1 A POMER SUPPLY FOR AN ELECTRODE oF A CRT The invention relates to a power
supply for an el ectrode vol tage devel oped at an el ect rgdg&f:—laﬁeaft-'hode ray
t ube (\,CRT) . The el ectron gun assenbly of a CRT produces one
or mage el ectron beans whi ch I mpi nge uporl a phosphor display screen in a
predeterm ned pattern to forma scanned raster. An-el ectron gun assenbly is
designed to produce a nunber of spatlal regl ons of different voltage .
‘potentials through whiAlp R EBRCTROBPEG RT One of such
‘vol'tage potentials is pradu e at a reen or &

el ectrode of the CRT. Vi o"gYﬂﬁg?'E r%fqﬁfe%a gvelﬁ Sgp dfgra‘}'b devel oped
at the cat hodelecufodmadh%'gehdewe@mﬂrae amaeiectrodeoof rol cathoderntay itabe he
cat hodes. S video signal is applied to the cathode via a video driver
.1 5 stage th ; 2 energi zed by a DC supply voltage. The supply voltage is
‘DG coupl ed to the cat hodde glestion gun asseablyr of & (RTgproducsscane O ned
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voI t ages caused by beanﬁcmfpéﬁflem’éa@ql V@hr!natthéngl ax smal 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.
o 25 The video driver stage supply voltage may be
et ' 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 responswe to the focus voltage
30 provides the screen voltage for the screen electrode. An increase,
for example, in electron beam current, due to am 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



be desirable to decrease the video driver stage supply voltage | evel when

t he beam current increases, and vice versa. Thus 2 vol tage tracking

bet ween the cat hode and screen voltages may be required. One prior art
arrangenment utilized a relative large r@sistor in series with the video
driver stage supply voltage. 5 Wen the beam current increases, the screen
vol tage tends to decrease. Consequently a voltage drop across the series
resi stor cavoltagey trackingcbetween thehcdthode and sceetm ecoltagesyimay be i ver
gtage suppl ye g{i{.gge for providing the aforenenti oned voltage tracking.
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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

30 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
35 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




antenna 8 are applled to VIdeo proceSSIng CIrCUItry 9 whi ch denodul at es
and decodes the signal in an appropri‘atie er for application to video
drive~circuit 13. Qutputs of video drive “circuit 13 such as signals R

G-andB are applied to cathodes of ‘an el @tr-on gun assenbly 12 of CRT 10.
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gun assenbly 12 via te RNSHOTMEL dne a5higihavoltage f ocus

vol tage § 3 novinding y24f comprisidgr wihdime- §e@meht§h¢2h'63ﬂ”' and 659eandvel -

Vol tage divi ¢&étifyfing! 8fod¥sC¥1962 U4l %3, *Hhich is ‘energized by primary

winding 21 during the honzontal 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 honzontal
20 trace, the regulated DC voltage is developed across pnmary
winding 21,
- A tap 27 on high voltage winding 24 is coﬁpled 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 prov1des 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 -
+V] at a terminal 32, Voltage level +V] may illustratively be of
the order of +210 volts at a low beam current. Voltage ‘level +V;
is applied to video drive circuit 13. Voltage level +V; 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 brlghtness ‘control or due to
changes in the picture scene bnghtness, the ultor voltage and,
hence, the screen voltage decrease In order” to ‘maintain a proper



voltage that is applied to gun assenbly 12 via termnal 7. H gh voltage
transfornmer 11 also includes a load circuit supply winding 31 which, via a
rectifying stage 60, 30 enbodyi ng anvgspect of the invention, produces a
voltage level [err] at a term nal | tage | evel [err] may ~
illustratively be of the order of +210 volts at a | ow beamcurrent. Voltage
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D2, vol t agewiading B\12and apgroundner dommdfi conductoDiGNE:. [Diedex DD
mai ntai n | ognd"PRdeBapld trabeOVoltage "Vt MKross a filter capacitor CS 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 D1 and D2, voltage level +V, is approximately +26 volts.
Diodes D1-and D2 maintain low impedance to ground conductor
GND at terminal 31b of winding 31, during a portion of trace.
A capacitor C1 forms a series arrangement with a
resistor R. During horizontal trace, the series arrangement of
25 capacitor C1 and resistor R is coupled in parallel with conductive
diode D1 and in series with diode D2. Diode D1 discharges ~
capacitor Cl and causes a voltage V¢ 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 V3; at a 213 volt peak-to-peak voltage across
winding 31. During horizontal retrace or flyback, voltage V3,
across winding 31 is coupled in series with voltage level +V; to
produce a peak voltage of approximately +213 volts at terminal
31b.
35 In accordance with an inventive feature, the voltage at
terminal 31b is coupled via resistor R, via capacitor C1 and via a
rectifying diode D3 to terminal 32 for developing voltage level +V;

across -a filter capacitor C4 that is a peak rectified voltage. .~



G\D at terminal 31b of wi nd| ng 31 d_UI’l ng portlon of trace A capamtor
C fornms a series arrangenent with a reS|stor R During horizontal trace,
the series arrangement of 25 capacitor. O and resistor Ris coupled in
paraljel with conductive diode DL and inSseries with diode D2. Diode D1
di scharges capacitor Cl and causes a voltage VC across capacitor Cl to be
~approxi mately zero during. and at the end of trace. - The nunber af w nding
tupns of winding 31 is Enbeabethe(instantpwhdncdmdﬁﬁd)ewmes a 213 volt
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across capacit arge cross resistor R 1
5 duringf| gwsing flybacka gForrn rﬂiymtmnﬁﬂdﬁh@ Hhg @%ﬂﬂr enrrenthdhe

magni t ude of rhdgnivedd asfethivlvoltage palseast toltdge Vo GiaPaapacitorCCli fs
determined by the value of capacitor C1. 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 +V; that is rectified by diode D3 and the
smaller is the cathode voltage of CRT 10. In this way, the
decrease in voltage level +V; 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
N voltage level +Vy is, for example, 3.0 volts, at a low beam current
of 50 pA and 17 volts, at a high beam current of 1600 pA. 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 magmtudes 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 C1 and resistor R. Such portion may be, for example,
35. 80%. Advantageously, capacitor C1 that is a reactive element does
not dissipate energy as a result of the voltage pulses of voltage Ve.
Resistor -R ‘limits the peak current in diode D3 and m capacitor - Cl.
Consequently, the power dissipation in resistor R is smaller than



determ ned by the value of capacitor . The larger is the sumof -.the
vol tages that are devel oped across capacitor Cl and across resistor R the
smaller is the voltage that is devel oped at the 20 anode of di ode D3.
Jherefore, the larger is the beamcurre@t, the smaller is voltage |evel;
[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
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Vol tage level +V2 is applied to a vertical ‘deflection ¢ircuit output stage,

not shown, for providi'ng its supply ‘epéergy.- Advant ageousl i 1%

the two diodes in series that reduceeill"S' vol t age |-evel »Iml"mmmﬂgﬂm#n
be usgd for providing both voltage levels [err] at the reduirfedtl evels. %

7 CLAIMS: 1. A powegragmgky for a cathode ray tube of a video display

appar at us, conpri si'rrg'.—a-r_eactive el enent; a source of an input supply

vol tage coupl ed to shi dA qewern supplynfor a cathodectaypitabe taf aavideoeactive

el ement an ORBHhYEs s or to a voltage devel oped at a first
WsREP ERDHALS, dpiialis

el ectrode o e ray ‘or generating first voltage pulses in
said reactive el enent E8acAiven flEMEBE that is deternined in accordance with

a value of said reaciisouretcofan Mput! Sapplys voldigeatoupled' 16 s@gni t ude of
said first_el trg&g urrent or voltage; ‘and neans responsive to sai-d first
vol t age pLﬁeggﬁg'gn _ k24 to a cat hode el ectrode of said cathode ray tube
for generating a catmedns eceupledd¢o vsdidageadtives slemeathand el ectrode in

d ' s g i | t ani t ud ' bot h
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a video si.gnal that is cqupled, to ca e ray tube
when sai d WaAPERLAIRCEs Wé&! @ valug of| said sgactive elemest ‘WJ t‘ggé Bccurs. 2. A

power suprngdicativer difng tmagditude bfvweeide firss lectiddei durgentolorsfbltaget hode
el ectrode Moht age generating neans varies said magnitude of said cat hode
el ectrode Vvoltage in accordance with an average beam current in said
cathode ray tube.  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 -'.»f.--"-'-"ard.c.?
S 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. _



. A power “suppty -aeeording to d ai m 1 \/\herel n said reactive el enent

aC| tor 4. A power supply according to Caim3 wherein, for
nn ﬁmg' a beamcurrent, said magnitude of said first pulse
vol hed in accordance Wth a value of said capacitor that

Is selected to -prow de the black |evel conpensation. 5. A power supply
according to Caim3 V\/nerel n said source of said input supply voltage
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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 for_coupling through said
rectifier said current pulses to ‘a filter capacitor that develops an
output supply voltage in said filter capacitor, said output supply
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responsive to said f1rst 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 enmergy 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 sald capacltor, and ’ : -
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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
_electro—dc “voltage in accordance with said voltage supply pulses,



'n‘agnl tude that varies in accordance wi-th a d| fference t her ebet ween

pr'ovi de bl ack | evel conpensati on.. P it suppl y accor di nmmlﬂ““mmﬂm

further conprising, a resistor coupl ed in series with sai d

gene\r_‘atl ng vol tage pul ses in said resistigqr that are conbined *wi fh 5ai d

vol t age supply pul ses and with vol tage pul ses generated .in said capacitor

by said first rectifier for generating said cathode el ectrode vol tage in

a099rdance Wi sﬁdsabuagelpagessuprshw Yesieor and S#id miatgegguuéksm safid sai d
age pulses in said capacitor. 15. “A power supply

accordi ng to CABAGIOE f (it her conprising, .a second rectifier coupled to
sai d capacitor for generating, during a second portion of each cycle sald

So arity that 1 oppos L8 gk BOVEE BupbRy 4&?’?@“#3@8%5{" 1 hfthef,, °
suppl y accordcmpmlu.auamsmndnmu et atoupledr te saﬁdseapmitorsfomol tage
pul ses CO”p“géﬁeﬁtiW nddmn aaséc'ovaha ortibfN8f 428" cyele, "6aid, Ehfpet erm nal

that is renot & acito econ 'S coupl ed to

sai d capaci toP“ vEsHIeRt, td § dncsaidncapacitrr 8t @ sai d
.current pul sepalarﬂyl thattl isstoppeshiei tof that asmesid ditselyolas f flyback interval
and wherein said power supply further conprises, a second rectifier coupled
to said second term nal for generating a DC supply voltage at said first
-terminal froma portionl6f aipbwet tsapply acobpdingl se<Clalimx 13c sehexeinut si de
sai d flyback édaHEEo’lﬁIc Oofe%‘ié‘ fivst! Golud: eepbulEé’é"‘?{ Q’aaﬁfig (égbt{ g daim

17 wherein sa secon rec ier conpr s coupl ed
to said secondybacki transtormer; @a\lﬂfl&llhgﬁl’&ir tmmal;pt is fremeted framt age

drop therein gdiat ciﬁéﬂi&ﬁs aﬁd”ﬁgﬁddlﬂe t&'mirRl dthige suBBhpledobagiddat said
Prrst terminal . 19, power supply for a cathode ray tube of a video
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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 réctifier 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 sald load
for energizing said load via said capacitor from said source such
that said source, said capacitor and said load are coupled in senes,
said capacnor developmg second voltage pulses i said capacitor _
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el ectrode of said cat hadsourag 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
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further conprlsing a first_ diode coupled across said capacitor and a second
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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 s_upply 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.




