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United States Patent Office 3,416,731 
Patented Dec. 17, 1968 

1. 

3,416,731 
COLOR DISPLAY SYSTEM 

Walter T. Matzen, Richardson, Tex., assignor to Texas 
Instruments Incorporated, Dallas, Tex., a corporation 
of Delaware 

Filed Apr. 30, 1965, Ser. No. 452,301 
8 Claims. (C. 315-13) 

ABSTRACT OF THE DISCLOSURE 
This specification discloses a combination, employed in 

a color display system, characterized by a viewing screen 
having phosphors which emit light of different colors 
when energized by electron beams of different energies; 
electron beam guns and deflection coils for Scanning the 
screen with beams of electrons under different accelerat 
ing voltages and, hence, different velocities; high voltage 
supply in combination with the electron beam guns for 
providing a first and a second accelerating voltage; and 
regulator circuit for regulating the voltage differential 
between the first accelerating voltage and the second ac 
celerating voltage in accord with the differential deflec 
tion force applied to the first beam of electrons and to 
the second beam of electrons and in response to feed 
back from the high voltage portion of the first accelerat 
ing voltage, such as may be applied to the screen. In this 
way registration is maintained between the image com 
ponents provided by the beams of electrons on the screen 
despite variations in the absolute value of the accelerat 
ing voltages. 

This invention relates to a color display system and 
more particularly to an improved color display system em 
ploying an electron beam at different electron energies 
to differently energize various phosphors to emit light of 
various hues. 

Various polychromatic color display systems have been 
proposed in which the different color phosphors are dif 
ferently responsive to electron beams of different ener 
gies or velocities so that various hues of light can be 
produced by varying the beam electron accelerating volt 
age. However, the use of more than one accelerating 
voltage requires that the system include some form of 
deflection compensation to correct for variations in de 
flection caused by the varying velocities of different elec 
trons. If uncorrected, these variations in deflection cause 
misregistration between the different component mono 
chromatic images which constitute the polychromatic 
display. Since the amount of correction necessary depends 
upon the particular accelerating voltage applied, typical 
color displays have heretofore employed relatively com 
plicated and expensive systems for regulating the high 
potential accelerating voltages. 
Among the several objects of the invention may be 

noted the provision of a composite multicolor display 
System having improved registration between component 
monochromatic images; the provision of such a system 
which avoids the necessity of regulating high electron 
beam accelerating voltages; the provision of such a sys 
tem in which variations due to the contamination of ex 
posed high voltage circuits are minimized; the provision 
of a multigun kinescope system in which the voltage dif 
ferential between guns is precisely regulated; and the pro 
vision of such a system which is relatively simple in con 
struction and is reliable in operation. Other objects and 
features will be in part apparent and in part pointed out 
hereinafter. 

Briefly, the invention involves a color display system 
having a viewing screen including phosphors which emit 
light of different colors when energized by electron beams 
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of different energies. An electron beam gun is provided 
for scanning the screen with a beam of electrons and at 
least two electron beam accelerating voltages are provided 
for energizing said phosphors to emit light of different 
colors. The system also includes means for regulating the 
voltage differential between the two accelerating voltages 
as a function of the total value of one of these accelerat 
ing voltages for maintaining registration between the im 
age components provided by electrons accelerated by the 
two different voltages even though their absolute values 
fluctuate due to any of a variety of causes. 
The invention accordingly comprises the apparatus and 

methods hereinafter described, the scope of the inven 
tion being indicated in the following claims, 

In the accompanying drawings in which several of vari 
ous possible embodiments of the invention are illustrated, 
FIGURE 1 illustrates, in diagrammatic form, a color 

display system including a two-gun kinescope in which a 
negative voltage differential is applied between the guns; 
FIGURE 2 illustrates another embodiment in which a 

positive voltage differential is applied between the two 
guns of a kinescope; 
FIGURE 3 illustrates a kinescope including a resistive 

voltage divider sealed within the kinescope envelope; and 
FIGURE 4 shows a modification of the kinescope of 

FIGURE 3 in which the divider is in the form of a de 
posited resistive film. 

Corresponding reference characters indicate corre 
sponding parts throughout the several views of the draw 
lingS. 

Referring now to FIGURE 1, the color display system 
illustrated there includes a kinescope 11 for two-color 
presentation of polychromatic images. The two colors 
which can be produced by the tube are red and white. 
The kinescope 11 comprises a viewing screen 13 includ 
ing a glass face plate 15 through which the image is 
viewed. Coated on the inside surface of plate 15 is a 
phosphor layer 17 which when energized emits light 
through the face plate 15. Layer 17 is constituted by a 
mixture of phosphor particles 19 and 21. Particles 19 
emit substantially red light when energized while the par 
ticles 21 emit substantially cyan light when energized. 
Layer 17 of phosphor particles is in turn coated with a 
thin deposited aluminum film 23 by means of which an 
electron beam accelerating voltage is applied to the screen 
13 from a high voltage power supply HV. 
The particles 19 and 21 respond differently to electron 

beams of varying energy. The particles 19 are energized 
when struck by electrons which have been accelerated by 
a relatively low voltage so as to possess a relatively low 
electron energy while the cyan particles 21 emit light 
Only when struck by electrons which have been accelerated 
by a relatively high voltage. The difference in sensitivity 
of the phosphors to electron beams of different energies 
is produced by providing a barrier layer on the cyan 
emitting particles. The barrier produces a raised voltage or 
electron energy threshold which must be exceeded before 
the particle is energized to emit light. Alternatively, both 
particles 19 and 20 are provided with barriers with the 
cyan particles being given a thicker barrier to achieve the 
desired differential between the threshold of the two dif 
ferent kinds of particles. A suitable barrier layer is a 
coating of silicon dioxide deposited on individual par 
ticles. This coating is deposited, for example, by the 
cracking of a tetraethoxysilane atmosphere within which 
the phosphor particles are suspended. 

It can be seen that an electron beam accelerated by a 
voltage which is intermediate the energization threshold 
voltages of the particles 19 and 21 will excite only the red 
phosphor particles 19 whereas an electron beam accel 
erated by a voltage greater than both of these thresholds 
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will energize both the red and the cyan phosphors. Since 
cyan is complementary in color to red, the high energy 
electrons will thus cause a substantially white or achro 
matic light to be emitted. It should further be understood 
that various mixtures of white and red light can be ob 
tained by producing an electron beam containing elec 
trons of both energies. The composite beam can be 
formed either by the mixture of two beams, both opera 
tive simultaneously, or by providing a single beam of 
alternating energy levels. 

Kinescope also includes a neck portion 25 within 
which are supported two essentially conventional electron 
beam guns 27 and 29. Each gun 27 and 29 includes a 
cathode, 31 and 33 respectively, which emits electrons 
when heated by a suitable heater (not shown). The flow 
of electrons from each gut 27 and 29 is controlled in con 
ventional manner by a grid, 35 and 37 respectively. 

Cathodes 31 and 33 are operated at different potentials 
with respect to screen 13 by means described in greater 
detail hereinafter so that electrons emitted from the two 
guns are accelerated to different energies. The voltage be 
tween gun 29 and screen 13 is such that the electrons 
emitted from this gun will energize only the red light 
emitting phosphor particles 19. Gun 27, on the other 
hand, is at such a potential with respect to Screen 13 
that electrons emitted from that gun will energize both 
the red and cyan light emitting particles 19 and 20 re 
spectively to cause substantially white light to be produced 
at Screen 3. 
The respective intensities of the beams emitted from 

the guns 27 and 29 are controlled by signals derived in 
accordance with the presently standard NTSC system of 
television broadcasting. It is to be understood that signals 
derived according to other transmission systems, e.g., PAL 
or SECAM, may also be used to modulate the beams. A 
luminance signal (Y), obtained from a luminance am 
plifier YA, is applied to cathode 33 directly and, through 
a D.C. blocking capacitor C1, to the cathode 3. Cathode 
33 is maintained at D.C. ground potential. A conven 
tional R-Y signal is obtained from an R-Y amplifier RA 
and is applied to the grid 37 of gun. 29. Accordingly, as 
the electron beam from this gun is scanned over Screen 13 
by means described hereinafter, its intensity is modulated 
in accordance with the long wavelength record or red 
component of the composite video signal being received. 
Since the electron beam from gun 29 energizes only the 
red phosphor particles 19 as explained previously, a cor 
responding red image is produced on screen 13 to be 
seen through face plate 15. 

Similarly, a G-Y amplifier GA provides to grid 35 the 
conventional G-Y signal. Thus the electron beam from 
gun 27 is modulated in accordance with the green or 
short wavelength information in the composite video 
signal. As it is scanned across the screen 13, the beam 
from gun 27 energizes both kinds of phosphor particles 
19 and 21 so that a substantially white or achromatic 
image is produced. The red and white images produced 
on screen 13 combine to form a composite image which 
subjectively appears to include a full range of hues, in 
cluding those which are not actually present in the colori 
metric sense. This general two-color system of presenting 
full color images is known in the art and provides a 
pleasing appearance in which the hues appear more Satu 
rated than they really are. 
The steps necessary for detecting the Y, R-Y and G-Y 

signals are conventional and, since they form no part of 
the present invention, are not discussed further herein. 
The electron beams emitted from guns 27 and 29 pass 

through the influence of a magnetic deflection yoke 39 
which includes both horizontal and vertical deflection 
coils. The yoke is driven by conventional deflection cir 
cuits (not shown) to deflect the electron beams for ob 
taining a scan or raster which Sweeps screen 13. How 
ever, as the electrons in the two beams travel at different 
velocities due to their different accelerating Voltages, the 
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4. 
electron beams are not equally deflected by the same 
magnetic field. The beam which is accelerated by the 
greater voltage will be less subject to deflection than the 
other beam or, in other words, will be stiffer. For small 
differences in the accelerating voltages, the difference in 
deflection in relation to the total deflection is satisfactorily 
represented by one-half the voltage difference in relation 
to the total accelerating voltage, i.e., AD/D is approxi 
mately equal to one-half AE/E. 
To offset or compensate for the difference in beam 

deflection, gun 27 is provided with auxiliary electrostatic 
deflection plates 4 driven by booster or auxiliary circuits 
(not shown) to obtain additional deflection. Only ver 
tical deflection plates are shown, the horizontal plates 
being omitted from the drawing to avoid obstructing the 
view. The additional electrostatic deflection augments the 
magnetic defection of the electron beam from gun 27 by 
yoke 39 thereby to achieve a total deflection which is 
equal to that experienced by the beam emitted from gun 
29 under the influence of the yoke 39 alone. Thus with 
a compensating signal of proper amplitude applied to the 
plates 41, the scanning patterns of the respective beams 
will be in register. 

However, as may be seen from the deflection/accelerat 
ing voltage relationships discussed above, the magnitude 
of the signal which must be applied to plates 41 is highly 
dependent upon the voltage differential between guns 27 
and 29 in relation to the total accelerating voltages be 
tween the guns and screen 13. If either the total accelerat 
ing voltage or the voltage differential between the guns 
varies independently, the needed amount of deflection 
compensation will also vary and exact registration will be 
lost. To vary the amplitude of the compensating signal 
would be cumbersome and expensive. 
The present invention avoids this variation in the 

amount of deflection compensation needed by controlling 
the magnitude of the voltage differential in relation to 
total accelerating voltage in accordance with the relation 
ships presented above so that the required deflection con 
pensation remains constant despite variations in the ab 
solute magnitude of the accelerating voltages. For small 
voltage changes, the necessary relationships are main 
tained when the voltage differential is regulated as a fixed 
proportion of the total accelerating voltage between one 
gun and the screen. Thus a compensating signal of uni 
form amplitude applied to the plates 41 gives satisfactory 
registration even though there is some variation in the 
high voltage applied to screen 13. Accordingly, the need 
for regulation of the high voltage supply HV is avoided. 

In FIGURE 1 an additional negative voltage is applied 
to cathode 31 with respect to cathode 33, which addi 
tional negative voltage is regulated with respect to the 
high voltage positive potential applied to screen 13 by the 
high voltage supply HV. The negative side of a low volt 
age supply LV is connected to cathode 31 through a re 
sistance R1 which permits the voltage at cathode 31 to be 
shunt regulated. Resistance R1 may, for example, be the 
inherent source impedance of Supply LV. Cathode 31 is 
also connected, through a current limiting resistor R2, to 
the collector of a PNP transistor Q1. The collector is 
also connected to ground through a bleeder resistor R3. 
A pair of resistors R4 and R5 constituting a voltage 

divider extend between the high voltage applied to Screen 
13 and ground. The junction between resistors R4 and R5 
is connected to the base terminal of transistor Q1 to pro 
vide a positive reference voltage which is a fixed propor 
tion of the screen voltage. The positive side of the low 
voltage supply LV is connected to ground through a re 
sistor R6 and a Zener diode Z, connected in parallel, 
thereby to provide a positive potential source with respect 
to ground at a junction 45. The parameters of resistor 
R6 and diode Z1 are chosen such that this positive supply 
voltage is essentially equal to or of the same order of 
magnitude as the reference voltage applied to the base 
of transistor Q1 by resistors R4 and R5. The emitter 
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terminal of transistor Q1 is connected to this positive po 
tential source through a current limiting resistor R7. 
The conductivity of the collector-emitter circuit of 

transistor Q1 is a function of the relative values of the 
positive supply voltage at terminal 45 and the positive 
reference voltage applied at the base of transistor Q1, 
the transistor Q1 being forward biased into conduction 
when the reference voltage falls below the positive source 
voltage. Accordingly, if the voltage applied to the screen 
13 should decrease for any reason, the transistor Q1 will 
be biased into greater conduction. Conduction in tran 
sistor Q1 shunts negative current away from cathode 31 
so that the voltage differential between the two cathodes 
is reduced. The voltage differential between cathodes 31 
and 33 is thus regulated substantially in proportion to the 
total accelerating voltage applied between cathode 33 
and screen 13. As noted previously, such regulation es 
sentially eliminates variations in the deflection correction 
needed so that registration between the component images 
is maintained even though there may be some change 
in image size. 

In the embodiment illustrated in FIGURE 2, the cath 
ode 31 is the one maintained at D.C. ground potential 
and a positive voltage is applied to the cathode 33 to pro 
duce the desired difference between the energies of the 
electrons emitted from the respective electron beam guns 
27 and 29. Accordingly, the capacitor C1 is placed in 
the lead between cathode 33 and the Y amplifier YA so 
as to provide the necessary D.C. isolation. 

In this embodiment auxiliary electrostatic deflection 
is not used but rather the electron beam guns 27 and 29 
are provided with tubular magnetic shunts, 43 and 44 
respectively, which are of different lengths. The shunts 43 
and 44 are operative to shield the respective electron 
beam, over the length of the respective shunt, from the 
magnetic fields created by the yoke 39. The shunt, 43 is 
shorter than the shunt 44 so that the electron beam from 
gun 27, which is emitted at a higher velocity than that 
from gun. 29, will be subjected to magnetic deflecting 
forces for a longer portion of its path. Due to the longer 
exposure to the deflection forces, the faster electrons 
emitted from gun 27 experience a total deflection which 
is substantially equal to that experienced by the beam 
from gun 29 over a longer exposure path. Thus deflec 
tion compensation is obtained so that the images pro 
duced by the two guns will be in register. This form of 
deflection compensation is discussed in greater detail in 
U.S. Patent 3,114,795. However, this form of deflection 
compensation also is dependent upon the magnitude of the 
voltage differential between the two guns in relation to the 
total accelerating voltage. 
To maintain the needed amount of compensation at a 

constant level, the voltage differential between the cath 
odes 31 and 33 is requlated in response to the relative 
values of both the accelerating voltage and the differen 
tial voltage thereby to obtain an error-reducing feed 
back mode of operation. The positive side of a low volt 
age supply LV is connected to cathode 33 through a re 
sistance R11. Resistance R11 is also connected as the load 
resistance of one (Q3) of a pair of NPN transistors Q3 
and Q4 which are interconnected as a differential ampli 
fier. The collector terminal of transistor Q4 is provided 
with a load resistance R12 and the emitters of transistors 
Q3 and Q4 are connected to ground through a common 
emitter resistor R13. Emitter resistor R13 effects the 
cross-coupling which provides the differentially respon 
sive mode of operation of this circuit. . 
A reference voltage which is a fixed percentage of the 

voltage applied to screen 13 by supply HV is applied to 
the base terminal of transistor Q4 by resistors R4 and R5, 
as in the previous embodiment. A pair of resistors R14 
and R15 connected between cathode 33 and ground con 
stitutes a second voltage divider which applies to the base 
terminal of transistor Q3 a feed-back voltage which is a 
fixed proportion of the voltage differential existing be 
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6 
tween cathodes 31 and 33. The differential amplifier cir 
cuit is responsive to the difference between the reference 
voltage and the feed-back voltage to regulate the kine 
scope cathode voltage differential as a predetermined pro 
portion of the screen voltage. If the screen voltage should 
fall for any reason, the forward bias applied to the base 
terminal of transistor Q4 is reduced and the voltage at 
the connected emitter terminals of transistors Q3 and Q4 
tends to fall. A reduction in the voltage at the emitter 
of transistor Q3 tends to increase its forward drive and 
thus increase the current drawn from R11. The current 
drawn from R11 is shunted away from cathode 33 and 
thus the cathode differential voltage is lowered until the 
feed-back voltage, applied at the base of transistor Q3, 
is again substantially equal to the reference voltage at 
the base of transistor Q4. Accordingly, it is seen that the 
differential voltage is maintained at a fixed proportion 
of the screen voltage relative to cathode 31 and thus the 
amount of deflection compensation needed remains sub 
stantially constant. 
FIGURE 3 schematically illustrates an embodiment in 

which the high voltage divider resistors R4 and R5 are 
enclosed within a sealed kinescope envelope 49. As these 
resistors, particularly resistor R4, operate at very high 
voltages, they tend to attract and hold dust particles if 
they are not protected...Thus, if these resistors are in an 
exposed location, the accumulation of foreign material 
may create leakage paths which change the effective oper 
ation of the divider and interfere with the proper opera 
tion of the voltage regulator according to the invention. 
By placing the divider within the sealed kinescope 
envelope this problem is avoided. 
FIGURE 4 illustrates a further embodiment of a kine 

Scope incorporating a voltage divider structure. In this 
construction a resistive film 51 is applied to the inner 
surface of a kinescope envelope 53 in the general form 
of a helical spiral which progresses from a screen 13 to 
Ward the neck portion 25 at which point it is grounded at 
a terminal 54. A tap 55 allows a fixed proportion of the 
screen voltage to be taken off and employed as the ref 
erence voltage in the regulator or control circuits de 
scribed previously. 

While regulator circuits employing transistors have 
been shown, it is to be understood that vacuum tubes may 
be used as the circumstances dictate. Also, while two guns 
operating simultaneously to provide two component 
images have been shown, a single gun may be used by 
switching between voltage levels to obtain a time shar 
ing mode of operation. The regulation of the voltage dif 
ference between the sequentially applied voltage levels as 
a fixed proportion of the absolute value of one of them 
yields the same deflection compensation advantages as in 
the illustrated embodiments. Similarly, if more than two 
guns are used, e.g., to obtain three or four color image 
presentations, the voltage differences between the guns 
are advantageously regulated as functions of one of the 
total accelerating voltages. A continuous or incremental 
variation of accelerating voltages over a predetermined 
range can be used to vary hue in response to chrominance 
information. In such a case the range traversed may be 
regulated as a function of the peak accelerating voltage 
so as to maintain the deflection compensation needed at a 
constant value. 

In view of the above, it will be seen that the several 
objects of the invention are achieved and other advan 
tageous results attained. 
As various changes could be made in the above con 

structions and methods without departing from the scope 
of the invention, it is intended that all matter contained 
in the above description or shown in the accompanying 
drawings shall be interpreted as illustrative and not in a 
limiting sense. 
What is claimed is: 
1. A color display system comprising: 
a viewing screen including phosphors which emit light 
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of different colors when energized by electron beams 
of different energies; 

electron beam gun means for emitting a beam of elec 
trons toward said screen thereby to energize said 
phosphors; 

voltage supply means for providing at least first and 
second electron beam accelerating voltages, said sec 
ond electron beam accelerating voltage being higher 
than said first electron beam accelerating voltage, to 
effect a beam of electrons of a first accelerating volt 

5 

8 
5. The color display system of claim 3 wherein: 
said low voltage supply is connected to afford an addi 

tive voltage of polarity opposite to the voltage at said 
screen, and 

said voltage differential is effected by a non-inductive 
solid state regulating circuit interconnected with said 
low voltage supply to lower said additive voltage in 
response to a lower voltage at said screen. 

6. The color display system of claim 3 wherein: 
said low voltage supply is connected to afford a partial 

age and a beam of electrons of a second accelerating O voltage of the same polarity as said voltage at said 
voltage for energizing said phosphors to emit light screen, and 
of different colors; said voltage differential is effected by a non-inductive 

deflection means for applying a first defletcion force to solid state differential amplifier interconnected with 
said beam of electrons of said first accelerating volt- 5 said low voltage supply to adjust said partial voltage 
age and for applying a second deflection force to said as a function of said voltage at said screen. 
beam of electrons of said second accelerating volt- 7. A color display system comprising: 
age to effect scanning of said screen by said beams a viewing screen including phosphors which emit light 
of electrons, said deflecting means incorporating of different colors when energized by electron beams 
means for magnetically scanning said electron beam 20 of different energies; 
and incorporating means adjacent said electron beam a first electron beam gun; 
gun means for applying an additional electrostatic de- a high voltage supply for providing an electron beam 
flection force to said beam of electrons of said sec- accelerating voltage at said screen with respect to said 
ond accelerating voltage, whereby said deflection first gun; 
force is greater for said beam of electrons of said 25 a voltage divider for obtaining a reference voltage 
second and higher accelerating voltage; which is a fixed proportion of said accelerating volt 

a voltage divider for obtaining a reference Voltage age; 
which is a fixed proportion of the accelerating volt- a second electron beam gun; 
ages from said voltage supply means; and a relatively low voltage supply for providing a voltage 

a relatively low voltage supply which is responsive to 30 differential between said first and second guns, said 
said reference voltage for providing a voltage dif- low voltage supply including an appreciable source 
ferential between said first electron beam accelerat- impedance; and 
ing voltage and said second electron beam accelerat- a regulator circuit responsive to said reference voltage 
ing voltage, which voltage differential is a prede- for shunting current from said low voltage supply 
termined function of said reference voltage; 35 away from said second gun thereby to control said 

whereby registration is maintained between image com- differential voltage as a predetermined function of 
ponents provided by electrons accelerated by said said accelerating voltage. 
first and second electron beam accelerating voltages 8. A color display system comprising: 
respectively despite variations in the absolute value a viewing screen including phosphors which emit light 
of said accelerating voltages. 40 of different colors when energized by electron beams 

2. A color display system of caim 1, wherein said elec- of different energies; 
tron beam gun means includes two guns and wherein only a first electron beam gun; 
said second gun is provided with said second and higher a high voltage supply for providing an electron beam 
electron beam accelerating voltage and only the electron accelerating voltage at said screen with respect to 
beam from said second gun is additionally deflected by 45 said first gun; 
an electrostatic deflection force as a part of said deflec- a voltage divider for obtaining a reference voltage which 
tion means, and both electron beams from both of Said is a fixed proportion of said accelerating voltage; 
guns are subjected to said magnetic deflection means a second electron beam gun; 
effecting magnetic scanning of said electron beams. a relatively low voltage supply for providing a voltage 

3. A color display system comprising: 50 differential between said first and second guns; 
a viewing screen including phosphors which emit light a voltage divider for obtaining a feed-back voltage 

of different colors when energized by electron beams which is a fixed proportion of said voltage differen 
of different energies; tial; and 

a first electron beam gun; a regulator circuit, responsive to the voltage difference 
a high voltage supply for providing an electron beam ac- 55 between said reference voltage and said feed-back 

celerating voltage at said screen with respect to said voltage, for controlling current flow from said low 
first gun; voltage supply to said second gun thereby to main 

a voltage divider for obtaining a reference voltage tain said voltage differential equal to a fixed propor 
which is a fixed proportion of said accelerating volt- tion of said accelerating voltage. 
age; 60 

a second electron beam gun; and References Cited 
a relatively low voltage supply which is responsive to 

said reference voltage for providing a voltage dif- UNITED STATES PATENTS 
ferential between said first and second guns which 3,098,170 7/1963 Rhodes ------------- 315-13 
voltage differential is a predetermined function of 65 3,272,914 9/1966 Moles et al. ------- 315-13 X 
said reference voltage whereby registration is main 
tained between the image components provided by 
said guns despite variations in the voltage provided 
by said high voltage Supply. 

4. A color display system as set forth in claim 3 in 
which said screen and said guns are incorporated into 
a kinescope having a sealed envelope and in which said 
voltage divider is enclosed within said envelope. 
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