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RCA Application Note
on

A HORIZONTAL DEFLECTION CIRCUIT
FOR THE 10Bp4 KINESCOIE

This note* deals with the operation of a horirontal deflastion eir-
ouit for use in television receivers employing magnetically deflantad
kinesocopes. It explains the manner in which the eircuit produces & sub-
atentially linear saw-tooth currenmt in the horizontal deflsstioneyaks
windings and inoludes a discussion of a eiroult modification whiah uses a
power feed-back prineiple to inorease operating offlcisncy.

The oircult values shown in Fig. 7 and the values of ourrarts and
voltages listed apply to a oircuit using a magnetically fooused and de-
fleoted oathode-ray tube suoh as the 10BP4, having a 50%-defliaction angle
and operating at 10-kilovolts enode potential, but with adjustment pro-
vided to soan a bdam of from 6« to 10=kilovelts anode potential. The
values of ourremts and voltages shown later are based on the particular
components listed in the oircult diagram and will be only approximatione
when other components are used. The oircuit uses the developmentel-twpe
A=4412 power tube, which is similar to the 807 tut which has av oatsl bese
and is designed specifically for deflection work. The 6AS7G "booster :

~ socamning triode™ is also used. This is a lowemu tube capadle of naundling

high ourrents at low voltage because of its high pearveance.
CIRCUIT OPERATION

In the horizontal winding of the defleoction yoke a substantially
linear saw~tooth current is required, together with a definite time ip-
terval during which the current is quickly reversed and the beam returned
rapidly to ite starting point. The standard television signal as set by
the National Television Standards Committee allows 63 miorosesonds for a
complete oyole from the begiming of seanning, through retrace to the he-
ginning of scamning onoe more. 16 per cent of this sycle is allowed for
blanking to take cars of synchronizing and retrace. To allow for time de~
lay of synchronizing sigmals and for non-linearity in the sweep at buth
ends, the retrace time should not exceed ten per cent of the total oyels.
If the retrace time is longer, poor horizontal sweep linearity will re-
sult near the pioture edges. Fig. 1 illustrates the desired oysle, T¢ =

*Based on a papor by Otto H. Sohade on Magnetis Defleotion Cireuits
for Cathode~Ray Tubes which is to be published later.
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The time oonetant of the horirontal windincs of “he aut y

is approxireately 500 mioroseconds (14 ohme of de vasistanse -7 {8 I
hemrys of induotence). Fig. 2 shows the loparithmic buildeun of o e
in the yoke when a do voltapge is applisd. It iniicates that ths G2wmioce.
second interval is small enough so that osurremt buildeup durine meanndy:
is essentlally linear. Fig. 2 also shows that the ourreut in the “eflece
tion yoke reverses in a poriod of 6 mioroseconds. BRecause of Lhis repid
ohange, a high voltage 1s generated across the yoke.

Coneider the theorstical deflection oirouit shown in Fip, %, 1,
represente the yoke inductances Lt remrasonts the inductaros of the Lrarne
former secondary which shunts the yoke. Resistor ry represante the eddy.
surrent, hysteresis, and resistance losses of the yoke cirenit, ¢ g raps
resents the slmnt oapacitance of the traunsformar. The yoke ocupacitersas ir
nsgligible compared to the transformer capacitance. RY 18 2 enall. 1w in
duatence resistor inserted to permit emamination of the surcand wariatlons
by means of an oscillosoope. Switoh 83 ocontrels the application o1 a !
stent deo voltage El to the yoke oirouit.,

When the switoh is olosed, a voltape as shown in Fiz. 44 epooers

®orose AB. Current begine to flow from A to C ( with the da pelarity in-
dionted), and a negative defleotion eppears on the ognilloscops, as in
Fig. 4B, At time ) switeh S is opeéneds The ourrenmt lalis rapidiy o
tero and then reverses, because the reamctive energy in the cirevis i 4

a state of ‘damped osoillation between the induotance and stray sepso limnce.
Since the induotance of the transformer secondary is large with rasgpent

%o that of the yoke, its loeding effeet on the cirsuit is replipsible, and
1t does not, therefore, greatly affeot the resomant frequency. Fig, ¢4
shows the voltage wave, and Fig. 4B shows the ourrent waves as the anplie
tude of the osoillation diminishes to zero. The rate of surrent reverssi
depends upon the Q and natural resonant frequeney of the eirouit and not
upon the value of induced voltage. The resistive losses of the oirsuit
are responsible for damping the oscillation to zero.

Conslider the olrouit of Fig. 3 when S] hae been opened and the cir-
ouit enters a state of damped osoillation. Switch S2 oconnects warlable
resistor ry across the yoke, Fig, 5 showe the curremt as it changen dlroc.
tion. The positive amplitude is smaller than the nepative amplituda be-
cause of the oircult losses represented by ryo Suppose that Sg 1s slored
Just as the current reaches its most positive amplitude, An initis? velues
of ry, can be chosen so that the initial rate of current deoay is equal te
the rate of ourrent build-up from €0 to t1. To maintain this rate of dennyr
in the interval from t1 to t2, the value of ry must be increased st such
a rate that the product of the instantaneous current and instantaneous re.
sistance 1s a conktant and equal to Ej, the voltage applied during the in-
terval tp to ¥1. At t3 switoh S 1s openod. The current resches zarae at
this time, and r] becomes infinite. The ourrent will remain at zero if :
the oireuit is not further distwrbed. Thus, by switching in the proper in-
itial value of a variable resistance just as the ourrent reaches its max-
imum value after reversal, and by inereasing this resistance at the proper
rate, the oseillations of this cirouit are damped and the ourrent returned
to zero at & rate equal to its initial rats of inorease.



W L2 8 ¢ e P o Besanes X sabe s

o P I SR & g rev & & ¢
t1, ¥heu the surrent ruaphas ite mpeximun aitial vatue % A
g6 e The surrent then r‘laiuw revarass & @ its maximun L9
time of recversal ‘is determined by the neburel rasemant (rezuandy g
voke cirouit., During the inte rvul between t1 and tz, ¥he rapid ohe

rurrent induces across the yoke Iy 8 negative pulse of volte-e
valus s e (Plg. 6A). At tinme ©2, whan the current hes rnew.’i
mzm velue 15, Sp is closed, and ry is wvaried as heforas ¢« w th
daareass at a rate equal %o the build-up rata from time tn m ? p Uy

are, whioh norinally would have osoilleted to some positive prak as Ln Fis.

44, remeins at e value equsl to B3, At time ts the curvent remohes 20v6
82 is opered, end, at the eame instant, Sy is closed. The %r«w.w riste

to its initial peak value 1) by time tg, when S 1s spain opened, snd the
. switohing oyole ds rapmtad. Closing 82 just se the emyrent : a0

rawimon wive after reversal: produces the meximum pesl-toepsak o
change. Owrrent ig represents a recovery from the clrouit af auna

during tine fig %o 1. As the Q of the oirouit is ineressad, is \anﬁ ,
squals 13, During the complete oyole from tims tp to 46, » saw-tooth oui

rant whioh is substentially lipear over ie werking len: gth &
8 ranid reversal of diraction is prodused ?,n the yoke win :1“"&‘ |

i '! wier & %
sbhay with

THE_FRACTICAL CIRCUIT.

&3
]

In the practical eirouit shown in Fir, 7 the affoate jﬁv:ﬂw

and ry apne obtaived by the uso of two electror tudes and a tro ne Pormgr
which, together with augtable cirouit slements, control the awm

rheostat aotlon. Vi (dﬁalopmantal—type A-4412) ragp lnees 875 Ve (548

and its assooi:ted oireult replace - Sg and ry. A hansz‘:mm *
between Vy and Vg. The yoke furnishes an 8-millibanry loed. Tho !

. former windings are ‘onm"eoted so that the regative voltare puiss : By

roaulting from openi-ng/81 produces on the primary windin,, at the -m'~

‘stand a positive surge of voltape of greater ampllitude, The repative

voltese pulse which is presenrt in the secondary circult during: (soanxing
in lppl led to the grid of Vg over a shaplng network in whish Ry s ndl
able. The petwork produces a voltage wave on the control prid ﬁ of Vg of
such o shape that the plate resistance of Vp and some solooted valu of
gombine to glve the roquirad variation of ry. The eireuit of g“s e
auires a source of aubqtanthny linear saw-tooth voltare of nr.* slakle -

ampl itude, with a maximun of approximately 70 volts renkv-m-npw. availanis
A separate highevoltere supply is needed for the kinascope, and a 400winih
de sourse or B powsr iupply is rsquirod for the soarning odrav iy ;

In the ideal oase the phte ocurrent of v1 remaing cub of ' watdl 4 b

i
Lo 0 ok

ty (Fize 6A).- From tp to t1, V1 conducts, and Vg is ent off.
is ont off, V2 remains out orf, and the ourrent daerouea from: ;
3. At 3 tha ayclo is repeated. T

£ e L4
v 3'.‘\5 i
LA
e

i
Because of inheront losses in the yoke and transformer, mmeu a6 e
not readily be fitted to the clrouit to achieve this ideal olass 7 mw'

~ ation, COnuquently. n-*n to to t1 a8 control current ie ma muimv in Vs,

|

|

1
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i whe trenzlormer and diseivatss o vorklon of the susrpy sterad

X PeY: and ;.:nlca before "Li,- ean be wiilized. This loadb

& Jn ig the @ of the voke and tramformer, Ts. ingurg ple

putef! in Vi, a fraction of “lw saoondary voltage pulse may be selootad
oy a sattiag of Ra (F!‘L‘ 7\ and fad dwek Lo thoe m 1') ';_ B0 supplemend
the applied “eaw-tooth volta s This veltage supn‘*ees ul {itlonal blaz dwz
;'\mg; the wev’rraau time to ofisat the high .wgewmi.n;,es appearise on the

Lats e

Fize B shows ﬂm approximete woltage wave across the primeyy of

4 w_.‘z»ms"omarm The negetive puak is due to inherent lealm g a-res ot
esillatione of the primery winding whiah are not complavely dawpsd
pparating on the soowtndary. This operation of tho tubs with s

plutesvaitage nives rise to Darkheusen oscillastlons.whioh ey bhe radisbad
ard pleked up in the rf sesotion of vhe receiver and oarT Yed t‘i ouzh M

appsar as bars et the left-hand side of the ploture. Thorouy

of the horlzental eirsult should reduce this type of radiaiion. ¥
%11 sosmming-power is required for deflection of & 10-kilovelt enthods
roy bamm, the steady inoreass of plate-current in Vy firom tm to +1 drops
the plate volteps of V) balow the R supplywoltam by approximately 24l
volts, Under this condition the plate voltage of Vi Le 140 wolis below
'Q;‘ma seroen voléagse , as indisated in Fig. 8,

‘The wave form of cathode ourrent in V) mey be examined hy oonnects

iny ni ageilloscope moross the unbypassed omthods resistor. ™ia curve
(‘?‘in g) is flattened Ly grid ourrent, which prevents the driving ”?.3."1‘:;'-‘,':1
from rising. The rate of decay during retrece is faster than can be oh-
taimmd in the seccndary cireuit | Mcauae durinpg retrase the plate e
ront of V3 18 out off. Fig. 10 shows the shape of the rridevoitese wave
apprlisd to the developmentaletype A=-4412.

The wave shape of seaondary currant as shown in Flg, 11, may he

examined by ingerting a O.S-Ohm,low-lnducm me resistor et point ¥ {Fig. 7}

ané connectinz an oseilloscopa across it. The weve shaps of curren®
tirouph the 8AS7G (shown in Fig. 12) may he axamined by !nsertiny = 0.0~
ohn reslstor at point ¥ (Fizs 7)o A 0.3-chm resistor insertsd at polint
(“ig. 7) permits examinatlion of the wave shape of the yoke cur-apt (Fig,
137, In each cese® the resistence inserted muct be low in order te pre o
sxcascive loading eof the osirouit., The tests on the odrsuit woro made
with the aild of n short plece of nichrome wire, the resistenne of whicl
was approximetely 0.0-o0hm.

The negative emurpion of the plate of Vy below the +U velteze v
epproximately 250 velts appears es a positive voltege of appx‘ox!mn*'a Ly
95 volts on the plate of Vg with respect to the senter tap of Rg. ’!‘u»
wave Torm of the voltage from plate of V3 to ground is ahown ir Flg. 1l
The ds voltage from plate to cathode is 95 volts mims the drop of 55
volts acroas Rg, or 40 volts. Because the plate=to-sathods voltupe ie
go low, a high=perveance tube is needed to pass the heavy currents {low-

‘ing during the demped portion of the scanning oycle.
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" %ha dofleation . f
‘sure et the bepinuing of ssaming at e slishtly poritlve grid veliaps
‘ The plate woltage of V2 1s adjusted by means of g with lbg socochs wed

& e )
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P o, hegause any appreciable anocunt of cuphelis
i polet will shunt the cirouit end disbtart tho wa a £
coltuge ourve 1s & nagatively-sloped saw-tooth whieh 1s ghepsd by 4
B0 000«ohm resistor in seriee with Px and the 30wl sepaciior ooy sl 4 B
The total cepacitence in this shaping oirouit 1o made up of the, H0e1i
sapaaitance and the tube interelaotrode empmecitancasn ehunting this Qe
snpacitor. The ommbination of B4 and the 0.02euf bypase gupecites :
tha hims on the tube as the pgrid draws currsnt. It wma notud provicus .y
thet Vg should be out of{ during retrace £ime. Filg. 15 shows tha nephe
“ive pulse of voltazo applied to the grid %o iresure cubodtf, The atalle

ONT -

ilations in the surrents throngh the secondary of the Yrensforrer and

through Vo are of oonsiderably magnitude, dut these ogoillations oencsl
eut in the yole and glve the smooth saw-tooth current needod {ov 1iness
sonmminge - Gy '

L]
e

; Tube Vo in the sesondary does not require B pomer divectiyvs ALl
cnergy fed %o V‘E hes been proviously stored in the magpetie |
GY

flelds of
anrsformer and yoke, The peak plsta current of Vi oo

sy
@

hvpess cepasitor in the cathode load, Nobe hat Ri dose nob primay (33
gontrsl the grid blas ol Vg ‘

. The snrean voltage of V31 is varied by adjuvsting By 4o ooieic Gt
proper seanniny width for the anode voltese employwd. The resiatanas
of Ry, however, should not bLe demressed to the point where the meximum
rated esresn dissipation of V] is exceeded. is Ry ig woarisd, r9ad e
meut of Rg is pecessary $o0 obtain ooj-reot' operation of Vo uudor the
scanning conditlone. " R f

A proup of 3% dov'elomom:alwtype A=4412 power«tubes wis tested

_in ths olrouit of Pig. 73 the following table showe the ruousa oF rrente

and volte-os measured at soveral pointa in the olrouit,

Civen: ;Amde voltare (kinescope) = 10,000 volts do.

Moture Size = 77 by o" (blanked). 9 I/2" horirontnl defloutlion
-3 set at 35,000 oims :
~ igq set at 23,000 ohma ) v
Rg arm at ground. Peaking not utllirud. (See explanciiun
s ; \ B L following).
' Rg adjusted to 786 olms ; '
' I supply voltage = 400 ohms

Values for davelopmontal=type A=4412; ‘ Womae

Plate current = 66 to 76 millamperes

fereen ourrsnt = 4 te 9 milliamperes.

Soreen voltage = 283 volts with respsot to ground
gathode ourrent = 69 to 86 milliamperes

o
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Atwnine volteed s 47

Orid curr-uh » 20 to 26 micrsnmpores.
arid w7oltags de %o grid surrent acroees 500,000 olmg w =30 Ho
15 volts with reepsct to srowd.

Total grid biags « =17 to ~22 volts with respect to cothade

Nepetive voltase peak on prid = =70 volts with reepest %o -roand

Positive peak plate-fvoltage « +4 kilovolts with respeet to catheds

Negative peak plate~voltaze = =800 volts with respect to eethods
6ASTC nega tive peak plate-voltape = =1660 volts with respeot to cathods.
Voltape across Rg = 65 volts

In the c¢iroult of Fig. 7 the values of R3, R4, and R5 larpgsly none
trol the linearity of the horizontal sweep. Satisfactory adjnstmont of
linearity requires that each of these resistors be adjustable, With cer-
tain 6ASTG boostsr scanning triodes, Rg and R4 may be left fiwed and Ry
used to give the required linearity. However, the interelsctroade sapace
itanges and cutoff characteristics of the GASTG triodes may vary. Oincs
these factors determime the network which shapes the voltepss wnve wepnlicd
%o the 6AS7G grids, provision nust also be made to vary fig end i, in ordar
totake care of wariations encountered when tubes are chanpged.

Iarge amplitudes of saw~tooth veoltage applied to the srid of the
developmental~type A=4412 frequently produce good circuit operation with.
out peaking. Physical arrengement of components and wiring alss «ifeots
ths amount of peaking required for satisfaoctory ocperation., The parti-
cular olirouit used to cbtain the date for this Note worked bast with ne
peaking . However, experience with this type of ciroult has shown that
provision for inserting peaking should be made so that peakins oan be
used if needed.

POWER FEED-BACE CIRCUIT.

In the normal operation of the horizontal defleotion oirouit of Fig.
7, it was shown that a voltage drop of epproximately 656 volte ocours amcross
the ocathode resistor Rg. The rower dissipated in this resistor een Le
utilized to supplement the B power supply of the oirouit. The modifien=
tions necessary for this utilization are shown in Fig. 16. The horizontal
output transformer ratio chosen is such that the ourrent in Vy is essen-
tially equal to the ourremt in Vg. Resistor Rz is not used, and the +B
lead of the primary of the transformer is oomeoted to the oathoda side
of the 4-uf bypass capacitor. The +B comection is made to the center-
ing potentiometer Rg as shown in Fig. 16. The voltags developed ncross
the 4-uf cathode capacitor is now effectively in series with the +3 volt-
age and thus augments the plate-supply voltage applied to Vy.

A simplification of this oircuit {o clarify the operation of the
power fesd-back oirouit is shown in Fig. 17. V2 (6AS7G booster sosnning
triode) is considered as a rectifier without regard to the manner in whioh
the plate curremt varies in the tube during the portion of the oyole when
conduotion takes plats. During the oycle of conduotion through Vg the
ocapacitor is positive ee in any standard reotifier eirouit. Thus, it
aocts like a filter capacitor in a low-voltape deo power supply. The cap~



aolbor is womngoted sy that the valbags developed sorose it is pluced iu
series with the voltaze of the initisl B supply. Thus, with eppromimatelsy
56 volts develeped merose the capacitor, the voltege appliled %o vy im
inorensed by this amcunt. Aa inersase in scemingepower is obtained,

and $his inoreesed powsr may be used %o produss more deflestion or to

permit e redustion of B supply power as 1llustrated in Fige 18

In the eirouit of Fig. 18 there is a smell drop (approximately &
volts) in the cemtering potentiometer, whioh is carrying the full equip-
ment load ecurremt, (It is desirable %o run the full squipment lced
current through the centering potentiometer t¢ obtein maximm centering .)
The plate voltage applied to Vy rémains et 400 volts besause of & he extra
voltage obtained from the seoondary side of the tramafesmer. Thus,
though the sans emount of scemning power is evailabls, the veltege and
power requirements of the B supply ere reduced, and a saving in the sosh
of B supply compoments is effeoted. The cireult has the further sdven-
tage that, once the correct prid voltage has been seb for 7y by mespe of
R? and Rg, no further changes in linear ity will be moted as the pioturs
width is varied. |

Note that the traansformer ratio must be chosen g0 as %o equalize
the plate ourremts of Vy end Va. Also, the capasitor asross which the
extra voltage is developed must be lergs enough so that onoe ohamged, it
does not diseharge appreciably when Vy draws ourrert. Thie onpece ibor
oherges during the 4ime Vy conducts and discherpges when Vy coadvots.
With sufficisnt oapaoitanse at this point, the condustion eyele of vy
will not dissharge it sufficiently to ocause an sppreeiable loss of boowt
voltage. it : ' ;

CAUTION.,

The high velteges whish appear merose the yoke and the primary
of the transformer can be dangerous te¢ humen 1ife. Care must
be exercised when working with this oirauit. Thersfore, powe |
er should be shut of P before changee in sormestious are made.
Iff it beeomes absolutely necessery to work or the sireuit
whils it is opereting, nse extreme oere and adjust the methods
to the hizh voltage involved, ‘

The Licsnse oxtendsd to the purschases of tubes appesrs in the iiow
onse notice ascsompanying them. Irformation contained herein ls furrnished
without assuming any obligation, ‘ ‘
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FIC. 4A
WAVEFORM OF VOLTAGE ACROSS
AB IN CIRCUIT OF FIG. 3.
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FIC. 48
WAVEFORM OF YOKE CURRENT,
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CUIT OF FIG. 3.
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SIMPLIFIED POWER FEED-BACK CIRCUIT
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SIMPLIFIED POWER FEED-BACK CIRCUIT
SHOWING LOWER 8 VOLTAGE REQUIREMENTS



