1 VIDEO DI SPLAY APPARATUS The present invention relates to a video di spl ay

apparatus. An enmbodi ment of this invention relates to a protection circuit
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In order to form a final enlarged image of sufficient
20 brightness that viewing is acceptable under normal room lighting,
it is necessary that the individual cathode ray tube be operated at
high brightness levels, corresponding to high levels of electron .
beam current density. Loss or reduction of horizontal or vertical o
deflection or scan of any or all of the cathode ray tube electron
25 beams will cause an undesirable concentration of electron beam
energy over a small region of the phosphor display screen of one
or more of the cathode ray tubes. This may cause permanent
damage to the display screen if the scan loss or reduction
condition persists for even a short time. It is therefore important
30 that some form of protection circuit be. provided that quickly
senses a loss or reduction of electron beam deflection and
responds in an appropriate manner, such as by blanking the
electron beam or beams, to prevent damage to.the cathode ray
tubes. United States Patent No. 4,642,532, in the name of Hoover,
35 entitled, PROJECTION TV DEFLECTION LOSS PROTECTION CIRCUIT,
describes the generation of a disabling or blanking signal for the
kine driver circuits when a loss of each one of a horizontal
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1A and 1B il | wdtemnttheakimocsupply soltaget isc substantially smaller than the
nominal level for preventing screen burn damage to the dlsplay
20 screen when deflection loss occurs. ' '

A video display apparatus, embodying an aspect of the
invention, includes a cathode ray tube having a cathode electrode
and a high voltage electrode. A source of a high voltage that is
coupled to the high voltage electrode produces a beam current

25  that flows in the cathode electrode. A video amplifier having a
_ supply terminal to which a second voltage is coupled generates a
\_/ cathode electrode voltage at the cathode electrode from the |
second voltage when the second voltage is at a nominal level. A
high impedance is developed at the cathode electrode in
30  accordance with a control signal to provide beam current blanking
when the second voltage is substanually dlfferent from the
nominal level. : ' ' _
~ FIGURES 1A and 1B illustrate a block and schematic
diagram of a portion of a projection-type video display apparatus
35  incorporating a self biasing protectlon arrangement, embodymg an
aspect  of the invention, for a CRT.
_ Referring to the FIGURES 1A and 1B, a projection- type
vidéo display apparatus, such as a television receiver,
. incorporates three monochrome kinescopes 10, 11 and 12.



dlagran1 of a portion of a projection-type V|deo di spl ay -apparatus 35
incorporating a self biasing protection arrangenengcg£8®dsong an aspect of
the invention, for a CRT. Referring-to the FI GURES 1A and 1B,. a
projection-type video di splay apparatus, such as a television receiver
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hi gh voltaetr forner” 111. Wndin ner regul at or 120 . -
that |5 eQEFBi-Ear GFaMmBlE: bR ARy BES i} %mtfj;g@ iFasformer

111 in§l udpenaciroait, grarabiolic ssignhly VERM r\mlBthbehgetﬁﬁatedll a a diode D3 of
Corroel eud "o otk anET B S SN kANl kel 107 N
i s DC- cougengrates tharizentabddive fsigmalss at agrminal- RH-RH', G -GH' and o
BH-BH', which ;ai'_e'_. applied to and produce horizontal def_lectxon :
currents in horizontal deflection windings 20, 21 and 22,
20 respectively. Horizontal deflection circuit 122 is coupled to a
primary winding 121 of a flyback or high voltage transformer
- 111. Winding 121 is energized from a. regulator 120 that is
energized by a mains supply voltage 116.. ‘High voltage
transformer 111 includes a load circuit supply winding 31 which,
25 via a diode D3 ofi:a.r'e_ctifying' stage 601, produces a voltage level _
+V; at a terminal 32. A nominal level of voltage level +V, is +225 . -
volts. Voltage level +V is DC-coupled to the cathodes of CRT's 10 |
11 and 12, as described later on.
. . During the trace interval of a deﬂecuon cycle, a trace
30 voltage V3 is developed across. winding 31 of flyback transformer
111, in a well known manner. Trace voltage V3 is, for example,
+26.7 volts. A diode D2 that is poled to be conductive during trace
is coupled between a terminal 31b of -winding 31 and a ground or
common conductor GND. . Diode D2 couples trace voltage V3 across
35 a filter capacitor C5 for developing a positive voitage level +V,
across capacitor ‘C5 'at a terminal 31a of winding 31 to energize
vertical deflection Cll‘Clllt 13. Voliage level +V; is approx1mately
+26 volts. High voltage transformer 111 also includes a winding



11 and 12, as described later on: Dufi ng t-he’ trace interval of a deflection
cycle, a trace 3 0 voltage V31 is :devel'oped across wi RGANG6;0BMDf flyback
transforner 111, in a well -known nmanner. ‘Trace voltage V31 is, for exanpl e,
+26.7 volts. A diode D2 that is poled to be conductive during trace is
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+ 111 includes a,t 43 for producing an ultor voltage U that is
coupled to anoﬁl(ﬁéﬁ‘lse écmlo%‘é&]a of CRT 10 of CRT 11 and of CRT 12. U tor
v?)I tagedU i's al so coupl &eértical pavabolacsignal VERT is0AGheoupled oviacg een |
el ectrodes, ) i gna
VERT is AC cogé?%ga{}mg’ot%%éﬁp@g &Ei]‘? ? (gdelé?%ooge o@%(it ggé%?}g%?ogf a fault
qgt ect or 11b. DaodeiRydassamanode thabde cowpled st,Oca)MZe‘cplt&geanmm t age
rrj. Conseq apa V
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di ode D5. Vol IRRf® lyl §°c@\§p el Ph volkRgsk EEFl? deve i AbItheles a
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that is indicHidicating Rerma YR?F‘PQ{) Qijlle@&%!hnﬁﬁgoil@‘&odﬂ? Zaaﬂﬁode D4
to.an em tternRlgnffudedehstl i greater than +12 volts is produced at an output
terminal 72a of comparator 72. On the other hand, when vertical
20 deflection loss occurs, voltage Vq, is approximately zero. |
Signal HOR that is indicative of normal horizontal
scanning is coupled via a diode D4 to an emitter electrode of a
transistor Q1 of fault detector 70. A capacitor C6 is coupled to the
collector of transistor Q1 and to a noninverting input terminal of a
25 comparator 71. An inverting input terminal of comparator 71 is
U coupled to reference voltage Vrgr. When signal HOR is produced,
indicating normal horizontal scanning, an output voltage V4,
developed at an output terminal 71a of comparator 71 is greater
than +12 volts. On the other hand, when signal HOR is missing,
30 that is indicative of a loss of horizontal scanning, voltage V4 is
approximately zero volts. -
_ Voltages V7; and V4, are coupled to base electrodes of
« a pair of transistors Q2 and Q3, respectively. - The emitter
' _ electrodes of transistors Q2 and Q3 are coupled together at a R
35 junction terminal 70a. -Terminal 70a is coupled via a resistor R10
in parallel with a video -byp‘ass_'_capacitor to a voltage level +V3
_that is +12 volts. The collector electrodes of transistors Q2 and Q3
_ are coupled to ground conductor GND through corresponding arc



. transistor QL of fault detector 70. A capacitor C6 is coupl ed to the
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‘conparator 71. ‘An inverting input termnal of conparator Is coupled to
reference voltage [err]. Wen signal HOR is produced, indicating nornal.
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level amphfred video signal is developed at the collector of
20 transistor 51. The output circuit of driver stage 55 also includes
opposite - conductivity type emitter follower transistors 30 and 8]
forming a Class B amplifier with base inputs ec')upled to the
collector of transistor ' 51. The emltter output of transistor 81 is
coupled to the emitter output of transnstor 30. The high level
25 amplified video signal is coupled from an emltter output of PNP
follower transistor 30 or of NPN follower transrstor 81, Wthh
corresponds to an output terminal of driver stag_e 55, to a cathlode'
elegtrode 56 of image reproducing kine_seep'e-' or CRT 10 via a
kinescope arc current: 'limiting resistor 33. A resistor 34 in the
" 30 collector circuit of NPN follower transistor 81 also serves as a
kinescope arc current limiting resistor. Likewise, a collector
resistor 30a of transistor 30 acts as a kmescope arc current
limiting resistor. B '
Kine supply voltage level +V1 is coupled to a termmal
'35 28a of stage 55, between series arrangement 29 and resistor 34.
Voltage level +V) is coupled to terminal 28a via a resistor R24
that is coupled to a filter capacitor C8 and via a self biasing drode'
. 60, embodying an aspect of the mventton An arrangement
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29 forms a collector load at the collector’ of transistor 51. A high level

anplified video signal is devel oped at” the col | ector %{cR086,030ansi stor 51.
The output circuit of driver stage 55 al so i ncludes opposite conductivity
type emtter follower transistors 30 and 81 formng a Class B anplifier
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Assume that immediately after the user turns off the
power to the television receiver or due to a fault condition that
20 occurs when the television receiver, is already turned on, voltage
level +V; becomes substantially smaller than its nominal level
such as, for example, zero volts. Also assume that ultor voltage U
at the ultor terminal or the screen voltage at a screen grid '
terminal, not shown, of CRT 10 is still at a sufficiently high level to
25 produce beam current iggap When voltage level +Vq is
\U substantially smaller than its nominal level. When, for example,
the user turns off the television receiver, horizontal and vertical
deflection cease and voltage SWEEP-NORMAL becomes zero, as =
_explained before. Consequently, beam current iggap that could be
30 produced after the deflection ceases, if not quickly disabled, could
cause a damage to the screen of CRT 10.
_ In accordance with an aspect of the invention, diode
. 60 becomes back biased when voltage level +V; is substantially
smaller than its nominal level and prevents beam current iggam
35 . from flowing to ground conductor GND via, for example, capacitor
C4 at terminal 32 or via capacitor C8. Therefore, if voltage Vi is
at a small magnitude that can produce beam current iggapMm, beam
_or cathode current iggapm quickly ‘charges a cathode electrode




. 10 causes a cut-off condition to occur in CRT 10 in which a beam current
| BEAM at the cathode of CRT 10 becones zero. Voltagg-i 8¢ P4BEP- NORVAL at
near zero volts protects CRT 10 agatnst a danage to Its g’i Spl ay screen by
preventing ultor voltage U from produci ng beamcurrent [err]. Assune that
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and prevents beam urrentqg%e%%] 3 E frqﬁfly.n&(@o &rc gﬁ, &@nductor G\D #
via for SLa¥ifed driye Stage oF 4t thesatiode Slegiods of LR 16 s o
Ther ef or e, reldtiwe| toageoitid | comtucsors GND.madhet high tdwtput dmpedaicee beam o
current | ieb s t Eﬁ% Lol ' FeT=XS ' ode
el ect rodee[&Ell lnggmélo,lB% Qgggacll ta-‘%!gg&cg? _orﬁgggﬁd{ E;g&g:gtshgdkgeglr‘wml(}'a
to devel ophatitaade tpocutrgét (heam citrrenty ippammghucute the smald| valgpasing -
manner § Valit apatRante C@B?Qﬁe_%ﬁg&ﬂsé Qib@:fé‘ﬂ"ﬁbﬂﬁ_@ﬁ%&&h% cwupgt antially in
cut-of f or bl anki nig fﬁggptlon;. Thus, beam.current i.BEAM can 5 decrease to
subst ant i f9ngditen,in né&aﬂﬁivéd'f%gﬁg‘kﬂﬁam t. Advantageously, the
cat hode vol tage of QRIr dxplawatiow,’ égxecreqthe kdperadonr of i alecibawio Z17 r ent
cut-of f begayse &&%rf‘b%tda&a;er on. Had capacitors C4 and C8 not been
decoupled from terminal 28a of stage 55 thr-q_ugh' a switch such as
20 diode 60, voltage level +Vy that is significantly smaller from its
nominal level might have produced cathode voltage Vi at a
smaller level than required to provide beam current blanking. In
this case, beam current iggaym could: flow to ground conductor GND
through an emitter-base P-N junction of- transistor 81, because of
25 an avalanche or breakdown condition in such P-N junction, and
through capacitors C4 and C8, for example, or through any other
supply load that is coupled to terminal 32 of capacitor C4.
Therefore, the cathode voltage of CRT 10 would have been too
small to provide blanking of beam current ipgam. Therefore,
30 beam current iggam could have caused screen burn damage to the _
screen of CRT 10. - | | - | L
N Grid biasing and cut-off circuit 777 is also provided.
Circuit 777 maintains grid voltage Vg at about +25 volts during
normal operation and causes voltage Vg to be at about -200 volts
35 when signal HOR is not generated. Under' various fault condi_t’ioﬁ_'s
circuit 777 provides an additional protection that is capable of :
blanking CRT 10. For example, if, for some reason, transistor 51 is
~ not maintained disabled, throughout an interval that follows




capacitive load that is developed at the cat hode el ectrode, including

cat hode ‘el ectrode capacitance Cp, i.s ‘snall or in the ®clerg8s,030 of 15

pi cof arad. Thus, diode 60 produces a hi gh output inpedance of video driver
stage 55 at the cathode el ectrode of CRT 10 relative to ground conduct or

G\D.*, The hi ?px?u&mhlldaﬂétﬁm loSgitanids uﬂﬁlcerultdiedobrageauaes tsam:e Cp
pr ovi es se

at .t ends aeanlc rent. M Due
to the snall eellt?%qq-rgec%?pgpfiﬁﬁﬁe dtﬁ.rge héeqtgsﬁ.ré’é* ti h%n oduci ng
the cut-off c’b?ﬂjlaamrpreneﬂ?fcﬁ&m buraddamage e CRT™ iﬂodmmlgonsuelxpl anati on,
ignore the gﬁ Qidkbgn of a circuit. 777 that is described later on. Had
capaC|tors and not been decoupled fromterm nal 28a of stage 55
t hrough adswitch such as 20 diode 60, voltage level +[err] that is
significantly smaller fromits nomnal |evel mght have produced cat hode
voltage VK at a smaller level than required to provi de beam current
bl anking. In this case, beamcurrent i BEAM could flow to ground conduct or
G\D t hrough an enmitter-base P-N junction of transistor 81, because of 25
an aval anche or breakdown condition in such P-N junction, and through
capacitors ¢4 and C8, for exanple, or through any other supply load that is
coupled to term nal 32 of capacitor C4. Therefore, the cathode voltage of
TRT 10 woul-d have been too small to-provide blanking of beam current i BEAM
Therefore, 30 beam current i BEAM coul d have caused screen burn damage to
the screen of CRT 10. Gid biasing and cut-off circuit 777 is also
provided. Circuit 777 maintains grid voltage [err] at about +25 volts
dunisg normal operation and causes voltage [err] to be at about -200 volts
35 when signal HOR is not generated. Under various fault conditions
circuit 777 provides an additional pratection that is capable of bl anking
CRT 10. For exanple, if, for sone reason, transistor 51 is not naintained
di sabl ed, throughout an interval that follows 7 RCA 86, 030 hori zont al
deflection loss and while ultor voltage Uis still sufficiently large to
produce a | arge beamcurrent, then circuit :




777 can prevent screen burn damage i'n CRT 10 during such interval. 5 8

mmnmmwm di spl ay appar-atus,- conprising: a cathode ray tube having
e and a high voltage el.ectrode; 5 RCA 86030QUur ce
of* a “hi gh Yoltage coupled to said high voltage el ectrode of said cathod

ray tube for producing a beamcurrent that flows as a cathode el ectrodeg
current CRLAIMS: cat hode eI ectrode; a. source of a- ‘second voltage; a video

anpllfm'mﬂ' p ermonal. to 1 0 ‘receive thereat said -
second vol tage that:e ‘i%@ ‘L‘gp Yy ARBATAS, (COMPTISBE: jonei ati ng a cat hode
el ectrode vol t age at caﬂmﬂecaaycmibeehavitrg)cka cathhode slectsedeonand o thigh when

sai d sec I dedl @ nom nal level; first neans for generating a- .
cont rol g?gﬁé? teifl&ftrl se’cou |led 15 to sai d video anplifier to disable said
vided anplifier menswmkoﬁgu digh aveltageycoupledrto saidr bigh nedtagend second

Means r egRefvidee of Os&id %aﬂﬁsdmc}a Okﬁwefoiobr&ﬂyah hNBeatn” cRffedidafie with
sai d sec nd vol tage, edan havi ng,a" hi, ue a sai d 1 nput supply
t er i nal Wén@a?dcg@éﬁ?d% (CUFEents g $Al aﬁﬁ qtf @nt fromsaid

nom nal |evel to paosoicet 6 gbgee@ﬁdjr\r(ﬂm gehl anki ng. 2 An appar atus .

rdi to C I d. d .
oo lsad eane 1y Vil Hsipifiel Mg BIADEE HBLEL Hrelei bR 0 1 age
fromBsai mccatmddhereﬂte@aldachecbndpmhalge thateneogizespeaidnodded sai d source 4
f d d d -
of sai d SeeKpthy V%{ agcf‘rrérhﬁggrﬁ Eﬁ é@l&ﬁﬁ?ﬁn k&ﬁ&g’é‘r%ﬁe s‘é@ﬁ%ﬁﬁb&esecon -

vol tage 1.5 Su n sal
3. An ap‘Ts‘&Fﬁ'P § %ﬂlﬁgsG@ a1 aidj seoengh volgeeaaiscat devel Opl&
‘means cofgmissls laveli tch that is coupl ed bet ween said supply termnal of

ans 18 _ supply. |
ard video ampl 11 B2 Yo Wrkkadhe s Soree Hgal 1A8° { Loulfigg e ine

15 to said video amphflcr to disable said v1deo amplifier when blankma
of said beam current is required; and '
second means responsive to said - second voltage for.
developing, in accordance with said second voltage, an impedance
having a high value at said input supply terminal when said second
20 - voltage is substantially different from said nommal level to provide
‘the beam current blanking.

2. An apparatus according to Claim 1 wherein said high

impedance developing means comprises, means for decoupling said

25 source of said second voltage from said cathod® _electrode to prevent . \J

an output impedance of said source of said second voltage from .
reducing said high impedance when said second voltage is
substantially smaller than said nominal level. |

30 - 3. An apparatﬁs accor_dihg' to Claim 1 wherein said high
impedance developing means comprises a . switch that is coupled
between said supply terminal of said video amplifier and said source
of said second voltage for decoupling said source of said second
voltage from said supply terminal when said second voltage is

35 substantially smaller than said nominal level.

-



substantially smaller than said nom nal , 030 4. An
‘apparatus according to Caim3 wherein sal 8 secan 'S;(’é e BW in
a filter ‘capacitor and wherein said switch decouples Saitl filter capam%
from, said cathode el ectrode: 40 reduce a capacitive:oad at said cathode

I Yode wh d I d
onrml Tever o an’ Sooohin; ampdBbls AEcbRBEOR AL L p R Bl
transi stor sécomd dloltam) mnqhbveﬂopcdlm rae fflters icapacitors aind  avlrgrein sau(jnal for
~conducti ng E&lécﬁa%ier:éug sRﬂi %V&]éla &gﬁﬁh@ﬁﬁﬁpﬁ i O8fthodE" € hat

occurs duri ng_ norma eratl S| gna IS Nno enera ed
and for ceagfrdgyec@n&apamwwgad s gaihrnathedeiejaetrode whenr stidd segenthg a

fault condi ybRAge bis Aubsfintially Snidllet’ ¢hay i@ Abfhikaf yevekr conprising. 1
5 a second transistor that iS coupled to said first transistor to forma

cascode anplifier. 7. An apparatus according to Claim1 wherein said

-vol tage f r.om sai d supply term nal when sal ﬂﬁmfﬂ’ oltage i's 3 5

control signal is genétatkn apparatusdatterdingntd @ialmclc:iuwhereﬂﬁ 8. fuﬂst

. t
brof ect gsaagsggg; 30 sl o) %%V“%ﬁ@%édig ?s%fﬁ&t a@aﬁﬁiﬂf et el
when said | fers tmgctatdna&t:@umrtlga of said apathodeus eo;medpugrem CI al m
L wheraig Said Bwﬁ& ﬁﬁ‘gterggx‘d%d% Cﬁmreéxﬁ%?p ggﬁﬁlgg.% gy i's

coupled et ween sa de e and sajd soyrce o
vol t age forgﬁ%réﬁfi ﬂf? dc%?Eec%’P‘f%célQF S¥t emgsald| Fﬁﬁ@'of r%&?élallﬁl 30
_cat hode el eFéﬁﬂ(i@ed\:hﬂﬁnagl ad :fggnndouaiﬂ@ge I's substanti al l y smal | er ‘t han
saind/nom nal level. 10 -
6. An apparatus according to Claim 5 further comprising.
15 a second transistor that is coupled- to said first transistor to form a
‘cascode amplifier. '

7. An apparatus according to Claim 1 wherein said |
. control signal is generated when a deflection loss occurs.
20 . . .
8. An apparatus according' to Claim 7 wherein said high.
impedance developing means protects a display screen of
said cathode ray tube against a screen burn when said loss of
deflection occurs.

9. An apparatus according to Claim 1 wherein said high |
impedance developing means comprises .a switch that is coupled
between said cathode electrode and said source of said second
voltage for decoupling said. source of said second voltage from said

30 cathode electrode when said second voltage is substantially smaller -
than said nominal level. ' ' - ' |

10
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30 10. An apparatus according to Claim1l wherein said second neans
Wi / I asi ng di ode responsrve to said control signal and to
sal /’M/ e for devel opi ng a*hi gh:i npedance at sai d BfA086,030
“electrode tosform said cathode el ectrode 5 voltage in a self biasing —~
manner that provides the beam current bl anki ng when. said second vol tage |s
substantially small eIOt ham Wpdrmm acdordinglto @lairhol wherginngaidhr ough™

a1 11 or SSRONS BRARY SRS, b st BiaRE ik Felnstle 8, Sl °20 oy

accor di ng contrilasignad alldartei saidasecond avoltageifool devejoping @ éghrated, a
length of éﬁ@dbd&hﬂévﬁi §zﬁ&t caﬁle%q%lé&Po&é”tog‘fBﬁhaEhﬂﬂ fa@hgﬂéa%'%%d@' tage

in said s I asli n g magn t hat provi eam current
bl anki$hg ivoltage dBt ér mlﬁe laﬁlgﬁuma@&ﬁﬂShaﬁyp&?i’lépécftheod’@a@hﬁéﬂﬁ@nce of

sai d cat hQﬂQnEin%thgéﬁf ?&3 seeoﬁcppa%nﬁ b tisc:f@absltanﬁam @rﬁ’dll%xf[ r?fumtz gﬁﬂ

conprisin cpnd,ca er ube fhat for ot her, _

cat hode rg'gP"PlPo"g % F’()Ja@gt ?% "‘ﬁ"@i’d‘&jl 'ﬁ%p n@ @"toﬁlg s_aL'§ld SEfO ﬁ%par at us

“accor di ng vodtag@eaiton $aidhsupply. terminalaiof saadowwﬂemlamghfmes whesaaseconi nal

| evel, salv%htsd%%ogsdgegﬁa qm)?ﬁhgpqe@eﬁubst antially | ower inpedance at said *
de nd s

cat hode el'6c ereln sard cathode el ectrode voltage that is  -.©
requﬂr@d to provide the beamcurrent blanking.is generated fromsaid second 3

vol tage. 14. A videq g Swtﬁla@@?ﬁhﬁta@c&ﬂhﬁg gt Clhirbi 0 %”e?élﬂbeif@éte |
described wh refe]rence to draéivl n f
said control signal is generated, a” length of an interval that is. -
required for generating said cathode voltage in sa1d self biasing N
manner at a magnitude that prov1des the beam current blanking is.
15 determined significantly by an electrode capacltance of said cathode u

electrode.

12. An apparatus accordmg to Clalm 1 further
comprising, a second cathode ray tube that forms with said other
20 cathode ray tube a projection video display ~apparatus.

13. An apparatus according to Clalm 1 wherein, “when
said second voltage is at said nominal level, sald second means
develops a substantially lower 1mpedance at said cathode electrode

25 and wherein said cathode electrode voltage that is required to \J -
provide the beam current blanking is generated from said second
voltage. | | | |

- 14. A video display apparatus substantially as

~hereinbefore described with reference.toafhe_dfawings.
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