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DRAWINGS ATTACHED       (21) Application No. 18631/69     (22 ) Filed 11
April 1969  (31) Convention Application No.721 383  (32) Filed 15 April
1968 in        (33) United States of America (US)        (45) Complete
Specification published 19 Jan. 1972        (51) International
Classification H 03 k 4/62 (52 Index at acceptance        H3T   1L1 2A1N
2A1S 2B5 2F5 2P 2RX 2S 2T3TX   2W2        2W3 5S                H2F  3E1T
3E2R 3E2T2 3EY                          (54) ELECTRON BEAM DEFECTION
CIRCUIT           (71)   We, RCA CORPORATION (formerly  capacitor and a
first inductor connected in        RADIO  CORPORATION  OF AMERICA), a cor-
loop with said first and second switching        poration organized under
the laws of the  means and a second capacitor coupled from        State  of
Delaware, United  States  of the junction of the first capacitor and first
5 America, of 30 Rockefeller Plaza, City and  inductor to the
interconnection of the first  50        State of New  York, United States
of  switching means and the second switching        America, do hereby
declare the invention, means. Included also are means for render-
for which we pray that a patent may be ing said first and second switching
means        granted to us, and the method by which it is conductive at
times corresponding to the      10 to be performed, to be particularly
described beginning and prior to the end, respectively, 55         in and
by the following statement:-     of the trace portion.           This
invention relates to electron beam   The invention will best be understood
deflection circuits, and in particular, to a  from the following
description when read         deflection circuit which is suitable for an
in connection with the accompanying draw-      15 image reproducing cathode
ray tube such as ing, in which:         a television receiver kinescope and
is adapt-   FIGURE 1 is a schematic circuit diagram         able for
generation of the high voltage norm-  partially in block diagram form, of a
tele-         ally required for the ultor electrode of such  vision
receiver embodying the invention;         tube or kinescope. The circuit is
such as  and       20 can utilize solid state semiconductor devices,
FIGURES 2a and 2b show a series of 65          including one or more
silicon controlled  waveform diagrams (not drawn to scale) to
rectifiers, as switching means therein.  which reference will be made in
the  ex-            The invention is particularly useful in con-  planation
of the operation of the circuit of          nection with horizontal
deflection circuits  FIGURE 1.       25 for television receivers of the
type described    Referring now to FIGURE 1 of the draw- 70          in
British Patent 1200460, entitled " Electron  ing, an embodiment of the
invention will be          Beam Deflection Circuit". The present in-
described as it may be used in a typical          vention will be described
further in con- television receiver. The television receiver
nection with use in such apparatus.     includes an antenna 10 which
receives com-       30  Accordingly, the present invention pro-  posite
television signals and couples the re- 75          vides a deflection
circuit for producing for ceived signals to a tuner-second detector 11.
an image display device such as a television  The tuner-second detector 11
normally in-          kinescope a deflection current having trace  cludes a
radio frequency amplifier, a fre-          and retrace portions, comprising
a deflection  quency converter for converting the radio      35 winding, a
first means for supplying energy  frequency signals to intermediate
frequency 80           to provide a substantially constant voltage,
signals, an intermediate frequency amplifier           first switching
means operable between con-  and a detector for deriving composite tele-
ductive and nonconductive states for either  vision signals from  the
intermediate fre-           direction of current flow for coupling said
quency signals. The television receiver fur-        40 deflection winding
to the energy supplying  ther includes a video amplifier 12.  85
means when in the conductive state, and    The amplified image
brightness-representa-           second switching means operable between
tive portion of the composite television           conductive and
nonconductive states. Also  signal produced by video amplifier 12 is
included are. reactive circuits means com- applied to the control electrode
(e.g.. the         45 prising the series combination of a first cathode) of
a television kinescope 13. The 90            [Price 25p]        
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2       composite television signal is also applied  tween the junction  of
inductors 27 and 28      from video amplifier 12 to a synchronizing  and a
point of reference voltage (ie. ground).      signal separator circuit 14.
The sync separa-  The switching means 36, like switching      tor circuit
14 supplies vertical  synchronizing  means 24,  comprises a parallel
combination    5 pulses to a vertical deflection signal genera-  of a
silicon  controlled  rectifier (SCR) 37      tor 15. Vertical deflection
signal generator  and an energy recover diode 38.  Diode  38      15 is
connected to a vertical deflection out-  is arranged  to  conduct current
in a disec-      put circuit 16, terminals  Y-Y' of which are  tion
opposite to the direction of conduction      connected to a vertical
deflection winding 17  of SCR   37.   10 associated with kinescope 13.
Circuit means are provided for  rendering  75        Horizontal
synchronizing pulses are de-  switching means 36 conductive prior to the
rived from  sync separator circuit 14 and  retrace portion of each
deflection cycle. This      are supplied to a  phase detector 18, the
latter circuit means comprises the trans-      latter also being  supplied
with a second former 20, resistors 39 and 40, diode 41   15 signal  related
in  times occurrence to the  and capacitor 42 via which the output of 80
operation of a horizontal oscillator   19. An   horizontal oscillator 19 is
coupled to the     error voltage is developed in phase detector    gate
electrode of SCR 37.     18 and is applied to horizontal oscillator   19
An output transformer 43 is provided     to synchronize the output of the
latter with  having a primary  winding  43a coupled  20 the horizontal
synchronizing   pulses.   The  across the combination   of capacitor 23 and
85     output developed by horizontal oscillator 19            deflection
winding 22, a secondary winding     is  supplied by mena of a tranformer 20
to        43b coupled to phase detector 18 for  pro-     a horizontal
delfection circuit 21 constructed     viding flyback or retrace pulses to
phase de-     i accordance with the present invention.        tector 18 for
controlling the operation of   25 Deflection circuit 21 serves to produce
in  oscillator 19  and a high goltage winding  43c     90     horizontal
deflection windings 22 a sawtooth     coupled to   a high voltage rectifier
44.     deflection current waveform having a trace       Rectifier 44 is
coupled to the ultor elec-     portion and a retrace portion.  In
deflection   trode (or final anode)  of kinescope 13 for     circuit 21, a
first source or means for  providing at  that  electrode a  substantial  30
supplying  electrical energy comprising a  voltage  (e.g., of the order of
20-27 kilovolts)     95      capacitor 23, across which there is developed
for acceleration of the electron beam in      a relatively constant
voltage, is couple to     kinescope 13.      deflection winding 22 during
the trace  por-   The low voltage end of primary winding      tion  of the
deflection cycle by -means of a 43a is coupled to ground for  high energy
or  35 first controllable bi-directionally conductive  high frequency
transients by  means of a 100      switching means 24. Switching means 24
first protective circuit means comprising a      comprises the parallel
combination of a  capacitor 45   coupled  between  ground and      silicon
controlled rectifier (SCR) 25 and a  winding 43a by means  of the parallel
com-      damper diode 26, diode 26 being arranged to  bination of a diode
46 and a resistor 47.  A  40  conduct current in a direction opposite to
second protective circuit means comprising  105      the direction of
conduction of SCR 25.  The  a clamp diode 48, a capacitor  49 and a bias
deflection  circuit 21 further  comprises a  resistor 50 coupled to the B +
supply  is      second source or means for supplying elec-  also coupled
across switching means    24.      trical  energy including a relatively
large in-    In the operation of the receiver shown in  45 ductor 27
coupled to the B +voltage supply  FIGURE 1, a television signal at    radio
fre-     110      (e.g. +150 volts) provided for the television   quency is
received by antenna     10. The      receiver. Reactive circuit means
comprising  received signal is amplified, converted to an      the series
combination of a first inductance  intermediate frequency, further
amplified      28 and a first capacitance 29 coupled be-  and then detected
by means of tuner-second 50   tween inductor 27  and one  terminal  of
detector 11. The image-representative  por- 115      switching means 24 and
a second capacit-  tions of the signal are the amplified in video      ance
30-coupled between the other terminal  amplifier 12 and amplfied video
signals are      of switching means 24 (i.e. ground) and the  applied to
kienscope 13. The detected tele-      junction of inductance 28 and
capacitance  vision signal is applied  also to synchronizing  55 29 is
provided.                             signal separator circluit 14.  Sync
separator 120        Circuit means  comprising a winding 31  circuit  14
separates the deflection syn  -     inductively associated with inductor
27, a  chronizing signals from the composite televi- n     capacitor 32,
the parallel combination    of  sion signal and supplies vertical
synchroniz-     an  inductor 33 and a resistor 34 and a ing signals to
vertical  deflection signal   60 further resistor 35 are coupled to the
gate  generator 15 and horizontal   synchronizing 125      electrode of SCR
25 for rendering SCR 25  signals to phase detector 18. Output pulses
conductive at a predetermined time during  generated  by  vertical
deflection  signal      the trace portion of each defection cycle.
generator 15 are supplied to vertical deflec-        A second controllable
bi-directionally con-  tion output circuit 16, which, in turn,   65 ductive
switching means 36 is coupled be-  supplies a suitable sawtooth of current
at 130       



field frequency -tp the vertical deflection  that the deflection  current
is transferred     winding 17 coupled across  terminals  Y-Y'.  from
diode 26  to SCR  25  at  that time.       Referring to FIGURES 2a and 2bb
current Capacitor 23 remains  connected across  wind-     and voltage
waveforms at various points in  ing 22.   However, energy .  is transferred
from  horizontal  deflection circuit 21 of Figure  capacitor 23 to winding
22 as the deflection  70 1  are  shown as they  appear during typical
current in  winding 22 increases in a sub-     horizontal or line
deflection cycles.  The  stantially linear manner during the latter
trace portion of a horizontal deflection cycle  half of the trace interval.
is indicated   as occuring during the time   Trace switching means 24,
which is com- 10 interval t[err] to t[err] while the retrace portion of
ductive throughout the trace portion of each    75     the cycle occurs
during the interval t[err] to t[err]      deflection cycle, serves not only
to couple     The interval t[err] to t[err] will be referred to as
deflection winding 22 to capacitor 23, but     the commutating portion of
the cyccle.    also to couple capacitors 29 and 30 in     Typically, the
interval t[err] to t[err] is about 50.5    parallel.  As long as
commutating switch  15 microseconds  in duration,  while the interval 36 is
open (i.e., time t[err] to t[err]) a  charging 80     t[err] to t[err] is
about 13 microseconds in duration.    circuit path including the B + supply
and       In the horizontal deflection circuit 21, he    inductors 27 and
28 is completed to capaci-     operation of the first or trace switching
tors  29 and 30. Inductance  27, which stores     means 24 now  will  be
considered.     The  energy during the commutating portion of 20 trace
switching  means 24  is intended to  each cycle (see below), transfers some
of its 85     operate  to connect  a substantially constant    stored
energy to capacitors 29 and 30 when     voltage supply (capacitor  23)
across de-  they are coupled in parallel to  inductor 27.     flection
winding 22  throughout the trace por-  That is, during the time t[err] to
t[err] the current     tion of the deflection cycle  so as to produce  in
inductor 27 charges capacitors 29 and 30 25  a  substantially linear
current in the inductive   via  inductor  28,  producing equal increasing
90    deflection winding 22 during  trace.  Specific-  voltages  of  the
polarity   indicated  in    ally,immediately preceding the start of traee
Figure  1 (see  also FIGURE 2a,  wave-    (t[err]), the current in
deflection  winding 22  forms C and D, respectively).    (waveform A) is
approaching its maximum        Approximately eight microseconds before 70
amplitude flowing in  the  direction within     the end  of the  trace
portion of  each  de- 95     winding 22, for example  from terminal X
flection cycle (i.e., at t[err])    a pulse is  produced     to terminal
X'. [err]   flyback  voltage pulse   by oscillator 19 -(see below for
timing  con-     (waveform B) which appears across the  com-  trol), the
pulse is shaped by  the components     bination of winding 22  and
capacitor 23  is  39-42 and the resultant waveform is applied 35  declining
and passes through  zero  (i e., the   to the gate  electrode of SCR 37.
SCR  37   100     voltage  across  winding 22 exceeds  that  is thereby
rendered conductive to initiate     across capacitor 23). As this voltage
reverses,  the commutating portion  of the cycle,  a     the diode  26 in
the first or trace switching  sequence of events leading to the  occurrence
means 24 is biased for conduction, applying   of the retrace portion  of
the deflection  cycle. 4O  the substantially constant voltage (e.g., +50
Specifically  when SCR 37 is triggered into 105     volts) developed across
capacitor 23  to the  conduction by oscillator 19, a first closed
deflection winding  22. As a result, during  circuit  path comprising the
trace  switching     the first half of  the  trace portion of the  means
24, capacitor 29, inductor 28 and the     deflection cycle (t[err]to
t[err]), the current in  second or commutating switching means  36 45
deflection winding 22 (waveform A) declines  and -a  second closed circuit
path comprising 110     in a substantially  linear manner towards  the
commutating switching means 36, in-     zero, supplying  energy  to
capacitor 23.  ductor 28 and capacitor 30 are .completed.     Capacitor 23
is chosen sufficiently large The current in  deflection winding 22 con-
so  that the  voltage across it does not  tinues to increase -linearly
since trace  switch 50 change appreciably.  Approximately mid-   24 remains
closed. The substantial energy 115     way through the trace portion of
the cycle  which has -been stored in  capacitors 29 and     (t[err]) the
current through  deflection  winding  30 up  to this time (t[err]) is
circulated in  the     22 reverses and switches from  damper diode  first
and second  circuit paths at a resonant     26 to  SCR 25.  In preparation
of this switch- -frequency determined by the combination  of 55 ing  of
current  paths, SCR 25 is placed in  capacitors 29 and 30 with inductor 28
(see  120    a "standby" condition during the first half waveforms E, F and
I for  current associated,    of trace by means of a  gate signal (waveform
-respectively, with capacitor 29, capacitor  30    G) provided via winding
31 and components -and inductor 28). Furthermore, since  switch-    32-35.
ing  means 36  is conductive, inductor 27 is 60   The polarity  of the
portion of the gate  coupled substantially  directly across the  B + 125
signal occurring during trace is arranged to  supply  producing an
approximately linearly     enable conduction in SCR 25 when the main
increasing direct current through and  sub-     (anode-cathode) conduction
path is forward   stantial energy storage -in inductor 27  (see     biased.
This latter condition takes place  waveform  H). 65 approximately midway
through trace  (t[err]) so    When commutating SCR 37 is rendered 130      
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4      conductive (at t[err]), a current component sup- bination of
inductor 28, capacitors 29 and     plies by capacitor 29 commences flowing
30, and the equivalent tuned circuit of trans-     through trace SCR 25 in
the reverse direc-  former 43 (see waveform A). The leakage     tion, the
latter being possible since, at the  inductance and distributed capacitance
asso-   5 same time, a substantial current (the sum of ciated with
transformer 43 preferably are     the currents in deflection winding 22-
selected to resonate at approximately the     waveform A and transformer
43-waveform  third harmonic of the retrace frequency.     J) is flowing in
the forward direction through    As stated above, energy  was supplied to
trace SCR 25. The current associated with  capacitors 29 and 30 during the
trace inter-  10 capacitor 29, however, which varies in a  val by means of
the current provided via 75     resonant manner, increases more rapidly
inductor 27 (see waveform H)   Some of this     than the substantially
linearly increasing de-  energy is supplied to the high voltage circuit
flection current so  that, after a  predeter-  (see, e.g.  waveform  J-
current in trans-     mined time interval (e.g., 4 microseconds) former 43)
and  some is supplied to the de-  15 the net current through SCR  25
reverses (at flection windings 22 to replace  energy dis-  80     t[err]).
SCR 25 therefore is turned " off". The  sipated and/or used in the circuit
during the     sum of the resonant current of capacitor 29. preceding trace
interval.  The magnitude of     the deflection current and the transformer
energy transferred to  the deflection windings     current then switch to
diode  26 (since the  and to the high voltage circuit can be illu-  20 net
current is in the forward conduction  strated by referring to voltage
waveforms C 85     direction for diode 26) until the resonant  and D at the
time t[err] and t[err]' (i.e., the begin-     current again decreases to
the level of the  ning and end of the commutating interval).     sum of the
deflection and transformer cur-  It can be seen that the voltage across
capa-     rents. At that time (t[err]) diode 26 is switched  citors 29 and
30 is greater at the beginning  25 off (i.e., to  its high impedance
condition)  of the commutating interval (t[err]) than at  the  90
thereby "disconnecting" winding 22 from  end thereof (t[err]). This voltage
difference is     the constant trace voltage supply (capacitor
representative of energy consumed in the     23).
system during one cycle.        The time interval (t[err] to t[err]) during
which    The manner in'which energy is exchanged  30 current passes through
diode 26 is arranged  during retrace is of particular interest and 95
to be of sufficient duration to permit the  one manner of describing such
energy ex-     removal of all stored charge carriers in  changes will be
presented.     SCR 25 thereby insuring that SCR 25 will   At any particular
time, the energy storage     remain off until the required standby trigger
condition of circuit components may be  35 is applied to its gate electrode
during the  determined by referring to the waveforms of 100     trace
portion of the succeeding deflection  voltage (capacitors) or current
(inductors)     cycle. The retrace interval commences (t[err] in FIGURE 2a
and FIGURE 2b.     -note waveform  B) as the approximate    At the start of
retrace (t[err]), the deflection     ground potential previously
maintained by  windings 22, capacitors 29 and 30, and in-  40 trace switch
24 at the junction of windings  ductor 28 all are storing energy.
Transformer 105     43a and 43c is removed.                 43 stores
comparatively little or no energy       During the time interval t[err] to
t[err], while both  at this time. Capacitor 30 and deflection     switch 24
and switch 36 were closed, energy  windings 22 are at or near their maximum
exchanges occurred between capacitor 29  stored energy conditions, the
energy in in-  45 and inductor 28 and between capacitor 30  ductor 28 is
below its maximum level and     110     and inductor 28, resulting in a
reversal of is declining and the energy in capacitor 29     the voltages
across capacitors 29 and 30. is substantially below its maximum level,
Typically, the voltage across capacitors 29  but is increasing.     and 30
at the beginning of retrace (t[err]) is    When the trace switch  24 opens,
capacitor  50 almost equal to, but of opposite polarity  29 is coupled to a
relatively long time con- 115     with respect to the voltage thereon at
the  stant circuit principally comprising deflection     beginning of the
commutating interval (t[err]). winding 22 and transformer 43, while capa-
Some current (energy) remains in inductance, citor 30 is coupled to a
shorter time constant     28 at the beginning of retrace (see waveform
circuit comprising inductor 28. Since the  55       I).
deflection windings 22 no longer are clamped 120       During the retrace
interval (t[err] to t[err]), a  by trace switch 24 to' the voltage across
complex sequence of energy exchanges takes  capacitor 23, the voltage
across switch 24     place among the deflection winding 22, in-  (waveform
B) begins to rise and, at  the     ductance 28, capacitors 29 and 30 and
the  same time, the current (and energy) in de-  60 high voltage supply
circuit including trans- flection windings 22 begins to  decline at a 125
former 43, rectifier 44 and the load at the  rate which is relatively fast
as compared with     kinescope high voltage terminal (+H.V.).  the rate of
change of the same  current     Stated briefly, the current in deflection
wind-  during trace, but which is slower than the     ings 22 is reversed
as a result of a resonant rate of change of other circuit currents  at  65
half-cycle energy exchange with the com-  this time.   130     
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5          During the interval t[err] to t[err] (first half of  associated
with capacitor 30. Diode 38 con-      retrace)  the current (and therefore
the  ducts until the end of the commutating inter-      associated energy)
of defection windings 22  val (t[err]) as capacitors 29 and 30 complete
divides between a circuit path  including  a half-cycle energy exchange
with inductor 5 transformer 43 and a circuit path including  28, Diode 38
switches " off " at the end 70 capacitor 29. Initially, capacitor 29 takes
of this half-cycle exchange. Capacitors 29      the larger share of the
deflection current and  and 30 then again begin charging via in-      the
voltage across capacitor 29 increases (i.e., ductor 27.      stored energy
increases). At t[err] the declining    It was previously stated that
oscillator  19    10 current in capacitor 29 decreases to zero, the  is
arranged to produce a pulse approximatefy 75      voltage across capacitor
29 reaches its  peak  eight microseconds before  he end of the      and all
of the current of windings 22 is being  trace portion of each deflection
cycle. The      supplied to transformer 43. Capacitor 30, manner in which
the. timing of such pulses      during this interval, is supplying energy
to  is maintained now will be explained. Hori-   15 inductor 28.
zontal retrace pulses generated across wind- 80         During the interval
t[err] to t[err], capacitor 29, ings 43b of transformer 43, which are
related      deflection winding 22 and, to a lesser degree, in time
occurrence to the pulses generated      inductor 28 supply energy to
transformer 43. by horizontal oscillator 19 (at a nominal      A portion of
this energy is utilized in the  frequency of 15,750 cycles per second), are
20 vicinity of the time t[err] to replenish via recti-  applied to phase
detector 18. The retrace 85       fier 44 the  losses in the high voltage
circuit pulses (or a waveform derived therefrom) are       of kinescope 13.
The inclusion in the circuit  compared  in phase detector 18 with the
of capacitor 30 makes it possible to supply  horizontal synchronizing
pulses supplied       substantial current to the high voltage circuit  from
sync separator circuit 14. Phase de-   25 while maintaining a relatively
high flyback  tector 18 develops an error voltage  which, 90       voltage
pulse (waveform B).                  in turn, is applied to horizontal
oscillator         The remainder of the energy supplied to  19 to control
the oscillator phase and fre-       transformer 43 (after supplying high
voltage  quency.       losses) is returned to deflection windings 22   The
horizontal output pulses produced   30 during the second half of retrace
(t[err] to t[err])  by oscillator 19 are shaped so as to provide 95
Additionally energy is also supplied to de-  positive pulses having a
repetition rate of      flection  windings 22 from  capacitor 29  15,750
cycles per second and the desired      during the interval t[err] to t[err]
. Furthermore, time  relationship with respect to the hori-      during
the interval t[err] to t[err], capacitor 29  zontal blanking or retrace
interval.    35 supplies some energy to capacitor 30 as the    In a
horizontal deflection circuit of  the 100       voltages  across  those
two  capacitors  type  described  which also is arranged to       approach
each other again. When the volt-  produce high voltage for an associated
kine-       ages across capacitors 29 and 30 are equal, scope, it is
desirable that provision be made       diode 26 in trace switch 24 is again
rendered   to' maintain image width substantially  con-    40 . conductive
and the next trace interval begins. stant while accommodating a varying
load 105         As the currents associated with capacitors on the. high
voltage supply (i.e.,  a varying       29 and 30 varied during retrace, the
current kinescope beam'current which is representa-       through switching
means 36 (see waveform   tive of variations in image brightness).       I)
changed direction between t[err] and t[err] so that   Image   width can be
maintained constant    45 SCR 37 was rendered nonconductive shortly  even
though kinescope high voltage varies.as 110       After t[err]. That is, as
the capacitor 30 dis- long as the deflection current supplied to
charged through inductor 28 and switch 36, windings 22. is also varied in a
predetermined       the current  in inductor 28 reversed (see  compensating
manner. As is well known,       waveform I). SCR 37 turns " off " when  for
small -variations, the percentage change    50 this current reversal occurs
and the com-  in deflection current- should be approxi- 115       bination
of currents associated with capa-  mately one-half the percentage change in
citors 29 and 30 (waveforms E and F) switch  high voltage to maintain
constant image       to diode 38.  As noted in  connection with  width. As
was stated above, the magnitude       the operation of trace switch 24, if
diode 38  of the  current in deflection windings 22  at    55 conducts for
a sufficiently long time, the  the beginning  of trace (i.e., the peak
deflec- 120       stored charge carriers in rectifiers 37 will be  tion
current) is dependent in part on. the       removed and rectifier 37 will
be incapable  amount of energy returned by transformer       of conducting
again until triggered at its gate  43 to windings 22 in the last half of
retrace.       (see waveform) K-voltage across switch 36  The amount of
energy returned, in turn,    60 which indicates switch 36 is "open" be-
varies in the same sense asthe variations in 125       tween t[err] and
t[err]).   At t[err] diode 38 once, again  high voltage which are caused by
changes       is rendered conductive as that portion  of the  in beam
current. Furthermore, variations       current   in deflection windings
22 which  in the voltage across capacitors  29 and  30       flows through
capacitor  29 increases suffi-  at the end of retrace are in the same sense
65  ciently to exceed the current component as the variations in high
voltage which  are  130     
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6       caaused by changes in beam  current. During  more,  deflection
windings 22 may be coupled    trace, the rate at which inductor  27 charges
-- to a different point  on transformer 43  than    capacitors   29 and  30
is  inversely related to    that  shown.  In fact, transformer 43  need
the voltage    across those capacitors at the - not be of  the
autotransformer variety as    5  end of retrace.    Therefore, the energy
sup-         shown but rather a  separate high voltage    plied to
capacitors 29 and 30 during  trace,  winding as well as additional windings
may    which untimately is available during retrace       be  provided.
to supply losses  in the high voltage  and de-    One  particular   circuit
configuration  as      flection portions  of the circuit, varies in the
shown in FIGURE 1 utilizes the following  10  same sense as beam current in
kinescope 13.  component values:                            75        1t is
therefore possible to- proportion the   Deflection  winding 22   450
microhenries     component values in deflection circuit 21 so     Capacitor
23          1.5 microfarads     that as  beam current in kinescope 13
varies,    SCR  25              RCA Type 37699     a compensating
variation  in the  energy    Diode 26                 Type 1N4826  15
supplied to deflection circuit 21 is produced,    Inductor 27         15
millihenries    80     thereby maintaining variations  in the high
Inductor 28.        60 microhenries     voltage supplied to kinescope 13
within pre-   Capacitor 29         . 068 microfarads     determined limits.
Furthermore, the com-    Capacitor 30                 .047 microfarads
ponent  values can be  proportioned so that      SCR 37             RCA
Type 37700 20 with relatively small variations in high volt- Diode  38
Type  1N4826    85      age caused by changes in beam current, the
Transformer 43         1.2 millihenries      current supplied to
deflection windings 22 is  (primary)      permitted to vary in  a
compensating sense                             120 microhenries    so  as
to maintain  image  width substantially                           (leakage)
25 constant.           0.22 microfarads  -  90          Capacitor 29 is
selected    with  respect to                        (distributed C)     the
inductance value  of  deflection windings     22 and the equivalent
impedances of  the high  WHAT WE CLAIM IS :     voltage circuit including
transformer  43 to     1. A deflection circuit for producing  for  30 as to
provide  the desired retrace time inter-  an image display device a
deflection     current     95     -val.
having trace and retrace portions, said cir-        Capacitor  30 and
inductor 28  along with  cuit comprising a deflection winding, a first
inductor 27 are  selected so  as to provide  the   means for  supplying
energy for providing a     required enrgy and    the  desired  variation
substantially constant  voltage,first switching. 35  thereof  with changes
in  kinescope beam cur-  means operable betwee conductive and     100
rent to maintain image width substantially    nonconductive  states for
either direction of     constant as beam  current varies.
current flow  for coupling   said deflection        Typically, capacitor 30
is selected smaller  winding to said energy supplying means     than
capacitor 29 while inductor 28  is   when in said conductive state, second
switch-  40 selected smaller than the inductance of any     ing menas
operable between conductive and 105    of  deflection windings 22,
transformer 43    nonconductive states, reactive circuit means    and,
inductor 27.  It has been found that   comprising the series combination of
a first    particularly suitable operation of the circuit    capacitor and
a first inductor connected in    is obtained when the natural frequency of
loop with said first and second switching  45  oscillation associated with
capacitor 30      means and a second capacitor coupled from    110
during retrace is selected approximately      the junction of said firs
capacitor and first     equal to  an  even harmonic of  the retrace
inductor to  the interconnection of  said first     frequency.
and second switching means, and means for       In addition  to providing
additional energy      rendering said first and second switching  50
storage capability for deflection circuit 21,     means conductive at times
corresponding to   115     and to  functioning in turning off SCR 37    the
beginning and prior to the end, respec-     capacitor 30 provides the
advantage of pre- tively, of said trace portion.     venting  an  excessive
rate of change of volt-    2. A deflection circuit according to  Claim
age   across trace  switch 24 at the  beginning   1, further  comprising
high voltage generat-  55 of retrace (i e., the combination of capacitors
ing  means coupled  across said  deflection 120  29 and 30  across switch
24 prevents  instan-  winding for supplying high voltage  to said
taneous change  of the voltage).            image display  device.
While the invention has been described  3. A  deflection circuit according
to Claim a    in terms  of a particular embodiment, modi-      2,   wherein
said high voltage generating 60 fications may be made which are within the
means comprises a transformer coupled   125     scope of the invention.
For example, a fur-    across said first switching means, said trans-
ther reduction in the voltage which appears   former having an associated
leakage induct-     across trace switch 24 during retrace may      ance and
distributed capacitance selected to     be realized by coupling trace
switch 24 to a  resonate at a frequency approximately equal 65    lower tap
on primary winding 43a.  Further-     to the third harmonic of the retrace
fre-    
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6     caused by changes in beam current. During more, deflectior windings
22 may be coupled    trace, the rate at which inductor 27 charges  to a
different point on transformer 43 than    capictors 29 and 30 is inversely
related to  that shown. In- fact, transformer 43 need      the voltage
across those capacitors at the  not be of the autotransformer variety as
end of retrace. Therefore, the  energy sup-    shown but rather a separate
high voltage    plied to  capacitors 29 and 30 during trace, winding as
well as additional windings may    which ultimately is available during
retrace  be- provided.      to supply losses in the high voltage and de-
One particular circuit configuration as      flection portions of the
circuit, varies in the  shown- in FIGURE 1 utilizes the following  10 same
sense as beam current in kinescope 13.  component values:
75      It is therefore possible to  proportion the    Deflection winding
22  450  microhenries      component values in deflection circuit 21 so
Capacitor 23      1.5 microfarads      that as beam current in kinescope 13
varies,  SCR 25             RCA Type 37699      a compensating variation in
the energy    Diode 26                 Type 1N4826   15 supplied to
deflection circuit 21 is produced,   Inductor 27      15 millihenries  80
thereby maintaining variations in the high    Inductor 28         60
microhenries     voltage supplied to kinescope 13 within pre-    Capacitor
29      .068 microfarads     determined limits. Furthermore, the com-
Capacitor 30         .047 microfarads     ponent values can be proportioned
so that    SCR 37                  RCA Type 37700 20 with relatively small
variations in high volt-    Diode 38      Type 1N4826     85     age caused
by changes in beam current, the    Transformer 43      1.2 millihenries
current supplied to deflection windings 22 is
(primary)     permitted to vary in a compensating sense
120 microhenries     so as to maintain image width substantially
(leakage)  25 constant.
0.22 microfarads ' 90        Capacitor 29 is selected  with respect to
(distributed C)     the inductance value of deflection  windings     22 and
the equivalent impedances of the high    WHAT WE CLAIM IS:     voltage
circuit including transformer  43 so    1. A deflection circuit for
producing for  30 as to  provide the desired  retrace time inter-  an
image display device a deflection current 95     val.
having trace and retrace portions, said cir-        Capacitor 30 and
inductor 28 along with   cuit comprising a  deflection winding, a  first
inductor 27 are selected so  as to provide the - means for  supplying
energy for providing a     required energy and the desired variation
substantially constant voltage, first switching  35 thereof with changes in
kinescope beam cur- -  means operable between conductive and  00     rent
to maintain image width substantially nonconductive states for either
direction of     constant as  beam  current varies.          current  flow
for  coupling said deflection       Typically, capacitor 30 is selected
smaller   winding to   said   energy supplying means     than  capacitor 29
while inductor 28 is    when in said conductive state  second switch-  40
selected smaller than the inductance of any  ing means operable between
conductive and 105     of deflection windings 22, transformer 43
nonconductive states, reactive circuit means     and inductor 27. It has
been found that  comprising the series combination of a first
particularly suitable operation of the circuit  capacitor and a first
inductor connected in     is obtained when the natural frequency of  loop
with said first and second switching  45 oscillation  associated  with
capacitor 30  means and a second capacitor coupled from  110    during
retrace is selected approximately  the junction of said first capacitor and
first    equal to an even harmonic of the retrace  inductor to the
interconnection of said first    frequency.
and second switching means, and means for       In addition to providing
additional energy  rendering said first and second switching  50 storage
capability for deflection circuit 21, means conductive at times
corresponding to 115     and to functioning in turning off SCR 37, the
beginning and prior to the end, respec-     capacitor 30 provides the
advantage of pre-  tively, of said trace portion.     venting an excessive
rate of change of volt-  2. A deflection circuit according to Claim     age
across trace switch 24 at the beginning  1, further comprising high voltage
generat-  55 of retrace (i.e., the combination of capacitors  ing means
coupled across said deflection 120     29 and 30 across switch 24 prevents
instan-  winding for supplying high voltage to said     taneous change of
the voltage).             image display device.       While the invention
has been described    3. A deflection circuit according to Claim     in
terms of a particular embodiment, modi-  2,wherein  said high voltage
generating  60 fications may be made which are within the  means comprises
a transformer coupled 125     scope of the invention. For example, a fur-
across said first switching means, said trans-     ther reduction in the
voltage which appears  former having an associated leakage induct-
across trace switch, 24 during retrace may  ance and distributed
capacitance selected to     be realized by coupling trace switch 24 to a
resonate at a frequency approximately equal  65 lower tap on primary
winding 43a. Further-  to the third harmonic of the retrace  fre- 130 
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7      quency.                                     ing said silicon
controlled rectifier in said       4. A deflection circuit according to any
first switching means conductive approxi- 55     preceding  claim  which
also  includes a  mately at the middle of the trace interval,     second
means for supplying energy coupled  said diode in said first switching
means     to the junction of said second switching  being  poled  for
conduction  of current     means and said series combination.
through said deflection winding during the       5. A deflection circuit
according to Claim  first half of the trace interval.    60     4. wherein
said second means for supplying    14. A  deflection  circuit according  to
energy comprises a voltage supply terminal Claim  11 or 12, wherein said
silicon con-  10 connected through an inductor of relatively  trolled
rectifier in said second switching     large inductance value.
means is poled for conduction immediately       6. A deflection circuit
according to any  prior to and during the initial portion of 65
preceding claim wherein said first capacitor  the retrace interval.     is
of greater capacitance value than said    15. A circuit for supplying trace
and re-  15 second capacitor.                          trace deflection
current to a deflection wind-       7. A deflection circuit according to
any  ing of an electron beam image display de-     preceding claim wherein
said first inductance  vice, and for also supplying high voltage to 70
is selected to be of substantially smaller in-  an electrode of said
device, said circuit     ductance than said deflection winding.
comprising a first switching means operable  20  8. A deflection circuit
according to any  for the duration of each trace period to     preceding
claim wherein said first capacitor  couple a constant voltage energy source
to     and said first inductor are coupled between  said deflection winding
for either direction 75     said first and second switching means in the
of current flow, a transformer for supplying     named order.
said high voltage having a winding con-  25   9. A deflection circuit
according to any  nected to said deflection winding to receive
preceding claim wherein the capacitance of energy during a retrace period,
a reactive     said second capacitor is selected with re-  network
comprising a series combination of 80     spect to the equivalent
inductance asso-  an inductor and a first capacitor having a     ciated
therewith during retrace, so as to  second capacitor connected to the
junction  30 resonate with a natural frequency approxi-  thereof, second
switching means operable for     mately equal to an even harmonic of the  a
commutation period commencing prior to     retrace frequency.
the end of the trace period to connect said 85       10. A deflection
circuit according to any  series combination in a circuit loop with
preceding claim wherein the capacitance of  said deflection winding and
source and also  35 said first capacitor is selected with respect to
connect said second capacitor in a second     to the inductance of said
deflection winding  circuit loop with said inductor, the effective     so
that current in said deflection winding  time consant presented by said
first loop for 90     resonates during retrace at a natural fre-  said
first capacitor during a retrace period     quency having a period
substantially twice  being less than that presented by said second  40 the
retrace interval.                       loop for the second capacitor, and
means       11. A deflection circuit according to any  for charging said
capacitors during the     preceding claim wherein each of said switch-
initial part of the trace period.    95     ing means comprises a silicon
controlled    16. A deflection circuit substantially as     rectifier and a
diode coupled across with  described with reference to the accompany-  45
opposite polarity to said rectifier.     ing drawings.       12. A
deflection circuit according to any   17. A television receiver having a
deflec-     of Claims 1 to 10 wherein each of said  tion circuit according
to any preceding 100     switching means comprises the parallel com-
claim.     bination of a silicon controlled rectifier and        T. I. M.
SMITH, 50 a diode coupled for bidirectional current            Chartered
Patent Agent,     conduction by said switching means.
50 Curzon Street,       13. A  deflection  circuit according  to
London, W.l.     Claim 11 or 12, including means for render-       Agent
for the Applicant.  Printed for Her Majesty's Stationery Office by The
Tweeddale Press Ltd., Berwick-upon-Tweed, 1972. Published at the Patent
Office, 25 Southampton Buildings, London WC2A lAY from which copies
may be obtained.    


