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1

HIGH VOLTAGE DEFLECTION CORRECTION IN
CRT DISPLAYS

Matter enclosed in heavy brackets [ J appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION
Field of invention

This invention relates to cathode ray tube deflection
circuitry, and more particularly to correlation of de-
flection voltages with anode voltage excursions,

Description of the prior art

As is known in the art, the extent to which the beam
of electrons in a cathode ray tube is deflected by de-
flection voltages is highly dependent upon the energy,
or velocity, of the beam, which in turn is a function of
the accelerating voltage applied to the anode of the
CRT.

A recent addition to the cathode ray tube art is the
multiple phosphor, variable penetration type of tube.
One such tube comprises a multi-color tube in which
phosphors that emit different colors in response to
bombardment by electrons are arranged in layers, a
first layer (closer to the gun of the CRT) excited by
lower energy electrons and a second layer (further
from the gun of the CRT) being separated therefrom by
an energy barrier excited by higher energy electrons.
Low anode voltages excite only the first phosphor
(which may typically be red), while higher anode volt-
ages (causing increasing beam energy) also excite a
second phosphor (which may typically be green). Since
the human eye is more sensitive to the green than to the
red, and since it is more efficient than is the red, high
energy bombardment gives a definite, bright (although
not pure) green color while low energy bombardment
gives a definite (though not pure) red color. In addi-
tion, energies between the two can provide apparent
various shades of orange and greenish yellow, so that as
many as four or five clearly discernible colors may be
achieved with some of the more sophisticated penetra-
tion type color tubes now available.

In order to create displaysin a plurality of colors, it is
necessary to activate the different colors at a suffi-
ciently rapid rate so as to create the appearance of a
steady display to the eye. Typically, generation of all
the symbols of one color may be followed by all the
symbols of another color, and a third, etc., repetitively
in a cyclic fashion. Thus, the anode voltage must be
slewed between different color-producing levels at sub-
video rates (for instance, the anode voltage may have
to change by several kilovolts every five or ten millisec-
onds). Slewing of the anode voltage requires that the
deflection voltages be altered suitably so as to provide
the desired deflection without regard to the desired
color.

In the prior art, correlation of deflection voltage with
the anode voltage has typically been achieved by utiliz-
ing different fixed resistor networks which are switched
in and out at sub-video rates to accommodate the dif-
ferent anode voltages during generation of different
color portions of the display. However, this requires
that the anode voltage, at each color-selecting level, be
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held to very close tolerances since a very minor change
in anode voltage will result in a different size picture in
one color in contrast with another which causes differ-
ent color segments of the same display to be of differ-
ent sizes and at misregistered locations. Furthermore,
the rate at which video can be generated is limited by
the need to allow the anodc voltage to settle down
(stop ringing) after switching from one voltage to an-
other in each case. Further, there is a dependence upon
discrete anode voltages (due to the need to utilize
switched-in, fixed parameters), which precludes instan-
taneous control over color, and renders it difficult to
provide multi-color section in a two-phosphor tube.

SUMMARY OF INVENTION

The object of the present invention is to provide au-
tomatic correlation between anode voltage and deflec-
tion voltage in a CRT display.

According to the present invention, the deflection
voltages applied to a CRT display are correlated to the
anode voltage by being amplified with a gain which var-
ies as a function of the square root of the anode volt-
age . In accordance with the invention in one form,
anode correlation may be achieved alone; in accor-
dance with the invention in another form, anode corre-
lation may be achieved on deflection voltages which
already have correction for pincushion (or geometry)
distortion applied thereto. In further accord with the
present invention, anode correlation is provided to-
gether with CRT geometry distortion correction in an
integrated deflection correction and correlation chan-
nel which utilizes fewer and simpler components.

The present invention provides automatic correlation
of CRT deflection voltage with its anode voltage. Since
it is automatic, there is no need to accurately control
the voltage of the anode power supply. Additionally,
the voltage may be readily adjusted, not only in steps to
provide different phosphor penetration (such as in mul-
ti-phosphor, variable penetration color tubes), but also
permits free and easy adjustment of the anode supply
80 as to vary the hues of colors, or provide similar func-
tions in other displays. The invention eliminates the
need for anode voltage monitoring and for switching of
compensation circuits at sub-video rates; and it is far
simpler, less expensive and more reliable than anode
correlation circuits known to the prior art.

Other objects, features and advantages of the present
invention will become more apparent in the light of the
following detailed description of preferred embodi-
ments thereof, as illustrated in the accompanying draw-
ing.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a schematic block diagram of a simple
L embodiment of the present invention;} form of
anode correction known to the art and

FIG. 2 is a schematic block diagram of an embodi-
ment of the present invention integrated with CRT ge-
ometry distortion correction.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to FIG. 1 for a general understanding
of the correction used herein, a cathode ray tube 10 has
an anode terminal 12 to which high voltage is applied
on a line 14 by a high voltage power supply 16. The
CRT 10 has X deflection voltages applied thereto on a
line 18 and Y deflection voltages applied thereto on a
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line 20 from respective deflection amplifiers 22, 24
which in turn arc fed by reclated multipliers 26, 28.
Each of the multipliers 26, 28 is responsive t0 a signal
on a line 30, which is a function of the square root of
the anode voltage on the line 14, in response to a
square root circuit 32 which may take any one of sev-
eral forms. For instance, it may comprise a diode/resis-
tor network of the general type illustrated in a copend-
ing application of the same assignee entitled CRT Ge-
ometry Correction Network, Ser. No. 155,094, filed on
June 21, 1971 by V. G. Bello, now .S, Pat. No.
3.825.796. Or, it may take the form of a reciprocal ex-
ponential transconductance multiplier of the type dis-
closed in our copending application entitled Exponen-
tial Transconductance Multiplier and Integrated Video
Processor, L(UAC Docket No. N-694)173 Ser. No.
213.509, filed Lin] on Dec. 21,1971 ,now U.S.
Pat. No. 3.793.,480. On the other hand it may comprise
a squaring feedback multiplier or any one of a plethora
of other known circuits which can provide the square
root function. The multipliers 26, 28 are also respon-
sive to X and Y deflection signals applied thereto on
related lines 34, 36 from a pair of inputs 38, 40. Thus

there are provided X and Y deflection signals
=KXV V

Y=K,Y V'V

(L)

2)

where

X is the X deflection signal as applied to the CRT

Y is the Y deflection signal as applied to the CRT

K, is a scalar constant

X is the uncorrelated X deflection siganl at the input

38 and
Y is the uncorrelated Y deflection signal at the input
40.

Thus, in the apparatus 10-40 of FIG. 1, there is dis-
closed a first embodiment of the present invention; that
is deflection voltage amplifiers which correlate the de-
flection voltage with the anode voltage in a CRT dis-
play system. In this embodiment of the invention, the
deflection voltages applied to the inputs 38 and 40 may
either be raw deflection voltage from the video section
of apparatus having information to be displayed on the
CRT 10, or they may comprise deflection voltages cor-
rected for pincushion (CRT geometry distortion) ap-
plied to the inputs 38, 40 by a pincushion correction
circuit 42. The pincushion correction circuit 42, as
shown in FIG. 1, is a minor variation of that disclosed
in U.S. Pat. 3,422,306 to S. B. Gray; if desired, it may
take that form, or a more sophisticated and accurate
form as disclosed in the aforementioned copending ap-
plication of Bello.

In the form shown in FIG. 1, the pincushion correc-
tion circuit 42 comprises four multiplier circuits 44-47
and a summing network 48. Because the multiplier 44
is assumed to be an inverting multiplier (or a noninvert-
ing multiplier followed by an inverter, if desired), and
because both inputs of the summing network 44 are
connected to a line 50 which is responsive to raw X de-
flection voltages applied to a raw input terminal 52 by
the video source (not shown), it provides an output on
the line 54 which is equal to —K X2 Similarly, the multi-
plier 45 provides a signal on a line 56 equal to —KY?*in
response to raw Y deflection volitages applied over a
line S8 from a raw Y input terminal 60. In addition to
the signals on the lines 54, 56, the summing network 48
has an input applied thereto from a terminal [62] 68
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which is a constant voltage suitably adjusted to be
equivalent to unity in the given implementation of the
present invention. This is achieved by suitable choice
of the scale factors, or gains, in the circuit, relative to
the voltage input at the terminal L£62] 68 so that de-
flection giving the sum (x* +y*) equal to L unityY zero
will result in [nol wunity output from the summing
network 48, as is well known in the art.
The output of the summing network 48 on a line 70
comprises a signal equivalent to
1Ky x3+y?) (3)
This signal is applied by a line 70 to the multipliers 46,
47 together with the raw X and raw Y deflection volt-
ages, respectively, so as to provide CRT distortion cor-
rected X and Y deflection voltages on related signal
lines 72, 74 as follows:

XK= x[ 1=K (x*+y*)] (4)

Y=y 1—Kq(x%+y?)] 5
Equations 4 and 5 will be recognized by those skilled in
the art as expressions for deflection voltages which
have been approximately corrected for CRT distortion.
By making K. a nonlinear variable, the more accurate
correction of the Bello € application) patent may be
achieved, as described therein. By substituting Equa-
tions 4 and 5 into Equations 1 and 2 it can be seen that
the actual deflection voltages achieved in the full cir-

cuitr&_of FIG. 1 are
=K, VVil1—Kq(x?+y?) =K, VVx
—KK, x(x2+y?) (6)
TzK\‘/t)ﬁm—K,( o+ [vJ y =[xk £-
1 Y“KIKz \/VY(X 2 y’) (7

It should be understood that the geometry distortion
correction circuitry 42 forms no part of the present in-
vention, but is described herein as an aid in understand-
ing a second embodiment of the invention in which
anode correlatior. and geometry distortion correction
are integrated, as is illustrated in FIG. 2.

Referring now to FIG. 2, like elements performing
the same function as in FIG. 1 bear the same reference
numerals and will not be described further. In FIG. 2,
the summing network 48a does not have a constant
input thereto, so that its output on a line 76 comprises
simply

—K (xt+y?) (%)
This is applied to a multiplier 78 (which in a sense com-
bines the functions of the multipliers 46, 47) to which
the output of the square root circuit 32 is also applied
so as to generate a signalon a line 80 which is equiva-
lent to

— VVKa(x*+y?) )]

The signal on the line 80 is applied to a summing net-
work 82 which is also responsive to the anode voltage
on the line 14 to provide a signal on a line 84 which is

VV — V VK (P —2) (10)

Then, the multipliers 26, 28 respond to the signal on
the line 84 and to the respective signals on lines 50 and

58 so as to provide

X =K,x vv—Kix VVKel [x:.] 54y (1)

T =Ky VV—Kiy VVKelx**+[y] ")

(12)

It can be seen that Equations 11 and 12 are the same as
Equations 6 and 7. Thus, the circuit of FIG. 2 provides,
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in an integrated fashion, the combined distortion cor-
rection and anode voltage correlation as provided inde-
pendently by the distortion correction circuit 42 and
the remaining circuitry of FIG. 1.

The multipliers 44, 45 must be four-quadrant multi-
pliers since both inputs may be either positive or nega-
tive. On the other hand, the multipliers 26, 28 and 46,
47 nced only be two-quadrant multipliers since the in-
puts thercto on lines 30 and 70, respectively, are always
positive and only the other inputs could be either posi-
tive or negative. The multipliers 78 in FIG. 2 need only
be a single quadrant multiplier since both inputs are al-
ways positive. As is known, fewer quadrants usually can
be achicved in less expensive circuitry; thus, there is an
additional advantage to the circuit of FIG. 2, in that it
not only eliminates one multiplier compared to the
total circuitry of FIG. 1, but allows usc of a simpler one
as well.

As mentioned hereinbefore, the [ present inven-
tion J anode correction may be practiced without pin-
cushion correction by using simply the apparatus
10-40 in FIG. 1, and not utilizing the pincushion (or
geometry distortion) correction circuit 42 in FIG. 1,
nor related apparatus in FIG. 2. This may be advanta-
geous where space, cost or weight are critical factors
since the dependence of deflection on high voltage is a
forty to fifty percent effect, whereas the deflection cor-
rection is more like a ten percent effect. This also
means that the multipliers used only for pincushion
correction need not be high quality, though it is prefer-
able that the multipliers used in anode correlation be of
relatively high quality.

Although the invention has been shown and de-
scribed with respect to preferred embodiments thereof,
it should be understood by those skilled in the art that
the foregoing and various other changes and ommis-
sions in the form and detail thereof may be made
therein without departing from the spirit and the scope
of the invention. '
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Having thus described typical embodiments of our
invention, that which we claim as new and desire to se-
curc by Letters Patent of the United States is:

L!. A cathode ray tubc display system comprising:

a cathode ray tube having a high voltage anode;

a high voltage supply connected to said anode and

providing an anode voltage thereto;

means responsive to said high voltage supply for gen-

erating a signal as a function of the square root of
said anode voltage; and

means receiving X and Y deflection voltages in ac-

cordance with that which is to be displayed on said
cathode ray tube and responsive to said square root
means to provide deflection voltages to said cath-
ode ray tube which are functions of the respective
products of said X and Y deflection voltages with
said square root signalJ

2. In a cathode ray tube display system receiving raw
x and y deflection voltages to govern desired displays
on the cathode ray tube, the deflection voltage modifi-
cationn apparatus comprising:

a cathode ray tube having a high voltage anode;

a high voltage supply providing an anode voltage to

the anode of said cathode ray tube;

means responsive to said high voltage supply for pro-

viding a signal as a function of the square root of
said anode voltage;

sun [sunimeans receiving raw x and y deflection
voltage signals and providing a negative scalar of
the sum of the squares thereof:;

means responsive to said sum means [,] and said

square root means [and said high voltage sup-
plyd for providing a signal which is a function of
said [anode voltage] square root signal minus the
product of said square root signal and said negative
scalar function of said sums of squares signals; and
means receiving said raw x and y deflection voltages
and responsive to said last named means for pro-
viding X and Y deflection signals to said cathode
ray tube as respective products of the output of
said last named means and said raw deflection volt-

ages.
* * * * *
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