands of the conduction band formed in a
narrow-energy gap film 12 which functions as the po-
tential well, and photoelectrons are generated. In this
case, the generated photoelectrons transfer through
the X-valley of the conduction band of a wider-energy
gap film 13 which functions as the potential barrier. In
such photodetector, it is general that since the photo-
electrons are detected as signals when they arrive at
the electrode formed on the surface, electric fields
formed inside the semiconductor device is small, and
such photodetector is operated at biases as low as
possible for suppressing noises as low as possible.

But the first conventional photoelectron emitting
structure has an intrinsic problem. That is, as a thick-
ness of the small-energy gap film 6 is decreased, sub-
bands are formed due to the quantum effect both in
the valence band and the conduction band, and a
threshold for the incident photon absorption rises. As
aresult, incidentlong-wavelength photons cannot be
absorbed.

In the second conventional photoelectron emit-
ting structure, because of the thinness of the narrow-
energy gap film 9, an energy difference Eg between
asub-band of the valence band and a sub-band of the
conduction band is larger than a band gap Eg, and as
aresult, an absorbed threshold wavelength of the in-
cident photons is short.

In the third conventional photoemitting surface
(the photodetecting device), as high dark currents is
generated, the photoemitting surface has to be used
ataremarkably low temperature by cooling down with
liquid nitrogen or the like. As a result, it is difficult to
be used in a general device as used at a room tem-
perature.

SUMMARY OF THE INVENTION

This invention is made for the purpose of solving
the above-described problems. In the photoelectron
emitting structure according to this invention, photo-
electrons are emitted from a emitting surface by inci-
dent photons on a photoabsorbing layer, which is
formed of a semiconductor multi-layer comprising a
plurality of semiconductor films including a first sem-
iconductor film and a second semiconductor film. The
first semiconductor film with a narrow energy gap is
formed in a thickness of below 300 A which allows an
electron state to be quantized. The second semicon-
ductor film with a wide energy gap is formed in a
thickness of above 45 A which does not allow elec-
trons to pass the second semiconductor film owing to
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the tunnel effect. The absorption of the incident pho-
tons and the generation of electron-hole pairs takes
place between sub-bands of a conduction band or be-
tween a sub-band and a bottom of the conduction
band of said first semiconductor film with the narrow
energy gap, generated photoelectrons are accelerat-
ed by an internal electric field to transit to a higher en-
ergy band.

The photoelectrons which have been excited to a
lowest energy level of the conduction band are energ-
ized to transit to a higher energy level, and are accel-
erated by the internal electric field.

An energy difference between lowest energy lev-
els of the conduction bands formed in the respective
semiconductor films making up the semiconductor
multi-layer is smaller than a narrowest energy gap
among energy gaps between bands of the respective
semiconductor films themselves.

According to this invention, the absorption of the
incident photons, and the generation of photoelec-
trons take place between the sub-bands of the con-
duction band of the first semiconductor film, or be-
tween the bottom of the conduction band and the
sub-band. As a result, the photoelectron emitting
structure has a sensitivity to the incident light of lon-
ger wavelengths than wavelengths corresponding to
an energy gap of the used semiconductors. The gen-
erated photoelectrons are accelerated by an inside
electric field to be easily emitted into a vacuum.

Accordingly, the photoelectron emitting structure
according to this invention has much improved sensi-
tivity in comparison with the conventional photoelec-
tron emitting structures, and it is possible to set its
threshold wavelength at a much longer wavelength.

Electron tubes using such photoelectron emitting
structure are operative up to relatively high tempera-
tures, and in comparison with the conventional pho-
toelectron emitting structures, such photoelectron
emitting structure exhibits very high sensitivity espe-
cially in a long-wavelength range.

Optional designs of the kinds and structure of the
semiconductor multi-layer constituting the photoab-
sorbing layer of the photoelectron emitting structure
according to this invention make the photoelectron
emitting structure sensitive to a wide range from long
to short wavelengths.

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-
amples, while indicating preferred embodiments of
the invention, are given by way of illustration only,
since various changes and modifications within the
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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 view of the band structure of the first
conventional photoelectron emitting structure.

FIG. 2 is a view of the band structure of the sec-
ond conventional photoelectron emitting structure.

FIG. 3 is a view of the band structure of the third
conventional photoelectron emitting structure.

FIG. 4 is a sectional structural view of the photo-
electron emitting structure according to one embodi-
ment of this invention.

FIG. 5 is a view of a band structure of the photo-
electron emitting structure according to the embodi-
ment of FIG. 4 with no bias applied to.

FIG. 6 is a view of a band structure of the photo-
electron emitting structure according to the embodi-
ment of FIG. 4 with a bias applied to.

FIG. 7 is a sectional view of a side-on photomul-
tiplier using the photoelectron emitting structure ac-
cording to this invention.

FIG. 8 is a sectional view of a head-on photomul-
tiplier using the photoelectron emitting structure ac-
cording to this invention.

FIG. 9 is a sectional view of an image intensifier
using the photoelectron emitting,structure according
to this invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The photoelectron emitting structure according to
one embodiment of this invention will be explained
with reference to FIG. 4.

A photoabsorbing layer 22 is formed on a P*-
GaAs substrate 21. The photoabsorbing layer 22
comprises 40 undoped GaAs films of a 30 A-thick-
ness 22a and 40 Aly ¢5Gag.35As films of a 500 A-thick-
ness 22b, and forms heterojunctions. In FIG. 4 the
heterojunctions are partially shown. A P"GaAs con-
tact layer 23 is formed in a thickness of 3000 A on the
photoabsorbing layer 22. An Al Schottky electrode 24
is mesh-patterned on the surface of the P-GaAs con-
tact layer 23. On the surface of this P"GaAs contact
layer 23 there is formed a very thin CsxOy film 25 by
activating with Cs and O, for the reduction of a work
function of the photemitting surface. An ohmic elec-
trode 26 is formed on the underside of the P-GaAs
substrate 21. A constant bias voltage is supplied by a
power source 27 between the Schottky electrode 24
and the chmic electrode 26.

FIG. 5 shows the band structure of the photoelec-
tron emitting structure according to this embodiment
with no bias voltage applied to. The respective layers
in FIG. 5 has the same reference numerals as their
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corresponding layers in FIG. 4.

In this band structure, an energy difference be-
tween the conduction band of film 22a and the con-
duction band of film 22b is smaller than a minimum
energy gap of the used semiconductors (undoped
GaAs and Aly gsGag 3sAs) of the films 22a, 22b. Since
each GaAs film 22a, which is a first semiconductor
film, has a thickness of below 300 A an electron state
of which is quantized, the film 22a sandwiched by ad-
jacent ones of the films 22b of AlygsGag 35ASs, which
is a second semiconductor film, functions as a poten-
tial well. Sub-bands are formed in each GaAs film 22a
corresponding to a quantum level. At this time, since
each Alyg5Gag 35As layer 22b has a thickness above
45 A which does not allow electrons to pass there-
through owing to the tunnel effect, the sub-bands in
the film 22a are always filled with bound electrons.

The photoelectron emitting structure according to
this embodiment is intended to further excite the
bound electrons to sub-bands of other quantumlevels
by the absorption of the incident photons. It is evident
that the photoelectron emitting structure according to
this embodiment is intrinsically different from the con-
ventional photoelectron emitting structure consisted
of homogeneous semiconductive materials, the first
conventional photoelectron emitting structure dis-
closed in Japanese Patent Laid-Open Publication No.
133633/1987, and the second conventional photo-
electron emitting structure disclosed in Japanese Pa-
tent Laid-Open Publication No. 133634/1987, in
which the absorption of the incident photons and the
generation of photoelectrons are performed between
the valence band and the conduction band. Accord-
ingly the conventional photoelectron emitting struc-
tures are totally insensitive to the incident photons of
wavelengths longer than A=1.24/E; which corre-
sponds to an energy gap of the used semiconductors.
But the photoelectron emitting structure according to
this embodiment is sensitive to even to the incident
photons of longer wavelengths than an energy gap of
the used semiconductors. The wavelengths can be
optionally varied by suitably designing the heterojunc-
tion of the semiconductor multi-layer of the photoab-
sorbing layer 22.

FIG. 6 shows the band structure of the photoelec-
tron emitting structure according to this embodiment
with a bias voltage applied to. In FIG. 6 as well the re-
spective layers corresponding to the layers in FIG. 4
have the same reference numerals.

The photoelectrons generated between the sub-
bands of the conduction bands of the GaAS films 22a
of the photoabsorbing layer 22 by incident photons hv
transfer to X valleys which are the bottoms of the con-
duction bands of the Al g5Gag 35As film 22b, which are
a most lowest energy level. But since a 4 V-bias vol-
tage is applied between the electrodes spaced from
each other by 2.5 um, and an electric field as high as
about 1.6 KV/cm is formed, the generated photoelec-
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trons are accelerated to immediately transit to T val-
leys which are higher energy bands. In this embodi-
ment, where the Al g5Gag 3sAs film 22 b is an indirect
transition semiconductor, such X-T" transition takes
place. Needless to say, when a direct transition sem-
iconductor is used, the I'-X transition or I'-L transition
takes place. These photoelectrons which have been
thus accelerated by an internal electric field and tran-
sit to higher energy bands can arrive at the photoe-
mitting surface without dropping into the potential
wells of the GaAs films 22a because potential ener-
gies of the photoelectrons are retained sufficiently
high when photoelectrons traverse the heterojunc-
tions. A very small number of the photoelectrons
which have arrived at the photoemitting surface are
attracted to the Schottky electrode 24, but most of
those photoelectrons pass through the electrode pat-
tern and through a Cs,O, film 25 to be emitted into a
vacuum. At this time as potential energies of the pho-
toelectrons are retained sufficiently high, the photo-
electrons are efficiently emitted into a vacuum espe-
cially.

It is possible that the voltage to be applied be-
tween the electrodes is about 8 V to make an electric
field as intense as about 3.2 KV/cm. The formation of
an internal electricfield in arange of 1 KV ~ 55 KV/cm
can cause the photoelectrons as mentioned above to
be efficiently emitted into a vacuum. As described
above, in the photoelectron emitting structure accord-
ing to this embodiment, the photoelectrons generated
by the incident photons between the sub-bands of
the conduction band are accelerated by an internal
electric field to transit the generated photoelectrons
to higher energy bands and emit into a vacuum. That
is, the photoelectron emitting structure according to
this invention has an intrinsically different mechanism
from, e.g., the photodetecting device reported by B.
F. Levine et al. which uses the above-described third
conventional quantum well, and in which photoelec-
trons are not accelerated by an internal electric field.
In other words, in the photoelectron emitting structure
according to this invention,an excitation of the inci-
dent photoelectrons takes place not between the so-
called inter-bands of the valence band and the con-
duction band as conventionally, but between the sub-
bands of the conduction band. Accordingly the pho-
toelectron emitting structure according to this inven-
tion can be sensitive to long-wavelength light without
the use of semiconductors of narrow energy gaps.
Furthermore, the generated photoelectrons are ac-
celerated by an internal electric field, and the photo-
electrons which have fallen into the X valleys transit
to the I" valleys which have higher energy levels, after
that the photoelectrons are emitted into a vacuum. As
a result, as described above, the potential energy of
the photoelectrons is higher than that of the conven-
tional photoelectron emitting structures, and the gen-
erated photoelectrons can be excited to be efficiently
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emitted into a vacuum. Thus, the photoelectron emit-
ting structure according to this invention has a very
high sensitivity in comparison with that of the photo-
electron emitting structures using the conventional
structure of semiconductors. The photoelectron emit-
ting structure according to this invention can set its
wavelength limit at a very long wavelength. Further-
more, suitable designs of the kinds and structure of
the heterojunction semiconductor multi-layer of the
heterojunctions providing the photoabsorbing layer
22 can provide a photoelectron emitting structure
which has a photodetecting characteristic having a
peak at an optional wavelength. The photoelectron
emitting structure according to this invention has high
degrees of freedom of making choices of the semi-
conductor multi-layer in kinds, thicknesses and num-
bers of the semiconductor films, and accordingly can
have the sensitivity adjusted to an optional one from
a wide to a narrow range.

The secondary electron multiplication of the pho-
toelectrons emitted into a vacuum makes it possible
to provide long-wavelength photodetecting devices of
high sensitivities and low noises which are operative
atrelatively high temperatures. That is, the photoelec-
tron emitting structure according to the above-
described embodiment is effectively applicable to
electron tubes. In the application of a photocathode
in photomultipliers, the photoelectron emitting struc-
ture according to the above-described embodiment is
used as the photoelectric transfer surfaces, i.e., a
photoemitting surface. The photoelectrons emitted
from the photoemitting surface are secondary elec-
tron multiplied by the dynodes, and groups of the mul-
tiplied secondary electrons are detected by the
anodes. In its application to image tubes the photo-
electron emitting structure according to the above-
described embodiment is used as a photoemitting
surface in the image inputting units. The photoelec-
trons emitted from the photoemitting surface are fo-
cused by the electron lenses, and an image is formed
on the phosphorous surface. The photoelectron emit-
ting structure according to the above-described em-
bodiment is applicable also to image intensifiers (I-]
tubes) in which photoelectrons converged by the
electron lenses are multiplied by the microchannel
plates (MCPs). In its application to photo tubes, the
photoelectron emitting structure according to the
above-described embodiment is used as a photode-
tecting surface. The photoelectrons emitted from the
photodetecting surface are detected by the anodes.

FIGs. 7, 8 and 9 show electron tubes each using
the photoelectron emitting structure according to this
invention. FIG. 7 is a sectional view of a side-on pho-
tomultiplier using a reflection-type photoemitting sur-
face. FIG. 8 is a sectional view of a head-on photomul-
tiplier using a transmission-type photoemitting sur-
face. FIG. 9 is a sectional view of an image intensifier
using a transmission-type photoemitting surface.
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The photomultiplier of FIG. 7 includes in a va-
cuum vessel 71 a photoemitting surface 72, a plurality
of dynodes 73, and an anode 74. On the front of the
photoemitting surface 72 there is provided a mesh
electrode 75. In the photomultiplier of FIG. 8, there is
mounted a photoemitting surface 72 on one end of a
vacuum vessel 71, and a focusing electrode 76 is pro-
vided in the vacuum vessel 71. In these respective
photomultipliers photoelectrons (e7) are emitted by in-
cident photons hv, and the photoelectrons are multi-
plied by the dynodes 73 and detected by the anode
74.

In the image intensifier of FIG. 9, a photoemitting
surface 72 is secured to the opened front of a cylin-
drical bulb 81, and an glass output face plate 82 with
a phosphorous film 83 applied to the inside thereof is
secured to the opened rear end of the cylindrical bulb
81. Inside the cylindrical bulb 81 there is provided a
microchannel plate 84.

These respective electron tubes using the photo-
electron emitting structure according to this invention
has a very high sensitivity especially in a long-
wavelength range in comparison with the convention-
al electron tubes. Accordingly such electron tubes are
very effective in the photometry, imaging, etc. at low
illuminance.

In the above-described embodiment, the photo-
absorbing layer 22 as the semiconductor multi-layer
is formed of the heterojunction of the GaAs film 22a
and Al0.65Ga0.35As film 22b but is not essentially
limited to the heterojunction of these semiconductors.
Other llI-V compound semiconductors, or Si, Ge and
their mixed crystal may be used. The kinds of the
semiconductors are not essentially limited to two.

For example, the photoabsorbing layer 22 may
be formed of GaAs films and AlAs films, or their mixed
crystal. InP fiims and InGaAs films, or their mixed
crystal may be used. InP films and AlGaAs films, or
their mixed crystal may be used.

The formation of the photoabsorbing layer 22 of
these materials can produce the same effects as in
the above-described embodiment. Furthermore, the
photoabsorbing layer may be formed of semiconduc-
tor multi-layer of the same kind having a p-n-i junc-
tion. In such case the same effects as those pro-
duced by the above-described embodiment can be
achieved.

In the above-described embodiment, the Schott-
Ky electrode 24 is formed of Al, but the kind of the ma-
terial of the Schottky electrode 24 is not specifically
limited as long as the material is a metal which can
form a good Schottky junction with used semiconduc-
tors. lts pattern can be optional.

The Schottky electrode 24 may be formed of,
e.g., Ag, Au, Pt, Ti, W, Cr, WSi or alloys of these met-
als. The Schottky electrode of these metals can pro-
duce the same effects as those produced by the
above-described embodiment.
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In the above-described embodiment, the Cs,O,
film 25 is applied to the photoemitting surface of the
photoelectron emitting structure for the reduction of
the work function but the Cs,O, film 25 is not essen-
tial. The film 25 may be formed of an alkali metal such
as K, Na, Rb, Bi, Cs or others, or a compound, an ox-
ide or a fluoride of any one of these metals.

These materials also can reduce the work func-
tion of the photoemitting surface.

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.

Claims

1. A photoelectron emitting structure for emitting
therefrom photoelectrons generated by incident
photons on a photoabsorbing layer,

the photoabsorbing layer formed of a sem-
iconductor multi-layer comprising a plurality of
semiconductor films including a first semiconduc-
tor film and a second semiconductor film, the first
semiconductor film with a narrow energy gap be-
ing formed in a thickness of below 300 A which
allows an electron state to be quantized, the sec-
ond semiconductor film with a wide energy gap
being formed in a thickness of above 45 A which
does not allow electrons to pass the second sem-
iconductor film owing to the tunnel effect,

the absorption of the incident photons and
the generation of electron-hole pairs taking place
between sub-bands of a conduction band or be-
tween a sub-band and the bottom of a conduction
band, of said first semiconductor film with the
narrow energy gap,

generated photoelectrons being accelerat-
ed by an internal electric field to transit to a higher
energy band.

2. A photoelectron emitting structure according to
claim 1, wherein the photoelectrons which have
been excited to a lowest energy level of the con-
duction band are energized to transit to a higher
energy level, and are accelerated by the internal
electric field.

3. A photoelectron emitting structure according to
claim 1, wherein an energy difference between
lowest energy levels of the conduction bands
formed in the respective semiconductor films
making up the semiconductor multi-layer is small-
er than the narrowest energy gap of the respec-
tive semiconductor films themselves.
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4. A photoelectron emitting structure according to
claim 1, wherein the first semiconductor film and
the second semiconductor film are formed of dif-
ferent materials from each other and constitute a
heterojunction.

5. A photoelectron emitting structure according to
claim 4, wherein the semiconductor film layer are
formed of IlI-V compound semiconductors, or
their mixed crystal.

6. A photoelectron emitting structure according to
claim 5, wherein the llI-V compound semiconduc-
tors are GaAs and AlAs.

7. A photoelectron emitting structure according to
claim 5, wherein the llI-V compound semiconduc-
tors are InP and InGaAs.

8. A photoelectron emitting structure according to
claim 5, wherein the llI-V compound semiconduc-
tors are InP and AlGaAs.

9. A photoelectron emitting structure according to
claim 1, wherein the first semiconductor film and
the second semiconductor films are formed of
semiconductors of the same kind doped with dif-
ferent conduction impurities, and form a homo-
junction.

10. A photoelectron emitting structure according to
claim 9, wherein the semiconductor films are
formed of Si, Ge, or its mixed crystal.

11. A photoelectron emitting structure according to
claim 1, wherein on a surface thereof there are
formed an electrode for applying a required elec-
tric field to the photoabsorbing layer, and a metal
film for reducing a work function of the photoemit-
ting surface.

12. A photoelectron emitting structure according to
claim 11, wherein the electrode is in Schottky
contact with the photoemitting surface.

13. A photoelectron emitting structure according to
claim 12, wherein the electrode is formed of Al,
Ag, Au, Pt, Ti, W, Cr or WSi, or a metal alloy of any
one of these materials.

14. A photoelectron emitting structure according to
claim 11, wherein the metal film is formed of K,
Na, Rb, Bi or Cs, or a metal compound, an oxide
or fluoride of any one of these materials.

15. An electron tube comprising a photoelectron
emitting structure according to any one of claims
1to 3.
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A photodetector comprising an electron tube ac-
cording to claim 15.

A photoelectron emitting device for emitting elec-
trons in accordance with incident photons, com-
prising:

a semiconductor substrate;

a semiconductor multi-layer comprising a
plurality of semiconductor films including a first
semiconductor film and a second semiconductor
film, the first semiconductor film with a narrow
energy gap having a thickness of below 300 A,
and the second semiconductor film with a wider
energy gap having a thickness of above 45 A;

a front surface electrode formed on the
semiconductor multi-layer;

a photoemitting unit including a backside
electrode formed on the backside of the semi-
conductor substrate; and

internal electric field generating means for
applying a voltage between the front surface
electrode the backside electrode to generate an
internal electric field in the semiconductor multi-
layer.

A method for using a photoemitting device com-
prising:

a semiconductor substrate;

a semiconductor multi-layer comprising a
plurality of semiconductor films influding a first
semiconductor film and a second semiconductor
film, the first semiconductor film with a narrow
energy gap having a thickness of below 300 A,
and the second semiconductor film with a wider
energy gap having a thickness of above 45 A;

a front surface electrode formed on the
semiconductor multi-layer;

a photoemitting unit including a backside
electrode formed on the backside of the semi-
conductor substrate; and

internal electric field generating means for
applying a voltage between the front surface
electrode the backside electrode to generate an
internal electric field in the semiconductor multi-
layer, the method comprising:

applying a voltage between the front sur-
face electrode and the backside electrode to gen-
erate an internal electric field in the semiconduc-
tor multi-layer, absorbing incident photons and
generating electron-hole pairs between sub-
bands of a conduction band of the energy band
or between a sub-band and a bottom of the con-
duction band, of said first semiconductor film with
a narrow energy gap, accelerating the generated
photoelectrons by the internal electric field gen-
erated by the applied voltage to cause the pho-
toelectrons to transit a higher energy band to be
emitted.
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12

19. A photoelectron emitting structure comprising a

photon-absorbing layer (22) comprising a stack of
semiconductor layers, each semiconductor layer
comprising a first semiconductor film (22a) hav-
ing a relatively narrow energy gap and a thick-
ness of less than 300A and a second semicon-
ductor film (22b) having a relatively wide energy
gap and a thickness of more than 45A, the struc-
ture further comprising means (24,26) sandwich-
ing the photon-absorbing layer (22) for the gen-
eration of an internal electric field.
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