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This invention relates to an image display system and in 
particular to means for energizing a relatively shallow 
cathode ray tube. 
With the desire to provide a compact image display sys 

tem, particularly in the ?eld of commercial television, has 
come the development of cathode ray tubes wherein the 
electron beam is caused to change course radically in a 
comparatively short distance. One example of such cath 
ode ray tube developments is the relatively shallow tube 
that is the subject of the US. patent application Serial 
No. 141,862, ?led September 29, 1961, and assigned to 
the assignee herein, now Patent No. 3,155,872. In such 
a system normally at least one controlled de?ection, gen 
erally the vertical de?ection, is accomplished by a vari 
able electric ?eld. The electric ?eld is varied, to provide 
a full range of de?ection or a scan, in response to a con 
trolled voltage having a great peak-to-peak voltage ex 
cursion as needed to establish the requisite variations of 
electron path. 

Generation of a controlled voltage having a great peak 
to-peak voltage excursion presents a serious obstacle to 
providing an economical compact image display system. 
The required voltage excursion is often in excess of many 
thousands of volts and generally must be accurately syn 
chronized with an information-carrying signal to provide 
a useful device. While means for generating economi 
cally high direct-current voltages of relatively constant 
magnitude are well known, for example, the high voltage 
generator in most commercial television receivers; and 
means for economically switching such high direct-cur 
rent voltages are well known, for example, the thyratron; 
there is presently no known means for providing eco 
nomically an accurately synchronized controlled voltage 
having the great peak-to-peak voltage excursion needed 
for electric ?eld de?ection in compact image display sys 
tems. 

Accordingly, it is one object of this invention to pro 
vide for a compact image display system a control voltage 
having a great peak-to-peak voltage excursion. 

It is another object of this invention to provide a shal 
low cathode ray tube system having an improved vertical 
de?ection voltage generator. 

Still another object of this invention is to provide an 
improved compact image display system having means for 
providing economically an accurately synchronized con 
trol voltage having the great peak-to-peak voltage excur 
sion needed for electric ?eld de?ection in such systems. 

Brie?y, in accordance with one form of this inven 
tion, high voltage switching means is provided to selec 
tively connect the electric ?eld de?ection section of a 
shallow cathode ray tube to a source of direct-current 
high voltage in response to a predetermined signal. The 
?eld is thereby charged to a predetermined maximum high 
voltage, at which time the switching means ceases to be 
conductive. An electron target of material having low 
secondary emission is disposed adjacent the normal path 
of the electron beam, and de?ection means are provided 
to direct the electron beam to the target during a prede 
termined portion of each horizontal scanning cycle. The 
target is electrically connected to the de?ection means, 
and reduces the potential thereof each time that elec 
trons are deposited on the target. The potential of the 
de?ection means is thereby reduced by predetermined 
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voltage increments during each horizontal scan cycle to 
provide a corresponding variation in the electric ?eld and 
the path of the electron beam. At the termination of a 
complete vertical scanning of the screen of the display 
device, the high voltage means is triggered and the cycle 
repeats as before. 
The invention will be explained in more detail in con 

nection with the drawings in which: 
FIGURE 1 is a schematic diagram of the front view 

of a shallow cathode ray tube system; and 
FIGURE 2 is a schematic diagram of the side view of 

a shallow cathode ray tube system. 
In the speci?c cathode ray tube selected for illustra 

tive purposes in FIGURES 1 and 2, an electron gun 2 
projects a beam of electrons 3 through a magnetic de?ec 
tion means generally shown at 4. The magnetic de?ec 
tion means is responsive to the voltage supplied from 
source 5 of horizontal de?ection voltage, as conducted by 
leads 6 and 7, to de?ect electron beam 3 from one ex 
treme path 8 through unde?ected path 9 to the other ex 
treme path 10. The electron beam passes through col 
limating and focusing means 12, which is preferably of 
the type which is disclosed in the US. patent application 
Serial No. 141,863, ?led September 29, 1961, and assigned 
to the assignee herein. The beam emerges from collimat 
ing and focusing means 12 in any one of several spaced 
parallel paths, such as 14, 15 or 15'. 

In order to provide vertical de?ection of the electron 
beam, the electron beam emerges from collimating and 
focusing means 12 into a beam de?ection means compris 
ing an electric ?eld de?ned by electron-permeable con 
ductive coating 16 on the screen, and spaced voltage 
gradient means, generally shown at 17. The voltage 
gradient means is shown schematically as a plurality of 
serially disposed resistors, such as resistors 18, supplying 
a suitable voltage to a plurality of spaced parallel con 
ductive wires, such as wires 19. In a preferred embodi 
ment, however, voltage gradient means 17 comprises a 
highly resistive coating disposed in a plane spaced rear 
wardly of and substantially parallel to conductive coating 
16 with highly conductive means establishing equipoten 
tial lines at the top and bottom surfaces thereof. 

Suitable static operating potentials are supplied to the 
vertical de?ection means by a direct-current voltage source 
20, which is electrically connected to conductive coating 
16 by conductor 21, and direct-current voltage source '22 
‘which is connected to the upper edge of voltage gradient 
means 17 by conductor 23. 
The above described detailed explanation of a speci?c 

type of shallow cathode ray tube is intended merely to 
serve as a suitable setting and background in which the 
present invention, as described hereinafter, is placed to aid 
understanding thereof. It is to be understood that the 
previously described speci?c cathode ray tube, the details 
of which form no part of the present invention, is used 
merely for illustrative purposes and the scope of this in 
vention is not limited thereto. 

In accordance with the present invention, in a preferred 
embodiment thereof, a high voltage switching device 25 
is provided. The cathode 26 of switching device 25 is 
electrically connected to the lowermost portion of volt 
age gradient means 17 . Switching device 25 may be any 
of a large number of well known means for providing a 
controlled discharge, including, for example, thyratrons 
and triggered vacuum discharge devices. It is only re 
quired that there be a highly conductive path intermit 
tently established between the anode 27 and cathode 26 in 
response to a trigger signal introduced by an appropriate 
grid or ?ring electrode, such as 28. 

Further energizing power for voltage gradient means 
17 is supplied by source 29 of relatively high direct 
current potential. The positive terminal or source 29 is 
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electrically connected to anode 27 of switching device 25. 
While source 29 could be a battery, as indicated schemati 
cally, preferably, source 29 takes the form of a high volt 
age recti?er and ?lter network which is supplied high 
voltage alternating current from a transformer, such as 
the ?yback transformer generally used in the ?eld of com 
mercial television for this purpose. 

In order to vary the voltage of gradient means 17, a 
target 30 of material characterized by low secondary 
emission of electrons is disposed adjacent the normal 
path of the electron beam. Target 30 is electrically 
connected to cathode 26 of switching device 25 and the 
lower portion of voltage gradient means 17. Auxiliary 
beam de?ecting means are provided intermediate target 
30 and electron gun 2 to direct beam 3 to target 30 in 
response to a predetermined signal. Preferably, the aux 
iliary de?ecting means takes the form of spaced parallel 
plates 32 and 33. One of the plates, such as 32, is 
grounded and the other plate, such as 33, is electrically 
connected to a source of voltage pulses. 

In this speci?c embodiment, the predetermined signal 
is a pulse supplied by the source of horizontal synchroniz 
ing pulses generally associated with such image display 
systems. Spaced plates 32 and 33 are oriented with re 
spect to beam 3 such that the presence of a positive 
voltage pulse appearing on plate 33 causes beam 3- to 
follow path 34, thereby impinging on target 30 rather 
than traveling upwardly through collimating and focusing 
means 12. The electrons transferred to target 30 re 
duce the voltage of target 30 and voltage gradient means 
17 which is connected to target 30. 

Operation is as follows: a narrow low frequency pulse 
of suitable polarity is applied to control electrode 28 of 
switching device 25, when it is desired to commence a 
vertical scan of the screen. Preferably, the narrow low 
frequency pulse is derived from a source of vertical syn 
chronizing pulses, commonly associated with image dis 
play systems, in order to insure synchronization of the 
scan with information usually modulated on the electron 
beam. Switching device 25 then ?res, or becomes con 
ductive, and cathode 26, target 30 and the lower portion 
of voltage gradient means 17 rapidly approach the high 
positive direct-current potential of source 29. 
When the lower portion of voltage gradient means 

-17 attains substantially the voltage magnitude of source 
29, the vertical de?ection is as shown by electron beam 
path 14, and the beam impinges upon the uppermost por 
tion of the screen. Also, when cathode 26 of switching 
device 25 nears the potential of anode 27 thereof, the 
device ceases to be conductive. The aforementioned be 
havior is largely characteristic of thyratron-like devices, 
and it is to be understood that appropriate ampli?er-type 
devices may be used also in which case they would be 
come non-conductive upon termination of the narrow low 
frequency vertical synchronizing pulse. 

Thereafter, each time that the electron beam impinges 
upon target 30, in response to a predetermined signal 
supplied to the auxiliary de?ection system, the voltage 
magnitude of gradient means 17 is reduced. The beam 
is thereby caused to impinge upon the screen at a lower 
vertical position upon termination of the predetermined 
signal. By providing a predetermined signal of relatively 
high frequency pulses, the electron beam vertically scans 
the screen in increments during the interval between pulses 
from the source of narrow low frequency pulses. 

In the usual image display system, having a screen 
adapted to provide a visible phenomenon in response to 
excitation by an electron beam which vertically scans 
the screen at a low frequency rate and horizontally scans 
the screen at a relatively high frequency rate, there are 
a plurality of suitable sources of relatively high frequency 
pulses which may be connected to the auxiliary de?ec 
tion system of this invention, For example, the electron 
beam may be directed to target 30 between horizontal 
scans of the screen by supplying to the auxiliary de?ec 
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4 
tion system pulses from the “?y-back” transformer, pulses 
from the source of horizontal blanking pulses or, pulses 
from the source of horizontal synchronizing pulses. The 
latter has been selected in the schematic diagrams, for 
illustrative purposes. 
When a pulse from the source of relatively high fre 

quency pulses causes a sudden variation in voltage of 
plate 33, of the auxiliary de?ection system comprising 
plates 32 and 33, the course of electron beam 3 is changed 
to a path such as 34 wherein the beam impinged upon 
target 30. The voltage of the lower portion of voltage 
gradient means 17, which is connected to target 30, is 
thereby lowered by an amount dependent upon the ca 
pacity of voltage gradient means 17 to store charge, the 
number of electrons which impinged upon target 30 and 
the effectiveness with which secondary emission of elec 
trons by target 30 is prevented. 
The amount by which the voltage of voltage gradient 

means 17 is lowered determines the vertical spacing be 
tween successive horizontal scans. The minimum ca 
pacity of voltage gradient means 17 is substantially ?xed, 
for practical reasons, by the structure of any particular 
tube. The capacity may be easily increased to any de 
sired value merely by adding a suitable high voltage 
capacitor to the system, such as from cathode 26 to 
ground. Also, it is possible to accelerate voltage dis 
charge by providing an additional leakage path, such as 
by using a high resistance connected from cathode 26 
to ground. The latter expedient, however, introduces 
a non-linearity in the control voltage which may, or may 
not, be desirable. 
The number of electrons striking target 30 depends 

upon the interval during which the beam is directed to 
target 30, as determined by the pulse width of the rela 
tively high frequency pulses, and the intensity of the 
beam, as determined by the modulation of electron gun 
2 during the interval of interest. The ef?ciency with 
which target 30 collects electrons and prevents secondary 
emission can be varied by changing the material of target 
30. 
The de?ection of beam 3 along path 34 as described 

occurs during each retrace or ?yback portion of a hori 
zontal scan, and consequently a net charge is subtracted 
from voltage gradient means 17 after each horizontal 
scan. Since the beam intensity during horizontal ?y 
back can be easily controlled, the number of electrons 
striking target 30 during successive horizontal ?yback 
intervals can be varied as desired. Therefore, if a non 
linear potential variation is required at the lower end 
of gradient means 17 to obtain a linear vertical scan, 
proper electron beam modulation (control) during the 
horizontal ?yback interval will achieve the desired verti 
cal scan linearity. By this means the potential of the 
lower portion of voltage gradient means 17 is incre 
mentally reduced to a value wherein the electron beam 
scans a path, such as 15', along the lowermost portion 
of the screen. At the completion of a series of hori 
zontal scans de?ning a complete raster, a vertical syn 
chronizing pulse is again applied to control electrode 28 
and switching device 25 is again triggered, or ?red, to 
provide another vertical scan as previously described. 
The advantages derived from practicing the present in 

vention are many, and, of course, the order of impor 
tance may vary depending upon the speci?c image dis 
play system with which it is used and the particular ap 
plication to which the system is put. First, by using the 
subject invention it is possible to provide a controlled 
voltage having great peak-to-peak voltage excursion with 
a very minimum of circuit components. In most cases, 
only switching device 25 need be mounted externally of 
the cathode ray tube, and this by itself greatly lessens the 
safety and reliability problems associated with control of 
high voltages. Second, in many systems the rapid de 
?ection of the electron beam out of the path wherein it 
strikes the screen during retrace or ?yback obviates the 



3,215,888 
5 

use of a horizontal blanking pulse. Third, the vertical 
de?ection ?eld, as determined by voltage gradient means 
17, is constant during each horizontal scan of the target, 
thereby eliminating any transient in?uences which the ver 
tical de?ection ?eld might otherwise have upon the elec 
tron beam during a horizontal scan. 

It should be noted that the required potential waveform 
on the lower end of gradient means 17 to obtain a linear 
vertical scan is substantially determined by the geometry 
and potentials of de?ection means 16 and 17. It is pos 
sible that there exists a geometry to which appropriate 
potentials applied will require an exponentially decaying 
potential at the lower end of gradient means 17 for the 
electron beam to linearly scan the screen in the vertical 
direction. For such a con?guration, de?ection means 32 
and 33 and target 30 are excluded while a proper re 
sistive coating is applied at gradient means 17 and a proper 
high voltage capacitor is connected to the lower end of 
gradient means 17 so as to give the appropriate RC time 
constant required. This time constant is usually in the 
order of 15.7 milliseconds for television ?elds. 
Although this invention has been described and shown 

in conjunction with a speci?c cathode ray tube system, the 
details of this system form no part of the present inven 
tion, and the present invention is not limited thereto. 
While the present invention has been described with ref 
erence to an auxiliary electric ?eld de?ecting means, and 
the electron collecting target is shown disposed between 
the collimating means and the usual horizontal de?ection 
means of a cathode ray tube, it is to be understood that 
this invention is in no way limited to the use of electric 
auxiliary ?eld de?ecting means or such a target location. 
For example, magnetic auxiliary de?ecting means may be 
preferable in some applications, particularly in systems 
wherein the horizontal de?ection means is an electric 
?eld, rather than a magnetic de?ection means as illus 
trated. The auxiliary de?ecting means and target of the 
subject discl0sure could be equally well located in other 
convenient locations within the tube, for example, be 
tween the electron gun and the horizontal de?ection 
means. Also, while the plate 32 of FIGURE 2 is shown 
schematically as being grounded, it is possible to utilize 
plates 32 and 33 as focusing or accelerating electrodes, 
in which case other suitable quiescent potentials may be 
applied to plates 32 and 33. Therefore, it is intended 
that the appended claims include the many modi?ca 
tions and variations of the present invention which will 
suggest themselves to those skilled in the art and fall 
within the true scope and spirit of this invention. 
What is claimed as new and desired to be secured by 

Letters Patent of the United States is as follows: 
1. In a compact image display system having a cath 

ode ray beam, horizontal beam de?ection means, vertical 
beam de?ection means including voltage gradient means 
arranged to position said beam in dependence upon the 
voltage of said gradient means, a source of low frequency 
pulses, a source of higher frequency pulses and a source 
of direct-current voltage, the improvement comprising: 

(a) means responsive to the pulses from the source of 
low frequency pulses intermittently to provide a con 
ductive path between the source of direct-current 
voltage and the voltage gradient means; 

(b) a target of material characterized by low secon 
dary emission of electrons located adjacent the nor 
mal path of the cathode ray beam and connected to 
the voltage gradient means; and 

(c) auxiliary beam de?ection means connected to the 
source of higher frequency pulses and responsive to 
the pulses therefrom to direct the cathode ray beam 
at said target, whereby the voltage of the voltage 
gradient means is varied in controlled increments dur 
ing the interval between pulses from the source of low 
frequency pulses. 
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6 
2. In a compact image display system having a cathode 

ray beam, horizontal beam de?ection means, vertical 
beam de?ection means including voltage gradient means 
arranged to position said beam in dependence upon the 
voltage of said gradient means, a source of low frequency 
pulses, a source of higher frequency pulses and a source 
of direct-current voltage, the improvement comprising: 

(a) a switching device having one major electrode con 
nected to the source of direct-current voltage and 
another electrode connected to the voltage gradient 
means; 

(b) means connecting the source of low frequency 
pulses to a control electrode of said switching device 
intermittently to provide a highly conductive path 
between said major electrodes in response to the 
pulses from the source of low frequency pulses; 

(c) a target of material characterized by low second 
ary emission of electrons located adjacent the nor 
mal path of the cathode ray beam and connected to 
the voltage gradient means; and 

(d) auxiliary beam de?ection means connected to the 
source of higher frequency pulses and responsive to 
the pulses therefrom to direct the cathode ray beam 
at said target, whereby the voltage of the voltage 
gradient means is varied in controlled increments 
during the interval between pulses from the source 
of low frequency pulses. 

3. An image display system comprising a screen adapted 
to provide a visible phenomenon in response to excita 
tion by a cathode ray beam; an electron gun arranged to 
provide a cathode ray beam; magnetic means adapted to 
provide horizontal scanning of said screen by said beam; 
electric ?eld beam de?ection means including voltage 
gradient means arranged to position vertically said beam 
on said screen in dependence upon the voltage of said 
gradient means; a switching device having an anode and a 
cathode, said anode being connected to a source of direct 
current voltage and said cathode being connected to said 
voltage gradient means; a control electrode for said switch 
ing device, said control electrode being connected to a 
source of low frequency narrow pulses and responsive to 
the pulses therefrom to establish conduction between said 
anode and said cathode; a target of material character 
ized by low secondary emission of electrons located ad 
jacent the normal path of said beam and connected to 
said gradient means; and, auxiliary electric ?eld beam de 
?ection means connected to a source of high frequency 
pulses and responsive to the pulses therefrom to direct 
said beam at said target, whereby the voltage of said 
gradient means and the vertical position of said beam on 
said screen are varied in controlled increments during the 
interval between pulses from said source of low frequency 
narrow pulses. 

4. The system of claim 3 wherein said source of low 
frequency narrow pulses is a source of vertical synchroniz 
ing pulses. 

5. The system of claim 4 wherein said source of high 
frequency pulses is a source of horizontal synchronizing 
pulses and said beam is directed at said target during the 
interval between horizontal scans of said screen. 

6. The system of claim 3 wherein said target and said 
auxiliary electric ?eld beam de?ection means are located 
between said magnetic means and said electric ?eld beam 
de?ection means. 
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