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cor- of red and green beam motion are crossed. poration organized under the
laws of the  Similar sense changes in red and green State of Delaware,
United States of America, convergence currents introduce opposing of 30
Rockefeller Plaza, City and State of horizontal shifts of the red and green
beams 5 New York, 10020, United Statesof America  accompanied by common
direction vertical 50 do hereby declare the invention, for which  shifts.
Conversely, mutually opposed changes we pray that a patent may be granted
to  in red and green convergence currents in- us and the method by which it
is to be  troduce pposing vertical shifts of the red performed, to be
particularly described in  and green beams accompanied by common 10 and by
the following statement:         direction horizontal shifts. By
interrelating 55 The present invention relates generally to  the red and
green convergence winding ener- dynamic convergence circuits fora multibeam
gizations such that both master and differ- color kinescope, and
particularly to vertical ential control of their currents can be .ef-
(i.e.. field) rate convergence circuits there- fected, the matching of red
and green beam 15 for.                            landing points can be
separated into con - 60 It is customary in color television re- venient
horizontal line and vertical line ceivers employing a multibeam kinescope,
alignment adjustments. Appropriate adjust- such as the conventional
three-gun, shadow- ment of-the blue convergence current com- mask kinescope
to provide dynamic correc- pletes the horizontal line alignment. 20 tion .
of beam misconvergence errors that   In  many of the misconvergence
patterns 65 inhere in the operation of such devices.The  that require
correction, the misconvergence nature  of the correction requires energiza-
at  the  top of the picture does not match zation  of beam path deflection
structure with  the misconvergence at the bottom of the waveforms at both
line and field rates. A  picture. A practical convergence adjustment 25
widely accepted approach to the problem  arrangement must take this into
account by 70 utilizes  individual electromagnets  asso- providing some
facility for altering end-of- ciated with  internal pol -pieces confining
scan waveform magnitude relative to begin- their effect to individual ones
of the beams, ning-of-scan waveform magnitude. A difficul- and with
separate windings on each electro-  ty common in many pior art circuit
arrange- 30 magnet for. respective vertical and horizon- ments is that a
control provided to solve 75 tal frequency control.  - .           this
problem by adjusting, for example, the It is a practical necessity that the
dynamic  end-or-scan magitude relative to a begin- convergence circuitry of
a color television  ning-of-scan magnitude (set by another con- receiver
incorporate a set of controls that trol) tends to disturb the
beginning-of-scan 35 -permit adequate adjustment- of the converg-
magnitude, requiring readjustment of the 80 ence currents to adapt the
correction to the  other control. particular pattern of misconvergence
errors   Our Patent Specification  1272996 dis-. encountered.          -
closes vertical rate convergence, circuits In the conventional,convergence
structure  incorporating provision  for substantially 40 associated with a
delta beam  arrangement,  confining  the  effect   of -each - control 85
the beam shifts for red and green are dia- to  a -particular half of the
picture - gonal(involving both vertical and horizontal  In  the  circuitry
disclosed,. the- red components of motions) while the beam  and green
vertical convergence windings are shift introduced by the.blue convergence
effectivelyparalleled and driven at each end 45 winding is vertical only
the diagonal axes with a respectively different modification of 90 [Price
25pl    1 353004 a vertical rate  waveform  derived from the BV disposed as
a variable resistor and a receiver's vertical deflection Circuit.  The
diode 30 (the diodes 30 and 20 being oppo drive circuit at one end utilizes
an arrange-  sitely poled in the series circuit). A second ment of a diode
and resistors to provide  drive circuit coupled between terminals-T ' . 5
drive only during the end-of-scan half of the  and T2 comprises a C-R
differentiating cir- 70- 



vertical trace interval. The circuit output ap-  cuit including in series
in the order named: pears across a diode which conducts during  a capacitor
15 and the resistance  of a the beginning-of-scan interval, minimizing
variably tapped potentimeter TV the circuit's effect during that period. A
The vertical converge  winding VRC 10 second drive circuit supplies a
waveform   and VGC of the respective red and green 75 to the opposite end
of the paralleled wind-   convergence  magnets are directly tied at ings.
The waveform is effective in con-  one end to the junction of variable
resistor trolling winding current during the conduc-  By  and diode 30.
Bridging the opposite tion of the above-metnioned diode (i.e.,  ends of the
windings. VRC and VGC are in 15 during the beginning-of-scan  half of the
parallel, the resistance elements of poten- 80 trace interval), but has
little effect thereon  tiometers BH  and Th. The variable tap when the
diode is open due to the altered  of potentiometer BH is directly connected
impedance of the load. Master and differe-   to the variable tape of
Potentiometer TV tial controls are associated  with each drive  while the
variable tap of potentiometer TH 20 circuit, whereby horizontal line
alignment  is connected to the junction of capacitor 15 85 and Vertical
line alignment adjustments may  'and the resistance element of
potentiometer be individually made  for top and bottom   TV. of the raster.
In operation of the first drive circuit, the The present invention is
directed to modi-  positive-going portion of the input wave- 25 fications
of vertical rate convergence cir-  form, as passed'by capacitor 13,
(illustra- 90 cuitry of Specifiation .1 272 996 patent type, tively
occurring duting the beginning-of-scan the inodifications serving, inter
alia, to en-  interval) causes conduction by diode 30 and sure to a greater
degree avoidance of inter-  renders :diode 20 non-conducting. There is
action between the respective controls.     a consequent absence of
significant drive 30   In accordance with the various embodi-  from  the
first drive circuit during the be- 95 ments of the present invention,
provision is  ginning-of-scan   interval, the diode action made for
additional    unidirectional. Current  causing severe attenuation  of the
input conducting means in association with one   waveforma at the
BV.diode30 junction How or both of  the differential controls of the  ever,
during the succeeding half of the ver 35 convergence circuit, with poling
of the addi-  tical trace interval, diode 30 becomes non- 100 tional
unidirectional  current  conducting  coting ing and diode20 conducts; the
nega- means appropriate to isolation of one differ- tive-going 'portion of
the input waveform ential control during the active period of  is presented
across the non-conducting diode another.                            30
without severe attentation  and the  first 40   Advantages of the present
invention will  drive circuit thus  provides drive during the be readily
apparent to those silled in the  end-of-scan period. Potentiometer BV, as
art upon a reading of the following detailed  a variable series resistor in
the  first drive description, and an inspection of the accom-  circuit,
provides a  master amplitude  con panving drawings, in which:
trol for red-green  winding  currents  in the 45   FIGURE   1 illustrates
schematically  a  end-of-scan period, and thus is suitable for  110
pursuant art vertical rate  Convergence  circuit  vertical line alignment
at the raster bot- putsuant to the aforesaid Hill, et al. patent;  tom. and
The second drive  circuit serves to differ- FIGURES 2, 3. 4, 5. 6 and 7
illustrate  entiate the partially integrated sawtooth in 5O schematically
modifications of the  FIGURE  put to provide  a  substantially  sawtooth
115 1 circuit pursuant to various embodiments  voltage across  the
resistance element of of the  present invention.
potentiometer TV. During  the beginning of In the prior art circuit of
FIGURE 1,  scan period,  when  diode 30 is conducting the  vertical
deflection  circuits  of a  color   the  second  drive circuit sees  a
relatively 55 television receiver, represented  by block 10,  low impedence
load (including   the windings 120 provide between output terminals T1 and
T2  VRC and  VGC  in series with  conducting an output voltage   of a
partially  integrated  diode 30 and therefo  provides  significant sawtooth
waveshape  (i.e., sawtooth   plus  Current drive  through  the Windings.
Poten parabola) for use by  the  convergence cir-  tiometer  TV provides a
master amplitude 60  cuitry.                                    control for
red-green  winding  currents dur- A  first drive  circuit coupled  between
the  ing  this beginning-of-scan  period  and  thus source  terminals  TI
and  T2  includes, in  is  suitable  for  vertical  line  alignment at
series in the order named:  a  coupling  capa-  the  raster  top.  When
diode  30  opens, the citor  13;  the  parallel  combination  of  a  load
seen by  the  second drive circuit rises to 65  resistor 21  and  a  diode
20; a  potentiometer  a  high  impedance value, and  relatively little 130
3                                      :1 353 004
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current control is afforded thereby.   action between the differential
controls with- , Potentiometer BH (through which current  out significantly
increasing drive require- from the first drive circuit returns to the
ments, the  unidirectional  independent grounded terminal T2) provides a
means  return  of  the  tap  of  potentiometer 5 for altering the division
of current drive  BH   to  terminal  T2  is  effected (as '70 from  the
first drive circuit between the  illustrated  in  solid lines  in  FIGURE
windings VRC and VGC and accordinagly  2) via an additional diode 40, poled
provides a  control for horizontal line  to  be  non-conducting  during
raster line alignment at the raster bottom. Poten-  top scanning. With this
arrangement, tap 40 tiometer TH provides a means for altering  adjustment
on potentiometer BH  has no 75 the. division of a current drive from  the
effect on convergence winding currents dur- second drive circuit during the
first half of  ing raster top scanning, and no part of the scan, and thus
provides a control for hori-  current supplied from the tap of potentio-
zontal line alignment at the raster top.  meter TV  during raster top
scanning is 15   While the above-decribed prior art cir-  diverted from the
Windings via the tap on 80 cuit is advantageous in confining the prim-
potentiometer BH. During the scanning of ary effect of each control to a
particular  the raster bottom, diode 40 conducts and half of the raster,
there remains, neverthe-  provides a low impedance return path for less
some degree of interaction between the  current from the first drive
circuit. 20 controls  For example, current  is supplied    It is sometimes
convenient to pass. the 85 during raster top scanning from the second
vertical yoke sawtooth current through a drive circuit by two paths: one
via the top  suitable circuit to develop the input wave- horizontal line
control TH and the other forms for the vertical rate convergence cir- from
the tap of the top vertical line control cuitry. FIGURE 3 illustrates an
adaptation 25 TV via the bottom horizontal line control of the FIGURE 2
circuitry for such an in- 90 BH. This tends to cause interaction between
put source arrangement. The receiver's ver- the top and bottom horizontal
line  controls. tical deflection circuits. (generally  repre- FIGURE 2
illustrates a modification of  sented by block 10) incorporate suitable the
prior art arrangement of FIGURE 1  means (such as a transistor output
circuit, 30 which serves to reduce the aforesaid ten- partially shown in
dotted lines, including an .95 dency to interaction between the' respective
output transistor 11 having its collector elec- differential (horizontal
line)controls. In the  trode connected to output terminal T1, and modified
circuit of FIGURE 2 the adjust- to a suitable B+  supply point via a choke
able tap of potentiometer TH is connected   12) for passing a durrent of
sawtooth wave- 35 directly to the adjustable tap of potentio  form through
the vertical deflection yoke 100 meter TV, while the adjustable tap of
poten- windings VY. tiometer BH is returned to the source ter-    The yoke
current passes between termi- minal T2 by a unidirectionally   conductive
nals T1' and  T2' of the deflection circuit path independent of
potentiometer TV. In  10' via a path including, in series, a large- 4O this
modified arrangement current is sup- valued DC blocking capacitor 17 and
the 105 plied from the second drive circuit during  vertical yoke windings
VY. Interposed as raster top scanning solely via the top hori-  a series
element in 'the yoke current path zontal line control TH, whereby tap
adjust-  is the resistance element of potentiometer ment of the bottom
horizontal line control BV, one fixed terminal of potentiometer BV 45 BH
does not interfere with horizontal line  being connected to capacitor 17
(at terminal 110 alignment at the raster top.              S1) and the
other fixed terminal of the However, if the independent return of the
potentiometer being connected to winding potentiometer BH tap to terminal
T2 had  VY (at terminal S2). The adjustable tap of been effected by  a
simple wire i.e. bidirec-  potentiometer BV is connected to terminal 50
tional connection (as indicated in dotted  S2 via the remaining elements of
the first 115 lines in FIGURE 2) a penalty is paid for  drive circuit
(i.e., via the parallel combina- the interaction reduction: viz., the
sensi-  tion of diode 20 and resistor 21, in series tivity of the circuit
to the Adjustment of  with diode 30).The differentiating circuit, the top
vertical line control TV is reduced  comprising the second drive circuit,
is con- 55 bcause part of the current supplied there-  nected across the
series combination  of 120 from during raster top scanning is diverted
blocking capacitor 17 and the resistance ele- to terminal T2 (via
potentiometer BH with-  ment of potentiometer BV, i.e., the capa- out
passing through the windings VRC, citor 13 and the resistance element of
poten- VGC. Attempts to reduce this effect by  tiometer TV are connected in
series between 60 increasing  the resistance value of potentio-  terminals
Tl and S2.             125 meter BH merely result in increased drive    In
the FIGURE 3 circuit, the sawtooth requirements during the second half of
scan;  yoke current paSSing  the series re- thus, in either case, the net
result is an  sistance element of potentiometer BV deve- increase in input
drive requirements.     lops a sawtooth voltage between terminals 



65' 'To allow the desired reduction in inter- S1 and S2. Adjustment of the
tap on.poten- 130    015 1 353 004 tiometer BV permits selection -of a
portion  poled for conduction during the scanning of of this voltage for
application to the first the top half of the raster (For ease in dis- drive
circuit (in which diodes 20 and 30  cerning the active current paths during
the perform  as  in the . previously described  respective halves of the
raster scanning, ar- 5 circuits). The second drive circuit (com- rows are
associated inFIGURE 4, and sub- go prising the differentiating circuit
combina-  sequent FIGURES, with the leads linked to tion of capacitor. 13
and potentiometer TV)  terminals S1 and S2 to indicate the direction
-operates. as in the previously described cir-  of current flow during the
top half of the cuits, developing an essentially sawtooth  picture.) 10
voltage across potentiometer TV in response    It will be noted that during
raster top 75 to the input waveform  (a sawtooth plus  scanning, diodes 50
and  30 are conducting parabola waveform, the parabolic waveform  so that
potentiometer TV is effective as a appearing across blocking capacitor 17
as  master amplitude control, and potentio- sawtooth current is passed
therethrough).  meter TH is effective as a differential 'con- 15 As in the
FIGURE 2 circuit, the return of trol, to determine the currents in converg-
80 the tap of potentiometer BH-(bottom hori- ence windings VRC and VOC. The
combined zontal line control) to terminal S2 via diode  effect of
nonconduction of diode 20 and 40 ensures reduced interaction between con-
conduction of diode 30 renders the first trols TH and BH. During raster
bottom     drive circuit ineffective whereby the adjust- 20 scanning,
conducting diode 40 proves: a low  ment position of the tap of
potentiometer 85 impedance return path for current from the  BV is
noninterfering (as in the previously first drive circuit, with
potentiometer BH  described embodiments). The nonconduction providing
differential control of the red  of diode 40 prevents interference from the
and green convergence Winding currents.  adjustment position of the tap of
potentio- 25 During raster top scanning, nonconduction  meter BH.
Conversely, during raster bottom 90 of diode 40 precludes current diversion
to  scanning, diodes 20 and 40 are conducting terminal S2 via the tap on
potentiometer  so that potentiometer BV is effective as a BH.
master amplitude control, and potentiometer It may be noted that halfway
through the  BV. is effective as a differential amplitude 30 scanning of
the raster, when the value of the  control, to determine the currents  in
con- 95 sawtooth voltage wave across the master  vergence windings VRCand
VGC.The non- control 'ptentiometers is substantially zero, conduction of
diodes 50 and 30 render the none of the three diodes 20, 30,40 are con-
second drive circuit ineffective, whereby the ducting. The result  is that
adjustments of  adjustment positions of -the taps on  potentio- 35 the
various controls have substantially no  meters TH and TV are
noninterfering.     100 effect on center convergence (a desirable   In the
FIGURE 4 circuit, independence effect, avoiding interaction between dynamic
of center convergence front the dynamic convergence control settings and
static con-  control - adjustments is ensured to an excel- vergence magnet
adjustments)   -       lent degree, since, at the middle of scan 40  FIGURE
4 illustrates a modification of  none of the four diodes 20, 30, 40 and 50
105 the circuitry of FIGURE 3,  wherein the  is conducting whereby
substantially no cur- second drive circuit is particularly modi-  rent may
flow in the convergence windings fled. As in FIGURE 3. the bottom vertical
VRC and VGC. The resistors 21 and 51 line control potentiometer BV is
interposed  alow control of the convergence waveforom 45  in the yoke
current path between terminals  shape in two ways: each by permitting a 110
SI and S2, with, however, a fixed resistor  selectable amount of current in
shunt with 19 (providing a control range limiting effect)  the associated
diode allow some degree of in series therewith..In place of the differen-
control of the winding current during the tiating circuit approach employed
in the  associated diode's conduction period and 50 previously described
embodiments to ob-  each  acts as a damping  resistor for hori- 115 tain a
driving waveform for the beginning- zontal rate convergence waveforms
induced of-scan interval, the FIGURE 4 circuit em- in the vertical
convergence windings which ploys a different approach employing an  would
otherwise tend to affect the time of additional diode in association with
an input  conduction of the associated diode. 55 sawtooth voltage source
akin to that em-    An advantage of the input waveform  120 ployed for the
first drive circuit.       source arrangement of  FIGURE 4 is that In
particular, the resistance element of  any. given magnitude of current
through the the top vertical line control potentiometer  yoke (winding VY
establishes a correlated 



TV is interposed in the yoke current path  magnitude of current available
to the con- 60 in parallel with the resistance element of vergence windings
(VRC and VGC. As a 125 potentiometer BV. The adjustable tap of  consequence
of the correlation, there is sub- potentiometer is connected to the tap of
the  stantially no change in convergence as pic- top horizontal line.
control -potentiometer  tore height is adjusted . TH by means of a network
comprising diode    The circuit arrangement of FIGURE 4 is 65 50 in
parallel with resistor 51. Diode 50 is  also advantageous with regard to
temperature 130    5                                      1 353 004
016   5 effects. As the ambient temperature in which  and a diode 70 is
interposed in the connec- the circuit is operated increases, the resist-
tion between the other fixed terminal of ance of windings VRC and VGC also
in-  potentiometer BH and the end terminal of creases. However, the voltage
drop across  winding VGC. The diodes 60 and 70 are 5 the diodes reduces as
the ambient tempera-  poled so as to be non-conducting during 70 ture
increases. By properly proportioning  the raster top scanning. As a result,
the the circuit values, the two effects can be  range of the top
differential control (ike., top made to substantially cancel, leaving the
horizontal line control TH) is enhanced, winding currents unaffected by
temperature  since no range-reducing unbalance current 10 variations.
can flow between the fixed terminals of 75 FIGURE 5 illustrates a
modification of potentiometer BH during raster top scan- the circuit of
FIGURE 4, retaining the ad-  ning. Of course, the nonconduction of diodes
vantages of the latter but providing an en-  60 and 70 during raster top
scanning also hanced range for the top horizontal line  serves to preclude
diversion of current via 15 control potentiometer TH.               the tap
of potentiometer BH during top 80 The enhanced range advantage is of par-
scanning, eleminating the need for diode 50 ticular interest in use of the
circuitry with  in the return of the tap to terminal S2. wide-angle
deflection (e.g., 110) color kine-  Thus, in the FIGURE 5 circuit, a wire
con- scopes. In the case of [err] deflection, there  nection suffices
between the tap of poten- 20 can be a marked difference in the converg-
tiometer BH and and terminal S2. The return 85 ence ampere-turns required
to converge verti- path for currents from the first drive circuit cal lines
in the top and bottom halves of the  during  raster  bottom  scanning  in
the picture - the difference being substantially  FIGURE 5 arrangement is
via conducting greater than in the case of [err] deflection, diodes 60, 70,
the differential control poten- 25 for example. If, under these
circumstances, tiometer BH and the wire connection between 90 the current
required for top vertical line  the potentiometer BH tap and terminal S2.
alignment is small, then the possibility of   A further circuit
modification is illustrated effecting horizontal line alignment at the top
in FIGURE 6. with the approach discussed is inherently reduced (since the
top hori-  above for FIGURE 5 extended to provide 30 zontal line control
serves only to alter the  range enhancement for the bottom differ- 95
division of the total current, selected by the  ential control (i.e.,
bottom horizontal line top vertical line control, between the res- control
BH). In the FIGURE 6 circuit ar- pective windings). To maximize the
division  rangement, a diode 80 is interposed in the effect of the top
horizontal line control (TH), connection between one fixed terminal of 35
it is desirable that as litle unbalance curs  potentiometer TH and the end
terminal of 100 rent as possible flow through the paralleled  winding VRC,
and a diode 90 is interposed resistance element of the bottom horizontal in
the connection between the other fixed line control potentiometer BH. In
this re- terminal of potentiometer TH and the end gard, it may be noted
that while the pres- terminal of winding VGC. The diodes 80 40 ence of
diode 40 in the circuits of FIGURES  and 90 are poled so as to be
nonconducting lO5 2, 3 and 4 precluded (during top scanning) during the
raster bottom scanning, enhanc- the diversion of current from the windings
ing the range of bottom horizontal line con- via the tap of potentiometer
BH, diode 40  trol BH, since substantially no range-reduc- did not prevent
the flow of a range-reducing  ing unbalance current can flow between the 45
unbalance current between the fixed termi- fixed terminals of potentiometer
TH during 110 nals of potentiometer BH during raster top  raster bottom
scanning. scanning.                                 With diodes 80 and 90
serving to link The reduction of the aforesaid unbalance  the second drive
circuit to the windings VRC current flow can be effected by increasing  and
VGC during raster top scanning and 50 the resistance value between the
fixed ter- to decouple the second drive circuit there- 115 minals of
potentiometer BH to a value large from  during raster bottom scanning, the
relative to the winding resistance. Such a  needs for diode 40 in. the
connection between solution is unsatisfactory from two points  the taps of
potentiometers TV and TH is 



of view; firstly the total voltage drop across eliminated. A wire
connection therebetween 55 the circuit is increased; and secondly, the
accordingly sufficies in the FIGURE 6 ar- 120 exact current waveform,
required through the  rangement. However, in order to perform windings is
less easily obtained with increase  the waveform control function served in
in the total series resistance. The FIGURE  the FIGURE 4 and 5 circuits by
resistor 5 solution avoids these difficulties by elimi- 51, a resistor 81
is shunted across diode 80 60 nating the range-reducing unbalance current
and a resistor 91 is shunted across diode 125 in a different manner.
90. In the FIGURE 5 circuit arrangement, a    With the FIGURE 6
arrangement, the diode 60 is interposed in the connection be- resistance
values of the differential control tween one fixed terminal of
potentiometer potentiometers may be optimized separately 65 BH and the end
terminal of winding VRC. (without unduly increasing the total voltage 130
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6 drop across the circuit, or departing from  substantially no current may
flow in any. of proper waveform shape).                 the convergence
windings VBC, VRC, VGC, FIGURE 7 illustrates a complete vertical thus
assuring that the various potentiometer rate convergence circuit, adding to
the cir- tap adjustments will provide no interference 5 cuit of FIGURE 6
suitable circuitry for with static convergence adjustments.   70 energizing
a blue convergence winding. In Presented below, by way of example, is a the
circuit arrangement of FIGURE 7, the  table of values for circuit
parameters of blue vertical convergence winding VBC is  the FIGURE 7
circuit which may be em- shunted by the resistance element of a top  ployed
to provide a satisfactorily operating 10 blue convergence control
potentiometer 125, circuit.                           75 and also by the
resistance element of a bottom blue convergence control potentio-  Resistor
19- 3.3 ohms meter 115. The adjustable tap of potentio-  Resistor  21 -
150 ohms meter 115 is connected to terminal S1 by  Resistor    81 -  330
ohms 15 means of a diode 110 poled for conduction  Resistor   91 -  330
ohms           80 during raster bottom  scanning while the  Resistor  135 -
100 ohms adjustabl tap of potentiometer 125 is con-  Resistor  145 -  100
ohms nected to terminal S1 by means of a diode  Potentiometer 115 -   90
ohms 120 poled for conduction during raster top  Potentiometer 125 -  90
ohms 20 scanning One end terminal of winding  Potentiometer TV -   10 ohms
85 VBC is connected to terminal S2 by means Potentiometer BV -   10 ohms of
a resistor 135, while the other end ter- Potentiometer TH -   30 ohms minal
of winding VBC is connected to ter- Potentiometer BH  -  20 ohms minal S1
by means of a similarly valued  All diodes      - Type FDH 600 25 resistor
145.                           All capacitors   -680 micromicro-    90 It
will be appreciated that, by virtue of the                farads bridge
arrangement afforded by the presence of resistors 135 and 145, adjustment
of the    WHAT WE CLAIM  IS: tap of either of the potentiometers 115 and
1. A dynamic convergence circuit for a 30 125 provides control of- polarity
as well as  multiple beam cathode ray tube including: 95 magnitude of the
blue convergence winding    first and second convergence windings for
current during the respective halves of the  producing respective magnetic
fields prim- raster scanning interval; i.e., tap movement arily influencing
respective ones of the mul- to one side of the electrical center of the
tiple beams of said tube; 35 respective potentiometer provides selection
a fist drive circuit coupled to one end 100 of a selectable magnitude of
convergence  terminal of each  of said windings and winding current of one
polarity, while tap  effective during one portion of a scanning movement to
the other side of the electrical interval for establishing the flow of
energiz- center establishes the magnitude of converg-  ing currents through
said windings, but 40 ence winding current of the opposite polarity
substantially ineffective for such flow estab- 105 Each of the diodes 110
and 120 (as well lishment during a complementary portion as each of the
previously  described  diodes  of said scanning interval; 20, 30, 60, 70,
80 and 90) is shown in    first and second  potentiometers, each FIGURE 7
as being shunted by a capacitor  having a pair of fixed terminals and an 45
110. Each of the capacitors 110 is of suf-  adjustable tap;
110 ficiently small  value  (e.g., 680 uuf) to be    means for coupling the
remaining end effectively an open circuit at vertical con-  terminal of
said first convergence winding 



vergence frequencies, but may be  provided  to one of the fixed terminals
of each poten- in a practical circuit to reduce the possi-  tiometer; 50
bility of radio/frequency radiation from    means for coupling the
remaining end 115 certain types of diodes.                terminal of said
second convergence winding The red-green portion of the FIGURE 7  to the
remaining fixed terminal of each circuit is as shown in the previously des-
potentiometer, cribed FIGURE 6. It will be noted that   means for coupling
the adjustable tap of 55 advantages described in connection with the  said
first potentiometer to a point in said 120 FIGURE 4 circuit with regard to
height first drive circuit to provide a return path stability, temperature
stability and center  for currents established by said first drive
convergence independence are retained in  circuit; the  subsequently
described  circuits  of   a second drive circuit coupled to the 60 FIGURES
5,6 and 7. With regard to the  adjustable tap of said second potentiometer
125 center convergence independence advantage, and effective during said
complementary for example, it will be noted that at the  portion of said
scanning interval for estab- middle of raster scanning, none of the diodes
lishing the flow of energizing currents through 20, 30, 60, 70, 80, 90,
110 and 120 of said windings, but substantially ineffective 65. FIGURE 7
will be conducting, whereby  for such flow establishment during said 130
017 6                                      1 353 004
6 drop across the circuit, or departing from  substantially no current may
flow in any of proper waveform shape).                the convergence
windings VBC, VRC, VGC. FIGURE 7 illustrates a complete vertical thus
assuring that the various potentiometer rate convergence circuit, adding to
the cir- tap adjustments will provide no interference 5 cuit of FIGURE 6
suitable circuitry for with static convergence adjustments.   70 energizing
a blue convergence winding. In    Presented below, by way of example, is a
the circuit arrangement of FIGURE 7, the  table of values for circuit
parameters of blue vertical convergence winding VBC is  the FIGURE 7
circuit which may be em- shunted by the resistance element of a top  ployed
to provide a satisfactorily operating 10 blue convergence control
potentiometer 125, circuit.                           75 and also by the
resistance element of a bottom blue convergence control potentio- Resistor
19 -  3.3 ohms meter 115. The adjustable tap of potentio- Resistor   21 -
150 ohms meter 115 is connected to terminal S1 by  Resistor    81 -  330
ohms 15 means of a diode 110 poled for conduction  Resistor   91 -  330
ohms           80 during raster bottom  scanning, while the  Resistor  135
-  100 ohms adjustabl tap of potentiometer 125 is con-  Resistor  145 -
100 ohms nected to terminal S1 by means of a diode  Potentiometer 115 -  90
ohms 120 poled for conduction during raster top  Potentiometer 125 -  90
ohms 20 scanning.  One end terminal of winding  Potentiometer IV -   10
ohms           85 VBC is connected to terminal S2 by means Potentiometer BV
-   10 ohms of a resistor 135, while the other end ter- Potentiometer TH -
30 ohms minal of winding VBC is connected to ter- Potentiometer BH -  20
ohms minal S1 by means of a similarly valued  All diodes      - Type FDH
600 25 resistor 145.                           All capacitors    - 680
micromicro-    90 It will be appreciated that, by virtue of the
farads 'bridge arrangement afforded by the presence of resistors 135 and
145, adjustment of the    WHAT WE CLAIM  IS: tap of either of the
potentiometers 115 and    1. A dynamic convergence circuit for a 30 125
provides control of polarity as well as  multiple beam cathode ray tube
including: 95 magnitude of the blue convergence winding   first and second
convergence windings for current during the respective halves of the
producing respective magnetic fields prim- raster scanning interval; i.e.,
tap movement arily influencing respective ones of the mul- to one side of
the electrical center of the  tiple beams of said tube; 35 respective
potentiometer provides selection    a first drive circuit coupled to one
end 100 of a selectable magnitude of convergence  terminal of each of said
windings and winding current of one polarity, while tap  effective during
one portion of a scanning movement to the other side of the electrical
interval for establishing the flow of energiz- center establishes the
magnitude of converg-  ing currents through said windings, but 40 ence
winding current of the opposite polarity. substantially ineffective for
such flow estab- 105 Each of the diodes 110 and 120 (as well lishment
during a complementary portion 



as each of the previously described diodes  of said scanning interval; 20,
30, 60, 70, 80 and 90) is shown in   first and second  potentiometers, each
FIGURE 7 as being shunted by a capacitor having a pair of fixed terminals
and an 45 110. Each of the capacitors 110 is of suf-  adjustable tap;
110 ficiently small value (e.g., 680 uuf) to be    means for coupling the
remaining end effectively an open circuit at vertical con- terminal of said
first convergence winding vergence frequencies, but may be provided  to one
of the fixed terminals of each poten- in a practical circuit to reduce the
possi- tiometer; 50 bility of radio/frequency radiation from    means for
coupling the remaining end 115 certain types of diodes.
terminal of said second convergence winding The red-green portion of the
FIGURE 7  to the remaining fixed terminal of each circuit is as shown in
the previously des- potentiometer; cribed FIGURE 6. It will be noted that
means for coupling the adjustable tap of 55 advantages described in
connection with the  said first potentiometer to a point in said 120 FIGURE
4 circuit with regard to height first drive circuit to provide a return
path stability, temperature stability and center for currents established
by said first drive convergence independence are retained in  circuit; the
subsequently  described  circuits of   a second drive circuit coupled to
the 60 FIGURES 5, 6 and 7. With regard to the  adjustable tap of said
second potentiometer 125 center convergence independence advantage, and
effective during said complementary for example, it will be noted that at
the  portion of said scanning interval for estab- middle of raster
scanning, none of the diodes lishing the flow of energizing currents
through 20, 30, 60, 70, 80, 90, 110 and 120 of said windings, but
substantially ineffective 65 FIGURE 7 will be conducting, whereby  for such
flow  establishment during said 130    7
1 353 004                             018   7 one portion of said scanning
interval; and  between the adjustable tap of said third unidirectional
current conducting means  potentiometer and said one end terminal of
included in at least one of said coupling  each of said convergence
windings, said means for substantially precluding the flow  fifth diode
being poled so as to be noncon- 5 of current in said return path during
said  ducting during said complementary portion 70 complementary portion of
said scanning in- of said scanning interval; and a sixth diode terval.
coupled between a fixed terminal of said 2. A dynamic convergence circuit
in ac-  third potentiometer and said one end ter- cordance with claim 1
wherein said unidi- minal of each of said convergence windings, 10
reotional current conducting means com-  said sixth diode being poled so as
to be 75 prises a diode serially disposed between  nonconducting during
said one portion 'of the adjustable tap of said first potentiometer  said
scanning interval. and said first drive circuit point, and poled    6. A
dynamic convergence circuit in ac- so as to be nonconducting during said
cordance with claim 5 wherein said second is complementary portion of .
said scanning  drive circuit includes: a fourth potentio- 80 interval.
meter having a par of fixed terminals and 3. A. dynamic convergence circuit
in  an adjustable tap, said fourth potentiometer accordance with claim 1
wherein said uni- being connected in series with said vertical directional
current conducting means com- deflection winding such that deflection wind-
20 prises a first diode serially disposed be- ing current passes between
the fixed termi- 85 tween said remaining end terminal of said  nals
thereof; means for connecting the ad- first convergence winding and said
one fixed  justable tap of said fourth potentiometer to terminal of said
first potentiometer, and a  the adjustable tap of said second potentio-
second diode serially disposed between said  meter; and means, including
said sixth di- 25 remaining end terminal of said second con- ode, for
connecting  a fixed terminal of said 90 vergence winding and said remaining
fixed  fourth potentiometer to said one end ter- terminal of said first
potentiometer, each  minal of each of said convergence windings, of said
first and second diodes being poled  said sixth diode conducting during
said *          so as to be nonconducting during said com- complementary
portion of said scanning in- 30 plementary portion of said scanning inter-
terval to provide a return path for currents 95 val, whereby current flow
between the fixed  established by said second drive circuit. terminals of
said first potentiometer as well   7. In a vertical-rate convergence
circuit as current flow in said return path is sub-  including first and
second convergence wind- stantially precluded during said complemen-  ings,
each having first and second end ter- 35 tary portion of said scanning
interval.  minals, the combination comprising:   100 4. A  dynamic
convergence circuit in    means coupled to the first end terminals 



accordance with claim 3 also including a  of each of said convergence
windings, and third diode serially disposed between said  including a first
master current amplitude remaining end terminal of said first con- control,
for controllably energizing said 40 vergence winding and said one fixed
termi-  windings with current substantially only 105 nal of said second
potentiometer, and a  during a given half of a vertical scanning fourth
diode serially disposed between the  interval; remaining end terminal of
said second    means for differentially varying the am- convergence winding
and said remaining  plitude of energizing current in said first and 45
fixed  terminal of asid  second  poten- second convergence windings during
said 110 tiometer, each of said third and fourth  given half of said
vertical scanning interval, diodest  being  poled  so  as  to  be  said
differential amplitude varying means nonconducting  during  said one
portion  including a first potentiometer having a pair of said scanning
interval, whereby current of fixed terminals and an adjustable tap; 50 flow
between the fixed terminals of said   first unidirectional current
conducting 115 second potentiometer is substantially pre-  means connected
between the second end cluded during said one portion of said  terminal of
said first convergence winding scanning interval.,                     and
one fixed terminal of said first potentio- 5. A   vertical  rate  dynamic
con-  meter, and second unidirectional current con- 55 vergence circuit in
accordance with claim  ducting  means  connected  between  the 120 4 for
use in association with the vertical  second end terminal of said second
conver- deflection winding of a deflection yoke for  gence winding and the
remaining fixed ter- said cathode ray tube, and wherein said  minal of said
first potentiometer; said first first drive circuit includes; a third
potentio-  and second unidirectional current conducting 60 meter having a
pair of fixed terminals and  means substantially precluding the flow of 125
an adjustabl tap, said third potentiometer  current in said first
potentiometer during being connected in series with said verti-  the
remaining half said vertical scanning in- cal deflection winding such that
deflection  terval; and winding current passes between the fixed
bidirectional current conducting means 65 terminals thereof; a fifth diode
coupled  coupled between said adjustable tap and 130    8
1 353 004                                      8 said controllable
energizing means and pro-  ing fixed terminal of said second potentio-
viding a common return path for said wind-  meter, said third and fourth
unidirectional ing currents during said given half of said  current
conducting means substantially pre vertical scanning interval,
eluding the flow of current in said second 5   8. Apparatus in accordance
with claim  potentiometer during said given half of 30 7 comprising: means,
including a second  said vertical scanning interval. master current
amplitude control, for con-    9. Apparatus in accordance with claim
trollably energizing said windings with cur-  8 also including: rents
substantially only during said remain-   fifth unidirectional current
conducting 10 ing half of said vertical scanning interval;  means connected
between said first end 35 said last-named controllable energizing terminals
of said convergence windings and means also including a second potentio-
said  last-named  controllable  energizing meter having a pair of fixed
terminals and  means and providing a common return path an adjustable tap
for differentially varying  for said winding current during said remain- 15
the amplitude of energizing currents in said  ing half of said vertical
scanning interval.  40 first and second convergence windings dur-   10. A
dynamic convergence circuit sub- ing said remaining half of said vertical
scan-  stantially as hereinbefore described in con- ning interval, third
unidirectional current junction with Figure 1, in combination with
conducting means connected between the  any of Figures 2-7. 20 second end
terminal of said first converg- ence winding and one fixed terminal of said
T. I. M. SMITH second potentiometer, and fourth unidirec-
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