
1 DEVICES FOR PICKING UP OR DISPLAYING IMAGES The invention relates to a
device for picking up or displaying images, comprising a housing in which
there is provided control means for controlling an electron beam, the
device further comprising at least one semiconductor cathode having a
semiconductor body and being capable 5  of emitting electrons at a main
surface of the semiconductor body from at least one region of the body in
the operating condition. Such a device is known from the U.K. Patent
Application No. 10 8022589 published as Serial No. 2054959. The device may
be used, for example, in electron microscopy or electron lithography. Such
a device comprises means for controlling the electron beam so that it
reaches an area at which in the case of electron microscopy and electron
lithography respectively a 15 preparation to be studied and a semiconductor
body, covered for example with photolacquer respectively can be arranged.
However, a device for picking up images mostly comprises a cathode-ray
tube, which acts as a camera tube in which as a target a photosensitive
layer, such as, for example, a photoconducting layer, 20 is present. In a
device for displaying images, the device generally will comprise a
cathode-ray tube which acts as a display tube, while a layer or a pattern
of lines or dots of a fluorescent material is provided on a target. The use
of such devices provided with semiconductor cathodes 25 may give rise to
various problems. A first problem is the cooling of such cathodes. Cooling
is difficult due to the fact that the semiconductor bodies are located in a
vacuum space during operation and are moreover generally secured on
lead-through pins in the end wall of a glass tube. The low heat 30
conduction of these pins and the glass prevents satisfactory removal to the
exterior of the energy dissipated in the cathode.    2 Moreover, with an
increasing number of emission points the number of lead-through pins
generally increases, because it is necessary that each 



emission point can be controlled separately. An increase in the number of
lead-through pins renders the manufacturing process more difficult, 5
while moreover the probability of the occurrence of leakage and hence a
less satisfactory vacuum increases.  This may possibly be avoided partly by
constructing the control arrangement of the cathodes in the form of an
integrated circuit, preferably in the same semiconductor body in which the
cathode is produced. However, the dissipation of such a circuit 10
arrangement may again impose additional requirements on the cooling of the
semiconductor body, of which the problems involved have been described
already above. Moreover, a quite different problem of an electron-optical
nature occurs with the use of several emission points. In one of the 15
embodiments of the said U.K. Patent Application No. 8022589, a
semiconductor body having three semiconductor cathodes is shown, which is
provided on its lower side with a conducting contact, which contacts a
[err]-type region which is common to the three cathodes. This common
contact is connected for example to earth, while the separate contacts 20
are controlled by means of positive voltages at contacts which contact
n-type surface regions forming part of the separate cathodes.  These
voltages must be positive enough with respect to earth that avalanche
multiplication occurs in the associated p-n junction and the cathode
consequently emits electrons. These voltages may differ greatly 25 for
different cathodes due to, for example, resistance variations in the
starting material (in the present example a p-type substrate) and in
contact diffusions. Inter alia dependent upon the extent to which electron
multiplication is produced, the relative variation in one semiconductor
body may be approximately. 2 Volt so that electrons 30 are emitted from
different points on one main surface, while the n-type surface at one point
has a potential of, for example, approximately 6 volt, whereas at another
point this potential is approximately 8 volt. In general, after having left
the cathode, the electrons in an electron-optical system first traverse an
accelerating electric field, 35 for example, due to the fact that an
accelerating grid or an accelerating    3 



electrode is located at a certain distance. If now the potential of such an
accelerating electrode is 20 volt electrons emitted by one emission point
traverse a potential difference of approximately 14 volt, whereas electrons
emitted by the other emission point traverse a potential difference of
approximately 12 volt.  This means that, from an electron-optical point of
view, they exhibit different behaviour, which is undesirable. This
phenomenon will occur to a greater extent when the various emission points
are distributed over several semiconductor bodies. 10       From an
electron-optical point of view, it is therefore desirable that all emissive
surfaces have substantially the same potential, which is, for example,
earth potential. In the semiconductor cathodes mentioned above, this may be
achieved by connecting the emissive surface regions to each other, for
example, through a highly doped 15  n-type surface zone, as the case may be
in combination with a metallization pattern.  For controlling the separate
p-n junctions (emission points), an additionally deep highly doped p-type
contact zone must then be provided for each emission point at the main
surface in the semiconductor body. In order to avoid, excessively 20 high
series resistances and, as the case may be, mutual influencing of adjacent
emission points, the semiconductor body should moreover be provided with
highly doped p-type buried layers extending from the p-type contact zone to
substantially under the associated p-n junction. 25      Apart from the
disadvantages of additional processing steps (p-type contact zones and
buried layers), in such a solution the problem occurs that, because it is
required that each emission point can be controlled individually, the
number of lead-through pins in the cathode-ray tube increases with the
number of emission points. 30 This in turn gives rise to the problems
already described above of maintaining the vacuum in the cathode-ray tube
and the cooling of the semiconductor body, respectively. An object of the
invention is to mitigate at least in part the aforementioned problems. It
is based on the recognition of the fact that 35 this can be achieved by
mounting the semiconductor body in the device in a manner quite different
from that known hitherto for such semiconductor cathodes. 



4 According to the invention there is provided a device for picking up or
displaying images comprising a housing in which there is provided control
means for controlling an electron beam, the device further comprising at
least one semiconductor cathode having a semiconductor body and being
capable of emitting electrons at a main surface of the body from at least
one region of the body in the operating condition, characterized in that
the semiconductor body is located outside the hou- sing and is fixed to a
support which forms a wall of the housing, in that said main surface of the
body faces the support, and in that the support 10   at the area of the at
least one electron-emission region is provided with an opening to permit
passage of the electrons through the support and into the housing. Such a
device can have various advantages. In the case when the support acts as an
end wall of a cathode-ray tube, the semiconductor 15   body can now be
situated outside the evacuated space.  This inter alia simplifies
considerably the heat dissipation from the semiconductor body. Moreover, by
means of usual techniques electronic auxiliary functions can additionally
be realised on the support. If the semiconductor body comprises a plurality
of cathodes, 20   these cathodes are preferably electrically independent of
each other and provided with a common connection to surface regions which
form part of the electron-emission regions. In this manner, the surface
regions of different emission points can be brought to the same potential,
for example, earth potential.  This means that electrons 25   from
different emission points traverse a practically equal potential variation
determined by the electron-optical system and the potential of the common
connection. From an electron-optical point of view, this is advantageous
because variations in the emission behaviour and hence in the electron path
traversed are then avoided. 30        In order to be able to connect the
emission regions to earth potential, especially when a plurality of
semiconductor cathodes are present on the support, the means for fixing the
semiconductor body to the support may comprise an electrically conducting
material which 



is connected in an electrically conducting manner to a surface 35    5 zone
of the semiconductor cathode.  Thus, a good electrical contact can be
obtained and a substantially uniform potential is applied to the various
surface regions. The support may be manufactured of glass or of a ceramic
material 5   having a thickness of between 0.2 mm and 5 mm. Preferably the
other side of the support which faces away from the semiconductor body is
provided with at least one electrode which extends at least partly around
the opening in the support. Such an electrode may act as an accelerating
electrode, as described in the 10  U.K. Patent Application No. 7902455
published as Serial No. 2013398. Alternatively, such an electrode may be
split up for deflection purposes, as described in the U.K. Patent
Application No. 8230645 which was not published before the priority date of
the present application. 15       Different emission mechanisms are
possible for the semiconductor cathodes in devices in accordance with the
invention. Thus, for example, use may be made of the phenomenon of
avalanche multiplication of electrons, which occurs when a p-n junction is
operated in the reverse direction at a sufficiently high voltage, as is
described 20  inter alia in the aforementioned Patent Applications No.
8022589 and No. 7902455. The accelerating electrode shown therein may form
part of the securing means, but may also be secured, as already stated
above, on the other side of the support, which, as surprisingly has been
found, does not lead to a considerably larger decrease in the 25
efficiency of the cathode than when the accelerating electrode is disposed
directly on an oxide layer which is generally much thinner than the
support. Embodiments of the invention will now described, by way of
example, with the reference to the accompanying drawings, in which:- 30  -
Figure 1 shows diagrammatically a display tube in accordance with the
invention. 



35    6 Figure 2 shows diagrammatically a detail of Figure 1. Figure 3
shows diagrammatically a modification of the arrangement of Figure 2.
Figure 4 shows diagrammatically in plan view a semiconductor 5 device for
use in a device arrangement in accordance with the invention, while Figure
5 and Figure 6 show diagrammatically cross-sections taken on the lines V-V
and VI-VI, respectively, in Figure 4 of a detail of such a device, and 10
Figure 7 shows a part of a further modification of a device arrangement in
accordance with the-invention. The Figures are not drawn to scale, and for
the sake of clarity in the cross-sections especially the dimensions in the
direction of thickness are greatly exaggerated. Semiconductor zones of the
same 15 conductivity type are generally cross-hatched in the same
direction; in the Figures, corresponding or similar parts are generally
designated by the same reference numerals. Figure 1 shows a device 1 in
accordance with the invention, comprising a cathode-ray tube acting as a
display tube. The hermetically 20 sealed vacuum tube 2 ends in a
funnel-shaped part, the end wall 3 being coated on the inner side with a
fluorescent screen 13.  The tube 2 houses            focussing electrodes
6,7, deflection plates 8,9 and a (screen) grid 10. The other end wall is
constituted by a support 4 of, for example, a ceramic material having  a
thickness of 25 0.5 mm, which at the area of two semiconductor devices 20
is provided with openings 5. The semiconductor devices 20 are located on
the outer side of the cathode-ray tube and are fixed on the support 4 by
means of a hermetic heat compression weld 19. The wall of the vacuum tube 2
is secured to the support 4 by means of a hermetic weld 18, which consists,
30 for example, of a glass weld or a glass-metal weld. In this example, the
weld 19 joins n-type surface zones 24 (see Figure 2) of the semiconductor
device 20 to metal tracks 11a, which are connected, for 



example, to earth. The connection 12 connects the semiconductor device 20
to a metallization pattern llb on the support 4. Through the 35
metallization pattern 11, the semiconductor device 20 is included in a
circuit arrangement with other circuit elements 15.  The circuit elements
15 are arranged in this example in a flat envelope 51 having co-planar
conductors (a flat pack) and in a ceramic or plastics    7 envelope 52 (a
dual-in-line package), the latter having contact conductors which contact
the metallization pattern 11 through openings 16 in the support 4. On the
inner side of the display tube electrodes 17 are provided on the support 4
around the openings 5.  The electrodes 17 5  may act as accelerating
electrodes or deflection electrodes, as is described in the U.K. Patent
Applications No. 8022589 and No. 8230645, the contents of which may be
considered to be incorporated by reference in the present Application. Each
semiconductor device 20 comprises one or more semiconductor 10 cathodes of
the avalanche breakdown type. Figure 2 shows a detail of the arrangement of
Figure 1, in which such a semiconductor device is illustrated in
cross-section. The semiconductor device 20 comprises a semiconductor body
21 having a p-type substrate 25 on which a p-type surface layer 22 is grown
epitaxially. For a good contacting, 15 the semiconductor body further
comprises highly doped n-type contact zones 24 for a contact 26. The
substrate is contacted by a contact 27. The p-n junction 28 between the
n-type region 23 and the p-type layer 22 is operated in the reverse
direction during use so that by avalanche multiplication electrons are
generatedwhich can emanate from the 20 semiconductor body at the surface
29. At the area of the p-type region 30, which forms with the region 23 a
part of the p-n junction 28 within the area of the opening 5, the breakdown
voltage is lower than at other areas, and so breakdown will occur here
first and the electron emission will be obtained mainly at the area of this
region of reduced breakdown 25 voltage. The surface 29 is moreover provided
inside the opening 5 with a material 31 reducing the work function, such as
caesium or barium. For a more extensive description of such cathodes and
their operation, 



reference is made to the aforementioned U.K. Patent Application No.
8022589. 30      The contact 26, which surrounds the emissive surface, for
example, in the form of a ring, is fixed by means of thermal compression
bonding in a vacuum-tight manner on the metallization pattern 11 on the
support 4. Thus, the weld 19 is obtained. The support 4 is provided with a
circular opening 5 at the area of the emissive surface.  The other side of
the 35 support 4 is provided with an electrode 17, which in the present
example also have the form of a ring and acts as an accelerating electrode.
8 In the embodiment according to Figures 1 and 2, the two semiconductor
bodies 21 are connected through contacts 26 to a common metallization
pattern 11a, which is connected, for example, to earth. As a result, the
surfaces 29 of the two semiconductor devices are 5   also practically at
this potential so that from the cathodes the electrons leave the surface 29
under substantially identical conditions, i.e. an accelerating field to be
traversed, the first part of which is practically completely determined by
the accelerating electrode (for example, the electrode 17). 10       Due to
the fact that the semiconductor body is not situated in the vacuum itself,
but on the outer side of the cathode-ray tube, efficient removal of the
energy dissipated in the semiconductor body is possible. Thus, the support
4 acts, as it were, as a very efficient cooling fin. Alternatively, if
desired, cooling fins in the form of 15  pressure or contact springs may be
disposed against the metallization layer 27. In order to protect the
semiconductor bodies and in particular the wiring circuit 12, the assembly
can be covered with a hood, which may be filled with a heat conducting
electrically insulating 20 paste. If required, a vacuum may be present in
this hood, for example, if the weld 19 need not be vacuum-tight, as may be
the case, for example, in applications for electron microscopy. Another
advantage of such an arrangement consists in that the semiconductor  device
20 can be included in a simple manner in a control 



25 circuit, which is formed on the support 4 with the aid of the circuit
elements 15. One contact 26 of the cathode has already been included in
such a circuit arrangement through the weld 19 and the metallization
pattern 11a, while the connection wire 12 secured on the contact 27 may be
connected elsewhere to the pattern 11. 30      The devices 20 which are
shown in Figure 1 as mechanically separated may be formed, if desired, in
one semiconductor body. The support 4, which acts as an end wall and which
is flat in the present example, may then be slightly curved within certain
limits, which from an electron-opticaL point of view may be favourable in
connection with 35 possibilities then obtained to correct image
aberrations.    9 In the arrangement of Figure 3, the metal weld 19 is
replaced by a seal 33 of hermetically sealing insulating material, such as,
for example, glass or glue, while the connection between the contact zone
24 and the metallization pattern 11 is now constituted by a freely 5
supporting conducting surface 34, which contacts the zone 24. The screen
grid 10 is then mounted, for example, with a laser weld on the support 4,
while the tube 2 is fixed on the support 4 with a vacuum-tight weld by
means of usual techniques, such as, for example, a heat compression weld.
10       Otherwise, the reference numerals have the same meaning as in
Figure 2, except the n-type region 35. By diffusing this n-type region into
the p-type region  25 in the arrangement of Figure 2, the action of the
cathode is not lost, for during operation the p-n junction 36 between the
n-type region 35 and the p-type substrate 25 15 is operated in the forward
direction. On the other hand, however, when the connection 12 is positive
with respect to that of the region 24, the p-n junction 35 would convey an
avalanche current over a large part of the associated surface. The
dissipation connected therewith is such that the semiconductor device may
serve, if desired, as a bake-out 20 element in order to attain a good
vacuum in the tube 2 or in a larger space, for example, when a device
arrangement in accordance with the. invention is accommodated entirely in a
larger vacuum space. 



In the device according to Figures 4, 5 and 6, different semiconductor
cathodes are formed in one semiconductor body 21. 25 The emissive regions
are indicated in the plan view of the semiconductor device by circular
openings 37 in the common contact metallization 26, while the region left
free through the opening 5 in the support 4 is indicated by the broken line
38 (Figure 4). If the contact metallization 26 is connected to earth, the
entire surface layer 23 is again practically 30 at the same potential,
which from an electron-optical point of view has the aforementioned
advantages. The different semiconductor cathodes with emitting p-n
junctions 28 are mutually separated by means of V-shaped grooves-41, which
extend into the common n-type surface layer 23 and thus insulate the
cathodes. 35 In the present example, the silicon surface is coated in the
grooves with an oxide layer 42; if desired, the grooves may be filled
entirely with, for example, polycrystalline silicon. The contact
metallizations 27,    which contact the p-type regions 22, may again be
connected through a wire to the metallization pattern 11 on the support 4.
In the present example, a contact is formed at the surface 29 by means of a
deep p - contact diffusion 25 and a contact metallization 39; the contact 5
metallization 39 may again be secured directly through a weld on the
metallization pattern 11b. The metallization layer 27 in this example
serves as a low-ohmic connection between the given emissive region
controlled by a contact 39 and the highly doped p-type contact zone 25 at
the area of this contact 39. Instead of through a 10  direct connection,
the contact-39 may also be connected to the pattern llb through a freely
supported connection (a beam-lead), indicated in Figure 6 by the dotted
line 40. Otherwise, the reference numerals again have the same meaning as
in the preceding Figures; for the sake of clarity, other elements of the
cathode-ray tube than the wall 2 are 15 not shown. Figure 7 finally shows
an embodiment, in which the vacuum-tight weld 19 between the metallization
11 and the semiconductor device is formed between the metallization 11 and
an accelerating electrode 43, which is located on the semiconductor body
around an opening 44 and is 



20 separated from the semiconductor body by an oxide layer 46; such a
semiconductor cathode, in which the p-n junction 28 used for emission
intersects the surface 29, is described in the aforementioned U.K. Patent
Application No. 7902455. In order to be able to connect the n-type region
23, the arrangement 25 is provided with a contact metallization 26, which
contacts a pattern lla on the support 4. Otherwise, the reference numerals
again have the same meaning as in the preceding Figures. The invention is
of course not limited to the examples described above, but within the scope
of the invention many modifications are 30 possible for those skilled in
the art.  Thus, for example, the weld 19 need not always be vacuum-tight,
for example, when the support with the semiconductor device provided
thereon forms part of a larger assembly, which is evacuated, as in the case
of an electron microscope or with lithographic applications. 35     Instead
of insulationby means of V-shaped grooves, in Figure 5 the    cathodes may
be mutually separated by means of local oxidation. At the main surface 29,
if required, other semiconductor elements may be realized for various
purposes, in a manner usual in semiconductor technology. 5
Furthermore, the arrangement is not limited to cathodes in which the
emission is brought about by means of breakdown, but cathodes with various
other emission mechanisms may be utilized. 10 15 20 25 30 35    12 CLAIMS
- 



1.  A device for picking up or displaying images comprising a housing in
which there is provided control means for controlling an electron beam, the
device further comprising at least one semiconductor cathode having a
semiconductor body and being capable of emitting electrons at a main
surface of the body from at least one region of the body in the operating
condition, characterized in that the semiconductor body is located outside
the housing and is fixed to a support which forms a wall of the housing, in
that said main surface of the body 10  faces the support, and in that the
support at the area of the at least one electron-emission region is
provided with an opening to permit passage of the electrons through the
support and into the housing. 2.   A device as claimed in Claim 1,
characterised in that the semiconductor body comprises a plurality of
semiconductor cathodes 15 which are mutually electrically independent and
which are provided with a common connection to surface regions which form
part of the electron-emission regions. 3.   A device as claimed in Claim 1
or Claim 2, characterised in that the means for fixing the semiconductor
body to the support comprise. 20 a layer of conducting material which is
present on the semiconductor body and which is provided with at least one
window at the area of the electron-emission region or regions.. 4.   A
device as claimed in any of the preceding Claims, characterised in that the
means for fixing the semiconductor body to 25  the support comprise an
electrically conducting material which is connected in an electrically
conducting manner to a surface zone of  the semiconductor cathode. 5.   A
device as claimed in Claim 3 or Claim 4, characterised in that the support
is provided on its side facing the semiconductor 30 body with an
electrically conducting track which electrically contacts the conducting
material of the securing means. 6.   A device as claimed in any of the
preceding Claims, characterised in- that the semiconductor body is secured
to the support in a vacuum-tight manner, in that the housing is an
evacuated cathode- 35 ray tube which is secured in a vacuum-tight manner on
the other side    



13 of the support, and in that a target is provided in the cathode-ray
tube. 7.   A device as claimed in any of the preceding Claims,
characterised in that the other side of the support which faces away 5 from
the semiconductor body is provided with at least one electrode which
extends at least partly around the opening in the support. 8.   A device as
claimed in any of the preceding Claims, characterised in that the support
has a thickness of at most 10 mm. 9.   A device as claimed in Claim 8,
characterised in that the 10 thickness of the support is between 0.2 and 5
mm. 10.   A device as claimed in any of the preceding Claims, characterised
in that the support is made of glass or of a ceramic material. 11.   A
device as claimed in Claim 2 or in any of Claims 3 to 10 15 when appendant
to Claim 2, characterized in that the semiconductor cathodes are
electrically separated from each other by means of grooves. 12.   A device
as claimed in Claim 11, characterized in that the grooves are filled with
electrically insulating material. 13.   A device for picking up or
displaying images substantially 20 as described with reference to Figures 1
and 2, or Figure 3, or Figures 4 to 6, or Figure 7 of the accompanying
diagrammatic drawings. 25 30    


