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2,821,637 
LIGHT IMAGE REPRODUCTION DEVICES 

William L. Roberts, ‘Monroeville, and Andrew P. Kruper, 
Pittsburgh, Pa., assignors to Westinghouse Electric 
Corporation, East Pittsburgh, Pa., a corporation of 
Pennsylvania 

Application November 30, 1953, Serial No. 395,044 

6 Claims. (Cl. Z50-213) 

This invention relates to devices capable of amplify 
ing» the intensity of a light image. 

It is an object of this invention to provide an improved 
light amplifier. 

, It is another object to provide an improved amplifier 
of images in natural color. 

lt is another object to provide a color television system 
incorporating an image intensifying device. 

It is another object to provide an arrangement for re 
producing in amplified intensity an image on a liuorescent 
screen. 

These and other objects will be effected by our inven 
tion as will be apparent from the following description 
taken in accordance with the accompanying drawings, 
throughout which like references indicate like parts and 
in which: 

, Figure l is a schematic drawing of a monochrome 
image intensifier embodying our invention; 

Fig. 2 is a schematic drawing of a color image intensi 
fier embodying our invention; 

Fig. 3 is a sectional view of a portion of an auxiliary 
electrode of an electron multiplier structure; 

Fig. 4 is a color television image reproduction system 
embodying our invention, and 
Fig. 5 is a modified color television image reproduc 

tion system embodying our invention. 
Referring in detail to Fig. 1, the elements are enclosed 

in an evacuated envelope 10. A photo cathode 12 is 
positioned near one end of the envelope 10 and is sub 
stantially perpendicular to an axis 14 of the envelope 10. 
The photo cathode 12 consists of a photoemissive layer 
20 deposited on a suitable transparent supporting mem 
ber 18 having a transparent conductive material coating, 
such as stannic oxide known by the trademark Nesa, 
by a suitable method. It may be desirable in some appli 
cations to deposit the photoemissive layer 20 directly on 
the face plate 16 of the envelope 10'. The photoemissive 
layer 20 may be of any suitable material such as antimony 
treated with caesium which is capable of emission of 
electrons upon light impingement. An exterior terminal 
22' is connected to the supporting member 18 for apply 
ing a voltage to the photo cathode 12 with relation to 
the other elements within the envelope 10. A light scene 
„1l is focused on the photo cathode 12 through the trans 
parent face plate 16' and supporting member 18 by a 
suitable optical means such as the lens 24. 

A` fluorescent screen 26 is positioned near the opposite 
end of the envelope 10‘ with respect to the photo cathode 
12 and is also perpendicular to the axis 14 of the en 
velope 10. The fluorescent screen 26 is comprised of a 
transparent supporting member 28, with a conductive 
coating such as Nesa, and is coated on the surface there 
of facing the photo cathode 12 with a phosphor coating 
30. The phosphor coating such as P-4 is deposited on 
the‘supporting member 28, and is capable of emission 
of light upon electron bombardment and will give off 
substantially a white light. I y , 

Positioned between the photo cathode 12 and the 
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fluorescent screen 26 is an electron multiplication struc 
ture 13. The electron multiplication structure 13 is corn 
prised of a plurality of similar auxiliary electrodes 29, 
32, 34, and 38 of substantially the same area as the 
photo cathode 12 and is also perpendicular to the axis 
14 of the envelope 10. Each of the auxiliary electrodes 
29, 32, 34, and 38 are of similar construction. In our 
preferred embodiment a portion of which is shown in 
Fig. 3, a glass plate 31 having a plurality of parallel 
apertures 33 therein is utilized with the apertures inclined 
at an angle to the axis 14. The angle of inclination with 
respect to the axis 14 should be of such a value so that 
primary electrons emitted from the photo cathode 12 
will be unable to pass through the apertures 33. On the 
interior surface of the apertures 33 are two insulated 
coated portions 35 and 36. These portions 35 and 36 
are deposits of a material having a high ratio of secondary 
electron emission such as a silver magnesium alloy. The 
coatings 35 and 36 on the interior surface are insulated 
from each other and all of the coatings 35 of the aper 
tures 33 are connected together by conductive means 
such as a coating 37 which is applied to one surface 
of the glass supporting member 31. The coatings 36 are 
connected together by second conductive means such as 
a metallic coating 39 on the opposite surface of the glass 
member 31. The coatings 35 are so arranged with re 
spect to the electron emission from the photo cathode 
12 that they will intercept substantially all of the elec 
trons entering the apertures 33 while the coatings 36 are 
positioned and of suitable voltage so that they will in 
tercept substantially all of the electrons emitted from 
the coatings 35. A terminal 40 external to the envelope 
10 is connected to the coatings 35 of the apertures 33 by 
the conductive coating 37 for the purpose of applying 
a voltage thereto while a terminal 42 is provided ex 
ternal to the envelope 10 for providing a voltage to the 
coatings 36 by means of coating 39. f ' 
The auxiliary electrodes 29, 32, 34, and 38 are posi 

tioned so that they will intercept substantially all of the 
electrons entering the apertures 33. The front opening 
in the apertures 33 in the second auxiliary electrode 34 
and those following 29 and 38 are substantially aligned 
with the opening on the surface of the preceding auxiliary 
electrode so that substantially all of the electrons leaving 
the preceding auxiliary electrode will pass into the aper 
tures 33 of the following auxiliary electrode. Progres 
sively increasing positive voltages are applied to the coat 
ings 35 and 36 on the interior surface of the apertures 
33 of the auxiliary electrodes from the source‘90 by 
leads to the exterior of the envelope so that the electrons 
will be focused through the electron multiplication struc 
ture 13. It should be noted by constructing the electron 
multiplication structure in this manner that retention of 
definition in the image is obtained at each auxiliary elec 
trode 29, 32, 34, and 38 throughout the electron multi 
plication structure 13. 

In the operation of the device shown in Fig. 1, a black 
and white image is projected through the lens system 24 
onto the photo cathode 12. When a light image 11 is 
focused on the photo cathode 12, primary electrons are 
emitted therefrom with a density distribution which corre 
sponds to the distribution of the illumination upon the 
photo cathode 12 due to the light image 11. The emitted 
photo electrons form a primary electron image and are 
accelerated to the electron multiplying structure 13 by the 
higher positive voltage applied thereto by means of the 
conductive coating 37. The electrons Within the primary 
electron image strike the first auxiliary electrode 32 of the 
electron multiplying structure 13 and substantially all of 
the electrons strike the coating 35 on the interior surface 
ofthe apertures 33 due tothe large number of apertures 
33 on the surface. The electrons striking the coating 35 
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on the interior surface of the apertures 33 cause the coat 
ing 35 to emit secondary electrons which are collected by 
the second coating 36 within the apertures 33 which is 
at a higher positive potential than that applied to the first 
coating 35. The secondary electrons from the second 
coating 36 within the apertures 33 are accelerated to the 
second auxiliary electrode 34 where this process repeats 
depending upon the number of auxiliary electrodes Within 
the electron multiplying structure 13. The secondary 
electron image, after leaving the electron multiplying 
structure 13, proceeds on and strikes the screen 26 thereby 
exciting the phosphor 30 and emitting an intensified light 
image representative of the object 11 focused on the photo 
cathode 12. 

' Referring in detail to Fig. 2, a device is shown similar 
to that in Fig'. 1 and modified so that a color image may 
be intensified. The elements of the tube are enclosed 
within an envelope 10 and include in the following order 
a color filter structure 43, a collimating structure 44, a 
photo cathode 12, an electron multiplier structure 13 and 
a fluorescent screen 45. 
The colored image 41 is focused through a suitable lens 

system 24 onto the color filter structure 43. The color 
filter structure 43 comprises a series of very thin, closely 
adjacent elemental areas of selected component color 
transmission filters. In our specific embodiment, the color 
filter structure 43 comprises a plurality of parallel adja 
cent strips R, G and B capable of transmission of selected 
component colors representing respectively of the colors 
red, green and blue. The filter strips R, G and B are 
arranged so that adjoined strips are of different color and 
in regular sequence. The strips R, G and B may be sup~ 
ported on a transparent member 49. The effect of the 
color filter structure 43 is to break the image into small 
elemental areas of single representative component colors. 
'lfhe areas are of such a size that the eye viewing three 
adjacent elemental areas of different colors will see a mix 
ture of the colors. 
The collimating electrode 44, which is optional, is 

positioned adjacent to the color filter structure 43 for the 
purpose of collimating the light coming through the color 
filter structure 43. The collimating electrode 44 is com 
prised of anopaque member of substantially the same area 
as the color filter structure 43 and having a plurality of 
parallel apertures 46 therein for passage of the light 
image. 
The photo cathode 12 is positioned adjacent tothe col 

limating electrode 44 so as to interrupt the light image and 
form a primary electron image. The primary electron 
image from the photo cathode 12 is intercepted by the 
electron multiplication structure 13 and converted into a 
multiplied secondary electron image which in turn born 
bards the fluorescent screen 45. 
The fiuorescent screen 45 is comprisedl of a supporting 

structure 47 such as Nesa with a plurality of elemental 
phosphor coatings thereon. In one specific embodiment, 
the phosphor coatings are in the form of strips R', G’and 
B’ of similar dimension to said color filter strips R, G and 
B and in respective alignment with the filter strips R, G 
and B. A voltage source 90 provides progressively in 
creasing voltages to the elements in the tube. 

In the operation of the device shown in Fig. 2, the 
colored light image 41 is focused on the color filter struc 
ture 43 by the lens system 24. The light image is broken 
down by the color filter structure 43 into elemental lines 
of' one component color, red, green and blue, of light by 
the filter strips R, G and B. The light lines pass through 
the collimating electrode 44 with the apertures 46 sub 
stantially in rows in alignment with the filter strips R, G 
and B. The light line image then strikes the photo cathode 
12 which in turn emits the primary electron image with 
a line distribution which corresponds to the distribution of 
the light image after being broken down by the color ñlter 
structure 43. The electrons within> the primary electron 
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4 
image are accelerated to the electron multiplication struc 
ture 13 where the primary electron image is multiplied and 
connected into a secondary electron image as described 
above. The apertures 33 should be in rows in substantial 
registration with the filter strips R, G and B. The second~ 
ary electron image is comprised of lines of electrons rep 
resented of selected component colors. The lines of elec 
trons with the secondary electron image strike individual 
phosphor strips R', G’ and B’ representative of the R, G 
and B filters so that light passing through the R filter 
strips excite the phosphor strips R’. An intensified re 
produced color image is viewed on the image screen 45 of 
the original light image 41. 

Referring in detail to Fig. 4, there is shown a color 
television receiver 9 of suitable design such as described 
in an article entitled “Compatible color TV receiver,” by 
K. E. Farr in the January 1953 issue of Electronics, page 
98. A cathode ray tube 50 is provided having an elec 
tron gun 51 and an image screen 52 provided within the 
envelope. The cathode ray tube 50 is of suitable design 
with the phosphor on the image screen 52 of a low per~ 
sistence value of the order of one microsecond. Suitable 
deflection voltages are supplied to the deliection coils 53 
of the cathode ray tube 50 for scanning a raster on the 
screen 52. The monochrome signal as obtained from 
the receiver 9, as described in the above-cited article, 
may be applied to the control grid 54 of the electron gun 
51 for purposes of modulating the intensity of electron 
beam within the cathode ray tube 50 in response to the 
intensity of the image Abeing received by the receiver 9. 
The raster scanned on the screen 52 of the cathode ray 
tube 50 is focused by a suitable lens system 55 upon the 
photo cathode 12 of a modified image tube 56. A color 
control electrode 57 is positioned adjacent to the photo 
cathode 12 and on the opposite side of the photo cathode 
12 with respect to the cathode ray tube 50 so as to sub» 
stantially intercept all electrons emitted from the photo 
cahtode 12. 
The color control grid 57 lies in a plane parallel to the 

photo cathode 12. 
is substantially equal to that of the photo cathode 12. 
The color control grid 57 is broken into a plurality of in 
sulated elemental sections so as to permit control of the 
electrons within the primary electron image. By apply 
ing voltages to the elemental sections of the color control 
electrode 57 representative of the selected component col~ 
ors, an electron image is obtained after passing through 
the color control grid which is representative of the color 
image. Elemental areas of phosphor are placed in align 
ment and registrative with the areas in the color control 
electrode. The areas of phosphor are positioned sor that 
they will give a color representative of the color signal ap 
plied to the elemental section on the color control elec 
trode in registration therewith. 

In our specific embodiment, the color control grid 57 is 
comprised of a plurality of conducting strips 60, 61 and 
62 parallel to each other and insulated from each other; 
A plurality of apertures S9 are placed within each of the 
conductive strips 60, 61 and 62. The conductive strips 
60, 61 and 62 are arranged in repeatingl sequence, that is, 
60, 61 and 62 across the electrode 57. The conductive 
strips 60, 61 and 62` bearing the same number are con 
nected together so as to form three insulated coplanar 
grids with suitable means for applying voltages thereto. 
The strips 60, 61 and 62 may have any orientation with 
respectvto the light scanning spot, but in the specific em 
bodiment shown they are shown horizontal. 
The primary electron image, after passing through the 

color control structure 57, will pass through the electron 
multiplying structure 13 and, in> turn,`will strike an out 
put screen 45. The output screen is similar to that de-l 
scribed in Fig. 3 with the phosphorR’, G' and-B'v parallel 
to andA in alignment with the respective conductive strips 
60, 61 and 62 within the color control electrode 57. The 

The area of the color control -grid 57' 
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voitage Source 90 supplies progressively increasing volt 
age to the tube elements. 

In the operation of the device shown in Fig. 4, the 
monochrome signal received on the receiver 9 is applied 
to the control grid 54 of the cathode ray tube 50 while 
a deñection voltage is also applied to the deñection‘vcoils 
53 of the cathode ray tube 5t) for purposes of scanning a 
scanning raster on the screen 52. The light image of the 
raster scanned on the screen 52 is focused on the photo 
cathode 12 by means of the lens structure 55. Due to 
the low persistent phosphor on the screen 52, the eiîect 
is a light spot scan on the tube 56. Electrons are emitted 
from the photo cathode 12 with a density distribution 
which corresponds to the distribution of the illumination 
projected thereon by the cathode ray tube 50. 
The electrons emitted from the photo cathode 12 form 

a primary electron image or beam which is representative 
of the intensity or brightness of the signal. The color in 
formation is added to the primary electron image or beam 
by the color control electrode 57. The color signals 
obtained from the receiver 9 are connected to the grid 
57 by separate conductors indicated by the line 63. The 
color signals are represented by (lì-Y), the red color 
difference signal (G-Y), the green color diiference sig 
nal and (B-Y), the blue color diiference signal may be 
converted by known means and applied respectively to 
the strips 60, 61 and 62 to impress color information on 
the grid 57. This impresses on the primary electron im 
age beam striking the strips 60, the red color signal. The 
more negative the voltage applied to the strips 60, the 
less will be the number of electrons passing through the 
apertures 33. The electron beam image representative 
of the red color information is accelerated to the electron 
multiplication structure 13 where the electrons in the elec 
tron line are multiplied and converted to a secondary elec 
vtron image which strikes the phosphor line R’ giving off 
light of a red color and the intensity depending on the 
number of electrons. 
Due to the low persistence of the phosphor screen 52 

in a cathode ray tube 50, the effect of scanning the raster 
on the screen 52 is similar to transmitting a light spot onto 
the photo cathode 12 of the image intensiñer tube 56. By 
scanning across the color control grid 57 and phosphor 
strips R', G' and B’ in transverse direction, it is possible 
to obtain dot sequential color operation or with the elec 
tron beam scanning along the color electrode conductive 
strips and phosphor strips, line sequential or frame sequen 
tial may be obtained by sequential application of color 
signals. Since the primary electron beam spot will nor 
mally cover at least three strips of the color control elec 
trode 57, simultaneous presentation can also in effect be 
obtained by simultaneous application of the color signals. 

`Referring in detail to Fig. 5, a possible modification 
of the structure shown in Fig. 3 is utilized in which 
the color control electrode 57 shown in Fig. 3 is removed 
and a color deflection electrode 67 is positioned between 
the electron multiplying structure 13 and the output 
screen 71. The color deflection electrode 67 utilized 
in Fig. 4 is comprised of a plurality of parallel wire-s 
or plates 68 with the alternate plates connected to sepa 
rate conductors 69 and 70 so that half of the plates 
are vconnected to one conductor 69 and the other half 
are connected to another conductor 70. 
An output screen 71 is utilized of similar construc 

tion to those described in Figs. 2 and 3, but the sequence 
of the phosphor lines R', G' and B’ is altered. A con 
ducting plate 68 is positioned in front of every other 
phosphor strip R', G’ or B’. `In our embodiment, the 
phosphor strip R’ is positioned between each plate 68 
while the phosphor strips B' and G' alternate between 
the phosphor lines R’. In this arrangement, a plate 
68 is positioned in front of each phosphor strips B" 
and G’. The voltage source 90 supplies progressively 
increasing voltages to the elements of the tube. 
A conventional color receiver 9 is utilized as described 
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in-the previously cited article. ' The coloì signalsl'FR-QY?, 
B-Y, G-Y and Y obtained from the >receiver 9 may 
be connected into a matrix unitv73 so as to >derive color 
signals representative of the red, blue and green'colors. 
The red, blue and green Isignals obtained from the matrix 
73 are fed to the respective gating devices 74, 75 and 
76, one for each color signal, to control-the grid 54 
of the cathode ray tube 50. The gating pulses fed ’to 
the gates 74, 75 and 76 must be synchronized to the 
color switching signal applied to the color control grid 
67. The synchronizing signal is obtained from the re 
ceiver 9 for the control of a generator 77 for generat 
ing gating pulses to the gates 74, 75 and 76 and apply 
ing signals to the »color deflection grid 67. , 

-In the operation of the device shown in Fig. 5, the 
color video signals from the receiver 9 are applied to 
the control grid 54 by the gating devices 74, 75 and 
76. Suitable deiie‘ction voltages are also derived from 
the receiver 9 and applied to dellection coils 53 for scan 
ning a raster on the screen 52. ‘ j 
The light image raster 52 is focused on the cathode 

12 by means of the lens 55. Due to the low persistence 
of the ¿phosphor utilized on the screen 52, the effect is 
a light spot scan on the photo cathode 12. The elec 
trons are emitted from the photo -cathode 12 >with a 
density distribution which -corresponds to the light dis 
tribution projected on to the photo cathode 12 from 
the screen 52. I ‘ 

The electrons emitted from the photo cathode 12 form 
a primary electron image representative of the density 
ror brightness of the color signals. The primary electron 
image is accelerated to the electron multiplier structure 
13 where the electron image is converted to a secondary 
electron image. The secondary image is accelerated 
toward the image screen 71. ’ 
When no potential diiferen‘ces exist between the plates 

68 of the color control grid 67, the electron beam will 
pass through the color control grid 67 and will strike 
the red phosphor strip. The red gating device 74 is 
opened allowing the red color signal to be applied to 
the control grid S4 of the cathode ray tube 50 at the 
same time that the voltage across the plate 68 is zero. 
When a deflection voltage is applied to the color con 
trol grid 67 by the generator 77, the beam will be de 
liected to the green or blue phosphor strips G’ or B’ 
on the screen 71. When the plates 68 connected to 
the conductor 70 are positive with respect to the plates 
of the conductor` 69, a green image will be reproduced. 
When the plates connected to the conductor 69 are 
positive with respect to the plates connected to the con~ 
ductor 70, a blue image will be obtained. 
The deflection type tube shown in Fig. 5 permits pres 

entation of images by the frame, line or dot sequential 
systems. There are several possible methods of apply 
ing -color video information to the color deilection grids, 
and it is also possible to arrange the phosphor lines in 
different systems Iso as to pla-ce the blue or green strip 
at the center point of the deflection plates 68. 

`While we have shown our invention in Iseveral forms, 
it will be obvious to those skilled in the art that it is 
not so limited bu-t is possible of other changes and modi 
íications without departing from the spirit and scope 
thereof. 
We claim as our invention: 
l. A light ampliñer comprising a photoemissive cath 

ode, a fluorescent screen, and means including a plu 
rality of auxiliary electrodes positioned between said 
photoemissive cathode and said fluorescent screen, each 
of said electrodes having a plurality of apertures therein 
and inclined with respect to the axis of said light ampli 
tier, each of said apertures having insulated portions on 
the inner `surfaces thereof and having a coating thereon 
of a high secondary emissive material, means for apply~ 
ing operating potentials on said surfaces so as to divide 
the electron emission from said photoemissive cathode 
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into discrete' electron streams and direct them on Ysuc, 
.cessive auxiliary electrodes whereby substantially all of 
the electrons leaving apertures in the preceding auxiliary 
electrode will enter in-to apertures in the succeeding elec 
trode. 

2. A light amplifier'comprising a photoemissive cath 
ode, a fluorescent screen and one or more auxiliary elec 
trodes having the property of high- secondary electron 
emission, each 4of said auxiliary electrodes consisting of 
a structure extending transversely across the tube and 
having a plurality of apertures inclined with respect to 
the axis of said light amplifier. 

3. _A light ampliñer comprising a photoemissive sur 
face for producing an electron image in response to a 
light image projected thereon, means for multiplying 
said ’electron image comprising a plurality of dynode 
structures, eachk of said dynode structures comprised of 
a plurality of elemental secondary emissive areas inclined 
with respect to the aXis of said light amplifier, and 
means for reproducing said multiplied electron image .. 
into a light image comprising a fluorescent screen. 
` -4. -A light amplifier comprising a photoemissive sur 
face for producing an electron image in response to a 
light image projected thereon, ñlter means positioned 
between the photoemissive surface and said light image, 
said filter means comprising a plurality of selected com 
ponent color strips, each of said strips passing only one 
selective color, a dynode structure positioned near to 
said photoemissive surface on the opposite side thereof 
with respect to said ñlter means so as to multiply said 
electron image 4produced by said photoemissive surface, 
said dynode comprised of an electrode having a plu 
rality of apertures therein inclined to the axis of said 
¿light amplifier, each of said apertures having a coating 
of secondary emissive material, a fluorescent screen po 
sitioned on the opposite side of said dynode structure 
with respect to said photoemissive surface for repro 
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d'ucing said multiplied electron image into a light image, 
said screen comprising a plurality of phosphor strips 
parallel to and in alignment with said ñlter strips, said 
phosphor strips capable of emitting light of a com 
ponent color upon electron bombardment of a similar 
color to the color passed by said filter strips which is 
in alignment therewith. 

5. A light amplifier comprising a photoemissive cath 
ode, a fluorescent screen, and one or more auxiliary 
electrodes, said auxiliary electrodes comprising a di 
electric plate having a plurality of passageways inclined 
to the approaching incident electrons, said passageways 
having a ñrst and second surface therein, said ñrst sur 
face lpositioned so as to intercept all of said incident 
electrons and said second surface positioned so as to 
collect electrons from said first surface. 

6. An image reproducing device for 4converting color 
image signals into color images comprising in combina 
tion a photoemissive cathode, a luminescent screen 
comprised of groups of selective component color re 
producing sections, a color control grid comprised of a 
plurality of groups of `selective component color sections, 
and an electron multiplication structure positioned be 
tween said cathode and said luminescent screen, said 
electron multiplication structure comprising an electrode 
having apertures therein inclined to the axis of said 
device, each of said apertures having a coating of scc 
ondary emissive material. 
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