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includes radio frequency, mtermedlate fre-'

=+ squency amplifiet; video detector, video ampli-
“ 'fier; 'sync -separator and autcmatic frequency

control stages. The block 14 represents a
conventional deflection -waveform - generatos,
such as a multivibrator or blocking oscillatcr.

.- A direct current. control voltage is coupled
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from the automatic frequency control stage
of 12 to the waveform generator 14 for con-
trolling the frequency of cperation. A deflec-
tion waveform 16 is provided at an output
terminal of the waveform generator 14 and
is R—C coupled to a driver amplifier in:the
deflection stage 10.

The deflection stage is adapted to generate

an electromagnetic field for deflecting an elec- -

tron beam in a cathode ray tube 17. The

deflection stage ‘10 includes, generally, a hori- =
zontal deflection winding 18, a horizontal

output transformer 19, and a driver amplifier
20, The driver’ amphﬁer pericdically -excites

the transformer and causes a sawtooth current’

to flow in the winding 18. - S
The driver amplifier 20 is convmuonal and

comprises a pentode electron -discharge ‘device
21. ‘An anode electrode 28 of the amplifying

device 21 is coupled to a terminal 30 of a
31 of the horizontal - output . trans-

winding
former 19. For the purposes-of ‘this’ specifica-
tion and the accomipanyiig-claims, the exprés—
sion’ “terminal” -when -utilized: with" respect
to the transformer 19 refers to 'means for pro-

'viding a direct current connection to the wind-

ing 31. The 'transformer ’ includes a high
voltage output terminal 36, an- efﬁacncy dicde
terminal 38, -a secondary ' circuit -output
terminal 40, an mtermtdxate terminal.42, and
a secondary ‘output terminal‘ 44. A" conven-

tional ‘power recovery circuit is provided and-

includes an- efficiency diode 46 and a B+
boost capamtor 48. Direct current opersting
potential is coupled from a source 50 to a
junction of an anode electrode of the efficiency

. diode 46 and boost capacitor 48. In a known

manner, a boost. voltage B+ i§ provided
at. the capacitor 48 during operaticn of the
circuit, . This voltage’ constitutes an ancie
operating potential for the pentode 21 ‘and is
apphed thereto. via a portion of the winding
31.A convenuonal adjustable width contrcl

inductor. 52 is coupled . between - transformer.

terminals 42 and 44 for ad]umng the amp i-
tude of horizontal deflection.:

The honzontal deflection, wmdmg 18 com-
prises a pair of windings 55 ‘and ‘56 ‘which-

are syxnmetncally disposed about ‘the ‘neck’ of
a’ cathode ray tube 17. A capacitor 57 shunts

" the. winding secticn’ 55 for tuning the' deflec-

65

tion winding for minimum ringing. When a

sawtooth ‘current ﬂows in .the winding, an
electromagnetic “field is established at the

cathode’ray tubé 17 for horizontally deflecting
an - electron’ beam, - indicated by the “dashed :

line 53, across a face of the picture tube 17.
The wmdmg 18 is coupled to the transformer

59 is ‘coupled to an L—C line : :
network. An. L—C network::com nsmg &
capacitor
'62 is coupled ‘in' parallel with a segment -of

19 for estabhshmg thls- samooth current irf -
the deflection winding. A first terminal 58
of the winding.18 is coupled tc the transformer
seccadary terminal 40 while-a secon -termmal

serially coupled inductor 60

the transformer winding extendmg ‘between’

‘“'."9*’

- terminals 42 and 44. The expressicn- “‘term- - G

inal” when referring to thé deflection wind- =

ing 18 refers to means providing ‘a direct

"current connecticn to the: winding: |18.

A conventional high vcltage recuﬁer 66 is_ o

coupled to a tertiary winding of the trans-

former which comprises these turns extending

“between terminals 30 and 36. The rectifier

.provxdes adirect current accelerating potential

which is filtered by an R—C cmnbmauc"t'

compnsmg capacxtor 68 and resistor 70.

In ‘operaticn, the voltage - waveform 16’

recurs “pericdically at- & frequency f, which;

85

in & conventional ‘television ‘receiver, is 15.750 -

kilecyclés per second: This waveform. drives: -
the pentode 21 into conduction during a latter
portion ‘of ‘a trace segment 72 of the waveform:

16, Driver ‘tube current conduction coptributes

to the formaticn of a latter portion of a trace
segment 73 of a sawtcoth- current waveforin

74 flowing between terminals ‘58 ‘and 59 of

the winding 18. At the términaticn of - the
trace segment 72 of ‘the voltage-waveform-16,
thé: pantode; 21°is cut-off -and- & rétrace seg-_ '

ment 75 of the sawtcoth current waveform’

is"thereby generated: During’ retracz, various
transiént. voltages exist in: the output circuit

100

of the transformer 19 ‘including a flyback pulse
76 “at a_ tertiary- winding for “establishing “a:

high bwm ‘accelerating-voltage. In additicn,
a "voltage is’ developed across ‘the winding ‘of’
the transformer which causes cuirent to flow
in a reverse direction through the deflection’

winding 18 ‘and in the diode 46.- As is well

105

knuwn, this curtent contributes to the forma- - "

tion of the sawtooth current ﬂovmng in the
winding 18 during the initial ‘or early por-
tions of the trace segment 73 of the sawtcoth

110

current’ 'waveform ‘74, ‘In addition, a ‘pulse’

voltage 77.is develcped between terminals 42 .
and 44 during retrace. As'is indicated herein<:
after, ‘the energy of this puise. m:cues the’

aforementioned L—C network: -

The inductor 60 and’capacitor 62 form a

circuit toop with the segment of the trans--

former winding extendmg between terminals.
42 and 44. The circuit loop is adapted to be-

series rescnant at a frequency f, which is subs
stantially equal to ‘the horizental deflection

frequency f;. The pulse 77. occurring between.‘
terminals 42 and 44 excites this resonant cir--
cuit and' causes the circuit to oscillate. “A’
sinuscidal current flows in this circuit loop’
and thereby provides a means for altering’

the form of the deflection wave; -

For a detailed explanation of the-.ma.nner';
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seemi

poes. of the explanation.: In .the -arrangement

Of:‘FIGUREst, At can; be seen that thc;.lin‘e'-;
- arity. inductor 60 is.in series with. the deflec-
* tion winding i18..and - thus. comprises- an.
., inductive load. in-addition to the yoke winding
18, An uncorrected sawtooth: current, iy, flows.
+ serially -in these windings.. A’ trace segment of .

this .current "has an- exponential rise:in ampli-

reduce this compression.

etween terminals: 42 and. 44,-and a sinusoidal
current is caused: to.-flow-in -the -loop as the
oop-is periodically excited-by the pulse 77.
sinusoidal .current: i;-flows:in; the capacitor.

in:the inductor 60.:Ancther: part of this; sinu-
scudal currenty: I,,,¢ - flows:.in-..the s deflection

-winding -18.: These: sinusoidal. components :add

to., provide: the- current -i,- and -combine: - with

:the: ~uncorrected - sawtooth current, i of.
- FIGURE 3A: to provide.aresultant : sawtocth
“currents i, -and- i,.in the.inductor 60 and

deflection: winding:; 18: respectively. The wave-.

“form ‘of . the “current. iy, -is - illustrated in

: linearity 'of: this’ current is:increased; substanti-:
.allyover the. uncorrected -current. of FIGURE
‘3A. Whereas the current i.;. combines with
‘the: current i, according to the: relation iy, =
lue+iss ithe current iy, combines with the:

current i, according to the relation i;=iz—
igq. That:is; the currents.iy;-and iy, are phase

illustrates: the:vesultant S-shaping of the. trace
segment: of -deflection . current-ic. . .© - .. -
* * Iii-order ‘to- provide: the- desired - S-shaping,

- the frequency :f,-.0f .the current: i;,; should be.
‘substantially. equal-to:the‘deflection frequency’
- fn." The frequenCy:of the ciirrent i;, may be
- regulated by regulating: the resonant . frequency -
‘. of the circuit loop 1. The amount of “S”.

shaping necessary to:.effect desired Lnearity

‘correction:may -be: provided by  suitably- ad-::
justing the phase and: :amplitude-of: i, withs -

CTESPECE: 10 Eip 0L v Lo al
;" Thus,a" relatively -simple: arrangement - has:
- been described for; ithpioving deflection line--

URES 2.’and-3.- FIGURE 2 is:an- equi-.

‘AC ¢ . winding.. . o
ut' circuit, :while. FIGURE 25 is.an equi-
valént:'AC..circuit -of :the deflection :cutput’
: circuit, but which does not include the “eap<-
- acitor 62 of the. correction :network for. pur-

tisde as indicated in.FIGURE. 3A; and. a non-.

‘linear'segment 79 :near:.the -termination ..of
- the: trace:. segment * causes .compression of the
. “raster near-an-edge.-Nonlinearity is illustrated
-'by’comparison . of -a linear .dotted; line . 80
with:the curves:A;-C:and ‘D of FIGURE 3.
As -indicated. .previously, it is  desirable .to

.+ In'FIGURE 24.the .capacitor 62, provides.
-a: ¢losed { cigcuit: loop - .with. the- induetor .60
ndthe segment -of - the transformer windings

2. This.-current. is illustrated - in -FIGURE.
B. - Part of :this. sinusoidal .current, iy, flows-

FIGURE3C.: It can: be seen that the -nems:

opposed: with: respect: to iy,.:: FIGURE- 3D-

- arity; yet which-operates independently. of the:

has:little affect on:

- Referring now to' FIGURE 4, the deflection: 70
system comprises: a- source. 112 of -deflection..
signal of desired waveform 113,:a drive ampli-

fier ‘114, an output.-transformer. 116, and: a.
deflection winding-118. The. waveform gener~.
ator-112 comprises. a .conventional- relaxation 75
osd}sator; having an. output -wave-shaping net--

> The winding 118 is..coupled: between. an.
cutput terminal- 150 of the transformer wind-
which includes.a. -capacitor 152 .and: an.in-:
ductor .:154. The ' capacitor . 152,-; which - is’
coupled to a terminal 156 of the transformer.
winding, - -and - the: -inductor. .154;- which..:is
coupled to the terminal 136, form with, that. 85
segment .of .the  transformer winding .126 - be- .
tween. terminals: 136 :and -156 -a ;series. circuit
loop I The electrical- characteristics of the.
capacitor 152 .and the :.inductor: 154 . are.
selected’ to- provide-that  this . circuit loop I is. 90
series resonant.-at the frequency f. where f,.

is :substantially-equal - to the -frequency f.. .In.
order to: maintain the. established; frequency of
resonance,- it -has. ‘been;: proposed o use.a-
capacitor 152 and an inductor 154 having close: 95
requirements. on . the tolerances. of - their.-elec-.
trical characterjstics. :These requirements add.

power, recovery :cifcuit-and
the: electrical characteristics:

to :the; cost -of: the .deflection .system.;. . ..
~Circuit ‘means comprising; an- impedance are.
coupled in - branch; of the-loop I.for reducing. 100
the- adverse. effects ; resulting -from: deviations.
from the resonant:frequency. In-FIGURE 4,
a:resistance 164 is- coupled in 2 branch of the;
loop I between the .terminal 156. and.the. in~
ductor 154. The resistance 164. has- an-.ohmic 105
value which substantially: reduces the Q.of the.
circuit loop from .a:value of; Q,;, provided by:
the :inductor -154;. the winding-of the trans-
former, and: the- capacitor. 152, to-a ‘lower.
value Q,, and -consequently reduces or mini- 119
mizes the effect; of the aforementioned circuit
variations.: - R O T
- In-further- explanation- of. the:
tion;: reference.is made to FIGUR

iz, 115

curve 166 represents - the selectivil of . the!

circitit Joop I when-the capacitor. 152, the in-.

ductor 154,. and :impedance. of the segment .of. 120

the-winding - are  considered. These elements.

provide-a Q-characteristic. referred. to as Q;. -
“FIGURE. 6 is.’'a diagram. illustrating the.

variation in. the.phase of - circulating loop

current as frequency of excitation varies. When . 125

FIGURE 6 is.viewed. in the analogous manner

of FIGURE §;: it:can be seen that: a:detuming:

of the resonant loop by-.a. frequency deviation:

Af, forthe-‘curve :168 - causes -a-.phase. shift

48y - Linearity- correction is - dependent. upon- 130
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both the amplitude and phase of the circulat-

causes raster ‘distortion. ‘When- the: Q. of the

circuit is reduced, as indicated- by  the curves:

170: in FIGURE 5 and: 172 in FIGURE6,

it can be seen that corresponding: variaticns.

in loop -current: Aj; and phase A9; atesub-

stantially- reduced for an equivalent shift in-
frequency: “Af;. The' reduced- Q- of the: loop-
circuit, referred to as Q,, is provided by

coupling -an’' impedance; such as the - resistor

164 in the" circuit loop. Although 4 loss in-

power - efficiency of the. loop circuit accom-
panies ‘this ‘lower Q,a relatively- stable- and:
low-cost Tinearity * correction- circuit is pro-

~In “cathode .
relatively lirge - election - beam. deflection

\gles; as for example: the ‘type 19AYP4 hav-’
ing a ‘defieerion ‘angle- of :1149;:a relatively
high energy level s required for schnning the:
electron: beam:Becausé a._torresponding - high-
amplitude urrent -circulatesin the. linearity
correctiofi circuit-loop to: provide ‘the high'
ciirent levél with reasonable power ‘Input: 10+
the loop;-a - low - loss ‘circuit is : desirable.
Becaimse of a relatively-high Q attending the

low loss " circuit, ‘o -émall -deviation ' i -the

| ant frequency of the ! circuit - loop -may:.be-

provided.: By virtue-of 'this -adjustable means,

deviations - from _the:- résonant’frequency -can:
be cortected, FIGURE 7, which is a diagram’
_of ‘the deflection cifcuit -loop; illustrates an- -

otheér embodiment of the: invention which is

particalarly useful witl.cathode ray tubes hav--
Tag o relaiively large deflection angle. The

similar components' of FIGURES ‘4 and -7
are Tefi 3

cuit  inclades “an’

cé-of ‘the loop and operates to-re-

deviations- occur. In-addition,” the-adjusiment

of the inductor functions’to: vary -the -ampli--

qude of circulatihg current. Energy is’ coupled:

into the loop during the ‘occurrence of pulses
178.

the energy coupled into the’ circuit during
occurtence of the pulses can be adjusted. When
the resistance of inductor 174 is larger than

desired, a resistor 176 is shunted across. the’

inductor 174 to lower the efféctive dissipative
mpedance of the dirauit. CISSIpoHvE
~Although the

ing current. Hence, these changes'in current.
Ai; and phase-shift Af;-substantially vary the-
- waveform of a sawtooth deflection current and

ey s of hc s favig

iced by similar- numerals. The cir-
adjustable inductance 174~
coupled in ‘a’ banch of the circuit loop. -Ad--
~ justment of the inductance varies the frequency”

of resonanc : 103
establish: the' desired resonant frequency when -

These pulses, ‘which charge': capacitor. -
152, Have a duration’ dpproximately equal.to-

the fiyback’ time. By varying the -inductance
174, thie time ‘constant of ‘the circuit and thus..

| A
resistor 164 of FIGURE 4 is.
iMlustrated as-coupled in series with the capa-

citor ‘152 and in- parallel with the inductor:
174 in"FIGURE 7, other arrangements’ of the:"

resistor may work equally well. For example,
it may; at times, be more desirable to couple-
the resistor. int- parallel with ‘the capacitor. or
in
the Q of the circuit.: - -

- WHAT WE CLAIM IS:—

1. An'electromagnetic deflection circuit com-

prisings a deflection output transformer having:
electron: beam deflection: winding positioned:

series with. the inductor 174 for adjusting

70

B

relative to ‘a-cathode ray tube and-adapted to:

deflect: an -electron ‘beam -of ‘the tube when a
sawtooth: current is”caused to- flow in the de-
flection winding; meass coupled to said trans-:

former- winding- and -adapted for-exciting: said:
ttansforiner-at a frequency f, and-causing-a’
sawtooth cutrent-to flow -in" said “deflection-
winding;: a - linearity -correction network: ‘in-:
cluding % capacitor ‘and .an ‘inductor coupled
‘across ‘a- segment ‘of said transformer winding:
and forming- a ¢ircuit-lcop with the. segment,-
said -capacitor and inductor" being adapted: ‘to-
. provide: fesonance: of saidloop at a frequency -
£, having"a: value’ substantially: equal to the -

frequency fi; and means coupling said defiec-

tion: wiriding between: said ‘correction network:

and said transformer winding. - -

-2, An" electromagnetic " deflection; circuit’
it according to'Claim 1, wherein said transformer - .
s winding-Has first, second, and third terminals, -
said “second ' terminal ' being: positioned ‘along.
the length “of “said” winding at “a- point elec-:

i termediate * said - first. and third:

tricall

100

términals;: said capdcitor. and “inductor: .are
serially contiected between: said first and second:

terminals and have a jusiction point at-a con-:

nection of said- capacitor and inductor; ‘said:

capacitor and inductor are adapted to form:a:
series resonant circuit-loop: with 4. segment :of -

the tratisforimer .extending - between ® said first

and-second terminals;-said deflection winding:

has first :and -second’ terminals; -and means:
coninecting the first terminal-of. said" deflection :
winding to the junction point of said capacitor
and. indiictor and said second deflection wind=
ing ‘terminal to said third transformer’
terminal. " Sl

according ‘to
is" connected

ectromagnetic deflection. - circuit’

“Claim 2, wherein said- inductor--
to said first terminal and. said:

105

110

115

capacitor is connected: to said second termrinal.. -

-4 An
accotding to Claim -1, wherein said capacitor,

inductor and winding ségment provide a char- .

network includes a resistor- for decréasing the
Q of the circuit loop. S

XS An electromagnetic - deflection circuit.

acteristic circuit . Q. for the doop;: -and said-

electtomagnetic -deflection - circuit

120

125

according o Claim 4, wherein a variable in-:

unts said' ‘resistor.” .- .-

ductor . _
6. An electromagnetic

deflection - circuit,

according to-Claim 1, wherein said circuit loop.

has & first- branch including & capacitor and:

130
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both the amplitude and phase of the circulat-
ing- current. Hence, these changes in current
Ai, ‘and phase shift A9, substantially vary the
waveform of a sawtooth deflecticn current and
causes raster distortion. When the Q of the

circuit is reduced, as indicated by the curves
- 170 in FIGURE 5 and 172 in FIGURE 6,

it can be seen that cortesponding variations
in loop current Ai, and phase A8, are sub-
stantially reduced for an equivalent shift in
frequency Af,. The reduced Q of the loop
circuit, referred to as Q. is provided by
coupling an impedance, such as the resistor
164 in the circuit loop. Although a loss in
power efficiency of the loop circuit accom-
panies this lower Q, a relatively stable and
low-cost linearity correction circuit is pro-
vided.

In cathode ray tubes of the type having
relatively large electron beam deflection
angles, as for example the type 19AYP4 hav-
ing a deflection angle of 114°, a relatively
high energy level is required for scanning the
electron beam. Because a corresponding high
amplitude current circulates in the linearity
correction circuit loop to provide the high
current level with reascnable power input to
the loop, a low loss circuit is desirable.
Because of a relatively high Q attending the
low loss circuit, a small deviation in the
resonant frequency of the correction circuit
loop may result in raster distortion. -

Adjustable means for varying. the ampli-
tude of the circulating current and the rescn-
ant frequency of the circuit locp may be
provided. By virtue of this adjustable means,
deviations from the -resonant’ frequency can
be corrected. FIGURE 7, which is a diagram
of the deflection circuit loop, illustrates an-
other embodiment of the inventicn which is
particularly useful with cathode ray tubes hav-
ing a relatively large deflection angle. The
similar components of FIGURES 4 and 7
are referenced by similar numerals. The cir-
cuit includes an adjustable inductance 174
coupled in a branch of the circuit loop. Ad-
justment of the inductance varies the frequency
of resonance of the loop and operates to re-
establish the desired resonant frequency when

deviaticns occur. In addition, the adjustment -

of the inductor functions to vary the amph-
tude of circulating current. Energy is coupled
into the loop during the occurrence of pulses
178. These pulses, which charge capacitor
152, have a duration apprcximately equal to
the flyback time. By varying the inductance
174, the time constant of the circuit and thus
the energy coupled dnto the circuit during
occurrence of the pulses can be adjusted. When
the resistance of inductor 174 is larger than
desired, a resistor 176 is shunted ‘across the
inductor 174 to lower the effective dissipative
impedance of the circuit. ' )

Although the resistor 164 of FIGURE 4 is
illustrated as coupled in series with the capa-

citor 152 and in parallel with the inductor
174 in FIGURE 7, other arrangements of the |
resistor may work equally well. For example,

it may, at times, be more desirable to couple

the resistor in parallel with the capacitor. or.

70

in series with the inductor 174 for adjusting ™

the Q of the:circuit. .
WHAT WE CLAIM 1S:~

1. An electromagnetic deflection circuit com-.

prising: a deflecticn output transformer having
a winding formed of a plurality of turns; an
electron beam deflection winding positioned

relative to a cathede ray tube and adapted tor

deflect an eléctron beam of the tube when a

sawtooth current is caused to flow in the de--
flection winding; means coupled to said trans-
former winding and adapted for exciting said:
transformer at a frequency f, and causing &’

sawtocth current to flow in said deflection

winding; a linearity correction network in-"-

cluding a capacitor and an inductor coupled
across a segment of said transformer winding

said_capacitor and inductor being adapted to
provide resonance of said loop at a frequency

f; having a walue substantially equal to the

frequency. fy,; and means coupling said deflec-

tion winding ‘between said correction network’

and said transformer winding.
2. An electremagnetic deflection circuit
according to Claim 1, wherein said transformer

5

‘and forming 4 circuit loop with the segment, ™~

winding has first, second, and third terminals, -

said second terminal being positioned along

the length .of said winding at a point elec-
trically - intermediate said first and third
terminals; said capacitor and inductor are
serially connected between said first and second

terminals and have a junction point at a con-:

nection of said capacitor and inductor; said
capacitor and inductor are adapted to form a
series resomant circuit loop with a segment of
the transformer extending between said first

and second terminals; said deflection winding

has first and second terminals; and means
connecting the first terminal of said deflection
winding to the junction point of said capacitor
and inductor and said second deflection wind-

ing terminal. to said third transformer

terminal.

‘3. An electromagnetic deflection circuit
according to Claim 2, wherein said inductor
is connected' to said first terminal and said
capacitor is connected to said second terminal.

4. An electromagnetic deflection circuit
according to Claim 1, wherein said capacitor,
inductor and:winding segment provide a char-
acteristic circuit Q for the lcop; and said
network includes a resistor for decreasing the
Q of the circuit loop.

5. An ‘electromagnetic deflection circuit
according ‘to. Claim 4, wherein a variable in-
ductor shunts -said resistor. :

6. An électromagnetic deflection circuit
according to:Claim 1, wherein said circuit loop

has a first branch including a capacitor and.
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