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My invention relates to television apparatus of
the type employing a cathode ray picture tube and
particularly to circuits for supplying high unidi-
rectional voltages to the anodes of the cathode ray
tubes in such apparatus.

It is an object of my invention to provide an im-
proved high voltage generating circuit of small
size and light weight for supplying the unidirec-
tional voltage for the anodes of cathode ray tubes.

It is another object of my invention to provide
an improved circuit for television apparatus or the
like for providing high unidirectional voltages for
the anodes of cathode ray tubes which shall result
in minimum interference with the operation of the
associated circuits.

The features of my invention which I believe io
be novel are set forth with particularity in the ap-
pended claims. My invention itself,” however,

_ both as to its organization and method of opera-
tion together with further objects and advantages
may best be understood by reference to the follow-
ing description taken in connection with the ac-
compahying drawing in which Fig. 1 diagrammat-
ically represents one form of television apparatus
embodying my invention, and Fig. 2 represents
curves showing certain characteristics of the ap-
paratus of Fig. 1.

Referring now to Fig. 1, I have shown a portion
of a television apparatus which, for example, may
be a television receiver, and which includes a
cathode ray electron discharge device or tube 8.
The tube §0 is provided with an electron gun in-
cluding a cathode i1, a control electrode or grid
12 and an anode 13. A second anode {4 compris-
ing an annular metallic coating on the inner sur-
face of the tube is provided to accelerate the elec-
trons projected from the cathode and to aid in
focusing the beam. The tube {0 is also provided
with horizontal and vertical deflecting members
I15 and 16, respectively, which have been illus-
trated as coils for deflecting the beam magnet-
ically. Composite television picture and syn-
chronizing signals are received and detected by
suitable apparatus (not shown) and the picture or
video signal is supplied by a suitable amplifier {8
connected to impress the picture sighal between
the control grid 12 and the cathode || of the cath-
ode ray tube to control the intensity of the elec-
tron beam in the usual manner. The horizontal

deflecting coil 15 is supplied with a saw-tooth cur-
- rent wave from sa suitable saw-tooth generator
(not shown) which is synchronized in the usual
manner. The saw-tooth wave produced by the
generator is amplified by an electron discharge
device 18 and is supplied to the coil 15 from the
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secondary of & transformer 22 the primary of
which is connected in the load circuit of the device
9. A similar deflection circuit (not shown) is
provided to energize the vertical deflection coil {$.

TFor satisfactory operation of the tube (0 it is
necessary that the anode 14 be supplied with very
high unidireciional voltage which may be of the
order of 7500 volts or higher., In order to supply
the high voltege for the ancde {4 I provide an alr
core induction coil or autotransformer 22 having
an electron discharge device 23 connected to sup-
ply current %o its primary circuit. The device 23
includes a cathode 24, a control grid or electrode
985, o screen grid 26 end an anode 27. A suitable
source of direct current potential such as a bat-
tery 28 is connected to the anode 27 through the
primery of the transformer 22 and the screen grid
28 is connected o the battery 28 through & sult~
able resistance 30. The device 23 is normally
conducting so that a substantisl current flows
through the primary of the transformer 22. In
order to produce a high voltage 2cross the sec-
ondary of the transformer 22 the current through
the primary is interrupted intermittently to pro-
duce = high rate of change of Aux through the
transformer coil to induce & high voliage across
the coll. A rectifier tube 31 is connected across
the autotrensformer to rectify the voltage and
supply it to a smoothing fHlter comprising con-
densers 32 and 23 shuniing a resistance 34, the
filter being connected to the anode 4 of the catr'x-
ode ray tubs to supply the necessary high uni-
directiong] voltage. .

Tt i3 desirable that transient voltages existing
in the clrcuit during the generation of the high
voltage should be prevented from causing inter-
ference with the picture signal. For this reason
the tube 28 is cuf off to produce the bigh transient
voltage only during the retrace psriod when no
picture signal is being transmitted. In order to
accomplish this, the control grid 25 is connected
through o resistor 85 to the secondary of the
transformer 20. The voltage appearing at the
secondary of the transformer 20 comprises a serles
of steep pulses of neegative polarity produced by
the sudden rate of change of current in the sec-
andary circuit during the retrace periods. These
negative pulses are employed to cut off the tube 23
during the retrace periods so that the transient
voltages appearing in the high voltage generating
circuits occur only during the retrace periods and
do not produce interference with the picture
signals. .

The meagnitude of the effective unidirectional
voltage is substantially increased by employing
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the &ir core sutotransformer 92 aud navticnlarly
by tuning the transiormer coll wit

agsociated thevewith go thet severst osciilations
occur during the retrace perlod. “The capacities
include the capacity of the rectifiey tube, the plate
cireuit capacity of the tube 23 and the distributed
capaclty of the coll 28, The rectifier 3§ includes
an anode 88 connected to the coil 22 and a cathode
37 connected to the resistance 84 of the niger.
Heating current for the cathode is derived from
the transformer 22 through s secondsry coll 38
comprising akout two turns, the transformer 22
ustially having several thousend turns.

A further understanding of the operation of
the cireuli mey be obtained upon reference to Plg,
2 in which curves 38, 40, 41 and 42 représent, re-
spectively, the current through the deflection coil
18, the voliags at the defleciion coil termingl, the
voltage across the transformer 22, and the plate
current of the tube 28. These curves are plotted
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on the same vsrtical time axis and represent one )

cycle of operatlon. ‘The steep retrace portion of
the current curve as indicated at 83¢ produces
& gteep negative pulse 60z in the volisge eurve
48 during the retrace period, the remainder of
the curve €8 belug substentislly fat since the
trace portion of the surrent curve has & substan.
tlelly constent rate of chenge. The negative
pulse 88¢ when applied to the conirol grid 25
of ¢hie tube 23 culs off the Aow of current through
the tube and, therefore, through the wrimary oir-
cuit of the iransformer 22, This sudden rate of
change of current through the primaery clveuis
produces 2 high voliage surge in the transformer
and, since the fransformer is tuned to a freguency
sufflclently high to produce seversl osciligtions
during the reirace perlod, & voltage curve as indi-
cated at £ia Is vroduced, this voliage belng the
stepped-up vollage across the secondary circult
of the transformaer. Since the transformer is con-
nected to the plate 38 of the rectifier tube, only
the positive portions of the oscillation wave pro-
duce & flow of current through the rectifier and
a high positlve voltage is appiied to the anocde
{8 of the cathode ray tube. The value of this
voliage Is substantially that of the positive peak
of the oscillation curve 4fe, the condenser 3%
being charged to this voltage and substantially
majntaining ifs charge during the trace period of
the wave when the rectifier is non-conducting,
The transformer coil 22 is lightly demped during
the retrace period when the electron discharge
device 23 is non-conducting. However, upon the
termination of the negative pulse §0g, the resisi-
ance of the tube 23 falls and produces heavy
damping of the coil 22. This insures one or more
complete osciliations during retrace and prevents
the continuation of the oscillations during the
trace period of the saw-tooth wave and minimizes
interierence with the picture signals which might
otherwise result from the generation of the high
voltage osclilations. :

The high voltage generator described above
may be constructed to occupy an extremely small
space and weighs very little since it does not re-
quire & heavy iron core transformer. The coil
22 has a high @, that is, a high ratic of stored
energy to dissipated energy which is determined
by the ratlo of the reactance of the coil to its re-
sistance. It is, therefore, apparent that the clr-
cuit of Fig. 1 makes it possible to construct an
extremely high voltage generator of small dimen-
sions and light weight which is particularly useful
in apparatus such as television receivers where
space Is limited.

25

30

40

48

&0

&6

80

.per second or higher,

2,807,160

In television apparatus and the like in which
the frequency of the wave applied to the sweep
coils {6 is of the order of several thousand cycles
the time constant of the
filter 82, 33 and 8§ can be made suficiently low
50 that the energy storage in 32 and 33 is far be-
low the dangerous limit for bodily contact. Ina
typlcal case of a television receiver 32 and 33
can be of the order of 100 xu fd. each and 34 can
be of the order of 0.25 megohm. Direct contact
produces no more than a slight burn even though
the voltage 1s of the order of 7500 volts because
the stored energy 18 low and the regulation of the
supply is very severe above a current of 2 millf-
amperes. The capacity 838 may in the case cited
be the conductor-to-shield capacity of the high
voltage anode connecting cable usually employed
with such eclrcuits.

While I have Hllustrated one embodiment of my
invention in connection with a television receiv-
Ing circuit employing magnetic deflecting mem-
bers, other modifications and applications will
readily occur to those skilled in the art. I do
not, therefore, desire my.invention to be limited
to the particular embodiment llustrated and de-
scribed and I contemplate by the appended claims
to cover all modifications which fall within the
spirit and scope of my invention.

What I claim as new and desire to secure by
Letters Patent of the United States is:

1. In g television apparatus or the like 2 cath-
ode ray electron discharge device having an anode
snd a ray deflecting member, means for impress-
ing on sald member a saw-tooth deflecting wave
having a rapid retrace portion, an electron dis-
charge device, an air core induction coil connected
in the output circuit of said device, means de-
pendent upon the retrace portion of sald saw-
tooth wave for intermittently cutting off the fiow
of current through said coil to produce a high
voltage surge, and means including a rectifier
connected in series with said coll for producing a
high unidirectional voltage, said coil being tuned
to produce several high voltage oscillations dur-
ing the retrace portion of said wave Wwhereby the
maximum unidirectional voltage is effectively in-
creased.

2. In g television apparatus or the like, a cath-
ode ray ‘electron discharge device having an an-
ode and a ray deflecting member, means for im-
pressing on said member s saw-{ooth deflecting
wave having a rapid retrace portion, an air core
induction coil, means including an electron dis-
charge device having a cathode and an anode
and a control. electrode for producing a flow of
current through said cofl, means for deriving
negative pulses from the retrace portions of sald
wave and for impressing said pulses on said con~
trol electrode intermittently to cut off the flow of
current through said coil whereby high voltage
peaks are produced across sald coll, said cofl being
tuned to produce several gscillations during theés,
retrace portion of said wave, and means including
a rectifier connected in series with said coil for
producing a high unidirectional voltage.

3. In a television apparatus or the like, a cath-

‘ode ray electron discharge device having an anode

I
and & magnetic ray deflecting coil, means for 1
producing in said coil a saw-tooth current wave i

70 having a rapid retrace portion whereby a high

negative voltage pulse is produced at said coil
during the retrace portion, an air core induction
coil, means including an electron discharge de-
vice for producing a flow of current through said

75 coll, means utilizing said negative pulse for con-
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trolling said device intermittently to cut off the
fiow of current through said coil whereby high
voltage peaks are produced across. said coil, said
coil being tuned to produce several oscillations
during the period of interruption of the flow of
current therethrough, and means including a rec-
tifiler connected with said coil for producing a
high unidirectional voltage and for applying said
unidirectional voltage to said anode. .

4, In @ television apparatus or the like, a cath-
ode ray electron discharge device having an anode
and a ray deflecting member, means for impress-
ing on sald member a saw-footh defiecting wave
having a rapid retrace portion, an air core auto-
transformer, means including an electron dis-
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charge device for producing-a flow of -current.-

through the primary circuit of said transformer,
means dependent upon the retrace portion of said
saw-tooth wave for intermittently cutting off the
flow of current through said device to produce a
high voltage surge in said transformer, and
means including a rectifier connected in the sec-
ondary circuit of said transformer for producing
s high unidirectional voltage and for applying said
unidirectional voltage to said anode.

5. In o television apparatus or the like, a cath-
ode ray electron discharge device having an anode
and a ray deflecting member, means for impress-
ing on said member a saw-tooth deflecting wave
having & rapid Tetrace portion, an air core auto-
transformer, means including an electron dis-
charge device for producing a flow of current
through the primary circuit of sald transformer.
means dependent upon the retrace portion of said
saw-tooth wave for intermittently cutting off the
flow of current through sald device to produce
s high voltage surge in sald transformer, and
means including a rectifier connected in the sec-
ondary circuit of said transformer for producing
2 high unidirectional voltage and for applying
said unidirectional voltage to said anode, said
transformer as connected to said cirenits having
a natural period of oscillation such that several
oscillations occur during the retrace portion of

said wave whereby the maxiumum uidirectional

voltage is effectively increased.

6. In a television apparatus or the like, a cath-
ode ray electron discharge device having an anode
and a ray deflecting member, means for impress-
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ing on said member a saw-tooth deflecting wave
having a rapid retrace portion, an electron. dis-
charge device, an air core induction coil con-
nected in the output circuit of said device, said
coil being lightly damped when said device is
nonconducting and heavily damped when said
device is conducting, means dependent upon the
retrace portion of said saw-tooth wave for inter-
mittently cutting off the flow of current through
said coil to produce & high voltage surge, and
means including a rectifier connected in series
with said coil for producing a high unidirec-
tional voltage, said coil being tuned to produce
several high voltage oscillations during the re-
trace portion of sald wave whereby the maxi-
mum. unidirectional voltage is effectively in-
creased, said oscillations being effectively stopped
by the heavy damping of sald coil at the end of
said retrace portion when sald device becomes
conducting. )

7. In g television apparatus or the like, & cath-
ode ray electron discharge device having an anode
and a ray deflecting member, means for impress-

‘ing on said member a saw-tooth deflecting wave

having a rapid retrace portion, an air core auto-
transformer, means including an electron dis-
charge device for producing a flow of current
through the primary circult of sald transformer
and for effecting heavy damping of said trans-
former, said transformer being lightly damped
when said device is nonconducting, means de-
pendent upon the retrace portion of sald saw-
tooth wave for intermittently cutting off the flow
of current through said device to produce & high
voltage surge in said transformer, and means in-
cluding & rectifier connected in the secondary cir-
cuit of said transformer for producing a high
unidirectional voltage and for applying said uni-
directional voltage to sald anode, sald transformer
as connected to said -circuits having a natural

period of oscillation such that several oscillations - '

occur during the retrace portion of sald wave
whereby the maximum unidirectional voltage is
effectively increased, sald oscillations being effec-
tively terminated by the heavy demping of said
autotransformer when said device becomes con-
ducting at the end of said retrace portion.

HAROLD T. LYMAN.




