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TELEVISION DISPLAY DEVICE WHICH 
UTILIZES ELECTRON MULTIPLIERS 

Richard Kaspar Orthuber, Sepulveda, Cali?, assignor to 
International Telephone and Telegraph Corporation, 
New York, N.Y., a corporation of Delaware 

Filed Aug. 19, 1968, Ser. No. 753,448 
Int. Cl. H04n 3/14, 9/30 

US. Cl. 178—7.3 10 Claims 

ABSTRACT OF THE DISCLOSURE 
The invention comprises a television receiver which 

utilizes a special scanning mode in combination with a 
picture tube including a channel type electron multiplier 
and a continuous primary electron source for all the 
holes therethrough. The electron multiplier has channels 
or holes across which two sets of insulated conductive 
strips extend. One set is perpendicular to the other. One 
strip of each pair is supplied with a voltage to allow only 
one hole at a time in the electron multiplier to emit elec 
trons. Sean is thereby effected. Intensity may be con 
trolled by applying a suitable voltage between perforate 
conductive layers bonded to opposite sides of the electron 
multiplier or the strips themselves. A serniconductive coat 
ing may be used on the internal surfaces of the holes of the 
electron multiplier to provide for large current pulses 
while maintaining a high gain. 

BACKGROUND OF THE INVENTION 

This invention relates to devices for receiving video 
signals, and more particularly to a receiver having a stor 
age or picture tube for performing the function of a 
kinescope or the like. 
The invention will be found useful in many applications 

not disclosed herein. For example, the invention is not 
limited for use to a television picture tube, but may be 
employed with any other kind of suitable storage tube 
or device. Thus, the invention is not to be limited to any 
speci?c'application disclosed herein. However, the inven 
tion will be found to possess considerable utility as a 
color television receiver. 
In the past, kinescopes and especially picture tubes for 

color television receivers have a multitude of complicated 
component parts which have been difficult to adjust. Color 
TV picture tubes have also been relatively heavy and 
large in size. The shipping and storage space required for 
these tubes has thus also been large. 

In a conventional color TV, the picture tube has three 
electron guns which selectively project three independent 
electron beams simultaneously through an aperture with 
in a large set of such apertures contained in a so-called 
shadow mask. Electrons which pass through the mask il 
luminate a phosphor screen. The beams must necessarily 
be relatively long to cover the entire screen. However, the 
beams must all be focused and de?ected. This situation is 
very sensitive and critical. Moreover, convergence prob 
lems are created which are di?icult to solve, and stray 
magnetic ?elds of the earth can affect de?ection and con 
vergence. For example, a color TV receiver may be put 
out of alignment by moving it‘about in a room. 

In accordance with the foregoing, conventional color 
TV does not give a high quality picture with stable opera 
tion unless the TV is made as a result of high quality 
production. Further, a high quality picture cannot be 
produced with any substantial degree of stability unless 
frequent and expensive servicing is provided. 
The shadow mask ‘keeps the electron beam illumination 

of the phosphor screen limited to mutually exclusive areas 
corresponding to the three beams. The shadow mask thus 
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reduces the display brightness for a misalignment of any 
extent. 

In a conventional color television receiver employing 
only one electron ‘beam, devices to solve the focusing, de 
?ection, convergence problems are even more complicated 
and expensive to manufacture and to maintain. 

SUMMARY OF THE INVENTION 

In accordance with the device of the present invention, 
the above-described and other disadvantages of the prior 
art are overcome by providing a television receiver or the 
like for receiving a picture intensity control signal and a 
timing signal synchronous therewith from a transmitter. 
The receiver comprises a picture tube including a ?rst de 
vice, for example, a phosphor screen and a source of 
primary electrons. The device of the present invention is 
especially characterized by a channel type electron multi 
plier to receive primary electrons. The electron multiplier 
may be of the general type disclosed in US. Pat. No. 
3,327,151. The electron multiplier has an output directed 
toward the ?rst device. A ?rst arrangement is then also 
provided which is responsive to the timing signal for pro 
ducing an electron output from successive portions of the 
total area on the output side of the electron multiplier. A 
second arrangement is provided for controlling the in 
tensity of the electron outputs from the said successive 
portions in synchronism with the operation of the ?rst 
arrangement. 

It is also an outstanding feature of the present inven 
tion that a special channel type electron multiplier is pro 
vided to produce a large current with an accompanying 
high gain. This electron multiplier has a serniconductive 
layer capable of producing secondary emission. The layer 
is bonded to the internal surfaces of a plurality of holes 
in an insulator. The serniconductive layer has a conduc 
tivity intermediate that of the insulator and certain con 
ductive layers which are employed to gate certain holes 
on and to control the intensity of the outputs of the elec 
tron multiplier. 

In accordance with the foregoing, it will be appreciated 
that all the tube components may be small and thin. A 
source of primary electrons may take several forms. A 
flat cold cathode may be employed, or a ?at photo 
cathode may be employed, if desired. Alternatively, the 
electron multiplier may be illuminated with the output of 
a flood electron gun. In any case, it will be appreciated 
that all the tube components including a source of primary 
electrons, the electron multiplier, and the phosphor screen 
may be very small and thin. Further, they may be located 
very close together. Substantially, no beam de?ection or 
converging equipment is required. The device of the pres 
ent invention may thus be made inexpensively of a few 
uncomplicated parts’. By use of a close “proximity” focus 
between the electron multiplier and the phosphor screen, 
the picture tube contents of the present invention may be 
constructed in a manner to be housed in a very thin 
evacuated envelope. ' 

The above-described and other advantages of the pres 
ent invention will be better understood when considered in 
connection with the accompanying. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings, which are to be regarded as merely 
illustrative: 

FIG. 1 is a schematic diagram of one embodiment of 
the present invention; 

FIG. 2 is a schematic diagram of a second embodiment 
of the present invention; 

FIG. 3 is a schematic diagram of a third embodiment 
of the present invention; 
FIG. 4 is a front elevational view of a portion of a 

channel type electron multiplier; 
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FIG. 5 is a front elevational view of the electron multi 

plier with certain conductive strips applied; 
FIG. 6 is a front elevational view of the electron multi 

plier showing the relationship of two sets of conductive 
strips; 
FIG. 7 is a sectional view of an electron multiplier 

constructed in accordance with a fourth embodiment of 
the present invention taken on the line 7—~7 shownin 
FIG. 5; 

FIG. 8 is a sectional view of an electron multiplier con 
structed in accordance with a ?fth embodiment of the 
invention; and 

FIG. 9 is a sectional view of an electron multiplier 
constructed in accordance with a sixth embodiment of 
the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

In the drawings in FIG. 1, an evacuated envelope is 
indicated at 10 having a transparent window 11, a planar 
extended source of electrons 12, a channel type elec 
tron multiplier 13 and a phosphor screen 14. Source 12, 
electron multiplier 13 and screen 14 are essentially iden 
tical in size with an area slightly larger than the desired 
display size. All three are also closely mounted in close 
proximity to each other. The space between source 12 
and electron multiplier 13 is not critical and can be 
chosen from 10 to 1000 mils. The spacing between elec 
tron multiplier 13 and screen 14 is of the order of several 
hundred mils. 

Source 12 is preferably a thin, cold cathode such as is 
disclosed by A. Moschwitzer and S. Wagner in Phys. 
Status Solidi Germany, vol. 4, No. 2, pps. 357-364, 1964. 

Intensity control 100 and scan control 101 are shown 
in all FIGS. 1, 2 and 3. 

In FIG. 2, an extended source of primary electrons is 
shown in an envelope 15 having transparent windows 16 
and 17. A thin ?lm photocathode 18 is illuminated by 
a planar source of light 19. An electron multiplier 20 is 
provided identical to electron multiplier 13. A phosphor 
screen 21 is provided identical to phosphor screen 14. 

Except for the phosphor screens and the electron multi 
pliers, the component parts of the invention thus far de 
scribed may be entirely conventional by themselves, al 
though their arrangement is new. Further, light source 
19 may be located inside envelope 15, if desired. 

In FIG. 3, an evacuated envelope is indicated at 22 
having a transparent window 23. Window 23 has a color 
TV phosphor screen 24 coated thereon. An electron multi 
plier 25 is located adjacent screen 24. Electron multi- . 
plier 25 may be identical to electron multipliers 20 and 
13. A conventional ?ood electron gun 26 is provided to 
produce a beam 27 of ?ood electrons to illuminate the 
input side of the electron multiplier. The channels are 
indicated at 28 in FIG. 4. The spacing of the channel axes 
corresponds to one-third the spacing of horizontal lines 
in the TV display. 

For example, for a 525 TV line display and a 20-inch 
diagonal display size, the picture height is 12 inches. 
Twelve inches=30 centimeters and the line spacing is 
this 30+525 centimeters which is .057 centimeters or 
22.8 mils. In this case the channel axes are spaced 
22.8+3 mils which equals 7.6 mils. The channel dimen 
sions are smaller, say 4 to 5 mils. The electron multiplier 
slab or plate may be produced by conventional techniques 
such as the Fotoceram process developed by Corning 
Glass Works, Corning, NY. The Fotoceram process has 
been applied to the production of shadow masks, and is 
therefore relatively inexpensive. 
The electron multiplier plate is then provided with a 

series of coatings on both surfaces as indicated in FIGS. 
5 and 7. 

Electron multiplier 20 includes a dielectric or semi 
conductive slab. These channels are positioned in a square 
array as indicated in FIG. 4. 
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4 
FIG. 7 shows a cut through the slab of FIG. 5. The 

cut is in a horizontal plane containing the axes of a row 
of channels. It shows two channels 29 separated by walls 
30. The left hand surface is coated ?rst with a conti 
guous metal ?lm 31 deposited by evaporation of copper, 
chromium, nickel, or aluminum or other metals, so that 
the entrance or exit ends of the channels are not ob 
structed. The thickness of this metal ?lm should be about 
one-tenth micron. On top of this ?lm, a dielectric highly 
insulating spacer ?lm 32 is deposited. e.g. by evaporation 
of SiO or by surface anodizing of the metal electrode 
31. Similarly, a set of metal strips 33 is evaporated on 
columns of channel apertures and one to two mils nar 
rower than the channel spacings. The metal strips 33 are 
therefore insulated from each other as shown in ‘FIG. 5. 
A similar set of metal strips 34 is deposited on the op 

posite sides of the slab as shown in FIG. 7. The only 
difference between strips 33 and 34 are that the strips 
34 are oriented in a perpendicular direction to strips 33 
on the other side. Three channels are provided for the 
three primary colors used in color TV. 

Phosphor screen 21 is spaced closely to channel plate 
20 with a high positive potential with respect to the fac 
ing surface of the channel plate applied, to permit prox 
imity focusing of the channel plate output onto the phos 
phor screen. The embodiment shown in FIG. 2 is being de 
scribed here in detail. However, it will be appreciated that 
the embodiment shown in FIGS. 1 and 3 may be construct 
ed in an identical manner. The phosphor is applied in the 
form of parallel strips of width S, or very slightly less with 
alternating strips of blue, green and red phosphor similar 
to the phosphor forming trios of the shadow mask tube. 
The phosphor screen is mounted with respect to the 

channel plate so that the ?ner grid of the top electrodes 
with strip width less than S is parallel and registered with 
the phosphor strips. The system of phosphor strips is 
aluminized in the conventional way. 
The location of strips 33 and 34 is perhaps best illus 

trated in the elevational view of FIG. 6. 
Returning once more to the electrode system applied to 

the channel plate, an alternate electron multiplier 35 is 
shown in FIG. 8. An additional view of this plate would 
be the same as shown in FIG. 6 with the vertical lines 
dotted and the horizontal lines solid. 
FIG. 8 again shows two channels 36 with channel walls 

37 and a contiguous metal electrode 38, with insulating 
layer 39 and an array of mutually insulated parallel 
vertical strip electrodes 40 on top. Another system of 
parallel strips 41 of about three times the width of the 
strips 40 is arranged on the same side of the channel 
plate, the two strip systems are mutually insulated by an 
insulating spacer layer 42 similar to layer 39. A conduc~ 
tive layer of electrode 43 is ?xed relative to the output 
side of electron multiplier 35. 
The gain of a channel-type electron multiplier is de 

termined by the difference in potential between electrodes 
on opposite sides of the electron multiplier. Hence, when 
strips are used on each side of the electron multiplier, 
no other electrode need be used. On the other hand, when 
two sets of strips are provided on one side of the electron 
multiplier, as shown in FIG. 8, the additional electrode 43 
must be provided. 

In the operation of the picture tubes of the present in 
vention intensity control may be accomplished in a great 
many ways. This control may be applied directly to the 
same strips which gate each channel hole individually 
on and off. The intensity control may be applied to elec 
trode 43 or any other similar electrode. The intensity 
control may be applied to source 12, photocathode 18, 
light source 19, beam current control electrode, not shown, 
of ?ood gun 26. 
Although it is possible to control the intensity of each 

individual hole by making the number of rows of strips 
equal to the number of columns thereof, for black and 
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white television, it is not necessary to triple the switching 
pulse repetition frequency for the exemplary three colors 
of color television. Note will be taken that switching may 
take place as indicated in “ELF—-A New Electrolumines 
cent Display,” Proc. I-RE, October 1958, pp. 1694 to 1699. 
See FIG. 12. The amplitudes of the X coordinate pulses 
are determined by a video intensity control signal. The 
“pulse actuated switches and intermediate storage cells” 
(PAM) are simply devices to amplitude modulate the X 
coordinate pulses. To convert to color, simply use the 
two or three conventional color intensity control signals 
and connect each, in turn, one to every third PAM. 

In FIG. 6 each of the strips 33 provides a single color. 
Three adjacent strips 33 are gated on simultaneously with 
ditferent corresponding amplitude modulation of the gat 
ing pulses for each of the three colors. Strips 34 are 
gated on in succession after each horizontal rows are 
gated on. 

Scaning is accomplished by gating off all of the channels 
except three channels at a time. Gating is accomplished 
simply by the use of a clock pulse generator, not shown, 
operating two counter registers having binary bits con 
nected to corresponding strips. Such scanning is entirely 
conventional and will not be described. Such a scaning 
system may be of the type used in connection with solid 
state displays. > 

In the operation of the device of the present invention 
application of a potential difference of approximately 
1000 volts to electrodes 38 and 43 creates an electric 
?eld within electron multiplier 35 such that electrons en 
tering the channels from the input side are accelerated 
toward the phasphor screen. Repeated impacts of these 
primary electrons on the channel walls cause successive 
multiplication of the electrons within the channel walls 
as variously described in the literature, e.g. J. Adams and 
B. vW. Manley, Electronic Engineering, March 1965, p. 
108M181 and G. W. Goodrich and W. C. Wiley, Review 
of Scienti?c Instruments, 33, p. 761, 1962. 

In this way, an electron current substantially above the 
emission density of the source of primary electrons is 
available to excite the phosphor screen. Due to the high 
?eld generated by the electron multiplier and screen by 
application of a potential of 20 to 25 kv. to the phosphor 
screen, the individual channel outputs are proximity fo 
cused on the screen to establish a display of substantially 
the same resolution as that given by the reciprocal of 
the spacing of the channels in the electron multiplier. 
An alternative electron multiplier 44 is shown in FIG. 9. 

Electron multiplier 44 is suitable for an emission of high 
charge pulses and, at the same time, it is possible to ac 
complish high gain multiplication. FIG. 9 shows a section 
of a channel plate with an insulating base 45, e.g. a plate 
formed by the well-known Fotoceramic process with- 
etched channels. 
On the input side a metal accelerating electrode 46 is 

deposited, e.g. by evaporation. Electrode 46 corresponds 
to electrode 31 shown in FIG. 7. Another metal electrode 
47 is deposited on the output side. In contrast to the cor 
responding electrode 43 shown in FIG. 8, the electrode 
47 is deposited to a considerable depth of the channel, 
e.g. one-fourth to one-half the channel length. Suitable 
processes to assomplish this are condensation of highly 
colluminated vapor beams aligned with the channel axis. 
Preferably, the metal chosen for electrode 47 is readily 
surface oxidized by anodization or baking in an oxidizing 
atmosphere. Aluminum or nickel are suitable—the latter 
being applicable by known treatments in an atmosphere 
of nickel carbonyl. 
A highly insulating layer of metal oxide 48 is then 

formed electrically or by baking in an oxidized atmos 
phere on top of electrode 47. A metallic contact electrode 
49 is then deposited by evaporation under a grazing angle 
so that it has only very shallow penetration in the channel, 
i.e. about one channel diameter deep. A semiconductive 
secondary emissive sleeve 50 is deposited inside the chan 
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6 
nel which bridges electrodes 46 and 49 on both channel 
ends but is insulated by layer 48 from the part of elec 
trode 47 which penetrates deeply into the channels. 
One way of depositing sleeve 50 is to introduce a 

suspension of suitable frit glass into the perforations of 
the channel plate, to spin out the excess of the suspension 
then to bake the plate above the melting point of the frit, 
which in ?owing will form a smooth continuous coating 
on the channel walls. Glass of suitable composition is 
then, by hydrogen ?ring, adjusted to the desired 
conductivity. 

In operating the electron multiplier 44, a high acceler 
ating potential is applied to electrodes 46, 47, and 49. 
The electrode on the output side will then be positive. 
With no electron current ?owing through the channel 
or with an electron input small enough to prevent wall 
saturation anywhere in the channel, the potential disteri 
bution will be uniform as set up by the resulting uniform 
bleeder current along the coating 50 just as in any non 
saturating conventional chanel ampli?er. However, in the 
section of the cheanel into which electrode 47 penetrates, 
the wall will now be formed by the inner electrode 
of a cylindrical capacitor, the oxide layer 48 as dielectric. 
The capacity density of this electrode may be far higher 
than that of a similar wall section against the electrodes 
on the surface of a conventional channel plate. Con 
sequently, a pulse with an intensity and duration which 
in a conventional channel multiplier would lead to an 
intolerable gain limiting distortion of the potential in 
this section, will now have negligible effect on the Wall 
potentials and thus the internal ?eld in the channels. 
In this way, electron pulses of high charge may be gen 
erated with a gain approximating that in an unsaturated 
conventional channel multiplier without electrode 47, but 
otherwise having similar properties. 
The depth to Which electrode 47 has to penetrate into 

the chaennel is given by the distance from the channel 
plate output surface of that channel section at which sat 
uration effects become ?rst noticeable and is, therefore, 
a function of input pulse amplitude, pulse duration, gain 
per unit channel length and bleeder current. 
Some remarks concerning the thickness and structure 

of the insulating layer 48 seem in place here. For the 
case of deep penetration of electrode 47, e.g., 1/: of the 
channel length, the potential difference between 50 and 
and 47 near the inner termination of 47 would assume 
the value VA/2 in practice ‘about 500 volts. In this 
case, the dielectric 48 has to have a considerable thick— 
ness of about 40 microns to avoid dielectric breakdown, 
a thickness which would not be readily produced by the 
above-recommended oxidation procedure. 

This process will, therefore, be more suitable for elec 
trodes 47 with relatively shallow penetration. For deep 
penetration, it is preferable that the insulating layer be 
formed by slurry coating of the chaenel wall with a frit 
of a glass of high dielectric strength and a composition 
which is not subjected to change in the subsequent H2 
?ring process applied to the coating 50. This modi?ed 
channel structure is then formed in the following steps: 

(1) Deposition of the “penetrating” electrode 47 by con 
densation of metal vapor in high vacuum of metal 
organic reaction within the perforations of the insulat 
ing (e.g., Fotoceramic) base plate. 

(2) Application of insulating coat 48 in this case along 
the entire channel length from a slurry of high dielec 
tric strength glass frit. 

(3) Evaporative application of end electrodes 46 and 49. 
(4) Application of inner coating 50 from a slurry of re 

ducible glass frit. 
(5) Hydrogen ?ring to establish proper conductivity in 

the coating 50. 

The channel structure described above, combining the 
capability of emitting electron pulses of high charge con 
tent and at the same time-due to its high S.E. gain— 
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being able to operate with very low current density in 
puts, meets the requirements for kinescopes of the present 
invention. 
Although the foregoing TV picture tube and electron 

multiplier have been described in connection with color 
television, it is to be understood that the invention 
is by no means limited thereto, the invention being equally 
applicable to black and white television. 
As stated previously, intensity control voltages may be 

applied to the parallel conductive strips, to other electron 
multiplier electrodes or conductive coatings, to light 
source 19, to the cathode, not shown, of ?ood electron 
gun 26, or to any other electron source. 
The picture tube and electron multiplier of the present 

invention is, further, not limited to the use of conductive 
strips to gate the outputs of three or one channel or 
hole of the electron multiplier on and 01f. Any other 
means may be employed to do so. Furthermore, such 
means may be or may not be conductive strips or the 
like bonded to or not bonded to the electron multiplier 
dielectric. 
Note will be taken that the channel-type electron 

multipliers shown herein have circular holes there 
through. Although the circular cross-section of a hole 
is common and preferred, this construction is immaterial 
to the invention and any other conventional hole cross 
section may be employed without departing from the in 
vention. Further, such holes are normally perpendicular 
to the input and output sides of the electron multiplier, 
but such need not be adhered to stringently in accordance 
with the present invention. 

It is to be noted that the television receiver and elec 
tron multiplier of the present invention may be used in 
television receivers, but are not limited thereto. The in 
vention may thus be applied to storage tubes or any 
other apparatus. 

Although electrode 43 is required in the embodiment of 
FIG. 8, such an electrode is not required at 31 in FIG. 
7 and may be omitted, if desired. 

In accordance with the foregoing, it will be appreciated 
that all tube components may be made extremely small 
and very thin. The source of primary electrons may take 
the form of a thin, cold cathode as indicated in FIG. 1. 
Alternatively, photocathode 18 may be employed with 
light source 19 as shown in FIG. 2. Further, ?ood elec 
tron gun 26 shown in FIG. 3 may be employed. In any 
case, it will be appreciated that all the tube components 
including the said sources of primary electrons, the elec 
tron multiplier, and the phosphor screen may be made 
very small and very thin. Further, they may be located ' 
very close together. No beam de?ection or converging 
apparatus is then required. The device of the present in 
vention may thus be made inexpensively of a few un 
complicated component parts. By use of the proximity 
focus between the electron multiplier and phosphor 
screen, the picture tube components of the present in 
vention may be constructed in a manner to be used in 
a very thin evacuated envelope. 
Although only a few speci?c embodiments of the in 

vention have been illustrated and described, the invention 
is by no means limited to those embodiments selected for 
this disclosure. The invention should therefore, not be 
limited to such embodiments, the true scope of the in 
vention being de?ned only in the appended claims. 
What is claimed is: 
1. In two dimensional projection apparatus, the com 

bination comprising: ?rst means for developing an in 
tensity control signal; second means for developing scan 
control signals; and a picture tube, said picture tube in 
cluding a channel-type electron multiplier having a plu- ' 
rality of channels therethrough; third means to receive 
the electron output of said electron multiplier; fourth 
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8 
means to supply electrons to the input side of said elec 
tron multiplier; ?fth means responsive to said scan con 
trol signals for producing an electron output from suc 
cessive portions of the total area on the output side of 
said electron multiplier; and sixth means responsive to 
said ?rst means for controlling the intensity of electron 
outputs of said successive portions in synchronism with 
operation of said ?fth means. 

2. The invention as de?ned in claim 1, wherein said 
electron multiplier has a dielectric base of uniform cross 
section sandwiched in between ?rst and second paraellel 
conductive layers of uniform thickness bonded to the in 
put and output sides thereof, respectively, a ?rst dielectric 
layer of uniform thickness bonded to said ?rst conductive 
layer said electron multiplier channels extending through 
said base from the input side to the output side thereof, 
a ?rst set of conductive strips insulated from each other 
and bonded to said ?rst dielectric layer in positions ex 
tending across corresponding sets of channel openings 
on the input side of said electron multiplier, a second 
dielectric layed bonded over said ?rst strips, a second 
set of conductive strips insulated from each other and 
bonded to said second dielectric layer in positions ex 
tending across corresponding sets of channel openings 
at an angle relative to said ?rst strips, said sets of open 
ings corresponding to said ?rst strips, all of said layers 
and all of said strips having holes in alignment with 
passageways through said base forming said channels. 

3. The invention as de?ned in claim 2, wherein said 
third means includes a phosphor screen, said ?fth means 
including said conductive strips and seventh means to 
supply a gating voltage simultaneously to one strip in 
each set, said sixth means including said conductive lay 
ers and eighth means for maintaining said layers at ditf~ 
erent potentials corresponding to the magnitude of said 
intensity control signal. 

4. The invention as de?ned in claim 3, wherein said 
third means includes a color television phosphor screen. 

5. The invention as de?ned in claim 4, wherein said 
fourth means includes a cold cathode in said picture 
tube, said electron multiplier being located in rows and 
columns, the strips in one set extending over the rows, 
the strips in the other set extending over the columns. 

6. The invention as de?ned in claim 3, wherein said 
fourth means includes a cold cathode in said picture tube. 

7. The invention as de?ned in claim 3, wherein said 
fourth means includes a photocathode in said picture 
tube, and ninth means to illuminate said photocathode. 

8. The invention as de?ned in claim 3, wherein said 
fourth means includes a ?ood electron gun inside said 
picture tube. 

9. The invention as de?ned in claim 1, wherein said 
photomultiplier has a dielectric base of uniform cross 
section, said base having a plurality of holes there 
through, said base holes being arranged in rows and 
columns, a plurality of insulated conductive strips bonded 
relative to and on one side of said base over said columns 
of holes, said second strips having holes therethrough 
in registry with said rows of holes. 

10. The invention as de?ned in claim 9, wherein each 
of said columns includes rows of three holes, said third 
means including a color TV phosphor screen, said fourth 
means including a ?ood electron gun inside said picture 
tube. 

No references cited. 
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