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(54) TELEVISION LINE-DEFLECTION CIRCUIT

(71) We, PHILIPS ELECTRONIC AND ASSOCIATED INDUSTRIES

.LIMITED,, of Abacus House, 33 Gutter Lane, London, E.C.2, a British Company,

do hereby declare the invention, for which we pray that a patent may be granted to
us, and the method by which it is to be performed, to be particularly described in
invention relates to 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

" and I%gl;e:he following statement ; —

~su£lp1y'_ for said deflection circuit, said. line déflection circuit having a resonant circuit

which includes said line deflection cdil, a trace capacitor and a retrace capacitor, and
first switching means switchable at line frequency for applying in operation the volt-
age present across the trace capacitor to the line deflection coil during the trace period
of the sawtooth 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
on 2 magnetic transformer core, said first winding being connected between said
supply terminal and said second switching means whilst sdid second winding is con-
nected through a diode to said line deflection circuit.

" Such a circuit arrangement is. described in an-article in the publication “IEER
Transactions on Broadcast and Television Receivers”, August 1972, vol. BRT-18,
No: 3, at pages 177 to 182 and is the combination of a line deflection circuit and a
switched voltage supply stabilising circuit, the first switching means in the deflection
circuit comprising a transistor and associated -diodes whilst the second switching
means. in the voltage supply circuit is formed by the said transistor, This known cir-
cuit arrangement has the advantage that it can be fed by an unstabilized supply voltage
and can produce a stabilized deflection current and a stabilized high voltage
and possibly auziliary voltages, which stabilization is obtained by controlling the duty

The article statés that -an EHT winding may be coupled with the windings

which are the supply windings to produce EHT pulses of high amplitude during the

retrace (fiyback) time. These pulses are applied to a rectifier for generating the EHT
for the .acceleration anode of the television display tube, A drawback of this method
of producing the EHT is that the first and second windings must be able to accumu-~
late .considerable power which requires a high inductance and therefore is expensive.

Another drawback of the circuit arrangement in the article is as follows. In
practice, during the part of the trace time when the ‘transistor does not conduct, the
diode does conduct and the EHT 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

'EHT winding and the second winding are necessarily different for reasons of winding
and -assembly technique, the series resonant frequency of the network constituted -

by the leakage inductance and the capacitance to ground is different during the two

rts of the trace time. As a result a higher harmonic tuning of the combined wind-
ings which can be considered to be an EHT transformer is not possible so that
parasitic oscillations may be produced. o

10

| ]

20

25

30

35

45

(s



J 1,475,772

10

15 .

20

25

35

45

55

65

. - tion circuit and means compriging a- fourth.

A further drawback of this method of -producing the ‘EHT is that the: voltage
across the first and second wxndmgs varies with a step at the instant when the tran-

-~ sistor is rendered conducting. The abovementioned series resonant: network is thereby
excited which may give rise to parasitic oscillations after the said instant. In addmon, .
- this instant, which is dependent on the supply. voltage, is variable.

These drawbacks may|be eliminated if the EHT winding is coupled to a separate

. winding . which is either coupled directly or through a capacitor. to the deflection
.~ network. Such an arrangement is shown in Figure 8 of the above article at paéa e 181.

" - During the whole of the trace time a current flows through- this winding so
_ leakage inductance between it and the EHT winding does not vary; whilst the voltage

t the
thereacross does not contain the step during the trace time. In producing the EHT

. in this way there is the drawback that the circuit arrangement not only includes the
 first and second windings But also an extra transformer which must be- capable of

handling considerable power)} in colour television receiver in the order of a maximum

.of 25 kVX2 mA=50W EHYT power, and which is therefore an expensive component.

It is an object of the inyention to provide a circuit arrangement which does not
require these separate expeni ive components. .

The invention provides\a circuit arrangement hp:xsmg a line deflection cir-
cuxtforgeneraungahnef ency sawtooth current having a trace and a retrace
g:s through a line deflection coil and a voltage supply “circuit for providing a

t voltage” supply for said |deflection circuit, said line deflection circuit having a
resonant circuit which includes saldhnedeﬂecuoncoﬂ,atracecapacxtorandaretrace
capacitor, and first switching means switchable at line frequency for applying in
operation the voltage present dcross the trace capacitor to the line deflection coil dur-
ing the trace period of the sdwtooth current, said ‘voltage supply . circuit comprising
2 supply terminal for receiving a d.c. supply, second switching means controllable at
line frequency with a duty clewhrchmoperanonmaybevaned,aﬁrstanda
second winding wound on a miggnetic transformer core, said first winding being con-
nected between said supply términal and said second switching means whilst- said
second winding is cernected thro ghadmdetosmdlmedeﬂecuoncucmt,athrrd
winding wound on said magnetic core which third winding is connected to; said deflec-
‘winding wound on' said magnetic core
for deriving a second voltage su ply, said fourth winding ‘being miore closely’ coupled
to said third winding than'to daid first or second windings, the -arrangement being
such that in operation said secdnd switching' means ‘causes a line frequency voltage
having a duty cycle which can be varied to be rmpressed ‘on said first and second
windings whilst said deflection it impresses a line frequency voltage having a
retrace pulse and which does nd t substanually vary durmg the trace period on said
third winding,

With the invention a vol ge is present across the first and second windings
which during the retrace time i proportxonal to the:retrace pulse, during the part
of the trace time when the second swi ineans: doés niot conduct has a first value
whilst during the rest ‘of the tradé time when the second switching means conducts
has a second value, However, a ltage whrchxsequaltotheretracepulse dunngthe
retrace time but does not substa nally vary during the entiré trace time is present
across the- third winding which i§ connected to the deflection nétwork, As coupling
exists between these windings due to them being wound on the same core, currents
will flow through them which are dependent inter alia’ on ‘the difference between

the voltage across the third winding and that across the first dnd second wmdmgs
but which do not influence these olmges so that voltages of différent shapes remain
present across the ooupled windings. It has been found' that these currents not only

result in- substanually 1o “increase |of the losses but that they have no detrimental
influence in the case of a ‘suitable ' chosen design of the arrangement because the
operation of the arrangement. remains unchanged in spite -of the fact that one of
these extra currents through the dx de flows in' the blockmg direction and therefore
might turn off this diode.

. With the circuit arrangement in the above mentioned article a given minimum
power has to be dissipated for its satisfactory operation. It has been found that with
the circuit arrangement acoordmg d the invention this minimum power can be con-
siderably reduced so that in theory| the situation can be achieved where it derives
little energy from an external d.c. sipply and so producing only small losses in the
arrangement. This can be obtained by suitable choice of two of the parandeters deter-
mining the operation of the arrange tient, namely the coupling factor and. the trans-
formation' ratio between the “second 4nd third windings. The maximum ‘intensity of
the current flowing through a transistdr which may be included in the first and second
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ing to Figure I,

_I switching means, ie. at the end of the trace ume, and the premagnetisation of the
core:can be reduced. A compromise can be found in which all requirements can be

satisfied in a reasomable way. - . = L S R

- .The invention also provides 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 cutrent, said voltage supply circuit comprising 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-.
-former oore 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 connected to said deflection circuit, 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 said 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 im-
pressed on said supply winding whilst said deflection 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 features of the invention will now be described 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 shows an equi

_Figure 4 shows a graph which may serve in the choice of the parameters,
Figure 5 shows a variation of a current flowing in the arrangement of Figure 1,
Figure 6 shows the principle circuit diagram of a second embodiment of the

| arrangement according to the invention, : : . o _
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 arraﬁ'gement of Figuté 1 includes a driver stage Dr which receives

- signals from a line oscillator not shown and which applies switching pulses to the

base of a switching transistor Tr. One end of a primary winding L, 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, i$ connected to the positive terminal of a direct voltage
source B and the emitter of transistor Tr is connected to the negative terminal there-

 of. This negative terminal may be connected to ground of the circuit arrangement.

A trace capacitor C, is arranged in series with the line deflection coil L, of the

: circuit arrangement. of Figure 1 in the television display apparatus (not shown) and
- a diode D, with the indicated conductivity direction and a retrace capacitor C, are

each arranged in parallel with the series arrangement thus constituted, Capacitor C,
may alternatively be arranged in parallel with coil L,. The four elements only show
the main components of the deflection section. This section may be provided, for
example, in known manner with. one or more transformers for mutual coupling of
the elements, with arrangements for centering and linearity correction and the like.

A secondary winding L, of transformer T is arranged in series with a diode
D; whose cathode is connected to the junction A of elements D, C, and L, and

‘to the anode of a diode D,. The cathode of diode D, is connected to the collector

of transistor Tr. A tertiary winding L, of transformer T is conmected 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, winding L., is shown in
Figure 1 and generates with the aid of a rectifier D, a positive direct voltage across
a smoothing capacitance C,. One of these windings, for example the winding L,,
is the EHT winding so that the voltage across capacitance C, is the EHT for the

an eqt valen_t circuit diagram of part of the arrangement accord- .

10

15

20

25

30

5. -

45

50

55

60



1,475,772

10

IS

20

'25

30

35

45

50

-4  sawtooth deflection ¢y

part of the period Ty in whi

acceleration anode of the display tube (not shown). - The' free ends of windings L,
L, and L, are connected to ground and' the winding ‘sense of the windings shown
of transformer T s denoted by polarity dots in the Figure.

. I, initially, we ignore| the fact that winding L, is ‘coupled to the inductive ele-
ment L,, L, of the knows- ar‘rangeme'n'_t,; the described circuit arrangement operates

as that of the abovemen , be ‘sun _ lo
For the deflection- circuit transistor Tr and diodes D, and D, form the first switch-
ing imeans, During a first part of the line trace (scan) time, ‘diode D, conducts. The
voltage across: capacitor C, is applied to deflection coil L; through which

rrent i, flows, At a - given instant transistor “Tr
becomes conducting, - WHen approximately in the middle: of the trace
time cuirent i, reverses |its direction, diode D, is blocked so that current Iy
th_enﬂowsth:oug’hthep_"_' i i
the end of the trace. time, transi
conducting: ‘An oscillation, |

example, the voltage across
comparison stage and a modulator _ _ : i
is varied in such a manner that the said voltage and consequently the ‘amplitude of
the deflection current remg in constant. Thus for the voltage supply circuit the tran-
sistor Tr forms the. second jswitching . means, - L
In Figure 2a the voltags V4 across capacitor C,,.in Figure 2b the voltage v, at
the junction. of -winding L, and diode D, and in Figure 2¢ the voltage v, at the
collector of transistor Tr are |plotted as a function. of time. The symbol Ty indicates
the line period while 71 indicates the retrace (fly back) time, r, the part of the trace
(scan) period Tr—7, when ansistor Tr does not conduct and #,=8T} being .the
h the transistor does conduct, The number § js the ratio
. During the times r, .and -
ie the - retrace ‘pulse. with. amplitude V during the time 71 and' zero:during the time
T2. At the instant when transistor Tr is rendered: conducting ‘e, at instant.t, between
72 and 7, voltage v, ‘becomes substantially zero, The voltage- V3 from source B is
then produced across winding|L,. If the transformer ratio between windings L, and -
L, ie. the ratio between the humber of turns of winding L, to that of winding I,
is equal to I; P, voltage v, is equal to ;
\/

p

during the time 1, Voltage v, fis equal to PVs+V; during the time r,, P

mﬁ‘rzhm V, is the direct vo t.a_lge:1 across capacitor C,, then if this capacitor has a_
sufficiently large capacitance, ot if V, is the direct voltage component of the voltage |
across this capacitor when jt - 4s a comparatively low capacitanice for the so-called S
correction, V, is equal to the ; value of voltage v,, In fact, a direct voltage com-!
ponent canriot be present acros ‘coil L,. There applies that: : :

P
— vg ot
Tu 4

, diode D, conducts and voltagestand Ve are equal,
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In the formula for .V, the integral- can be replaced so_ that

Vo:T« = -\—Is—.’lf, s i..e. Vo = J‘-Vs ({)
.. —-——-P-

At given values of ratios & and p, diode D, would conduct during the time 7,.
Since diode D; conducts during this period, windings L, and L, would be short-
circuited by diodes D, and Dj; so that the retrace pulse across capacitor C, would be
cut off and the defiection current would be distorted. Such an effect may be obviated,
for example, by providing an additional transistor cut off during the time r, in series
with diode D,. A capacitor C, is arranged between the ends of windings L, and L,
in Figure 1 or taps therecf and this capacitor. prevents parasitic oscillations which
might be caused by the leakage inductance present between the windings L, and L.
in such a manner that a line frequency voltage is mot present across capacitor C.
Figure 1 shows the case where p=1, :

Similarly as for capacitor C,, it may be evident that a direct voltage or a direct
voltage component is presént across ¢ipacitor C, which is equal to voltage V, so that
the voltage across winding L, 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 V.’

The invention is based on the recognition of the fact that windings L, and L, on the
one hand and winding L, on the other hand may be coupled together-as is the case
in Figure 1, in spite of the fact that voltages having waveforms of different shapes
are present across these windings, and that these shapes are not influenced by the
coupling. Coupling of - the windings of transformer T cannot influence the fixed
voltages V, and Vj, that is to say, voltages externally impressed. However, the cur-
rents flowing through the different windings are influenced. -

Figure 3 shows an equivalent circuit diagram of a part of Figure 1. As in the.

mentioned publication, the coupling between windings L, and L, is very tight. Thanks
to the presence of capacitor C, the coupling factor between these windings may be
‘considered -to -be equal ‘to 1. The coupling. factor between windings L, and L, is

" not equal to 1 so that only a part of the tertiary winding is coupled to the secondary

winding ‘where the coupling factor is equal to 1 and is in series with an inductor Q
not coupled to the secondary winding which ‘inductor represents the leakage induct-
ance between windings L, and L, Thus, the equivalent circuit diagram comprises
three windings 1,, 1, and 1; mutually having a coupling factor of 1 and with the trans-
former ratio of 1, to 1, equal to the above-mentioned ratio p and of l; to 1, equal to
a pumber n. An inductor having a-value of L, is shown to be in parailel across wind-
ing 1, which value is equal to.the value measured across winding L, in Figure 1
without a load across the other windings. The above-mentioned inductor Q in series
with winding 1, is measured across, the series arrangement which value is equal to
;hag :é vtvg;:ding' L; in Figure 1 without a load across the other windings, It can be
eriv t: ' :

. Q = L3 _n’iL1= LS('-'(:) “aad

k=2 Ly

Ls

in which k is the coupling factor between windings L, and L; in Figure 1.
- In the absence of any coupling between windings L. and L; (k=0) the respec-
tive currents i,o, iz and iy, would flow through windings L,, L, and L, in which
currents i,, and iz, correspond to.i, and i, of the quoted publication and in which
current iy, likewise as current i,, is sawtoothed-shaped. Since windings L. and 'L,
are coupled together, extra currents iy, ixn and iy flow 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 currents i,=iy;+ine i3 =lyo+in and §y=iyp+ix actually flow
through the windings 1,, 1, and 1, of Figure 3. The following can be shown.

During the time r,, i,=0 and currents i, and i, undergo the variations
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In order that the opefation of the arrangement is Dot dxsturbed, current i, mmust
always flow in the positi 'd:recuonasshownbytbearrome:gmeSmsplteof
the fact that the variation)Ai; thereof is always negative in the time 7,. Figure 3
15 shows that current i, mustitherefore also be positive. Since current i, only flows dur- 15
ing the time r,  and since|the abovementioned relation (2) shows that its variation
Ai;; may be both positive and negative going during that time, the condition which
must be satisfied is as follofws: when Ai,>>0, i, must be larger than or equal to zero _
at instant t, which is ndent on § and consequently on voltage Vy; when Ai,<<0, :
20 llmustbelargerthanoreualtozeroatthemstantt,whenthettaceumeends. .20
“The mean value of cuprent i, follows from the calculation of the power taken '
up by the arrangement:
-“[‘d‘vswldt— [ PA dl
Ty
= & )
| —T * *o U3
L Ty 70
25 in which | \ . o 25
. - - 1 2.'.; :
PL= T
I ’t3 o
px,dt-—the said mean value dansformed to the secondaxy side. Flllmg in formula n
leads to . l‘ w _ .
. * v,
30 independent of parameter k. 30
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For the lowest poss:ble value Sm.,. of & the a‘bove g:ven condmon apphes:
p(lo_i‘All)>0 Wlth Ai >0
" WL,=(WL),.R,

from which

whxle for the hxghest possible value Bmax of 3 there apphes that ' - 5

P(l.,""bAh)}O Wlth Ah.<o
WL, =(WL1),. R,

In th;:gormula (WLI)O is the value of the product WL, for k—O, thus wnthout coupl- IIO
ing,

EIBN ri—( R '%s)_

from which.

n | R..Z / k" (lrz "“.-— 1)

'Ataretracerauoof
‘ : N

- =0.2

Bmiy=0.8 (transistor Tr is rendered conducting at the instant of commencement ¢, 15

* . of ithe .trace time) and Su,=04. (instant t, coincides with the -middle of the trace.
“time). With these data the graph of Figure 4-can be shown in which the coefficients

R1 and R, are plotted as a function of n and with k as a parameter,
.. Figure 4 shows that for a given value of the coupling factor k values for the
atio - n can be chosen which are located above the relevant curve of R, and to the 20
right of the relevant curve of R,. The values which are given by these curves show
jthe minimum value of the ratio of the product WL, for the said value of factor k
and the product CWL,)., without coupling when the arrangement can still- operate
in its normal manner. It is.found that values of the parameters n and k can be chosen .
in wlnch this ratio is less than 1. Such a case occurs, for example, with k=0.71 and 25
n=~0.3 in which R,—R,-—O 67 (point M) and, more in general, for k=0.71 for the
shaded part of the graph. Larger coupling factors are possible: with k=0.84 and
n=04, R,=R,;=1 (pomt N) is obtained which does not result in an improvement,
but ‘does not involve a deterioration relative to the case without coupling while the
deterioration is small for the case of point P for which k=0.71, n=0.6 and R1§_1 35. 30
Thus it is found that parameters k and n can be chosen arbmanly.
. Physically, the fact that the minimum dissipated power W for a given L, (hence
for a given quantity of iron and copper) may be smaller thap when windings L, and .
L; are not coupled’ together and with the same L, can be described as follows. With-
out couplmg, currents i,, and- i,, always flow in the positive direction so that a certain 3.
dissipation is necessary, for example, by losses in deflection coil L, and/or by a load
connected to capacitor C,. With couplmg, extra .currents i and iy ﬂow which are
produced by energy accumulated in winding L; and which are induced in windings
L, and L;, which currents- may flow in the negative direction without diode D; being
blocked. As a result, part of the energy. supplied is fed back to source B again. The 40
foregoing - shows that the requirement for the -dissipated power to minimum goes
together with the requirement that; the operation of the arrangement is not influenced
by the coupling, that-is. to say, diode Dy remains conducting in the time ..
Figure 5 shows the variation:of current i, during the times 7, and 7, and of
current pi, during the time 7, for different values of the ratio _ 45
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_in which i, and i, rep

-be 'such: that - its - intenst

ie. for diﬂe:ént values of supply voltage Vi, Figure 5a shows that the variation of
Ai, in formula (2) is positive and in Figure Sc this variation is negative. Formula (2)
shows that for the value of o :

the variation Ai, is zero. Current pi, then retains the value pi, during the time =y
(Figure 5b). Since this valjie which is the ‘same in Figures 5a, b and c is proportional
to the dissipated power W, it is very low if the power W is low. Since current i,
becomes slightly lower after instant t, than pi,, i, cannot be zero but can be very
small. This means that the theoretical situation is approximated in which the arrange-
ment does not draw substantially any energy from source: B while there are no losses.

‘Another important consideration relates to the maximum collector current of

_transistor Tr. At the end |t, of the trace time, current i, which then flows through

diode D, and transistor
winding L, and that
time 75, the collector curr:

T assumes its maximum intensity. Also the current through
ough winding L, flow through transistor Tr. During the
t i, is.equal to v

iy iy =1, (s Hind +(iso i)
=iyt (iso Tiso) + (Hig)

i

=iy i

gent the collector current without and with coupling between
windings L, and L. It can be shown that for a suitable choice of parameters k and
n, current i, becomes zefo or even negative at-instant t, so that the collector peak
current will have a more| favourable value. This resides in the fact that during ithe
trace time the voltage acrgss winding 1, and consequently across winding ls, is square-
waved, 56 that current i, |is sawtooth-shaped. Parimeters n and k may be chosen’ to
i { at instant t, is negative but not so much that current i.
becomes zero. In this ‘¢ase, ratio n must not be too ‘small, This is in contrast with
the considerations in. Figure 4. This Figure shows; however, that at n=1 and k=0.71
and k=05, coefficient R} is equal to 1.6 and 1.2, respectively, which involves 60%
and 20% more power than in the case without coupling ie. k=0 and R,=1.! At
larger values of n and k=0.5, coefficient R, cannot become larger than 1.33. A satis-
factory compromise betwéen the requirement of a:low dissipation and that of a lower

maximum collector curregjt can thus be found by choosing a low k which is of course -

not necessary if the ium collector current at'a high k is still far below its admis-
sible’ péak value. o C S ;

"Another advantage of the invention is that the magnetizing current of trans-
former T can be reduced. Without coupling, a current which assumes its maximum
intensity at instant t; flows through winding L,. As a result, saturation of the mag-
netic tnaterial constituting the core may occur so that the inductance of winding L,
decreases, ‘The result is {that the current flowing therethrough becomes still larger
so. that the. collector dissipation. of transistor Tr increases. However, since current
i, can be reduced at instapt t, as a result of this coupling, this. means that this satura-
tion occurs to a lesser extent and may not even occur at all. Not only is the transistor
safeguarded, -but the reqpired inductance of winding L, can be obtained by fewer
turns. and/or a coré of a|smaller cross-section. ' .

. EHT winding L, is| more tightly coupled to winding L; than to windings L,
and L, which can berear.\zed

in practice by using a core which is composed of two
U-shaped cores-in which| windings L, and L, are provided on one leg. thus formed
and windings L, and L, are provided on the other leg. Consequently, a voltage is
present across winding L, which does not undergo a suddent change at instant t,.
Known winding methods| for example, the so-called higher harmonic tuning method
may be used. In the s way, the other windings (not- shown) of transformer T
may be more tightly coupled to winding L; than to windings L, and L.

Figure 6 shows a n‘;lodiﬁca_tion of the arrangement in which the end of EHT
winding L, remote from diode D, 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; between which the series network Ly, C, is arranged while auxiliary

-voltages can be derived from other taps. One of these voltages is fed back for st_abil_iza-
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tion purposes to the modulator present in driver circuit Dr for influencing the time
75 Alternatively, an extra winding L; of transformer T- may be used for 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 such a construction. The magnetic flux caused by windings L, and L, is
mainly present in the left leg and in the central leg, the magnetic shunt, of the core.
It may be reduced to an even larger extent in the right-hand leg on which windings
L; and L, are wound, when a sufficient magnetic resistance in this right-hand leg:is

‘provided in the form of an air gap. In the same manner, an air gap may also be pro-
- vided:in the left-hand leg. - - : ' ' S ' '

-In one embodiment according to. Figure 1, the number of tutns on windings
L,, L, and L; was 230, 230 and 140, respectively, while' inductance L, was approxi-
mately 12 mH 'and the coupling factor k- between windings L, and L, was approxi-

"matel%ag.&. The core was formed without a magnetic shunt and with two air gaps

each ‘having a widthof 0.6 mm, ‘Voltage V, was stabilized at 140V with a variation
of voltage Vg between 230 and 345 V. The inductarice of deflection coil L, was
approximately 1 mH with C,~680 nF and C;~2uF. It is clear that the capacitance
capacitor C, must not be too low or othierwise the voltage across a winding coupled
to winding L; would vary parabolicdlly 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 according to the’ invention
can be .obtained by using-air gaps.-of unequal widths in Figure 7, When transformer

‘T has equal air gaps, the inductance of windings L, and L, are proportioned as

the square of their number of turns, The inductance of L, is dependent on the mini-
mum dissipated power, while the niumber of turns on windings L; and L, is deter-
mined by the desired EHT. In case of unequal air gaps the ratio of the inductances
is ‘no longer equal to the ratio of the squire of the pumber of turns, so that a new
selectable parameter is available. This parameter can be chosen to be such that the

-maximum collector current of transistor Tr can be reduced whilst maintaining the -

advantages of the invention. To this ¢nd, the widest gap is provided on the left-hand

- leg on which windings L and L, are wound. The winding L, across which the volt-

age is present which is fed:back to driver circuit Dr is also provided on the same leg.
An alternative circuit arrangement to that of Figure 1 is shown in Figure 8a

‘without the properties being changed. The collector-emitter path of a second tran-

sistor Tr’ is connected in parallel with diode D; which together form the first switch-

“ing means while the base thereof is controlled by driver. circuit Dr; for example,"by

means of a secondary winding of a driver transformer T’ another secondary winding
of which controls the base of transistor Tr which tiansistor then forms the second
switching means. Transistor Tr’ provides a path for deflection cutrent i, during the
second part of the trace time. The fact that the base of transistor Tr” receives a
signal for rendering it conducting during the first half of the trace time, namely at
instant t;, i§ of no importance because ‘current i, flows through diode D; until the
middle of scan anyway. Transistor Tr’ may be of the type in which the task of diode

D, is fullfilled by the collector-base diode of the tramsistor so that diode D, may be -

omitted. Since current iy no longer flows through diode D, resulting in this diode
remaining blocked during the entire period, it'may be omitted too, C
Figure 8b shows a modification ¢f Figure 8a in which transistor Tt is not con-
trolled by driver circuit Dr which might result in a too high load being placed on
this circuit, but by a winding L; of transformer T. Winding L, is preferably more
tightly coupled to windings-L,,"L; and Ly than to windings L; and L,, for example,
windings L,, L,, L;-and L, being provided on one leg and windings L, and L, 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 8a and 8b the
core of transformer T is shown'as a rectangle for the sake of clarity). Such a con-
struction has the advantage that the deflection section of the arrangement, namely

windings L,, Ls, L, and L, and the components coupled thereto may be isolated

from the electrical mains while the supply section thereof is pot isolated. This means,
for example, that the lower (dead) ends-of these windings and of elements Tr’, Cr,
Ct, etc. are connected to ground while the dead ends of winding L, and of elements
C; (shown in ‘broken lines) must be omitted. . L .

In the embodiments so far described, diode D; is directly connected to point A.
In the introduction to the publication mentioned in the preamble an embodiment is
described in which the -supply diode Ds' is connected to the junction of a winding

~ Tr, B, etc. are connected- to the neutral line of the fnains supply. In this case, capacitor
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~ . a capacitor to a point.of

of a transformer and 4 Joad capacitor, the other end of -the winding being connected
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 flyback times are replaced by square-waveforms.
Since the occurring voltages are externally impressed, the invention may be-used as
is shown in Figure 9a. [The difference between the voltages is, however,. that they
are larger so that the extra current produced:by the eouplmgwxllbelargerthanm
the embodiments. described so far which will: lead to-a:differént choice of the para-
méters k and n. In Figure 9a the inductor connected between D, and A is inductor
L. which is wound on the core of transformer T while C, is the capacitor connected
to ground. WmdmgsL,,andLgontheonehand,andmndmgshandhonrhe
other hand are tightly coupled together,

In the same way ag in the embodiment of Flgure 8a, a transistor T’ may be

connected. in- parallel with diode D, in Figure 9a, the .diode itself being possibly
- replaced by. the collectordbase diode :)f the added. transistor. This is shown in Figure

9b in which a - o also wound on the core of transformer T to control the
base of tranststor T, |
In Figure 9b, élemefits Tr, Lo, D, and C, oonsutute a voltage supply. source of

the switched mode type |A modification thereof is shown in Figure 9c in which the
voltage. supply source is. nstttuted by. correspondmg elements namely Tr, L’,, D',
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 paththereof fornis.

a short circuit, transxsto:: Tr* ‘is still safeguarded because

its control voltage has ... ‘been removed.

1. A circuit_arrangement compnsmg a line deﬂecnon circuit for generatmg a
line frequency . sawtooth qurrent having a trace and a retrace “period through a Iine

deflection coil and a veltage supply circuit for providing a first voltage supply for said
deflection circuit, said ling' 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 eapamtor o the line deflection cm% dunng the trace period of the saw-
tooth current, said voltage supply circuit comprising a supply terminal for receiving
a dc. supply - ‘second: switching means controllable at- line frequency with a duty
cycle which ‘in operation jmay be varied, a first and a second winding wound on a
magnetic transformer coré,

through a diode to said:line deflection circuit, 4 third winding wound on said mag-
netic- core which thn'd winding is connected to said deflection circuit -and . means
comprising a fourth winding
voltage supply, said fourth winding being more: closely coupled to said third winding
than to said first.or secord wmdmgs, ‘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- by imptessed on said first and second windings whilst said
deflection circuit impresses a line fréquency voltage having a retrace pulse and which
does .not substantially vary during the. trace period on said third winding.

2. Actrcuttarrangem,tas claunedmClaxml -in ‘which one end of said third
winding is connected to said deflection circuit whilst its other end is connected through
tference potential, the terminal of said diode remote from
said second wmdmg bemg oonnected to the juncuon of said: third wmdmg and said

cy

tasclatmedmClaxmlorZ,mwhtchsatdﬁrstsmtch-
vond diode in parallel with.the series. arrangement of a
third dxode and the collectgr-emitter path of a transistor, the parallel conpection being
such that in operation the| voltage present across said trace capacitor is applied to
said line deflection coil durjng 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 fieans comprising the said transistor.

4. A circuit arrangem
said fourth wmdmg is con
to said deflection circuit. : L : _ . S

"~ 5. A circuit arrangemebt as clatmed in Claim 1 or 2, in which said first switch-
ing means comprises diode: .means in parallel with a first transistor, -the parallel con-

3. A ctrcmt an'an e
ing means comprises a

nected to a rectifier means whtlst its other end is connected

s:ud first winding being connected between said supply
terminal and -said second [switching means whilst said second winding is connected

g wound on said magnetic core for deriving a second

t as claimed in Claims 1, 20r3,1nwhtchoneendof '
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of a transformer and a load capacitor, the other end of the winding being connected
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 flyback times are replaced by square-waveforms.
Since the occurring voltages are externally impressed; the invention may be used as
is shown in Figure 9a. The difference between thé voltages is, however, that they
are larger so that the extra current produced by the coupling will be larger than in
the embodiments described so far which will lead to a different choice of the para-
meters k and n. In Figure 9a the inductor connected between D, and A is inductor
L. which is wound on the core of transformer T. while C; is the capacitor connected
to ground. Windings L, and L, on the one hand, and windings L, and L, on the
other hand are tightly coupled together, ) :
In the same way as in the embodiment of Figure 8a, a transistor Tr’ may be
connected in parallel with diode D, in Figure 9a, the diode itself being possibly

- replaced by the collector-base diode of the added transistor. This is shown in Figure

9b in which a winding L, also wound on the core of transformer T to control the
base of transistor Tt’. ‘
In Figure 9b, elements Tr, L,, D; 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’,, D’s
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.

WHAT WE CLAIM 1IS:— : .

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 controflable -at line frequency with a duty

cycle which in operation may be varied, a first and a second winding wound on 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 deflecdon circuit, a thitrd 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 second windings, 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 paralle]l connection 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 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 deflection coil during one 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 switching means comprises

a second transistor. :

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

7. A circuit arrangement. as. claimed in Claim 5 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. S _ _

8. A circuit arrangement as claimed in Claim S or 6, in which the base electrode

of said first transistor is adapted to be controlled from a fifth winding wound on

said magnetic core. ] . o -

9, A circuit arrangement as claimed in any of the preceding claims, in which
the duty cycle of said second switching means is controlled from a modulator, which
modulator is connected 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

Se .
11. A circuit arrangément 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 Claim 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 Claim 12, in which said first and second
legs are each provided with an air gap, the air gap in said first leg being wider than
that in said second leg. - : :

15. A circuit arrangement as claimed in Claim 11, 12, 13 or 14, in which said
magnetic 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 comprising 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 circuit, 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 said 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
supply winding whilst said deflection circuit impresses a line frequency voltage hav-
ing a retrace pulse and which does not substantially vary during the trace period on
said further winding.

17. A circuit arrangement as claimed in Claim 16, in which said first switching
means comprises diode means in paralle]l 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
.diodé means and during the remaining part of said trace period- through the collector-
emitter path of said first transistor, the second switching means 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 of 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 arranggment oompnsmg a line deﬂecnon circuit and a voltage
supply circuit, substantially as herein’ described with reference to the accompanymg
drawmgs
19, Televxsxon chsplay apparatus provided thh a circuit attangemmt as- claimed
5 in any of the preceding 5
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