
1 A POWER SUPPLY FOR AN ELECTRODE OF A CRT The invention relates to a power
supply for an electrode voltage developed at an electrode of a cathode ray
tube (CRT). 5             The electron gun assembly of a CRT produces one
or more electron beams which impinge upon a phosphor display screen in a
predetermined pattern to form a scanned raster. An electron gun assembly is
designed to produce a number of spatial regions of different voltage
potentials through which the electron 1 0  beam or beams pass. One of such
voltage potentials is produced by a screen voltage at a screen or G2
electrode of the CRT. Video signals, for example, R, G and B are developed
at the cathodes of the CRT having three beams to control currents in the
cathodes. A given video signal is applied to the cathode via a video driver
1 5  stage that is energized by a DC supply voltage. The supply voltage is
DC-coupled to the cathode through the video driver stage. A predetermined
level in the video signal is referred to by the term "black level". When a
portion of the video signal that is at the black level is developed at the
corresponding CRT 20  cathode, such portion signal, preferably, -should
produce a threshold of a zero beam or cathode current. The cathode voltage
level that occurs when the video signal is at the black level is determined
by the supply voltage of the video driver stage that is DC-coupled to the
cathode of the CRT. 25              The video driver stage supply voltage
may be generated by providing a secondary winding of a high voltage or
flyback transformer. The electron gun assembly may utilize a high voltage
winding of the transformer to provide a focus voltage. A voltage divider
responsive to the focus voltage 3 0  provides the screen voltage for the
screen electrode. An increase, for example, in electron beam current, due
to an increase in picture brightness, may cause the screen voltage to
become smaller as a result of increased beam current loading of the high
voltage winding. In order to maintain proper black level of the 35  video
signal at the cathode of the CRT for different levels of the screen
voltages caused by beam current loading variations, it may 



be desirable to decrease the video driver stage supply voltage level when
the beam current increases, and vice versa. Thus    2 voltage tracking
between the cathode and screen voltages may be required. One prior art
arrangement utilized a relative large resistor in series with the video
driver stage supply voltage. 5  When the beam current increases, the screen
voltage tends to decrease.  Consequently a voltage drop across the series
resistor caused by the increased cathode current reduces the video driver
stage supply voltage for providing the aforementioned voltage tracking.
Disadvantageously, the power dissipation in the resistor 10  is relatively
high. Furthermore, should the cathode of the CRT be short-circuited to
ground, the power dissipated in the resistor may locally heat a printed
circuit surface on which such a resistor is typically mounted, causing a
damage to the printed circuit. Therefore, it may be desirable to provide
such voltage 1 5  tracking in the video driver stage supply voltage as a
function of the beam current using a reactive element such as a capacitor
that does not dissipate power. In accordance with an aspect of the
invention, a source of an input supply voltage is coupled to a reactive
element for 20  generating voltage pulses in the reactive element at a
magnitude that is indicative of, for example, an average beam current. A
cathode electrode voltage of the CRT is developed in accordance with the
magnitude of the voltage pulses to provide black level compensation. 25
The sole FIGURE illustrates a schematic and block diagram of a portion of a
video display apparatus that includes a power supply, embodying an aspect
of the invention, for a video driver stage of a CRT. Referring to the sole
FIGURE, there is shown a portion 3 0  of a video display apparatus
including a CRT 10 and a high voltage transformer 11. Video signals
illustratively received via an 



antenna 8 are applied to video processing circuitry 9, which demodulates
and decodes the signal in an appropriate manner for application to video
drive circuit 13. Outputs of video drive 3 5  circuit 13 such as signals R,
G and B are applied to cathodes of an electron gun assembly 12 of CRT 10.
Electron gun assembly 12, when energized, may illustratively produce three
electron beams. Various operating voltage levels may be applied to electron
gun    3 assembly 12, including a focus voltage level via a terminal 14 and
a screen voltage via a terminal 7. The electron beams are deflected to form
a scanned raster by deflection yoke 15. A source of AC voltage 16 is
coupled to a rectifying 5   circuit 17 which produces an unregulated DC
voltage level that is applied to a regulator circuit 20. Regulator 20 may
illustratively be of various types, such as switched-mode or SCR
regulators. The output of regulator 20 is a regulated DC --voltage that is
applied to one terminal of a primary winding 21 of high voltage transformer
10  11. The other terminal of primary winding 21 is coupled to a horizontal
deflection circuit 22 which generates a horizontal deflection current that
is applied to the horizontal deflection windings of deflection yoke 15 via
terminal 23. High voltage transformer 11 includes a high voltage 1 5
winding 24, comprising winding segments 42, 64 and 65, and rectifying
diodes 61, 62 and 63, which is energized by primary winding 21 during the
horizontal retrace or flyback interval. Winding 24 produces a high voltage
level that is applied to the anode terminal of CRT 10 via conductor 25.
During horizontal 20  trace, the regulated DC voltage is developed across
primary winding 21. A tap 27 on high voltage winding 24 is coupled to a
voltage divider 70 to provide the focus voltage that is applied to electron
gun assembly 12 via terminal 14. Tap 27 is selected so 25  that the focus
voltage is nominally of the order of one-third the high voltage level.
Voltage divider 70 also provides the screen 



voltage that is applied to gun assembly 12 via terminal 7. High voltage
transformer 11 also includes a load circuit supply winding 31 which, via a
rectifying stage 60, 30   embodying an aspect of the invention, produces a
voltage level [err] at a terminal 32. Voltage level [err] may
illustratively be of the order of +210 volts at a low beam current. Voltage
level [err] is applied to video drive circuit 13. Voltage level [err] is
DC- coupled to the cathodes of gun assembly 12 via circuit 13. 35
As the electron beam current is increased due to, for example, viewer
adjustment -of the brightness control or due to changes in the picture
scene brightness, the ultor voltage and, hence, the screen voltage
decrease.  In order to maintain a proper    4 black level in video signals
R, G and B at the cathodes of CRT 10 at the increased beam current level
and also at lower beam current level, it may be desirable to decrease
voltage level [err] as a function of the decrease in the screen voltage
that occurs as a 5 result of the increase in the beam current . In
accordance with an aspect of the invention, rectifying stage 60 causes
voltage level [err] to decrease when the beam current increases, and vice
versa, to provide voltage tracking between the screen voltage and the DC
voltages at the 10  cathodes of CRT 10 so as to maintain proper black
level. During the trace interval of a deflection cycle, a trace voltage V31
is developed across winding 31 of flyback transformer 11, in a well known
manner. Trace voltage V31 is, for example, -28 volts. A pair of diodes Dl
and D2 that are poled to be 1 5  conductive during trace are coupled
between a terminal 31b of winding 31 and a ground or common conductor GND.
Diodes D1 and D2 couple trace voltage V31 across a filter capacitor C5 for
developing a positive voltage level +V2 across capacitor C5 at a terminal
31a of winding 31. Because of the forward voltage drop 20  in diodes Dl and
D2, voltage level +V2 is approximately +26 volts. Diodes Dl -and D2
maintain low impedance to ground conductor 



GND at terminal 31b of winding 31, during a portion of trace. A capacitor
Cl forms a series arrangement with a resistor R. During horizontal trace,
the series arrangement of 25  capacitor Cl and resistor R is coupled in
parallel with conductive diode D1 and in series with diode D2. Diode D1
discharges capacitor C1 and causes a voltage VC across capacitor C1 to be
approximately zero during and at the end of trace. The number of winding
turns of winding 31 is selected 30  to produce voltage V31 at a 213 volt
peak-to-peak voltage across winding 31. During horizontal retrace or
flyback, voltage V31 across winding 31 is coupled in series with voltage
level +V2 to produce a peak voltage of approximately +213 volts at terminal
31 b. 3 5             In accordance with an inventive feature, the voltage
at terminal 31b is coupled via resistor R, via capacitor Cl and via a
rectifying diode D3 to terminal 32 for developing voltage level [err]
across -a filter capacitor C4 that is a peak rectified voltage.    5 Prior
to the instant when diode D3 becomes conductive, voltage [err] across
capacitor Cl is approximately zero, as explained before. When diode D3
conducts, during flyback, voltage [err] gradually increases to form a pulse
voltage as a result 5   of the current that charges capacitor Cl. When the
average beam  current increases, the cathode current in CRT 10 increases
and so does the average value of a current iVD that is supplied to video
driver stage 13 from terminal 32.  Therefore the average value of the
forward current through 10  diode D3, during each flyback interval, is
larger when the average value of the beam current is larger. The larger is
the average of the forward current in diode D3 that flows also in capacitor
Cl, the larger is the pulse voltage of voltage [err] that is developed
across capacitor Cl and the larger is the voltage drop across resistor R, 1
5  during flyback.  For a given magnitude of the beam current, the
magnitude of the voltage pulse of voltage [err] in capacitor Cl is 



determined by the value of capacitor Cl. The larger is the sum of -.the
voltages that are developed across capacitor C1 and across resistor R, the
smaller is the voltage that is developed at the 20   anode of diode D3.
Therefore, the larger is the beam current, the smaller is voltage level
[err] that is rectified by diode D3 and the smaller is the cathode voltage
of CRT 10. In this way, the decrease in voltage level [err] or in the
cathode voltage of CRT 10 tracks the decrease in the level of the screen
voltage that is 25  incidental to the increase in the beam current.  The
reduction in voltage level [err] is, for example, 3.0 volts, at a low beam
current of 50 [err] and 17 volts, at a high beam current of 1600 [err] Such
voltage reduction is obtained as a result of the voltage pulses that are
developed across each of capacitor C1 and resistor R at 30   magnitudes
that are proportional to the beam  or cathode current. In accordance with
an inventive feature, the voltage pulses that are developed across
capacitor C1 form a significant portion of a voltage drop across the series
arrangement of capacitor Cl and resistor R. Such portion may be, for
example, 35  80%. Advantageously, capacitor Cl that is a reactive element
does not dissipate energy as a result of the voltage pulses of voltage
[err] Resistor R limits the peak current in diode D3 and in capacitor C1.
Consequently, the power dissipation in resistor R is smaller than    6 in
the aforementioned prior art circuit in which a capacitor analogous to
capacitor Cl is not used. Furthermore, should capacitor C4 be
short-circuited, the voltage drop across capacitor Cl will reduce the
portion of the 5   voltage across winding 31 that is applied across
resistor R, thus reducing the power dissipation in resistor R. As a result,
such fault condition may not result in a damage to the printed circuit by
the heat produced in resistor R. Because capacitor Cl is included, the heat
produced there is maintained low. Capacitors 10  C2 and C3 coupled across
diodes D2 and D3, respectively, provide noise reduction. 



Voltage level +V2 is applied to a vertical deflection circuit output stage,
not shown, for providing its supply energy. Advantageously, by utilizing
the two diodes in series that reduce 1 5  voltage level +V2, winding 31 can
be used for providing both voltage levels [err] at the required levels.
7 CLAIMS: 1. A power supply for a cathode ray tube of a video display
apparatus, comprising: a reactive element; a source of an input supply
voltage coupled to said reactive element; means coupled to said reactive
element and responsive to a current or to a voltage developed at a first
electrode of said cathode ray tube for generating first voltage pulses in
said reactive element at a magnitude that is determined in accordance with
a value of said reactive element and that is indicative of a magnitude of
said first electrode current or voltage; and means responsive to said first
voltage pulses and coupled to a cathode electrode of said cathode ray tube
for generating a cathode electrode voltage in said cathode electrode in
accordance with said first voltage pulses at a magnitude that varies both
in accordance with said magnitude of said first electrode current or
voltage and in accordance with said value of said reactive element in a
manner to substantially reduce a variation in a black level associated with
a video signal that is coupled to an electrode of said cathode ray tube
when said variation of said first electrode current or voltage occurs. 2. A
power supply according to Claim 1 wherein said magnitude of said cathode
electrode voltage generating means varies said magnitude of said cathode
electrode voltage in accordance with an average beam current in said
cathode ray tube. 



3. A power supply according to Claim 1 wherein said reactive element
comprises a capacitor. 4. A power supply according to Claim 3 wherein, for
a given magnitude of a beam current, said magnitude of said first pulse
voltages is established in accordance with a value of said capacitor that
is selected to -provide the black level compensation.    5. A power supply
according to Claim 3 wherein said source of said input supply voltage
comprises a source of voltage supply pulses coupled to said capacitor for
generating in a given cycle of said voltage supply pulses a corresponding
current pulse in said capacitor at a first polarity that is coupled from
said source of said voltage supply pulses to said cathode electrode voltage
generating means such that a corresponding voltage pulse of said first
voltage pulses is-generated in said capacitor at a magnitude that is
determined by a value of said capacitor. 6. A power supply according to
Claim 5 further comprising, means coupled to said capacitor for generating,
during a portion of a cycle of said voltage supply pulses, a current pulse
in said capacitor at a polarity that is opposite to said first polarity
wherein a rectifier decouples said current pulse at said opposite polarity
from said cathode electrode. 7. A power supply according to Claim 5 wherein
said cathode electrode voltage generating means comprises a first rectifier
that is coupled to said capacitor for generating said cathode electrode
voltage, in accordance with a difference between said voltage pulse of said
first voltage pulses and a corresponding voltage supply pulse of said
voltage supply pulses, by way of voltage rectification. 8. A power supply
according to Claim 5 wherein said source of said input supply voltage
comprises a winding of a flyback transformer that is coupled in series with
said capacitor. 9. A power supply according to Claim 3 wherein said source
of said input supply voltage comprises a winding of a flyback transformer
for generating in said winding said voltage 



supply pulses at a first polarity, during flyback intervals, that are
coupled to said capacitor via a first terminal of said winding to generate
current pulses in said capacitor and wherein a first rectifier is coupled
to said capacitor forcoupling through said rectifier said current pulses to
a filter capacitor that develops an output supply voltage in said filter
capacitor, said output supply    voltage being coupled to said cathode
electrode of said cathode ray tube via a supply terminal of a video driver
stage. 10. A power supply according to Claim 9, further comprising a second
rectifier coupled to said first terminal for generating at a second
terminal of said winding a second supply voltage outside said flyback
intervals when said voltage supply pulses that are generated in- said
winding are at an opposite polarity. 11. A power supply according to Claim
3 further comprising, a resistor coupled in series with said capacitor for
generating second voltage pulses in said resistor wherein said cathode
electrode voltage generating means comprises a rectifier responsive to said
first voltage supply pulses and to said second voltage pulses for
generating said cathode electrode voltage in accordance with a sum of a
magnitude of a given pulse of said first voltage supply pulses and a given
pulse of said second voltage pulses. 12. A power supply for a cathode ray-
tube of a video display apparatus, comprising: a source of first voltage
supply pulses; a capacitor coupled to said source of first voltage pulses;
means coupled to said capacitor for generating capacitor current pulses to
transfer energy via said capacitor between said source of said first
voltage pulses and a load that includes a cathode electrode of said cathode
ray tube such that a change in a magnitude of a current in said cathode
electrode produces a corresponding change in a magnitude of said capacitor 



current pulses, said capacitor current pulses producing second voltage
pulses in said capacitor at a magnitude that is determined in accordance
with said cathode electrode current such that for a given magnitude of said
cathode electrode current said magnitude of said second voltage pulses is
significantly determined by a value of said capacitor; and    S means
coupled to said capacitor for generating a cathode electrode voltage in
said cathode electrode in accordance with said second voltage pulses such
that a change in said magnitude of said cathode electrode current produces
a change in a magnitude of said cathode electrode voltage that is
determined by said value of said capacitor in a manner to substantially
reduce a change in a black level associated with a video signal that is
coupled to an electrode of said cathode ray tube when said change in said
cathode electrode current occurs. 13. A power supply for a cathode ray tube
of a video display apparatus, comprising: a source of first voltage supply
pulses; a capacitor coupled to said source; and a first rectifier coupled
to said capacitor for generating current pulses that flow in said capacitor
at a first polarity, such that a given current pulse is generated at said
first polarity during a first portion of each cycle of said first voltage
supply pulses when said first rectifier is conductive, to develop from said
given current pulse a corresponding voltage pulse in said capacitor at a
magnitude that is indicative of a magnitude of a beam current in said
cathode ray tube such that for a given magnitude of said beam current said
magnitude of said voltage pulse in said capacitor is determined in
accordance with a value of said capacitor, said first rectifier being
responsive to a corresponding voltage pulse of said first voltage supply
pulses and to said voltage pulse in said capacitor for generating a cathode
electrode voltage at a cathode electrode of said cathode ray tube at a 



magnitude that varies in accordance with a difference therebetween to
provide black level compensation. 14. A power supply according to Claim 13
further comprising, a resistor coupled in series with said capacitor for
generating voltage pulses in said resistor that are combined with said
voltage supply pulses and with voltage pulses generated in said capacitor
by said first rectifier for generating said cathode electrode voltage in
accordance with said voltage supply pulses,    said voltage pulses in said
resistor and said voltage pulses in said capacitor. 15. A power supply
according to Claim 13 further comprising, a second rectifier coupled to
said capacitor for generating, during a second portion of each cycle, said
current pulse of said current pulses that flows in said capacitor at a
polarity that is opposite to that of said first polarity. 16. A power
supply according to Claim 13 wherein said source of said first voltage
pulses comprises a winding of a flyback transformer having a first terminal
that is remote from said capacitor and a second terminal that is coupled to
said capacitor. 17. A power supply according to Claim 16 wherein said
current pulse at said first polarity is generated during a flyback interval
and wherein said power supply further comprises, a second rectifier coupled
to said second terminal for generating a DC supply voltage at said first
terminal from a portion of said voltage supply pulses that occurs outside
said flyback interval of each cycle. 18. A power supply according to Claim
17 wherein said second rectifier comprises, a plurality of diodes coupled
to said second terminal of said winding for developing a forward voltage
drop therein that reduces a magnitude of said DC supply voltage at said
first terminal. 19. A power supply for a cathode ray tube of a video
display apparatus, comprising: 



a source of first voltage pulses; a load circuit that includes a cathode
electrode of said cathode ray tube; a capacitor coupled between said source
and said load for energizing said load via said capacitor from said source
such - that said source, said capacitor and said load are coupled in
series, said capacitor developing second voltage pulses in said capacitor
at a magnitude that is indicative of a cathode current in said cathode
electrode such that for a given level of said cathode electrode current a
magnitude of said second voltage pulses is determined in accordance with a
value of said capacitor; and a rectifier coupled to said capacitor and to
said load circuit for rectifying said first and second voltage pulses to
produce a supply voltage that is coupled via a supply terminal of a video
driver stage to said cathode electrode to develop at said cathode electrode
a cathode electrode voltage that provides black level compensation. 20. A
power supply for a cathode ray tube of a video display apparatus,
comprising: a source of first voltage pulses; a capacitor responsive to a
current that flows in a cathode electrode of said cathode ray tube for
developing, during a first portion of a given period of said first voltage
pulses, a voltage in said capacitor at a first magnitude that is indicative
of a magnitude of said cathode electrode current and that is determined by
a value of said capacitor; means coupled to said capacitor for developing
said capacitor voltage, during a second portion of said period, at a second
magnitude; and a rectifier responsive to said capacitor voltage for
generating a voltage at said cathode electrode that varies in accordance
with said capacitor voltage in a manner to substantially reduce a variation
in a black level associated with a video signal that is coupled to an
electrode of said cathode ray 



tube when a variation in said cathode electrode current occurs. 21. A power
supply according to Claim 20 wherein said source of said first voltage
pulses comprises a winding of a horizontal flyback transformer and wherein
said capacitor is coupled between an input terminal of said rectifier and a
first terminal of said winding. 22. A power supply according to Claim 21
further comprising a first diode coupled across said capacitor and a second
diode coupled between a common conductor and a terminal that is coupled
between said capacitor and said rectifier. 23. A power supply according to
Claim 22 wherein both said first and second diodes are conductive during a
trace interval of a deflection cycle and nonconductive during a retrace
interval of said deflection cycle and wherein, during said trace interval,
said conductive diodes form a low impedance relative to said common
conductor at said first terminal of said winding and rectify said first
voltage pulses to produce a rectified voltage at a second terminal of said
winding, during said trace interval. 24. A power supply for a display
apparatus substantially as described herein with reference to the drawing.
25. Display apparatus comprising a power supply according to any preceding
claim.    


