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ABSTRACT OF THE DISCLOSURE 
Apparatus for applying a modulating control signal at a 

low voltage level to an element of an electron tube con 
nected to a higher voltage supply. A modulating signal. 
operates a light source for illuminating light-sensitive 
means connected in a circuit at the higher voltage level 
of the electron tube element. A DC voltage differential or 
bias applied to such tube element is altered in accordance 
with the modulation. 

Background of the invention 

The present invention relates to an apparatus for 
controlling the voltage on an electron tube element and 
more particularly to improved apparatus for modulating 
a high potential electron tube terminal with a low voltage 
level signal. 

Electron tubes, such as cathode-ray tubes, traveling 
wave tubes and the like, include elements which must be 
maintained at extremely high voltages, e.g., on the order 
of several thousand volts, for proper operation of the 
tube. One example is the control grid of a cathode-ray 
tube which may be operated at a negative voltage of sev 
eral thousand volts with respect to ground. It is fre 
quently desired to apply modulation to such control grid 
for varying the intensity of the electron beam in the 
cathode-ray tube, or for shutting the beam off and then 
turning it on during blanking and unblanking periods. The 
modulating or unblanking signal is conventionally gen 
erated in circuitry at a much lower voltage level with 
respect to ground. For example, low voltage level circuitry 
may produce unblanking pulses having a voltage near 
ground level and timed with respect to the sweep voltages 
applied to horizontal de?ection means in the cathode-ray 
tube. Capacitive coupling or the like is frequently not 
suitable for providing the proper signal to the control 
grid, particularly in the case of an unblanking pulse which 
is to be applied for the duration of a horizontal cathode 
ray tube sweep. DC coupling means is normally more 
desirable. 
A successful unblanking circuit heretofore employed 

includes a high-voltage negative power supply means for 
the control grid which is somewhat separate from the 
high-voltage negative power supply means connected to 
the cathode element of the cathode-ray tube. The addi 
tional high-voltage negative power supply means is in this 
case referenced to a low-voltage level unblanking signal. 
Although effective, this system involves the expense and 
added complexity of extra high-voltage power supply 
circuitry. 

Summary of the invention 
According to the present invention, an element of an 

electron tube, such as the cathode-ray tube, is maintained 
at a high-voltage derived from a high-voltage supply, and 
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a DC voltage differential or bias is provided to such 
element at the high level. The differential voltage or bias 
is in turn controlled by an ampli?er receiving its input 
from a light-sensitive cell. The modulating signal is then 
applied, at a much lower voltage level, to operate a light 
source for illuminating the light-sensitive cell and 
controlling the same. Since the low voltage and high 
voltage circuits are completely separated or isolated except 
for a light path, the low voltage modulating signal is effec 
tive to modulate the tube element voltage without being 
elevated to a high-voltage level by an additional high 
voltage power supply circuit or the like. 

It is accordingly an object of the present invention 
to provide an improved apparatus for modulating a high 
voltage element of an electron tube. 

It is another object of the present invention to provide 
improved means for effectively unblanking the control 
grid of a cathode-ray tube without requiring high-voltage 
power supply circuitry for elevating the voltage level of 
the unblanking signal to the voltage level of the control 
grid. 
The subject matter which I regard as my invention is 

particularly pointed out and distinctly claimed in the 
concluding portion of this speci?cation. The invention, 
however, both as to organization and method of opera 
tion, together with further advantages and objects thereof, 
may best be understood by reference to the following 
description taken in conjunction with the accompanying 
drawings. 

Drawings 
FIG. 1 is a schematic diagram of a ?rst circuit com 

prising a ?rst embodiment of the present invention; and 
FIG. 2 is a schematic diagram of a circuit comprising 

a second embodiment of the present invention. 

Detailed description 

_Referring to FIG. 1, an electron tube 10, here com 
prising a cathode-ray tube, includes a cathode 12 for 
emitting an electron beam 13, a post-accelerating anode 
14 suitably connected to a high positive voltage, a control 
grid 16, astigmatism anode elements 18, horizontal 
de?ection plates 20, vertical de?ection plates 21, and a 
focusing element 22. Cathode 12 is connected to a ter 
minal 24, which is maintained at a high negative voltage, 
e.g., approximately —2000 volts, through a constant 
voltage dropping Zener diode 26. The voltage drop across 
diode 26 is taken to be approximately 100 volts; there 
fore approximately —l900 volts appears at cathode 12. 
The voltage drop across the Zener diode provides a 
regulated low DC differential voltage or bias for applica 
tion to the control grid 16 of tube 10, as will hereinafter 
become more apparent. Zener diode 26 is shunted by 
capacitor 28 used to aid in suppressing currents across the 
diode during switching transients and the like so that the 
Zener diode may hold a constant voltage. Focusing ele 
ment 22 is connected to the movable tap of a potenti 
ometer 30, included in a voltage divider additionally com 
prising resistors 32 and 34 located on either side of the 
potentiometer 30‘ and connected respectively to ground 
and the —l900 volt point. 

Also connected across the Zener diode is an ampli?er 
including a PNP transistor 36 having its emitter connected 
to the —1900 volt point and having its collector coupled 
to the —2000 volt terminal 24 through potentiometer 
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38, the movable tap of which is connected to control 
grid 16. A light-sensitive means 40, suitably in the form 
of a photodiode, has its emitter connected to terminal 
24, and its collector coupled to the base of transistor 36. 
Likewise, the collector of means 40 is coupled through 
dropping resistor 42 to —1900 volts. 

Light-sensitive means 40 is positioned to receive light 
from a light source or light emitter 44, the latter de 
sirably taking the form of a light-emitting diode. The 
cathode of light emitter 44 is suitably grounded while 
the anode thereof is connected to the emitter of NPN 
transistor 46. The base of transistor 46 is in turn con 
nected to the emitter of NPN transistor 48 and the base 
of the latter transistor is coupled to input terminal 50 
through input coupling resistor 52. Input resistor 54 is 
interposed between the base of transistor 48 and ground 
while the collectors of both transistors 46 and 48 are 
connected to a low positive voltage. Transistors 46 and 
48 comprise an ampli?er. 

In operation of the circuit of FIG. 1, a single input, 
which may be either a pulse signal as in the case of an 
unblanking signal, or alternatively a variable modulating 
signal, is provided as the input at terminal 50*. Such 
signal input is ampli?ed in the ampli?er comprising tran 
sistors 48 and 46 to provide current gain, both such tran 
sistors being connected in an emitter follower con?gura 
tion. Thus, variations in signal input produce changes in 
current which are provided to light emitter 44 whereby 
to produce a variable amount of light therefrom directed 
toward light-sensitive means 40. 

Light-sensitive means 40 is supplied current through re 
sistor 42, and as varying illumination is received from 
light emitter 44, the resistance of means 40 changes so 
that a variable voltage corresponding thereto is supplied 
to the base of transistor 36. Transistor 36 in turn draws 
a corresponding amount of current through potentiometer 
38 causing the voltage to vary at the movable tap thereof. 
This voltage is directly connected to modulate the control 
grid 16. When little or no current passes through tran 
sistor 36, the control grid 16 will reside near -2000 volts, 
suitably biasing the grid to cut off whereby the electron 
beam in tube 10 is in effect shut o? or blanked. However, 
as a variable amount of current ?ows through poten 
tiometer 38 corresponding to the signal input at termi 
nal 50, the voltage at control grid 16 will vary in a less 
negative voltage range to modulate the electron beam in 
tube 10, depending, of course, on the setting of the mov 
able tap of potentiometer 38. 
The signal applied at input terminal 50 is suitably an 

unblanking pulse for rendering visible the trace of the 
electron beam 13 in tube 10, as at times when the beam 
is de?ected in a given direction by de?ection plates 20. 
Such unblanking pulse is referenced to ground and more 
over such signal will comprise a fairly low voltage pulse 
having an amplitude of a few volts or at the most a few 
hundred volts. This unblanking pulse is thus applied 
through the medium of light for controlling or varying 
the low DC voltage differential or bias on the control 
grid in the desired manner, even though the control grid 
is maintained at a much higher voltage level with respect 
to ground. No extra high voltage grid power supply cir 
cuitry is required. Other signals besides an unblanking 
signal can be similarly applied to input terminal 50 so as 
to modulate the control grid 16 and thereby continuously 
provided “Z-axis” modulation of electron beam 13. Such 
a signal should have a level for maintaining the grid 
above the blanking level. 
When the term “light” is used in the present applica 

tion, it is meant to include similar radiation, e.g., in or 
near the visible region, for example in the infrared region. 
In the latter case, light emitter 44 may comprise a gallium 
arsenide diode. Such a diode, when employed with a 
suitable light-sensitive means 40 receptive to radiation in 
the infrared region, is suitable for high operating speeds. 
Light emitter 44 and light-sensitive means 40 may to 
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4 
gether comprise a commercially available optically 
coupled isolator or light path means provided with elec 
tric-to-light conversion input and output elements. The 
light emitter may alternatively comprise a more conven 
tional electrically energized light source and the light-sen 
sitive means 40 may comprise a photocell appropriately 
connected to provide an input for transistor 36. 
FIG. 2 illustrates a second embodiment of the present 

invention which may be conveniently connected for un 
blanking purposes and the like in a cathode-ray tube 
system which is already in use, with a minimum of disturb 
ance of other circuitry. Primed reference numerals in 
the FIG. 2 circuit refer to elements corresponding to 
similarly numbered elements described in connection with 
the circuit of FIG. 1. The circuit has the additional ad 
vantage of being less susceptible to damage in case of 
failure or excessive current in the cathode-ray tube. The 
circuit illustrated in FIG. 2 may be connected in the 
control grid lead of an existing circuit between points 56 
and 58, theretofore connected together for coupling con 
trol grid 16’ to the movable tap of voltage dropping or 
bias potentiometer 60 also called an intensity control 
potentiometer. 

In the FIG. 2 circuit, a ?oating low voltage power sup 
ply is employed having an AC power input transformer 
62 provided with a primary winding 64, appropriately 
connected to a source of line voltage. Transformer 62 
has a secondary winding 66 for supplying at least part 
of an appropriate voltage differential used for normally 
biasing the grid 16' of the cathode-ray tube 10' at a volt 
age such that electron beam 13' is prevented from reach 
ing the face of cathode-ray tube. A bridge recti?er, com 
prising diodes 68, 70, 72 and 74 connected in a conven 
tional manner, provides a DC output voltage at power 
supply terminals 76 and 78. A ?lter, including capacitor 
80 shunted across the power supply terminals, a series 
dropping resistor 82, and a shunt capacitor 86, separates 
terminals 76 and 78 from Zener diode 84. The regulated 
voltage available across the Zener diode, here 91 volts, is 
applied to an output ampli?er comprising PNP transistor 
88, the emitter-collector path of which is connected in 
series with potentiometer 90 across Zener diode 84. The 
control grid 16' is connected to the movable tap of poten 
tiometer 90, and in the absence of conduction through 
transistor ‘88, control grid 16’ will be maintained by the 
Zener diode at approximately 91 volts negative with re 
spect to the movable tap of potentiometer 60. Zener 
diode 84 as a part of the ?oating power supply together 
with potentiometer 90‘ here functions to provide voltage 
dropping means for providing a low DC differential. 
A circuit including voltage dropping resistor 92 in 

series with Zener diode 94 is connected across Zener diode 
84. Zener diode 84 drops approximately 35 volts and is 
shunted by low AC impedance capacitor 96 used to 
provide current across the diode and to prevent tran 
sients from affecting its regulated voltage. Zener diode 
94 provides voltage for the circuit including light-sensi 
tive means 98 in series with tunnel diode 100 and resis 
tor 102 connected in that order from cathode terminal 
95 to anode terminal 97 of the diode. The junction be 
tween light-sensitive means 98 and tunnel diode 100 is 
coupled to the base of an NPN transistor 104 having its 
emitter connected to anode terminal 85 of Zener diode 84 
and its collector connected to the opposite or cathode 
terminal 87 of Zener diode 84 through a voltage divider 
comprising resistors 106 and 108. The collector of tran 
sistor 104 is also coupled to the base of transistor 88 since 
the latter is connected to the midpoint between resistors 
106 and 108. In addition, a speed-up capacitor 110- is in 
terposed between the collector of transistor 104 and the 
base of transistor 88 to enhance coupling. 

Light-sensitive means 98, suitably comprising a photo 
diode or the like similar to light-sensitive means 40 in the 
previous embodiment, is illuminated by a light source or 
emitter 110, which may comprise a light-emitting diode as 



3,449,619 
5 

in the previous embodiment. Light emitter 110 is driven 
by an ampli?er comprising transistors 48' and 46' supply 
ing current therefor, operating in a manner similar to simi 
larly numbered elements of the FIG. 1 embodiment. 

In operation, it is desired that electron beam 13’ strike 
the face of cathode-ray tube 10' only when the beam is 
being de?ected in a given direction thereacross by hori 
zontal de?ection plates 20'. To this end, an unblanking 
signal is provided at input terminal 50' substantially coin 
cident with the horizontal de?ection signal. The unblank 
ing signal may, for example, be derived from the saw 
tooth generator connected to the horizontal de?ection 
plates 20’. 
When a positive unblanking pulse, for example, is pro 

vided at input terminal 50', transistors 48' and 46' con 
duct, causing conduction in light emitter 110 and emission 
of light therefrom. Light falling upon light-sensitive means 
98 provides an increase in current passing from the regu 
lated source including Zener diode 94 through tunnel diode 
100. This increase in current is suf?cient to switch tunnel 
diode 100 very rapidly from its low voltage state to its 
high voltage state, thereby providing a positive pulse at 
the‘ base of transistor 104. This input at the base 
of transistor 104 causes conduction bet-ween the col 
lector and emitter of transistor 104 and the application 
of a negative going pulse at the base of transistor 88. Re 
sultant conduction in the latter transistor raises the voltage 
at the variable tap on potentiometer 90 so as to provide a 
positive going pulse at the control grid 16' of cathode-ray 
tube 10'. The extent of this voltage increase at grid 16’ 
will be determined by the setting of the variable tap of po 
tentiometer 90. Potentiometer 90 is desirably adjusted so 
that the electron beam 13' appears only in the presence of 
an unblanking signal at terminal 50’. The intensity po 
tentiometer 60 is set at a value for ‘adjusting the desired 
trace intensity produced by electron beam 13’ when it is 
not blanked, i.e., when the unblanking signal is presented. 

In oscilloscope circuits and the like, the use of the ap 
paratus according to the present invention for unblanking 
the cathode-ray tube of the oscilloscope reduces the num 
ber of component-parts and simpli?es the unblanking cir 
cuits. Although the circuit has been illustrated primarily 
in connecton with the control of a cathode-ray tube, it is 
understood that other types of electron tubes having ele 
ments normally maintained at a high voltage level may be 
similarly controlled or modulated according to the present 
invention using a signal referred to a low voltage reference‘, 
or a signal referred to a reference at a substantially dif 
ferent voltage level, as an input thereof. For example, the 
circuit according to the present invention is advantageous 
ly_used for modulation of traveling wave tubes. 

While I have shown and described several embodiments 
of my invention, it will be apparent to those skilled in the 
art that many changes and modi?cations may be made 
without departing from my invention in its broader as 
pects. I therefore intend the appended claims to cover all 
such changes and modi?cations as fall within the true 
spirit and scope of my invention. 

I claim: 
‘1. In a circuit employing an electron tube having an 

element maintained near a high voltage level, means for 
applying modulation to said element from a modulating 
signal referenced to a substantially different voltage level 
comprising: 
means for receiving said modulating signal including a 

light source operative in response to said modulating 
signal for providing a variation in light intensity ac 
cording to said modulating signal, 

means for providing a low DC voltage differential at 
said element which low DC voltage differential is ref~ 
erenced to said high voltage level, 

and means for varying said low DC voltage differential 
as applied to said element, said last-mentioned means 
including light sensitive means for receiving light from 
said light source and producing an electrical varia 
tion corresponding thereto, and further including 
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means direct coupling said electrical variation for al 
tering said low DC voltage differential in accordance 
with light received. 

2. The apparatus according to claim 1 wherein said elec 
tron tube is a cathode-ray tube and wherein said element 
is the control grid thereof, said control grid receiving 
modulation proportional to said modulating signal over a 
wide frequency range because of said direct coupling. 

3. The apparatus according to claim 1 wherein said 
light sensitive means comprises a photosensitive diode. 

4. The apparatus according to claim 1 wherein said 
light source comprises a light-emitting diode. 

5. The apparatus according to claim 1 Where said means 
for providing a low DC voltage differential includes volt 
age dropping means for coupling said element to a source 
of high voltage, said electron tube having a second ele 
ment coupled directly to such high voltage. 

6. The apparatus according to claim 1 wherein said 
means for providing a low DC voltage differential includes 
a ?oating low voltage power supply coupled to said ele 
ment. 

7. The apparatus according to claim 1 wherein said 
means direct coupling said electrical variation for altering 
said low DC voltage differential includes a tunnel diode 
responsive to said electrical variation, the voltage across 
said tunnel diode abruptly changing in response to a pre 
determined change in electrical value. 

8. The apparatus according to claim 1 wherein said 
means direct coupling said electrical variation for alter 
ing said low DC voltage differential includes amplifying 
means for amplifying said electrical signal, the output of 
said amplifying means being directly connected to alter 
said low DC voltage differential. 

9. A circuit for operating a cathode-ray tube including 
a control grid and cathode, said circuit comprising: 
means for providing a high negative voltage to said 

cathode, 
a voltage dropping means connected between said last 

mentioned means and said cathode, 
amplifying means having power supplying terminals dis 

posed across said voltage dropping means and includ 
ing a direct coupled ampli?er device and an im 
pedance forming an output, 

means for said ampli?er device serially connected be 
tween said terminals, 

a light-sensitive means connected to provide an input 
for said amplifying means, 

light emitter means for selectively providing light il 
lumination to said light-sensitive means, 

ampli?er means for operating said light emitter means 
in response to an input signal, 

and means for adjustably direct coupling said control 
grid to said impedance in said amplifying means. 

10. A circuit for operating a cathode-ray tube includ 
_ ing a cathode and a control grid, said circuit comprising: 
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means for providing a high negative potential, 
voltage dropping means for coupling said cathode to 

said high negative potential, 
a ?oating, low voltage DC power supply, one output 

terminal of which is adjustably connected to said 
voltage dropping means, 

a light sensitive means and a tunnel diode direct coupled 
in series across terminals of said ?oating power sup 
ply, 

a direct coupled ampli?er also coupled across said ?oat 
ing power supply and deriving its input from said tun 
nel diode, said ampli?er including an amplifying ele 
ment and an output impedance means therefor cou~ 
pled across terminals of said ?oating power supply, 

means for direct coupling said control grid adjustably 
to said output impedance means, 

a light emitter means for providing illumination to said 
light sensitive means, 

and an ampli?er for receiving a cathode-ray tube un 
blanking signal for operating said light emitter means 
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to cause illumination of said light emitter means in 3,283,237 11/ 1966 Williams et a1. ____ 307—3 11 X 
response to said unblanking signal. 3,293,483 12/ 1966 Engel _____________ __ 315-10 
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