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OVERVOLTAGE PROTECTION SYSTEM FOR TELEVISIONS

This invention relates generally to the field of overvoltage
protection systems for television apparatus, and in particular, to an
X-radiation protection circuit which enables television apparatus to
operate at ultor voltage levels which are closer to the isoexposure
curves of cathode ray tubes.

It is normally desirable to operate a picture tube at the ,
highest ultor voltage possible, due to concerns with beam spot size
and circuit configuration and limitations in general. One of the
limitations on how high the ultor voltage can be is the ultor voltage
level at which X-radiation is generated. The Center for Devices and
Radidlogical Health, part of the Food and Drug Administration, sets
limits on the maximum permissible X-radiation and a cathode ray
tube vendor will specify what the ultor voltage versus beam current
relationship is for each particular tube is which will result in
generation of X-radiation. This relationship is expressed as an
isoexposure curve. An isoexposure curve is shown in a graph in
FIGURE 3. The isoexposure curve represents X-radiation at a level of
0.5 milliRoentgens per hour (mR/Hr). The Y axis is the ultor, or high
voltage level designated HV. The X axis is beam current (lggaMm),
denoted in milliamps (ma). For the curve shown, a maximum beam
current level of approximately 2 ma exceeds the safe level defined
by the isoexposure curve at approximately 38 KV. In accordance
with the safety rules, a television chassis shall not be allowed to
drive a picture tube to any HV vs. IgeaM point which exceeds the
isoexposure curve. It is also required that these excessive |
conditions cannot exist even with only one fault in the chassis. This
fault can occur in any circuit, including for example the high voltage
circuit, the X-ray protection (XRP) circuit and the power supply, or
can result from any component value change.

Figure 3 also shows two operating curves. The upper curve is
designated with tracking high voltage HV and the lower curve is
designated without tracking high voltage HV. The lower operating
curve represents operation without benefit of the invention taught
herein. The upper operating curve represents operation in
accordance with the invention taught herein. Normal operation of
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the chassis would be at HV vs. IgeaM levels below the isoexposure
curve. A fourth curve in the graph, between the operating curve(s)
and the isoexposure curve is the XRP circuit trip curve, that is, the
voitage level at which the XRP circuit disables the television in a
manner which prevents generation of X-radiation, for example by
shutting down the high voltage power supply.

There are tolerances associated with each of these curves
which tend to widen the distance between the operating curve(s) and
the isoexposure curve. These tolerances are an inherent aspect of
essentially all electrical circuits and components, such as the XRP
circuit, the high voltage regulator and the operating characteristics
for a particular picture tube. There must be enough separation
between the isoexposure curve and the operating curve to avoid X-
radiation under worst case circumstances of normal operation. This
separation is often referred to as the pad.

Ultor voltage is ordinarily generated in a flyback transformer
of a resonant retrace horizontal deflection circuit. Such a circuit
might generate 29 KV. Some picture tubes require still higher ultor
voltages for proper operation. A second resonant retrace circuit
having a second flyback transformer can generate a boost voltage,
for example 3 KV. The appropriate windings of the flyback
transformers of the two resonant retrace circuits are coupled in
series to generate an ultor voltage which is the sum of the two
voltages, 32 KV in this example. However, with prior art
overvoltage protection systems, in which the high voltage from the
second circuit was_not tracked, it was necessary to add the
maximum boost voltage of the high voltage regulator to the amount

“that the operating curve must be decreased below the isoexposure

and XRP ftrip curves.. Such a limitation made it more difficult to
operate safely at ultor voltage levels closer to the isoexposure and
XRP trip curves, notwithstanding the boost voitage.

The XRP circuit is a circuit detects the value of the kine ultor
(HV) voltage and will shut down the HV power supply if the HV
reaches a certain voltage. This voltage is determined by the kine X-
radiation characteristics. In one known method of operation, a peak
detected voltage from the HV transformer is used to indicate the
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value of HV. This peak detected voltage is not generated by the same
winding as the HV, but is on the same transformer and therefore
proportional to the HV. [n another known method, a HV regulator is
used which regulates by inserting a pulse voltage in series with the
HV transformer winding which generates HV. Therefore, the high
voltage is the peak detected sum of the HV winding voltage and the
HV regulator winding voltage. The XRP voltage is not proportional to
the HV in this configuration, but is proportional only to the portion
of the HV that is generated by the HV transformer. If the
isoexposure curves are high enough, such as in certain projection
televisions, a large pad can be added to compensate for whatever the
HV regulator may boost. Most direct view chassis do not have the
luxury of sufficient voltage to allow for this pad between the
nominal operating HV and the HV where X-radiation is emitted.

An overvoltage protection system according to the inventive
arrangements taught herein results in a feedback voltage which is
directly proportional to HV when a HV boost regulator is being used.
The high voltage is therefor closely tracked, which in turn enables
the operating curve to be much closer to the isoexposure curve
without risking generation of X-radiation or causing frequent
interruptions in operation of the television.

“In such an overvoltage protection system, a first resonant
retrace circuit is operable for generating a first voltage signal and a
second resonant retrace circuit coupled to the first resonant retrace
circuit is operable for generating a second voltage signal summed
with the first voltage signal. An auxiliary winding of a flyback
transformer in the first resonant retrace circuit generates a first
feedback signal representative of the first voltage signal. A

regulator senses the summed first and second voltage signals and

generates a second feedback signal representative of the summed
first and second voltage signals. The second resonant retrace means
is responsive to the regulator. A resistive summing junction
combines the first and second feedback signals to generate a
composite feedback signal. An overvoltage protection circuit is
responsive to the composite feedback signal for disabling operation
of at least one of the first and second resonant retrace circuits.
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FIGURE 1 is a schematic diagram of an overvoltage protection
system for a television.

FIGURE 2 is a timing diagram illustrating the relative phase of
filament and HVR pulses generated in the circuit of FIGURE 1.

FIGURE 3 is an isoexposure graph useful for explaining
inventive arrangements.

An overvoltage protection system 10 comprising a circuit for
generating an ultor voltage, or high voltage, HV and an X-radiation
protection circuit is shown in FIGURE 1. A first resonant retrace
circuit 20, for implementing horizontal deflection, comprises a
source of horizontal drive signals (not shown), a horizontal output
transistor Q1, a retrace capacitor C1, a damper diode D1 and a
flyback transformer Tr1. Transformer Tri has a winding W1
connected to transistor Q1, capacitor C1 and diode D1 for generating
the B+ voltage. A first voitage signal V1 is induced in winding W2,
which forms part of the high voltage generating circuit. The first
voltage signal is approximately 29.5 KV, in accordance with the
isoexposure graph shown in FIGURE 3. An auxiliary winding W3
generates a filament pulse which has an amplitude, or energy level,
proportional to the voltage induced in winding W2. The filament
pulse is a first feedback pulse, or signal, which is supplied to
summing junction X1 through resistor R3.

A boost voltage circuit 30 comprises a second transformer
Tr2, a second transistor Q2 switched by a horizontal drive signal,
and a flyback capacitor C3 in parallel with winding W5 of
transformer Tr2. A second voltage signal V2 is induced in winding
W4 of transformer Tr2, which is connected in series with winding
W2 and a diode D2, representative of an ultor voltage generating
diode set. The second voltage signal is approximately 2.5 KV. The
first and second voltage signals are summed by the series connected
windings and develop a high voltage signal HV at capacitor C2.
Capacitor C2 represents a combination of the kine capacitance and
the capacitance of the high voltage splitter. A voltage divider
formed by resistors R1 and R2 provides a feedback signal to a high
voltage regqulator '32, which may be embodied as a series pass
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regulator. The voltage divider provides a reduction factor of
approximately 1/300.

The boost voltage is regulated by having the drain of transistor

- Q2 switch the resonant circuit formed by winding W5 and capacitor

C3 creating the high voltage regulating (HVR) pulse. The HVR pulse
will range between approximately 50 V peak and 400 V peak,
depending upon the operation of the regulator 32. The HVR pulse is
also supplied to summing junction 31 as a second feedback pulse,
through resistor R4. As illustrated, the filament pulse is narrower
than the HVR pulse, and will have a lower amplitude under normal ‘
conditions. The summing junction Y1 produces a combination
feedback pulse having contributions of both inputs to the summing
junction. It can be seen that the combination feedback pulse is not
symmetric. As shown in FIGURE 2, the filament pulse occurs earlier
in time. This results from diode D2 initiating conduction
approximately at the trailing edge (right edge in the FIGURE) of the
filament pulse.

With reference again to FIGURE 1, an overvoltage protection
circuit comprises a voltage sensing circuit 40 and a trip circuit 50.
The distinction between circuits 40 and 50 is somewhat arbitrary,
and made for convenience in description. Successive combination
feedback pulses are rectified by diode D3 and develop a voltage level
across capacitor C5. A filter capacitor C4 is in parallel with diode
D3. Resistors R5, which is adjustable, R6, R7 and R8 determine the
bias level at the base of transistor Q3. The voltage level is coupled
to the emitter of transistor Q3 through Zener diode Z1 and resistor
R9, when Zener diode Z1 is biased for reverse conduction. Zener
diode Z1 is rated for 10 volts. Transistor Q3 will conduct when the
emitter to base voltage exceeds approximately 0.7 volts. This will
occur when the voltage Virip across resistor R7 exceeds
approximately 10.7 volts. This can be set rather precisely by
adjustment of resistor RS.

Trip circuit 50 includes a silicon controlled rectifier SCR1,
which is normally nonconductive. The anode of SCR1 is normally
high, in the logic sense. Conduction of transistor Q3 charges

“capacitor C6. When the voltage across capacitor C6 is high enough,
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SCR1 will be gated into conduction. The anode of SCR1 will be
pulled to ground. The anode of SCR1 therefor provides an ON/OFF
signal for X-radiation protection. The control signal can be used for
disabling the power supply and/or the horizontal deflection circuit
and/or the boost circuit and/or as a command signal to a
microprocessor, which would in turn disable some or all of the
television circuitry to prevent generation of X-radiation.

Tracking the high voltage and combining the two feedback
pulse signals for defining the trip voltage Virip each contribute to
defining an operating curve which is much closer to the isoexposure
curve than would be possible with known circuits, as shown in
FIGURE 3, without sacrificing safety. Moreover, the tolerances of
only a smail number of resistors are important for precise control.
Resistors R7, R8 and R9 have a 1% tolerance and resistors R3 and R4
have a 2% tolerance. This reduces the cost of the overvoitage
protection circuit and contributes to the need for a smaller pad
between the operating curve and the isoexposure curve.
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What is claimed is:

1. An overvoltage protection system for a television
apparatus, comprising:

first resonant retrace means (20) operable for generating a
first voltage signal (V1);

second resonant retrace means (30) coupled to said first
resonant retrace means (20) and operable for generating a second
voltage signal (V2) summed with said first voltage signal (V1);

means (W3, R3) for generating a first feedback signal
(filameni pulse) representative of said first voltage signal (V1);
and,

an overvoltage protection circuit (40, 50) for disabling
operation of at least one of said first and second resonant retrace
means (20, 30);

characterized by:

means (R4) for generating a second feedback signal (HVR pulse)
representative of said summed first and second voltage signals (HV);

means (X1, D3, C5) for combining said first and second
feedback signals to generate a composite feedback signal; and,

said overvoltage protection circuit (40, 50) being responsive -
to said composite feedback signal.

2. The system of claim 1, further characterized by means (R1,
R2, 32) for sensing said summed first and second voltage signals
(HV), said second resonant retrace means (30) being responsive to
said sensing means. |

3. The system of claim 1, wherein:

said first resonant retrace means (20) is characterized by a
first flyback transformer (Tr1) having a primary winding (W1)
coupled between a first source of supply voltage (B+) and a first
switching circuit (Q1), a secondary winding (W2) for generating said
first voltage signal (V1) and an auxiliary winding (W3) for
generating said first feedback signal (filament pulse); and,

said second resonant retrace means (30) .is characterized by a
second flyback transformer (Tr2) , having a primary winding (W5)
coupled between a second source of supply voltage , representatlve
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of said summed first and second voltages (HV) , and a second
switching circuit (Q2) and a secondary winding (W4) for generating
said second voltage signal (V2) coupled to said secondary winding
(W2) of said first flyback transformer (Tr1), said second feedback
signal (HVR pulse) being the voltage across said second switching
means (Q2).

RCA 87,040

4. The system of claim 1, characterized in that said combining
means comprises a resistive summing junction (Z1).

6. An overvoltage protection system for a television
apparatus, comprising:

first and second transformers (Tr1, Tr2), each having
respective windings (W2, W4) coupled in series for generating a high
voltage signal (HV) defined by a sum of first and second voltage
signals (V1, V2) respectively induced in said respective windings
(W2, W4);

a.second winding (W3) of said first transformer (Tr1) for
successively generating first feedback pulses (filament pulses),
indicative of said first voltage signal (V1);

a regulating circuit (32) responsive to said high voltage signal
(HV) and successively generating second feedback pulses (HVR
pulses), indicative  of said high voltage signal (HV);

means (R3, R4, X1) for combining said first and second
feedback pulses (filament pulses, HVR pulses)to define successive
composite feedback pulses;

means (D3, C5) for generating a continuous signal indicative of
energy in said composite feedback pulses; and, |

means (40, 50) for sensing said continuous signal and
generating a control signal (ON/OFF) for initiating operation of an
overvoltage protection circuit.

7. The system of claim 6, wherein each of said transformers
(Tr1, Tr2) forms part of a resonant retrace circuit (20, 30).

8. The system of claim 7, wherein one of said resonant retrace
circuits (30) is controlled by said regulating means (32).
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1 9. The system '
of claim 6, wherein sai i
' sai . .
2 voltage level signal. d continuous signal is a
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5. The system of Claim 1, characterized in that said
second resonant retrace means (30) comprises a flyback transistor
(Tr2) having a winding (W5) coupled between a source (32) of
supply voltage representative of said summed first and second
voltages (HV) and a switching circuit (Q2).
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