CATHODE RAY TWBE FOCUS SUPPLY This invention relates to the field of

devel opi ng+ supply vol tages for cathode ray.tubes in tel evisions and

t he !ike. A hi gh voltage power supply, for exanple in a television 5
receiver, generates a high voltage fromthe high voltage winding in a
flyback transformer, sonetimnmes constructed as an integrated high voltage
transforner (I1HVT). The voltage is boosted by a series of w ndings and

di odes.. The high voltage (HV), sonetimes referred to as EHT (extra high
tension) may be approximately 30 KV or ‘higher, 10 depending on the size of
the cathode ray tube. Sonme receivers with Yarger tubes utilize high voltage
boosters having a second transfornmer, a second horizontal output stage and
a second high voltage w nding. The horizontal focus voltage supply in a
~television receiver may be in the range of approximately one fifth [err] to
one 15 third (1/3) of the EHT. Focus voltage and screen voltage can

t herefore be derived from t h«CARAODE RAY TUBEFQEUSSHBISRIAY y i s usual |y
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- fiy%aac?( transformer, sometimes constructed as an-integrated high
voltage transformer (IHVT). The voltage is boosted by a series of
windings and diodes. The high voltage (HV), sometimes referred to as
EHT (extra high tension) may be approximately 30 KV or higher,
10 depending on the size of the cathode ray tube. Some receivers with
larger tubes utilize high voltage boosters having a second
transformer, a second horizontal output stage and a second high
voltage winding. The horizontal focus voltage supply in a television
receiver may be in the range of approximately one fifth (1/5)- to one
15 third (1/3) of the EHT. Focus voltage and screen voltage can therefore
be derived from the EHT. :

A focus screen assembly is usually provided for generaiing the
focus and screen voltages. The focus screen assembly, which is
energized by the high voltage winding of the IHVT, includes a network

20 of fixed resistors, variable resistors and capacitors. The assembly
‘will generate horizontal focus voltage, also referred to as Focus 1
voltage, screen voltage and vertical focus voltage, also referred to as
Focus 2 voltage. The component resistors of the assembly are
deposited on a ceramic substrate and the assembly is fully enclosed

25 and insulated. Means for adjusting the variable resistors to set the
focus and screen voltage levels are accessible from outside the case.
The asserﬁbly is coupled to the high voltage output of the IHVT, also
referred to as the flyback transformer. The assembly utilizes a _
resistor chain to supply the focus and screen voltages at levels below

30 the high voltage level.

There are two approaches known for energizing a focus screen
assembly, and appropriate focus screen assemblies are manufactured
for each of these approaches. One approach is generally referred to
as the resistor divider network approach. The other approach is

35 generally referred to as_the peak detected approach,'altﬁough a
resistor chain is also utilized in the focus screen assembly. The



Focus 2 voltage. The conponent resistors of the assenbly are deposited on a
ceram c substrate and the assenbly is fully enclosed 25 and insul ated.
Means for adjusting the variable resistors to set the focus and screen
voltage | evel s are accessible fromoutside the case. The assenbly is
coupled to the high voltage output of the | HVT, also referred to as the
flyback transformer. The assenbly utilizes a resistor chain to supply the
focus and screen voltages at |levels below 30 the high voltage |evel. There
are two approaches known for energizing a focus screen assenbly, and
appropriate focus screen assenblies are manufactured for each of these
approaches. One approach is generally referred to as the resistor divider
net wor k appr Gpfoaghes dliffer iapiheopointi of e hjgheveltage rwinding frem whighe

peak det ect ety d8Céouplbd OUtHE dob RS isBicdin @Babmblye al so utilized in the
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the focusgscraeguppiedrts thei ¢dthbBe ray! lubkadl ThiLhppbheadifends to provide a
rather large source impedance for the focus supply, for example
approximately 170 MOhm, which can become a problem for focus
leakage currents. Focus leakage currents can be caused by
imperfections, impurities and gas particles in the tube. It will be

10 appreciated that a leakage current of only 70 pamp, for example, will
cause a large voltage drop against an impedance of 170 MOhm. One
might try to reduce the source impedance of the resistive divider, but
two problems in particular are encountered. Firstly, reducing the
source i'mpedahce results in a higher current density, which requires

15 a larger ceramic substrate area to handle the additional heat
dissipation. This adds to the expense of the assembly. Secondly, it is
costly in general to generate the high voltage in the first place.
Energy loss through such heat dissipation is inefficient and costly, in
and of itself. On the other hand, the resistive divider desirably

20 provides a small bias current for the high voltage supply even when
the cathode ray tube is not conducting: High voltage supply changes -
at low beam current levels are therefore reduced. As a consequence,
raster size changes resulting from changes in beam current are
minimized. :

25 " The peak detected approach, such as shown in FIGURE 2,
energizes the focus screen assembly from a tap of the high voltage
winding of the IHVT. The voltage at the tap should be greater than the
required focus voltage, so that an adjustment range is available. A
one third (1/3) tap, that is, a voltage level equal to approximately

so one-third (1/3) of EHT, can be appropriate. This approach has the
advantage of providing _a lower source impedance, but

~ disadvantageously, doé_s not prdvide much preloading, in the form of a
bias current for the high voltage supply. As a consequence, raster
size changes resulting form changes in beam current are more likely.

35 The problem, then, is to provide a supply voltage for the focus
'screen assembly from a.low impedance source, which minimizes
voltage loss and dissipation, and at the same time, provide an



5 as supplied to the cathode ray tube. This approach tends to provide a
rather | arge source inpedance for the focus supply, for exanple
approximately 170 Mohm which can becone a problem for focus | eakage
currents. Focus | eakage currents can be caused by inperfections, inpurities
and gas particles in the tube. It will beg 10 appreciated that a | eakage
current of only 70 [err] for exanple, will cause a large voltage drop

agai nst an inpedance of 170 Mohm One nmight try to reduce the source

I npedance of the resistive divider, but two problens in particular are
encountered. Firstly, reducing the source inpedance results in a higher

current density, which requires, 15 a Jarger ceram ¢ substrate eato
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" third (1/3) of the EHT voltage. The source impedance is lower,

10 resulting in higher efficiency and lower losses, thus securing the
advantages of the peak detected approach. Moreover, an adequate bias
current is provided for the high voltage supply even when the cathode
ray tube is not conducting, thus securing the advantage of the
resistive divider approach by minimizing raster size changes due to

15 beam current variation. '

There is a concern regarding the consequences of not perfectly -
matching the voltage levels of the taps on the high voitage winding of
the IHVT and the resistor chain respectively, for example, tapping
331/3 % of the high voltage winding and tapping 35 % of the voltage

20 on the resistor chain. Such precise matching is not necessary,
although close matching is desirable for maximum efficiency. There
is .a range of tolerance in the disparity between the tapped voltage
levels in which the advantages of the inventive arrangement are fully
realized. If the tap of the high voltage winding, for example, is

25 331/3 %, the tap voltage of the resistor chain can be in the range of
approximately + 5 % around the IHVT tap value with reasonably good
results at the extremes. ‘

A circuit in accordance with an inventive arrangement
comprises: means for generating a high voltage for energizing a

30 cathode ray tube, including a transformer having a high voltage
winding with at least one intermediate output tap; and, a resistive
chain with an input terminal coupled for receiving said high voltage, a
focus output terminal for energizing a focus electrode of said cathode
ray tube and at least one intermediate input tap between said input

3s terminal and said focus output terminal, coupled to said at least one
intermediate tap of said high voltage winding by an independent



wi ndi ng of the IHVT. The voltage at the tap should be greater than the
requi red fecus voltage, so that an adjustnent range is available. A one
third (1/3) tap, that is, a voltage |evel equal to approxinmtely 30
one-third (1/3) of EHT, can be appropriate. This approach has the advantage
of providing a |ower source inpedance, buy disadvantageously, does not
prrovi de much preloading, in the formof a bias current for the high voltage
supply. As a consequence, raster size changes resulting form changes in
beam current are nore likely. 35 . The problem then, is to provide a
supply voltage for the focus screen assenbly froma | ow i npedance source,

- which mnimzes voltage | oss and di ssipation, and at the sanme tinme, provide
an 3 adeqé@ndustioR Rath: aJ&er easistive ighgin weay Leeenibndied ipvarfogHan t he
cathode ray is¢bsen sagggmblnducting. The probl em can be solved in accordance
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network i s magcordingbio dbanpuor rartt fer genesatingSocHeTyoltageexanpl e t he one

third (1/3) tap, FGUHRRR ¢ d 3ehariatic’aldgidfm 8f & peakadsbdied circuit,
according to the prior art, for generating focus voltage.

FIGURE 3 is a schematic diagram of a circuit for generating
focus voltage according to an inventive arrangement.

FIGURE 4 is a schematic diagram of a focus screen assembly

10 which can be used in the circuit of FIGURE 3.

FIGURE 1 is a schematic diagram of a focus supply circuit
embodying the prior art resistive divider network approach. Means 10
for generating a high voltage comprises a flyback transformer Tr1,
having a primary winding W1 coupled to a horizontal driver circuit 12

15 and a horizontal deflection yoke. An East-West pincushion correction
circuit 14 and horizontal centering circuit 16 are also included. A
high voltage secondary winding W2 is used to generate a high voltage,
or EHT, having a value of 30 KV, for example. The other end of the
winding is coupled to a circuit which generates a beam sense signal

20 for monitoring the beam current Iggam level delivered to the cathode
ray tube (CRT) 24. Another secondary winding W3 is a source of
horizontal flyback pulses. Secondary winding W2 has an intermediate
tap 22 identified, which is not used in the embodiment of FIGURE 1.
The operation of means 10 is known in the art.

25 Focus voltage and screen voltage for the cathode ray tube 24 are
generated by a resistive chain 30, having an input terminal 32. The
resistive chain 30 is coupled between the EHT voltage and ground.
The resistive chain 30 is illustrated as three resistors; a fixed bias
resistor Rg and variable resistors for setting each of the focus and

30 screen voltages. When the resistive chain is itself embodied in a
focus screen assembly, there are actually many more resistors than
three. Resistor Rg has a resistance of approximately 350 M Ohm and
the resistance of the -entire chain is approximately 500 M Ohm. This
approach results in a useful bias current Igjas, but exhibits a source

35 impedance which is too high.

FIGURE 2 is a schematic diagram of a focus supply circuit
embodying the prior art peak detected approach. Means 10 for



the resistor chain in the focus screen assenbly, for exanple, one third
(1/3) of the EHT voltage. The source inpedance is lower, 10 resulting in
hi gher “efficiency and | ower | osses, thus securing the advantages of the
peak detected approach: Moreover, an adequate bias current is provided for
t he high voltage supply even when the cathode ray tube is not conducti ng,
thus securing the advantage of the resistive divider approach by m nim zing
- raster size changes due.to 15 beamcurrent variation. There is a concern
regardi ng the consequences of not perfectly matching the voltage |evels of
the taps on ‘the high voltage w nding of the IHVT and the resistor chain
respectively, for exanple, tapping 331/3 % of the high voltage w nding and
tappi ng 35 Y%gehetdting/al highe valageristthe sasiesasrexplained $octonastione with
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develop the focus and screen voltages than is the case in the circuit
 of FIGURE 1. Accordingly, the resistance of resistor R'g and the
10 resistance of the entire chain 40 will also be lower than in resistive
chain 30. This provides a lower source impedance, but a negligible
bias current, which is not shown for that reason.
FIGURE 3 is a schematic diagram of a focus supply circuit
. according to an inventive arrangement. Means 10 for generating a
15 high voltage is the same as explained in connection with FIGURE 1. A
resistive chain 50 has an input terminal 52, and is coupled between
the EHT voltage and a ground 58. The ground of the resistive chain is
denoted by a reference numeral for purposes of identifying resistive
chain 50 in FIGURE 4, explained below. The resistive chain 50 also
20 has a bias resistor RB having a value of approximately 350 M Ohm and
the entire chain has a resistance of approximately 500 M Ohm.
The circuit of FIGURE 3 also has an independent conductive path
26 -between the tap 22 of winding W2 and an intermediate tap 54 of
the resistive chain 50. The resulting topography represents a
25 synergistic combination of the prior art approaches which, for the
first time, provides a low source impedance and an adequate bias
current Igjas. It is preferable that the intermediate taps 22 and 54 be-
chosen so as to connect substantially equal voltage levels to one
another. In the illustrated embodiment, each intermediate tap is
30 approximately a one third (1/3) tap, representing approximately
10 KV. It appears that differences between the intermediate tap
voltages in a range of approximately + 5 % of the EHT can be tolerated
without significantly compromising the advantages of the inventive
arrangement. Moreover, the low source impedance is achieved
as without increasing current density and substrate area in a focus
screen assembly, as shown in FIGURE 4.



30 cathode ray tube, including a transformer having a high vol tage w nding
with at | east one internedi ate output tap; and, a resistive.chain with an

i nput term nal coupled for receiving said high voltage, a focus out put
termnal for energizing a focus el ectrode of said cathode ray tube and at

| east one internediate input tap between gaid input 35 termnal and said
“focus output termnal, coupled to said at |east one internediate tap of
sai d high voltage w nding by an i ndependent 4 conduction path. The
resistive chain may be enbodied in a focus screen assenbly. FIGURE 1 is
schematic diagramof a resistive divider CIrCUIt accordlng to the prior
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circuit 5 other end of resistor chain 50 is coupled to focus ground at terminal
- 58. Resistor Rg is shown, as are variable resistors for adjusting the
focus voltages and screen voltage are also shown. The Focus 1
(horizontal) voltage is an output on terminal 56. The Focus 2
(vertical) voltage is an output on terminal 64. The Screen voltage is
10 an output on terminal 66. Terminal 68 is an input for a dynamic focus
"correction signal.. Focus screen assembly 60 differs from prior art
focus screen assemblies in the provision of intermediate tap input
54, which is coupled between one terminal of resistor Rg and the
junction of resistors Rx. '
15 The present specifications for the focus screen assembly 60 as
it will be used in the CTC-189 chassis manufactured by Thomson
Consumer Electronics, Inc., which are not already shown .on the
drawing, are as follows:

Operating Voltage (EHT) 30.0 KV - 34.5 KV;

- Maximum DC Voltage 35.5 KV;
Resistance Total EHT IN to Termlnal 62 290 M Ohm £20 %;
Resistance Focus Total 500 M Ohm Nominal;
Resistance Bleeder Total (R2 + R3) 700 M Ohm Nominal,
Focus 1 + Focus 2 Maximum 2 33 % of EHT;
Focus 1 + Focus 2 Minimum < 28 % of EHT;
Screen Maximum 2 485 V;
Screen Minimum < 135 V; and,

- IHVT Tap Voltage Range _ 35 % - 37 % of EHT.

20



"enbodyi ng the prior art resistive divider network approach._ Means 10 for—— ——

generating-a high voltage conprises a flyback transforner [jﬂlmmwﬂmlm .
.primary wi nding WL coupled to a horizontal driver circuit 128 ; ””"’
hori zontal deflection yoke. An East - West, pi ncushi on correction ciréuit 1 *
and horizontal centering circuit 16 are ‘al so included. A high voltage
secondary winding W2 is used to generate a high voltage, or EHT, having a

val ue of 30 KV, for exanple. The other end of the winding is coupled to a
circuit whiWhageisechtimed i®eam sense signal 20 for nonitoring the beam
current | BEAM | evel delivered to the cathode ray tube (CRT) 24. Another
secondary winding WB is a source of horizontal flyback pul ses. Secondary

wi ndi ng W2 has dh i At eincuiti chanagperized deyiti fi ed, which is not used in the

enbodi nent of FI -« 1¢1 RN | ' i n 25
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illustrated three resistors; a fixed bias resistor RB and varia
resistors 'setting each of the focus and 30 screen voltages. Wen the
resi stive chai na vesistiviel ohadind(5Q) witha grodnput deeainals (82blcoupiédr forar e

approxi et SPYeWRNG 1o i oltaB8 (AT, oS Wt Ml (POGHE) 1Y
appr oxi nat @ngrgizing) axfecushelectrode of said cathode ray tube and at least one
~ intermediate input tap (54) between said input terminal and said
focus output terminal, coupled to said at least one intermediate tap
(22) of said high voltage winding (W2) by an independent conduction
path (26). '

2. The circuit of claim 1, characterized in that said resistive
chain (50) is part of a focus screen assembly (60).

3. The circuit of claim 1, characterized in that said at least one
intermediate output tap (22) of said high voltage winding (W2)
provides an intermediate output voltage of approximately one third -
(1/3) of said high voltage (EHT), + approximately five percent (5 %),
and said intermediate input tap (54) of said resistive chain (50)
corresponds to a voltage level in the range of approximately said one
third (1/3) of said high voltage (EHT), + approximately five percent
(5 %). _ '

4. A focus éupply circuit, characterized by: ,

means (10) for generating a high voltage (EHT) for energizing a
cathode ray tube (24), including a transformer (Tr1).having a high
voltage winding (W2) with at least one intermediate output tap (22);
and, '

a focus screen assembly (60) having a resistive chain (50) with
an input terminal (52) coupled for receiving said high voltage (EHT), a
focus output terminal (FOCUS) for energizing a focus electrode of said
cathode ray tube and at least one intermediate input tap (54) between
said input terminal (562) and said focus output terminal (FOCUS),



approach results in a useful bias current [err] but exhibits a source 35
i npedance which is too high. FIGURE 2 is a schematic diagra ﬂuMHﬁm
supply-circuit enbodying the prior art peak detected approa mm
5. generating a high voltage is the sarrﬁ as explained in connecfioh i t if
FIGURE 1. In FIGURE 2, a resistive chaifi 40 is coupl ed, through an input
termnal 42, between the internediate tap 22 of the w ndi ng W2 and ground.
Resistive chain 40 is also illustrated as three 5 resistors for purposes

of sinplickhiypldd tbagaid2at deast ones intepmediatet ¢y (22) ohisaid (High) voltagehi gh

voltege of Kl oheh & IR doneBflofh, FLRAuaNB BY XBBR Vol t abest han 1 s

the case in the circuit of FIGURE 1. Accordingly, the resistance of

resistor R B an§g| gﬁelqockgswé@@cﬁhl reLitt 8¢ d?%hll rg ehgygct@qlz\éadl in aha¢ be

l ower than in r ve C S prov yrce inpedance,
but a negl Sgidalai lﬁaﬁ eng riptermegiate, ‘P'étPH@)ttaEhzag) igh \QJiAge| cURE 3
i's a schenpg ?’” vaefsow:s isterhiadiale fdﬂtpuaqnﬂtaigmg:fto an inventive
arrangermntapprommate one Third ?“3?90? said high voltage (EHT),

approximately five percent (5 %), and said intermediate input tap-
(54) of said resistive chain (50) corresponds to a voltage level in the
range of approximately said one third (1/3) of said high voltage (EHT)
+ approximately five percent (5 %).



15 high voltage is the sane as explained in connection wwth FIGURE 1. A
resistive ehain 50 has an input term nal -52, and is coupl ed between the EHT
voltage and a ground 58. The ground of the resistive chain is denoted by a
reference nuneral for purposes of identifying resistive chain 50 in FI GURE
4, explained below The resistive chain 5 also 20 has a bias resistor RB
havi ng a val ue of approximtely 350 M Chmand the entire chain has a

resi stance of approximately 500 M Chm The circuit of FIGURE 3 al so has an
i ndependent conduc$ATHEDE KAK TUBE EOCURSYPPHE tap 22 of winding W2 and an
internediate tap 54 of the resistive chain 50. The resulting topography
represents a 25° synergistic conbination of the prior art approaches which,
for the first time, provides a | ow sourﬁbﬁﬁﬂﬁdance and an adequate bias
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source i npedd®2} ¢oupledi foremcabringi theohigh voltagsi (EHT)ra docuslemstpuy and
substrate aregrifhdt {FEBUSCIGHCBNERAIZING % fodtisSERMIodd bt HEcdthode ray

tube and at least one intermediate input tap (54) between the input

10 terminal (52) and the focus output terminal (FOCUS), coupled to the at
least one intermediate tap (22) of the high voltage winding (W2) by an
independent conduction path (26).

FIGURE 3



+ 6 Wth reference to FIGURE 4, the resistive chain 50 forns an integral part
of a focus screen assenbly 60, in which the resistors are fornmed by
deposition on a ceram c substrate. Resistive chain 50 begins at input
termnal 52, which is coupled to the EHT voltage. The 5 other end of
resistor chain 50 is coupled to focus ground at termnal 58. Resistor RBis
shown, as are variable resistors for. adjusting the focus voltages and
screen voltage are al so shown. The Focu&/4 (horizontal) voltage is an
output on termnal 56. The Focus 2 (vertical) voltage is an output on
termnal 64. The Screen voltage is 10 an output on term nal 66. Term nal
68 is an input for a dynam c focus correction signal. Focus screen assenbly
60 differs fromprior art focus sEMEen assenblies ingﬂgﬁgfrovision of
internediate tap input 54, which is\coupled between erm nal of
resistor RB and the ju i z
specifications for thg focus screen
CTC- 189 chassi s nmanuf gctured by Tho
are not already shown on the drawi n
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Qperating Vol tage (EHT) 30.0 KV - 34.5 KV; Maxi num DC

Vol t age

35.5 KV:- Resistance Total EHT IN to Terninal 62

290 M Ohm [err] % Resistance Focus Tot al 500 M Chm
Nom nal ; , Resi stance Bl eeder Total (R2 + R3) 700 M-Chm Nom nal ; Focus 1.
+ Focus 2 Maximum [err] 33 % 9f4 EHT; Focus 1 + Focus 2 M ni mum

[err]

28
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. receiving said high voltage (EHT), a focus output term nal (FOCUS) for
energi zing a focus el ectrode of said cathode ray tube and at | east one
internmedi ate input tap (54) between said input termnal and said focus
output termnal, coupled to said at | east one internediate tap (22) -of said
hi gh vol tage wi nding (W2) by an independent conduction path (26). 2. The
circuit of claim1, characterized in that said resistive chain (50) is part
of a focus screen assenbly (60). 3. The3d#rcuit of claim1l, characterized
in that said at |east one internediate output tap (22) of said high voltage
w ndi ng (W2) provides an internedi ate output voltage of approximtely one
third (1/3) of said high voltage (EHT), [err] approximately five percent (5
%, and said internediate input tap (54) of said resistive chain (50)
corresponds to a vol tage | evel 'ﬁTthe range of approiééxﬁeﬂy'sajd one third

(1/3) of said high voltage (EHT), proximately fiv cent (5%. 4. A
focus supply circuit,‘gnngngLq§fd __neans. ( 0 ing a high
vol tage (EHT) for enerfizing a cathode ray tubelN(24),

transformer (Trl) havijhg a high vol tajge w ndi ng . east one
internedi ate output tap (22); and, az=focus $ig
resistive chain (50) Wth

Tr . '
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an input termpal (52) coupled for receiving said high voltage (EHT), a
focus output termnal (FOCUS) for energizing a focus el ectrode of said
cathode ray tube and at |east one intermediate input tap (54) between said
input termnal (52) and said focus output term nal (FOCUS), 8 coupled to
said at |east one internediate tap (22) of said high voltage -w nding (W)
by an independent conduction path (26).48 The focus supply circuit of
claim4, characterized in that said at | east one internediate output tap
(22) of said high voltage w nding (W) provides an j,ntergedi ate output
vol t age of approxigdtel§f on ird (1/3) of said hi h’-‘vo?ttg@ (EHT), [err]
approxi mately fivedudr c&nt ( , and said intermedpdiie Z8& tap (54) of
said resistive chd=(3) cakbresponds to a vol tage PeRelFith The range of

approxi mat el y sai gopone gyhir 1/3) of said high volgage 4EHT), [err]
approxi mately fixe pe;/clant (P : /? )
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