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(71) We, PHtLIPS ELECTRONIC AND ASSOCIATED INDUSTRIES 
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, The .invention: relates to a circuit' arrang~ent comprising a line deflection circuit 
for· generating a line frequency sawtooth current having a trace and a retrace period 
through a 1hie deftection coil and a voltage supply clrcujt for providing a first voltage 
·supplyfor said defl~n circuit, safd, lin,e deflection circuit having a reS01llUltdrcuit 
which includes said line ~eflection. c0il, a trace capacitor and a retrace capacitor, and 
first sWitching meat\$ .. sWitchable at. line frequency for applying in operation the volt­
age present across the trace· capacitor t~ the line deflection coil during the trace period 
of . the sawt0oth current;, ·said 'voltage. supply circuit comprising. a supply terminal for 
receiving a d.c. supply,. se¢ond switching means controllable at line frequency With 
a duty cycle which in· operation may be varied; a first and a second winding wound 
on' a magnetic ~sformer · core,. said first winding being connected between said 
supply terminal and ~· seeond ,sWitching meaqs whilst said 5econd winding is con­
nected through a diode to said ·line deftection circuit. 
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Such a circuit arrangement is. described in . an· article in the publication "IBEB 
Transactions on BrOadcaSt and Television Receivers", August 1972, vol. BRT-18, 
No: 3, at pages 177 to 182 and is the ~bination of a line deflection circuit and a 
sWitched voltage· supply stabilising circuit, the fiist sWitching. means in the deflection 
circuit :comprWng a transistor. and associated .diodes whilst. the second· switching 
means. in the voltage supply cir<:Q.it is formed by the said transistor. This known cir­
cuit arrangement haS the advantage that it can be fed· by an unstabiUzed supply voltage 
and can produce ·a . stabiliied deftection curr~t and a stabilized high voltage (EHT) 
and possibly a~ voltages, wJ;iich stabilization is obtained by controlling the duty 
cycle Of the switch. . . .. . . . . 
. The article states .that an BHT winding may be coupled with the Windings 
which are the supp)y windings to produee BHT pulses of high amplitude during the 
retrace (fiyback) . tiUJ.e. These pulses are applied to a rectifier lor generating the EHT 
fot the • acceleration anode of the television display tube. A drawback of this method 
of producing the BHT is that the first and seci>nd windings must be able to accumu­
late. considerable p0wer which requir~ a high inductance ind therefore is expensive. 

Another drawback of the circuit arrangement in the article is as follows. In 
prac;tice, during the part ·of the trace ·time when the trallsistor does not conduct, the 
diode does conduct· and the BHT winding is thus ·coupled to the second Winding. 
During the other part of the trace time the transistor conducts and the diode does 
not so that the EHT winding is then coupled to the fitSt winding. Since the leakage 
. inductance between the EHT winding and the first . Winding and that .. between the 
·mrr winding and the second .winding.are necessarily dilferent for reasons of winding 
and assembly· teehtiique, the series resonant frequency of the network constituted · 
by the leakage inductanee and the capacitance to ground is diffei:ent during the tw0 
parts of .the trace tin1e. ~~result; a higher harmonic tw1in~ of the c~bined Wind­
mgs which can be considered to be an .EHT transformer · 1S not p0sS1ble so that 
parasitic oscillations.Jnay be. ~u~ · . 
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A further drawback · this method of ~ucing the ~EHT is that the: voltage 
across the first and secon windings varies with a step at the instant when the mm­
sistor is rendered cond . • The abovein.entiohed· s¢ries resonant· n.etWork is ~by 
excited which may give ri . to. parasitic osclllatio~ after the said instant. In addition> 
this instant, which is dep . nt on the supply . voltage,.. is variable. . 

. These drawbacks may be eliminated if the mrr winding is coupled to a sepatate 
winding . which is either · upled directly or through· a capacitor to the deflection 
network. Such aJi arrange t is shown in Figure 8 of the above article at page 181. 
During the. whole of the · time a current fto\VS t&rough this. winding so: that the 
leakage inductance between it and the BHT winding does not vary; whilst the voltage 
thereacross does not con · the step during the trace time. In producing the ·Bal' 
in this way there is the · d . back . that' the circuit arrangement not only includes the 
first and second windings ut also an extra ttansfomier which must be capable of 
handling considerable power in colour television :receiver in the order of a maximum 

.of 25 kVX2 mA=SOW B power, and which iS therefore an.expen$ive component. 
It is an object of the • ention to provide a circuit arl'ilngement which does not 

require these separate ·:ve components~ . . . . 
The invention provides . a circuit arrangement comprising a line deftection cir­

cuit for ~ting a ~e f . . ency sawtooth current having a trace and a retrace 
period thrOugh a . liile d~ . :on. co~ . an~ a. volt&_ge ·. ~pPly · cir~t ~or ~d!ng a 
first voltage· supply for said ·.deflection arcwt, said line d~ecuon CU'CUlt havmg a 
resonant circuit whkh, incl said line deftection Coil, a ttaCe capacitOr and a retrace 
capacitor,· and first swi means switCbable at line frequency for applymg in 
operation the voltage· present . s. the trace capacitor to ·the'.line defiection coil dur-
ing the trace period of th~. s '. Wtooth current, said :vol. ~ly. ~t comprising 
a supply terminal for recemn a d.c. supply, secon~ switching p.ieans controllable at 
line frequency' with a duty cle which ill opera~ · · ti¢·vaned, .a· first and ~ 
second winding wound on a gnetic tranSformer core,':Ii. 'first .·windiiig being con­
nected between said supply . . '· · • . and. said. secqnd swi.~ meaits 'whilst· said 
$CCOnd winding is COiinected . gh a diodC t() s*1 I.~e ·deftCGtlori cirCilit, a third 
winding wourid on said magne . ·core whicli third Winding is c0nnected.to,said deftec­
tion circuit and means conipr"' • a· fourth winding Wound ori said tDagnetic cc,>re 
for deriving a second voltage s · .. Ply, said fourth winding ·being ~ore cloself coupled 
to said third winding than · to · · first or sec0nd Windirigs, the arr8ngemetit being 
such that in operation said . nd switching· D1ean5 :_causes a liiie frequency vo~tage 
having a duty cycle· whicli can be varied to be impressed · ori said first and second 
windings whilst said deftection · · · 't impresses a ~ ~cy voltage ha~g a 
retrace pulse and which does n · t substantially vary during the trace period on said 
third~ . • . . 

With the invention a vol e is present across 'the first ~ seco~ windings 
whicli during the retrace time • proportional to the·: retra<;C pUlse, durfug tJ,ie part 
of the trace time wheri the seCt>Ji · : switching tneims does iiot conduct has a first value 
whilst during the rest of the tra '. . ·. time when the 8eoond switching means conducts 
has a second valbe. Ho'\iVever, a ' ltage which is equal to the retrace pulse during the 
retrace time but does not subs ' tia.Jly vary during ~e entire rrace time is present 
across the third winding which • · · connected to the ddleition ~rk.. As coupling 
~sts between these windin~ du. to them ~g wou¥. on !he~- core, currents 
will :ft.ow through them which ·. . dependent mter alia on th.e dilfel'Cilce between 
the voltage across the third . • .. ·.· . aii.d that across the first and $CCOild windinfS 
but which do not influence these · olniges so that voltages ()f different . shapes remam 
present across the coupled . • s. It ha~ been found'. that th¢Se Currents il.i:>t only 
result in substalitially no :increa8e of the losses but that they have no detrimental 
influence in the case . of ~ suitab . : chosen design of the arrangement bCCause the 
operation of the arrangement uncbangec:l in spite ·of the fact that one .of 
these extra currents through· the di e ftows in· the blocking direction and therefore 
might turn oft this diode. · .· · 
. With the cltcuit ·arrangement the above mentioned ardcle a given minimum 

power has to be dissipated ·.for its · tisfactory operation. It has been found that with 
the circuit. arrangement ac.c:Qi'ding · the invention this minim.um pOwer can be con­
siderably redUced so that m theocy. the situation can be achieved 'wi.ere it derives 
little energy from an extenlal d.c. . pply and so producing only small losses in the 
arrangement. This can be obtained •. . swtable. Choice of tWo of the parlineters deter­
mining the operation of the . artang ' .··· · t, 'namely the coupling· factor ai1d the trans­
formation· ratio between the· :second · d ··third windings. The maximum · intenSity . of 
the current ftowing through a transist which may be included in the first and second 

.) 

-~ 

2 

v 

_/;-."'"' 

\.$/ 
10 

15 

20 

25 

35 

40 

45 

50 

55 

60 

65 

r 

·:,­
; 



3 

s 
. ...,....,-: ~" 

'V,f-·. 

. lS 

20 

. 2S 

30 

3S 

40 

45 

so 

55 

60 

1,475,772 

switching means, i.e. at the end ·of the trace ti~ and the premagnetisation of the 
· core· can be reduced. A cQmpro~ ·can be. found· in which all requirements· can be 

satisfied in a reasonable way; · · . . . . . . · · 
• . The invention also provides a circuit arrangement comprising a line defiection 

.circuit for generating a. line frequency sawtooth curr~t having a .trace and a retrace 
·periOd throilgb: · a line defiection coil and a , voltage ·supply circuit for providing a first 
voltage supply for said defiection circuit, said line deflection circuit having a resonant 
circuit which· includes said line defiection coil, a trace capacitor and a retrace capacitor, 
and first switching means switchable at line frequency for applying in operation the 

. voltage present across the trace capacitor to the line defiectiort coil during the trace 
periOd of the sawtooth current, S!lid voltage supply circuit eoqiprising a source of 
d.c. supply, second switching means controllable at line frequency ,with a duty cycle 
which in operation may be varied and a supply winding wound on a magnetic trans- · 

. fo~ core whk:h supply winding is connected in series with. said supply source and 
said . second switching . means and is additionally connected to said line defiection 
circuit, a. further winding wound on said. lll3goetic core which '. further winding is 
also connected to said deflection circuit, and means comprising an additional winding 
wound on said magnetic core for providing a second voltage aupply, said additional 
winding being more C:losely coupled ~o said further winding than to said supply 
winding, the mangem.ent being such that in operation said second switching means 
causes a line frequeney voltage having a duty cycle which ean be. varied to be im-· 
pressed on said supply ·winding whilst said defiection circuit impresses a .line fre­
quency voltage having a retrace pulse and which does not substantially vary during 
the trace period on said further winding. · 

The above and other feature& of the invention will now be destribed in greater 
detail; by·way of·example, with reference.to the accompanying drawings,· in which:­

Figure 1 shows ·the principle circuit diagram of a first embodiment of the 
arrangement according to the invention; · · 

Figure 2 ·shows 'Waveforms occurring therein, 
Figure 3 ~ows··an equivalent circuit diagram of part of the arrangement accord-

ing to FiSure 1~ ·. . · . 
Figure 4 shows.· a graph which may serve in the choice· of the parameters, 
Figure 5 shows a variation of a current fiowing in the arrangement of Figure 1, 

· Figure 6 shows the principle circuit diagram of a second embodiment of the 
arrangement according t() the invention, . . 

Figure 7. is a sketch of a transformer which may be used in the arrangement 
according to the invention;· · 

Figures 8 and 9 show other embodiments of the arrangement according to the 
invention. · . . ·· .· 

. The circuit arrangement of Figure 1 includes a driver stage Dr which receives 
· . signals from a line osciUator not shown and which applies switching pulses to the 

base of a switching transistor Tr. One end of a primary winding Li of a transformer 
T is connected to the collector of transistor Tr which is of the npn type while the 
other end of winding L 1 is connected to the positive te~ of a direct voltage 
source B and the eillitter ¢transistor Tr is connected to the negative terminal there­
of. This _ negati'lfe i:erridnal may be connected to ground of the circuit arrangement .. 

A trace capacitor Ct i.s arrangCd in series with the line deflection coil L1 of the 
: circuit arrangement of Figtll'e 1 in the television display apparatus (not shown) and 
a diOde Di with the i~ted. eonductivity direction and a retrace capacitor Cr are 
each arranged in parallel with the series arrangement thus constituted. Capacitor Cr 
may alternatively be arranged in parallel with coil L 7 • The four elements only show 
the main compoilentS of· the defiection section. This section may ·be provided, for 
example, in known manner with. one or· more transformers for :tnutual coupling of 
the elements, with arrangements for centering and linearity correction and the like. 

A secondary ·winding L2 of transformer T is arranged in series with a diode 
Da whose cathOde is connected to the junction A of elements Du Cr and L:v and 
to the anode of a diode Da. The cathode of diode D 2 is connected to the collector 
of transistor Tr. A tertiary winding L3 of transformer T is connected through a 
capacitor C, to point A. Other windings are wound on the core of transformer T across 
which windings there are voltages which provide supply voltages for other parts of 
the television display apparatus. One of these windings, windin~ 4, is shown in 
Figure 1 and generates with the aid of a rectifier D+ a positive direct voltage across 
a smoothing capacitance C 2• One of these windings, for example the Winding L4, 
is the BHT .winding so that the voltage across capacitance C2 is the EHT for the 
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acceleration anode of the ~isplily tube (not sh~~· The free ends o~ w!ndings La, 
La and L4 are connected ~o ground and the wmding sense of the windings shown 
of transformer T is deno · by polarity dots in the Figure. If, ,hµti!illy, we ignore the fact that winding La is caupled to the inductive ele­
ment Lo L2 of the Imo · arrangement, the described cireuit arrarigement operates 
as that of the abov~men ned ·publication which may be · sw:nmarised as follows. 
For the deflection circuit sistor Tr and di9des D1 and D 2 form the .first switch­
ing means. DUiing a firSt · rt of the line trace '(scan)tinie;diode. D1 ci>nducts. The 
voltage across· capacitor t is · applied to deflection roil L,;. through which 
a sawrooth deflection rrent i,. B.ow8. At a · given ins.tant transistor Tr 
becomes conducting. · . n aj,proximately ·in the . JD.iddle · of the trace 
time current 4 ~rses · it8 direction, diode D1 is blOcked so that current i7 
then flows through the p · viously non.:.COnducting diode ·n2 ~d transistor Tr. At 
the end of the traee tUµe, ·. · . • tor Tr. is cut off and diode D 2 _ again becomes non­
conducting. Ari. oSclllation, . e retrace (fly back) pulse, 'is j?J;Odueed across capacitor 
c. while the en¢rgy Stored in transforitter T and derived &om source B produces 
a current through diooe Dd 'When the voltage across capacitor Cr bas become zero again, diooe Di-becomes ·ducting: this is· the ~mencement ofa new traee time. Diode D3 remains condu • . until transistor Tr' is rendered conducting, the energy 
in winding L2 being passed" on to Winding L1. Stabilization is provided in. that, for 
example, the voltage across '. oacitor Ct is fed back to driVer circuit Dr in which a 
comoarison stage and ·a ril ··· tor insure that the c0ndtlctivity time of transistor Tr 
is varied in such a manner t the said voltage ·and c0nseqtieritly the ·amplitude of 
the deflection current • constant. Thus for the voltage 8upply circuit the tran-
sistor Tr forms the second •'switching·. means. . · ·. · In Figure. 2a the volta · v A across capacitor C., . in. Figure lb the voltage . v 2 .at 
the junction of winding L2 d diode Da and in Figure 2C the vol• Ve at the· 
collector of transistor Tr are lotted as a function. of tiine. The symbol rH indicates 
the line perioo while Ti indi tes the retrace (fly back) time;· ,.,.2 the part of the trace 
(scan) period TH-T1 when .. nsistor Tr does not conduct and 7-8 =~:e: being .the 
part of the period T :e: in whi the transistor does conduct. The number .8 is the ratio 
between time Ta and peii«f , .. During the times "ri and • a diode Da conducts and v0lt8ges VA and v2 are equal, 
i.e. the·· retrace ·pulse with am· litude. V :durh:ig _the time r.i and zero 0during the time 
T:11· At the instant when tran · tor Tr is rendered canducting i.e. at instantti between. 
Ta and Ta, voltage Vo .be<;om . substantially zero. The voltage ·VB from source B is 
then produced across winding L 1• If the transformer ratio between windings L 2 arid 
Li i.e. the ratio between the umber of t1,lmS of winding L2 to that of . winding Li · 
is equal to 1 : p, voltage v 2 • equal to 

· \ 

. ! VB 

p 
!. ! during the i:ime .,,,. Voltage Ve ·s equal to pV~+V13 during the, tlme Ti• ; ' 

When Vo is the -direct vo tage across capacitor· Cu then· if this capacitor has a . 
sufliclently large capacltanee, o ·if V0 is the direct· voltage component of the voltage ! 
across this capacitor when. it· · s a ·comparatively row eapacitari.ce for the so-called 'S · correction, Vo is equal·to·the value of voltage VA. In fact, a direct voltage com-: 
ponent camiot be present acros ·coil L,.. There applies that:· · . · 

\ -_(_ J"j """" J.t-1-T.ff n 

The mean value ~ the vol e across win:ing L2 is also zero so that there applies 
that: 
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-\__.; In the formula for V"' the integral <'.8-ll be replaced so that 
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At given values of ratios a an4 p, diode D 2 would conduct during the time Ti· 
Since diode Da conducts during this period, windings L 1 and L 2 would be short­
clrcuited by. diodes D2 and D8 so that the retrace pulse across capacitor Cr would be 
cut off and the deflection current would be distorted. Such an effect may be obviated, 
for example, by providing. an additional transistor cut off during the time r 1 in series 
with diode D2. A capacitor Ca is ~rranged between the erids of windings Li and La 
in Figure 1 or taps_ thereof and this capacitor_ prevents -para~itic oseillations which 
might be caused by the-· leakage- inductance present between the windings Li and L2 
in such a manner ·that a_ line frequency voltage is not present across capacitor Ca. 
Figure 1 shows the case where p=l. 

Similarly as for capacitor Cu it may be evident that a direct voltage or a direct 
voltage component is preserit -across ciipacitor Ci which is equal to voltage V 0 so that 
the voltage across winding La is substantially equal in shape to that of Figure 2a 
with the difference that the zero axis is shifted and has a value equal to voltage Vo.­
The invention is based on the recognition of the fact that· windings Li and La on the 
one hand and winding La on the other hand may be ci>upled together- as is the case 
in Figure 1, . in spite of the fact that voltages bav.ing waveforms of different shapes 
are present across these windings, ~d that these -shapes are not influenced by the 
coupl.ing. Coupling of -the -windings· of trilnsformer. T cannot influence ·the fixed 
voltage8 Vo and Vlb that is to say, voltages externally impressed. However, the cur­
rents ft.owing through the different windings are influenced. 

Figure 3 shows an equivalent circuit diagram of a part of Figure I. As in the 
mentioned publication, the:~upling between--wmdirigs L~-and L2 is very tight. Thariks 
to the presence of capac;itor Ca the ci>upling factor between these windings may be 

. considered to -be equal to 1. The coupling factor b¢tween windings L 2 and L 3 is 
not equal to 1 so ~t only a part -of the tertiary winding is coupled to the secondary 
winding where the coupling factor is eqQal to land is in series with an inductor Q 
not coupled to the secondary winding_ which 'inductor represents the leakage induct-" 
ance between· windings La and :L3• Thus, the equivalent circuit diagram comprises 
three windings 11, ~ and I~ mutually having a coupling factor of I and with the trans­
former ratio of li to 12 equal to the above-mentioned ratio p and of la to 12 equal to 
a number n. ·An inductor fuiVing- a•value _of L 1 is shown to be in parallel across wind­
ing li which value is equal 1;0. the value measured ·across winding -Li in Figure 1 
without a load across ~e • other windings. The above-mentioned inductQr Q in series 
with winding la is meas'1l'ed across _ the series arrangement which value is equal to 
that of wiridiDg La in· Figure l without a load across the other windings. It can be 
derived that: -

Q = Lj - ra~J f = L3 ( r - k2
) au( 

k= ft~ 
iri which k is the coupling factor bet:Ween windings La and Ls in Figure 1. 
- In the absence of any ci>tipling between windings L2 and Ls (k=O) the respec­
tive currents i 20, i 20 and i30 would :6.ow through windings Li, L2 and Ls in which 
currents ii11 and iao correspond to. ii· and i2 of the quoted publiCation and in which 
current is0, likewise as currept i7' is sawtoothed-shaped. Since windings L2 and ·La 
are coupled together, extra currents iik> i311 and iak :6.ow through the respective wind­
ings. When it is assumed that the arrangement comprises ideal inductors; capacitors 
and semiconductors, these extra currents do not -cause any increase in losses. In 
practice, this increase will remain small. In addition, the above-defined parameters 
n and k may be chosen to· be such that the operation of the arrangement is not 
detrimentally influenced which will be explained hereinafter. 

The respective eurrerits .i1=iio-+i11., i2=i2o+i2k and is.=iso+isk actually ft.ow 
through the windings· 10 12 and la of Figure 3. The following can be shown. 

During the time r 1, i 1 =O and currents i2 and i3 undergo the variations 
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During. the time rai 02=0 . 

• VoT..:. 0 ""i . : _____ ,._ .• 
p L1 

and 

In order that the o ' tion or·ilie-:·8rrai:t~eni is iiot' diSturbed, current i2 must 
always flow in the~~ : ~ection as .shown by the.~~ in F~ 3 in ~pite of 
the fact that the vanatio!l A13 thereof 1s always negatJ,ve m the tmle T2• Figure 3 
shows that current i1 must. therefore also be positive. Since current i 1 only flows dur­
ing the time Ta and since the aboveinentionCd relation (2) shows that its variation 
Ai1 may be both positive · d negative going during that . time, the condition which 
mUst be satisfied iS as foll • ·. : when .Aii..>O, kmust be 1atger than or equal to zero 
at instant t1 which is t On. o and consequently on voltage V11; when Ai1<0, 
i1 must be larger than or e ua1 to zero at the in.Stant t2 when the trace time ends. 
· · • The mean value of rent i1 follows from the calculation of the power taken 
up by the arrangement: . . ·. · 

in which 

.. I~ ·1'tJ W ~ -L . 1 Vg .A..1. rA t "' Vg p .. ~1 al t 
T+t ! p T"'i . 

0 0 . 

\ 

\ 

l 
I 

. . 1. lT'J p1o= - . . . ·'t 
. 3 0 . 

· pi1dt=the said niean v8lue ~ormed to the secondary side. Filling in formula (1) 
leads to: I . . . ! w . 

I 

independent of parameter k. : 
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For the IOwest possible value -Bmt11 .of · 8 ·the_ (lbove given condition ·applies: 

· p(fo"'-iidi1)>0 with .6.ii>O 
from which 

WLi =CWLi)o. Ri 

while for the highest posSI'ble villue 8max of 8 there applies "that: 

p(io+iidii)>O With tU1<0 
from which· 

WLi =(WLJo. ~ 

In this formula (WL1)0 is the villue of the product WLi for k=O, thus Without coupl• 
ing, and . . . . 

At a retrace ratio of , 
Ti 

-=0.2 
Ta 

,a..,~,.=0.8 (transistor Tr is ~dered conducting at the instant of commencement to 
of: the trace time) and .Sm111-.0;4. (instant :ti coiriddes with -the .middle of the trace. 

· time).· With these data. the graph of Figure 4 · ~ be· shown in which the coefficients 
,R1 and ·Rs are plotted as a function of n and with k as a parameter. 

: · Figure 4 shows that for a given · vab~e of the coupling factor k villues for the . 
.ratio . n can be chosen which are located above the relevant curve of Ri and to the 
;right of the relevant curve of Rs •. The values 'which are given by these curves show 
ithe minimum value .of the ratio of the product WLi for· the said value of factor k 
iand the product (WL,)0 ·without coupling when the arrqement can still operate 
1in its normal manner. It is .foun.d that .values of the parameters n and k can be chosen 
;in which this ratio is less thaii 1. Such. a case oceurs, for: example, With k=0.71 and 
,n~.3 in which R1 =R11:::::0.67 (point M) and, more in generai, for k=0.71 for the 
:shaded part of the graph. Larger eoupling factors are possible: With k=0.84 and 
:n=0.4, Ri =Rs-= 1 (point N) is obtained which does not result in an improv_ement, 
:but ·does not involve · a deterioration relative to the case without coupling while the 
:deterioration is small for the ·we of point P for 'which k=0.71, n=0.6 and Ri~l.35. 
Thus it is found that P8i:8Dleters k 8nd n ean be chosen arbitrarily." · 
, Ph}'$ically, the fact that the miii:imUm dissipated p0wer W for a given Li (hence 
for a given quantity of iron and copper) may be mW1er tha{l.'when windings L2 and 
·Ls are not coupled· together· and with .the· same L 1 can be described as follows. With­
out coupling, Cui'rents i10 and i~· always flow in the positive direction so that a certain 
dissipation is necessary, for example, by losses in defteCtion coil L,. and/or by a load 
connected to capacitor Ct• With coupling, extra . currents iik and iak flow which are 
produced by energy acc:umulated in winding . La and which are induced in windings · 
L1 and L:i, which currents may flow in the negative direction without diode Da being 
blocked. As a result,- part Qf, the energy supplied is fed back to source B again. The 
foregoing· shows that the·. requirement for the ·dissipated power to minimum goes 
together with the requiremen~ that; the operation .of the arrangement is not .influenced 
by the coupling, that· is. to· say, diode · D 3 remains conducting in the time T 2· 

Figure 5 shows the variation::of current'is during the times '"1 and T1 and of 
current pi1 during the . time Ta for different villues of the ratio 
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i.e. for different values of I supply voltage Vn. Figure Sa show8 that the variation of 
4i1 in formula (2) is posi~e and in Figure Sc this variation is n~gative. Formula (2) 
shows that for the value of i · · 

: D 
I 8=-··-· 
i k2 

the variation M1 iS Zero. . urrent pii then retains the. value pie, during the •time Ta 

(Figure Sb). Since this vai e which is the same :in F.igJJres Sa, b and c iS proportional 
to ·the dissipated po\Ver · , it is very low if the power W is low. Since CUrren.t iz 
becomes slightly lower· af er instant t2 than pi.,,. io cannot· be zero but can· be very 
small. This means that · theoretical situation is approXimated in which the arrange­
ment does no~ draw subst. tially any energy frc)m·:source B while there are no losses. 

·Another important · nsideratiori relates to the maxinium collector current of 
. transistor Tr. At the end ta of the ·trace time, current i1 which then :fto'Ws through 
diode 0 2 and transistor assumes its maximµm intensity. Also the current through 
winding Li and that . . . winding La flow through transistor Tr. During the 
time T" the collector curr · t i.; is ·equal to · 

.· t the collector current without and with coupling be~ 
windings L2 . and La. It · n be shown that for a suitable choice of parameters k and 
n, current ick becomes · or even negative at· instant t2, so that the collector ~ 
current will ·have a more favourable value. This resides in the fact that during !the 
trace time the voltage acr winding 12 and consequently across winding la, ·is sql1$Ie­
waved,·. so that curient is, is sawtooth-shaped. Parameters ri and k may be cho11eri: to 
·be ·such; that im ·intensi · at instant i:2 iS :iieg•tive: but not so inllch iliat eurrent. i. 
beoomes zero. In thiS · ' . e, ratio n: must not ·be too · siriall. This is in contrast with 
the considerations·in.Fi . 4; This Figure shows; howeVer, that at n=l and k:o.71 
and k . 0.5, coefficient R is equal to 1.6 and· 1;2, respectively, which involves 60% 
and 20% more p0wer . . fo the case without couplillg i.e. k=O and Ri·=l. ! At 
larger values of n arid k . 0.5, coefiicierit.Ri cannot become larger than 1.33. A satis­
factory cqmpromi8e ·be n the require1llent of a low dissipation and that of a lo\ver 
maximum collector curr t can thus be found by choosiiig a low k which Js of colirse 
not necessary if the • um collector current afa high k is still far below its adttlis-
sible peak value. ! · · . 

Another advantage f the ·invention . is truit the oiagnetizing current of · tr~ 
former T can be , reduc · .. Without coupling, a current which assumes its muiinl.Jm 
inteilsicy at instant t2 :fto through windii:;ig L 1• As a result, saturation of the mag~ 
netic material constitutin the core may occur so that the induc~ . of winding. Li 
decreases. ·The result is · . t the current flowing ther~thr()ugh becomes still larger 
so that the collector. dis 'pation of transistor Tr increases. However, since current 
i. can be reduced at ins t tz as a resul~ of this coupling, this, means that this satura­
tion occurs ro a lesser a. t and may not even occur at all. Not on:ly ill. the transistor 
safeguaide4, ·but the req ired inductance of winding Li can be obtained by feWer 
turns and/or a core of a smaller_ cross-section; · 

. EHT winding L4 =·s· more· tightly coupled to winding Ls .than to windings Li 
and L 2 which can be. r · · · · in practice by using a core which is composed of two 

U-shaped cores· in which windings L1 and L 2 . are provided on one leg. thus formed 
and win4ings L 3• ~ L~I· are \'rovided on the other leg. Consequently, a yoltage is 
present across wmding I.l.4 which does not undergo a suddent change at instant ti. 
Known winding methocisl ·for example, the scrcalled higher harmonic tuning method 
may be used. In the satjie way, the other wiildings (not- shown) of transformer T 
may be more tightly co~pled to winding La than to windings Li and La. 

Figure 6 shows ·a niaodification of the arrangement in which the end of EHT 
winding 4 remote from /diode D 4 is not connected to ground but to point A. As a 
result an increase in the: voltage to be rectified is obtained. Taps are provided on 
winding L 3 between wbJ.ch the series ·network L1, Ct is arranged while auxiliary 

·voltages can be derived f~om other taps. One of these voltages is fed back for stabiliza-
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tion purposes to the modulator pre~nt in driver circuit Dr for mftuencing the. time 
T 3• Alternatively, an extra winding L6 of transformer T may be used·Jor this purpose. 

·In one design of transformer : T in which. a small· coupling factor k is chosen, a 
transformer of small dimensions may ·be used employing a magnetic shunt. Figure 
7 shows su,ch a construction. The magnetic flux caused by windings Li and L2 is 
mainly· present fa. the left leg and· in the central leg, the magnetic shunt, of the ·core •. 
It may be reduced to ari even larger extent in the right-hand leg on· which windings 
Ls 1U1d ~ are wound, ·when a. sufficient magnetic resistance in this right-hand leg· is 
provided in the· form of an air• gap. In the s~ manner, an air gap may also be pro-

. vided: in ~ left-hand leg. : · · · . · 
. In one embodimCDt according. to Figure 1, the number of turns on windings 

Lu La and La was 230, 230 ·and 140, respectively, while' inductance Li was approxi­
mately 12 mH and the cc>upling factor k between windings La and La was approxi­

. mately 0.63. The core wa11 formed without a magnetic shunt and: with two air gaps 
each. having a width of 0;6. mm. Vol~ge V0 was stabilized at 140V with a variation 
of voltage VB between 230 and 345 V. The inductartce of deflection coil L7 was 
approximately 1 lnH with Ct-680 nF and C:r-2,uF. It is clear ~t the capacitance 
of capacitor C1 must not be too low or otherwise the voltage across a winding coupled 
to winding Ls would vary parabolically during the trace time· and would·· therefore 
not be usable for trace (line scan) rectification. In this embodiment the EHT winding_ 
was tuned· to the·fifth harmonic. · 

. A further optimum design· of the circuit arrangement acc()rding to the· invention 
~ be obtained by asing .air gaps' 'of unequal Widths in Figure 7. When transformer 
· T has equal air ·gaps, the. inductance of windings L2 and La are proportioned as 
the square of their number of turns. The inductance of La· is dependent on the mini­
mum dissipated power, while the n'Umber of turns on windings La and L, is deter­
mined by the desired EHT. In case of uneql181 air gaps the ratio of ·the inductances 
is no longer equal to the ratio· of the square of the number of turns, so that a new 
selectable parameter is available. This parameter can be chosen to be such that the 
maximum collector current of ·uansistor .Tr can be· reduced whilst maintaining the 
advantages of the mvention. To this end, the widest gap· is provided on the left-hand 

.leg on which windings L1 fUld.Li ·are wound. The winding.4 across which.the volt­
age is present which is fed: back to. driver.circuit Dr iS·also provided on the ·same leg. 

An alternative circ1,llt arrangement to that of Figure 1 is shown in Figure Sa 
·without the properties being changed. The collector-emitter path of a second tran­
sistor Tr' is connected in parallel with diode Di which t()gether form the first switch­

. ing means while the base thereof is controlled l?y driver cirruit Dr; _for example, by 
means of a secondary winding of a driver transformer T' another secondary winding 
of .which controls the. base. of trailsistor Tr .which transistor then ·forms the second 
switchiilg means. Transistor Tr' provides a path f<>r deflection current i;. during the 
second part of the trace ·time. The fact that the base Of transistor Tr' receives a 
signal for reridering it conducting. during the :fµ-st half of . the trace time, namely at 
instant t-1, is of no importailce because current i7 flows through diode D1 until the 
middle of scan anyway~ Transi~or. Tr' may be of the t}'pe in which the task of diode 
D1 is f~ by the collectt>r-base diode of the transistor so that diode D1 may be 
omitted. Since current 'ii no longer fto\Vs through diode D2 resulting in this diode 
remaining blocked during the ·entire period, it may be omitted too. · 

Figure Sb shows· a modification· ·Of Figure 8a ·in which transistor Tr' is not con­
trolled by driver circuit Dr which might result in a too high IOac:r being placed on 
this circuit, but by a winding L6 of transformer· T. Winding La "is preferably .more 
tightly coupled to windings·.·L1,~L2 and~ than.to windings.Ls and 4 for example, 
windings L1, L2, L3 ,and Ls ·being ·provided on one leg and ·Windings La· and L4 being 
provided on the other leg of transformer T, which . transformer, depending on its 
design; may be formed with or Without a· magnetic shunt (in Figures Sa and Sb the 
core of transformer T is iihown'·as a rectaiigle for the sake of clarity). Such a con­
struction has the· advantage that· the deftection section of the arrangement, namely 
windings L3) L3, ~ and Ls and the components coupled thereto may be isolated.·· 
from the electrical mains while the supply section thereof is not isolated. This means, 
for example, that the le>Wer (dead) ends, of these windings and of elements Tr', Cr, 
Ct, etc. are connected to ground while the· dead ends of windirig LG and of elements 

· Tr, B, etc. are connected· to the neutral line of the inains supply. In this case, capacitor 
C3 (shown in broken lines)· must be omitted. .. · 

In the em1iodiments so far described, diode Da is directly corinected to point A. 
In the introduction to the publkation mentioned in the preamble an embodiment is 
described in which the supply diode Da ·. is connected to the junction of a winding 

s 

10 

JS 

20 

2S 

30 

3S 

40 

45 

50 

SS 

60 

65 



.@ 
. ' 

10 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

1,475,772 . 

of a trans.form~ .. and a d capacitor, the otlier end of .. the winding being connected 
to point A and that of load capacitor beiilg connected. to ground. The operation of 
such an ·embodiment is ughly the same but has the· .c:IDference that. the waveforms 
of Figures 2b and. 2c ui'ing the ftyback tiQies are replaced by square-waveforms. 
Since the occurring vol s are externally impressed, the invention may be· used as 
is shown in Figure 9a.·. The difference betw¢en ~ voltages is, however,. that they 
are larger so that the current produceci,by tl.\e co11pling will be larger than in 
the embodiments descri d so far which will !Cad to a different choice of .the para­
meters k and ,11. In Figu e 9a the inductor connected .~ Da. and A is inductor 
L 7 which is wound oh e core of transformer T while ~ is the capacitor connected 
to ground. WiJ;lamgs L1 .~ La on tbe one l:nmd, and. windings L... and L1 on the 
other hand are tigluly .. upled together. . . .· . . 

'In the same. way a __ .in the embodiment :pf Figure:· Sa, a transistor Tr' may be 
connected in:~ wi ' diOde 0 1 in Figt.4'e 9a, . -~ diode itself being possibly 
replaced by. the cOllecto:r:'base diode of the a~ed·transistor. This is shown.in Figure 
9b in which a winding , 11lso wound on the core of transfoniler T to control the 
base. of ~tor. Tr'. · .. 

. I11 Figure 9b, .. · .. ts Tr, ~ Da and G• constitute. a: voltage supply. source of 
the .switched.~e type.· A modification the~ is shown in Figure 9c in.which the 
voltage supply s0~ is nstituted by corregpon<Ung elements namely Tr, L'2' D' a 
and C', which is :ril)t · ed in parallel but in series with the defte_ction section to 
be cOllsidc::J.'.C.d as,,alQ!ld. is to be noted Uiat when the eollector- voltage of transistor 
Tr'. ~mes .toO high a .·a . resul~ of a. defect: in tr~or .Tr ·when the collector­
eJil.ittel'. path ·thereof: i . · .. a short circuit, · transistoi: Tr' ·is still·. safeguarded because 
its control voltage has th · been removed. 

WHAT WE cLAI 
1. A circuit arrq nt comprising a line deflection circuit for generating a 

line frequency sa\vt~ . urrent l)aving a trace and a retra.cC- period through a line 
cleflection coil and a vo · e supply circuit for providing a first voltage supply for said 
deflection circuit, said · , · d,eflection circuit ha,ving a, resonant_circuit which includes 
said line defl~n coil, a:..rraee capacitor and ~ retrace_ .capacitor, aJ;ld first switching 
~eanS switchable ·at liilC, frequency for applymg- in. opet.ation 'the voltage present 
across the trace capacitor . o the. line. deftection. COil during the trace period of the saw­
tooth current, said voltag: ... stipply circuit comprising a sµpply· terminal for receiving 
a d.c. supply, second s tching means cont:rqllable at line freqllency with a duty 
cycle which in operation y be Varied, a first and a second wincUng wound on a 
magnetic transformer co~ · sai~ first . winding. being co~ between said supply 
tei'minal and .slid second switching means whilst said second winding is connected 
through a diode to said, • . deflection. cir~t, .a third· winding wound on said mag­
netic core which _third • ding is. connected . to said ~tjon. circuit ·and. means 
comptjsing a fomth · · ~~ on said ~gn~tic· .core ·for deriving a second· 
voltage supply, said four • winding being more: closely coupled to. said third winding 
than to said first . or seco 'd windings, ·the arrailgement being such . that in operation 
said second. switching m , . · causes a· line frequency voltag~ having a duty cycle 
which can be varied ~to ~sed on said first 11Dd second .winding!! whilst said 
deflection circuit inlpres a line frequency voltage having a t$ace pulse and which 
does . not substantially v: · - during the . trace period on said third winding. 

2. A cfrcWt arrangem . t as claimed in Claim 1, in whicli one end of said third 
winding'is CC?imectCd to· .. • · de1lection circµit whilst its other end is connected through 

. a capacitor to it .point .of. erence. potential, the term.iJ1al of said diode remote from 
said second winding being connected to the jUl\lction of said third wiilcfing ·and said 
capacitor. , .· . 

3. A circuit 8rran t a,s claiii1ed in Claim l or 2, in which said first switch-
ing means comprises a . nd diode .in paralld with. the series. arrangement of a 
third diode and the. coll r-emitter path of a tnmsistor, the parallel connection being 
such that in operation . . . voltage prC$Cllt across said trace capacitor is applied· to 
said line defiection. coil du · g one part of said trace period through said second diode 
and during the remaining art of said trace period through said series arrangement, 
the said second switching eans comprising the. said transistor. . . 

4. A circuit arrangem t· as·. claimed . in Claims 1, 2 or. 3, in which one end of 
said fourth winding is con. ted to a rectifier means whilst its other end is connected 
to said deflection circuit. 1 · · . 

. · S. A circuit ~rran~ept as ~imed in C~ 1 or 2, in "!hich said first switch­
mg means comprises diode ; means m parallel with· a first tranS1Stor, ·the parallel con-
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of a transformer and a load capacitor, the omer end of the winding being connected C __ .:. 
to point A and that of the load capacitor being connected to ground. The operation of _ 
such an embodiment is roughly the same but has the difference that the waveforms 
of Figures 2b and 2c during the ftyback times are replaced by square-waveforms. 
Since the ~i:ring voltages are externally impres~,_the invention may be used as 5 
is shown in Fig'ilre 9a. The difference between dm 'voltages is, however, that they 
are larger so that the extra current produced by the coupling will be larger than in I'_·, 
the embodiments described so far which will lead to a different choice of .the para- V 
meters k and n. In Figure 9a the inductor connec~._between D3 and A is inductor 
Lr which is wound on the core of transformer T. wliile 4-is the_"(;apacitor connected -.10 
to ground. Windings L1 and La OD the one hand, . and Windings I.. and LT on the 
other hand are tightly coupled together. · . 

In the same way as in the embodiment of Figure Sa, a transistor Tr' may be 
connected in parallel with diode D1 in Figure 9a, the diode itself being posst"bly 
replaced by the collector-base diode of the added tranSistor. This is shown in Figure ···IS 
9b in which a winding L, also wound on the core of transformer T to control the 
base of transistor Tr'. · · · 

In Figure 9b, elements Tr, L.i, Da and C, constitute a voltage supply source of 
the switched mode type. A modification thereof is shown in Figure 9c in which the 
voltage supply source is constituted by corresponding elements namely Tr, L' 11> D' a r 20 
and C', which is not arranged in parallel but in series with the deflection section to 
be considered as a load. It is to be noted that _when the collector voltage of transistor 
Tr' becomes too high as a result of a defect in transistor Tr when the collector-
emitter path thereof forms a short circuit, ·transistor Tr' ·is still· safeguarded because ·.;.:.(· 
its control voltage has then been removed. '2S 

WHAT WE CLAIM IS:-
1. A circuit arrangement comprising a line deflection circuit for generating a 

line frequency sawtooth current having a trace and a retrace period through a line 
deflection coil and a voltage supply circuit for providing a first voltage supply for said 
deflection circuit, said line deflection circuit having a resonant circuit which includes 
said line deflection coil, a trace capacitor and a retrace capacitor, and first switching 
means switchable at line frequency for applying in operation the voltage present 
across the trace capacitor to the line deflection coil during the trace period of the saw-
tooth current, said voltage supply circuit comprising a supply terminal for receiving 
a d.c. supply, second switching means controllable ·at line frequency with a duty 
cycle which in operation may be varied, a first and a second winding wound OD a 
magnetic transformer core, said first winding being connected between said supply 
terminal and said second switching means whilst said second winding is connected 
through a diode to said line deflection circuit, a· thii:d winding wound on said mag­
netic core which third winding is connected to said deflection circuit and . means 
comprising a: fourth winding wound on said magnetic core for deriving a second 
voltage supply, said fourth winding being more closely coupled to said third winding 
than to said first or 5econd win~ the arrangement being such that in operation 
said second switching means causes a line frequency voltage having a duty cycle 
which can be varied to be impressed on said first and second windings whilst said 
deflection circuit impresses a line frequency voltage having a retrace pulse and which 
does not substantially vary during the trace period on said third winding. 

2. A circuit arrangement as claimed in Claim 1, in which one end of said third 
winding is connected to said deflection circuit whilst its other end is connected through 
a capacitor to a point of reference potential, the terminal of said diode remote from 
said second winding being connected to· the junction of said third winding· and said 
capacitor. 

3. A circuit arrangement as claimed in Claim 1 or 2, in which said first switch-
ing means comprises a second diode in parallel with the series arrangement of a 
third diode and the collector-emitter path of a transistor, the parallel connection being 
such that in operation the voltage pre~t across said trace capacitor is applied to 
said line deflection coil during one part of said trace period through said second diode 
and during the remaining part of said trace period through said series arrangement, 
the said second switching means comprising the said transistor. 

4. A circuit arrangement as claimed in Claims 1, 2 or 3, in which one end of 
said fourth winding is connected to a rectifier means whilst its other end is connected 
to said deflection circuit. 

5. A circuit arrangement as claimed in Claim 1 or 2, in which said first switch­
ing means comprises diode means in parallel with a first transistor, the parallel con-
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nection being such that ·in operation the voltage present across said trace capacitor 
is applied to said 'line deftection coil during oiie part of said trace period· through 
said diode means and during the · remaining part of said trace period through the 
·collector-emitter path of ·said first transistor, the second switchiiig means comprises 
a second transistor. · 

6. A cirtjtlt arrangement as claimed in Claim 5, in which said diode means com­
prises the base-collector junction of said first transistor. 

7. A circuit arrangetilent. as. claimed· in aaim. S or 6, in which the base electrodes 
of said first and second transistors are adapted to be controlled from separate windings 
on a driver transformer. · ·. . . 

8. A drcuit arrangement as cl8inled in Claim 5 or 6; in which the base electrode 
of ~ first transistor is adapted to ·be controUed from a fifth winding wourid on 
.said magnetic core. · . . . . 

9. A circuit arrangeriient as claimed .in any of the preceding claims, in which 
the duty cycle .of said second switchi1;1g means is . controlled from a modulator, which 
modulator is conilected to a further winding ·wound on said magnetic core. 

10. A circuit arrangement as claimed in any of· the preceding claims, in which 
means are provided to reduce . the magnetic coupling between said first and third 
windings. . 

11. A circuit arrangement as claimed in any of the preceding claims, in which . 
said magnetic core has a plurality of legs, said first and third windings being wound 
on first and second legs respectively. 

12. A circuit arrangement as claimed in aaim 11 in which the first leg of said 
core carries said first and second windings whilst the second leg of said core carries 
said third and fourth windings. · 
.· 13 •. A circuit arrangement as claimed in Claim 12, in which either . said first or 
said second leg is provided with an air gap. 

14. A circuit arrangement as claimed in aaim 12, in which said first and second 
legs are each pr9vided with an air gap, the air gap in said first leg being wider than 
that in said second leg. · . 

15. A circuit ar~gement as claimed in Claim 11, 12, 13 or 14, in which said 
~gnetic core. has three. parallel legs, the outer· pair of which. constitute said first and 
second legs whilst the central. leg constitutes a magnetic shunt. 

16. A circuit arrangement comprising a line deflection circuit for generating a 
line frequency sawtooth current having a trace and a retrace period through a line 
deflection coil and a voltage supply circuit for providing a first voltage supply for 
said deflection circuit, said line deflection circuit having a resonant circuit which 
includes said line deflection coil, a trace capacitor and a retrace capacitor, and first 
switching means switchable at line frequency for applying in operation the voltage 
present across the trace capacitor to the line deflection coil during the trace period 
of the sawtooth current, said voltage supply circuit c<>mprising a source of d.c. supply, 
second switching means· controllable at line frequency with a duty cycle which in 
operation may be varied and a supply winding wound on a magnetic transformer 
core which supply winding is connected in series with said supply source and said 
second switching means and is additionally connected to said line deflection circuit, 
a further winding wound on said magnetic core which further winding is also con­
nected to said deflection circui~ and means comprising an additional winding wound 
on said magnetic core for providing a second voltage supply, said additional winding 
being more closely coupled to said further winding than to $aid supply winding, the 
arrangement being such that in operation said· second switching means causes a line 
frequency voltage having a· duty cycle· which can be varied to be impressed on said 
~upply winding whilst said . deflection circuit im~resses a line .frequency voltag~ hav­
mg a retrace pulse and which does not substantially vary dunng the trace period on 
said further winding. 

17. A circuit arrangement as claimed in aaim 16, in which said first switching 
means comprises diode means in parallel with a first transistor, the parallel connec­
tion ; being such that in operation the voltage present across .said trace capacitor is 
applied to said line deflection coil during one part of said trace periOd through said 
. ~. means and during the remaining part of said trace period through the collector­
emitter path of said first transistor, the second switching mean8 comprises a second 
transistor, one end of said further winding being connected to said deflection circuit 
whilst its other end is connected through a capacitor to a point Qf reference potential, 
one end of said supply winding being connected to the junction of said further wind­
ing and said capacitor, whilst its other end is connected to said second transistor 
and through a further diode to said point of reference potential. . 
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18. A circuit arran ment comprising a ~ine deflection circuit and a voltage 
supply circuit, substantiall as herein· described· with . reference to the accompanying 

draw;_n;.sTelevision displati~::aratus provided with a circuit arr~gement as claimed 
in any of the preceding · s. . · · · .· 

I . . 
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