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A Study on the Unharmonic-tuning Flyback Transformer
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Abstract

Ringing during the scan time deteriorates the picture quality of television receiver. By tuning
the stray reactance of the flyback transformer(FBT) to harmonics of the retrace pulse, the ringing
can be suppressed and this is, what is called, the harmonic tuning methed. But finding the con-
ditions for the ringing to cease in lossy FBT and satisfying these conditions at design stage require
much time and experience.

In this paper, the conditions for the ringing to cease in loss—included equivalent circuit are derived

and a new method, unharmonic-tuning method, is suggested.

1. Introduction

Ringing appears when high voltage winding of
FBT is shock—excited by retrace veoltage. This ri-
nging causes the deterioration of picture quality
so that the FBT designers try to keep the ringing
as small as possible during the scan time.

A lot of papers on FBT have been pu-

sl s AR DR TR b - 1y
el oD AR R R RC TAREL R f
P2 7 198640 6 1) 5 1!

blished.” ™'

But most of them were performed under the as-
sumption that the loss in FBT was negligible.” ™!
Recently there are some attempts to analyze the
ringing in lossy FBT."?

In this paper, a theoretical derivation of the con-
ditions for the ringing to cease during the scan
time and experimental investigation are per-
formed by using the loss-included equivalent ci-
rcuit. And the easier design method, unharmonic-

tuning method, is discussed.
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2. Equivalent Circuit

A transformer, when considered as a four ter-
minal network, can be represented by means of
various equivalent circuits.”®

These two equivalent circuits shown in Fig. 1
are the simplified equivalent circuits of the FBT
and horizontal output stages when Cm is negligible
and can be obtained from Fig. A-2 and Fig. A-3
of appendix.
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Fig. 1. Equivalent circuit of horizontal output
and FBT stages.
(a) during the retrace period and

(b) during the trace period.
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3. Theoretical Analysis of Ringing

3.1. Analysis of Retrace Period
From the equivalent circuit(Fig. 1-(a)), we ob-
tain the following mesh equations.
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As shown in Eq.(3), the current it(t) and i2(t) are
damped by damping factor 71 and r:. Therefore
the flyback is no longer symmetrical to flyback
midpoint. So the conditions as shown in Eq.(5)
for ringing to cease in lossless equivalent circuit
is no longer applicable to lossy equivalent circuit
where 7:%1: in general and ringing cannot be made
to cease at the end of the flyback.
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In Eq.(3), the second term is due to the ringing
current. As far as the conditions for zero ringing
are concerned, the second part can be neglected.
In case of 7,72, i2(t) becomes approximately
b
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The angular frequency @, w,) and amplitude(a,b)
are not much different from those of lossless eq-
uivalent circuit, because w, and w, are generally la-
rger than 7, and r: in FBT Therefore if 7, # 72 and
the conditions of (5) are satisfied, the ringing be-
comes minimized. When 7. is different from 7. and
the conditions(5) are satisfied simultaneously,there
is an amplitude difference between i2x, and i2w: at

N

Fig. 2. Waveform of V. for 3rd harmonic tuning.
(time scale ; 10 us/div., voltage scale ; 10
V/div.)

(588)

A Study on the Unharmonic-tuning Flyback Transformer

Fig. 3. Waveform of V., for 5th harmonic tuning.
(scale ; 10 gs/div., 10V /div.)

t=T/ which results in large ringing current during
the scan time. It should be mentioned here that
the amplitudes of current and voltage components
are damped during the flyback time, so the first
peak of the w, - component of the primary voltage
Ver and that of the secondary voltage Ve are larger
than the second one. They are shown in Fig. 2
and Fig. 3 respectively.

3.2 Analysis of the Scan Time
From the Fig. 1--(b), the equation is
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where the initial conditions are
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3.3 Conditions for Ringing To Cease
At t=T;, the current i2(Ty) is divided into three
components, izw(Ty), ize2(Ty) and isws (T,) Thus

the resultant current must be re resented by vect-

or addition of these components. Let |, be the
resultant current vector, then
T O {11)

wherel,u, 202 and |z are the current vectors ofw,,w,
and ringing components respectively. If the re-
lation between p and g is somewhat different from
Eq.(5), the following formulas are valid.
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Let us suppose that i:i» is a current component

which satisfies the following equations.
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Therefore iz w,can be represented as folows
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Evidently if i,,, has the same value asthe imagined
iywe, ringing during the scan time shall cease.Ot-
herwise I217 and Izts are not equal to zero and ri-
nging shall appear. Let the vector representation

of izw: be lw: , then

2
L, (T,) =1 a e nls d (Rw'T"i Rw, T, ) (19

, 2
1; w, (T,)=I, b ewrsz ¢ (szJ w; Ts ) (18

If the Eq.(5) is satisfied, lzu: (T,)and L. (T,) can:
cel each other depending on the sign of a and b.
Since a+b=0,ifrn =72, L3, and l,,, shall cancel
each other completely so that ringing during the
scan time shall stop. If the Eq.(5) is not satisfied,
there shall be phase difference between l.y, and
l,42 at t—T, which is given as

¢wz_—¢u'z:(w27Rwl) T, (Al%zéR_iU—l>-%: (17)

The magnitudes of |3 and Ik are determined by

this phase angle and the difference between 7, and
7: On the other hand,the phase angle of Ir(¢Rr)
is obtained from Eq.(10) and $30 is the initial phase
angle at instant of scan. The ringing current is

assumed to be continuous over T and Ty, thus

roughly
b .:7¢3o+w3 Ts+w,T, (18
If r:> 7, then |l (T, 1>y (T,) | (9

Under such circumstances as Eq.(19) is satisfied,
Is and Ir should lie on a straight line for mi-

nimum ringing, i.e.
$n ~ps=02nt 1)nx

where ¢ is the phase angle of |3.
At steady state dr=g¢s0, therefore

Wi TS’+w; Tj: (2n+1)7f (20)

Eq.(20) is an additional condition for ringing to
cease in lossy Flyback Transformer.

4. Experimental Results

If L2 is increasing at fixed value of other para-

{b)
Fig. 4. V.,—waveform for 3rd harmonic tuning

(a) when L, is too large and

(b) when L, is too small.
(scale ; 10 us/div., 10V /div.)
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meters, the phase difference in Eq. (17) decreases,
ie.,

the vector l;, rotates clockwise with respect to
'zﬁz.

On the other hand the vector l:»: rotates co-
unterclockwise for decreasing L. Fig. 4 shows the
dependence of ringing voltage on the value of La.
When Eq.(5) and Eq.(20)are satisfied and z,is slightly
different from 7, the ringing voltage Vs is nearly

equal to Vo at t ==0-- but ringing does not cease.

CASE 1) 71«2 13 lies in the second gquadrant, thus

dvs |
di oo

—

ca i (1,0, Vil L0 =V,

-2

~

The ringing waveform for this case is shown

(c)
Fig. 5. Ringing waveform for 3rd harmonic tun-

ing

(a) when r,-< s,

() when 7>z, and

(c) when 71— ro.

(scale ; 10 us/div., 10V /div.)
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in Fig. 5-(a).
CASE 2) ©:>7213 lies in the fourth quadrant,thus

%L’ t=0+ :éz B (T)20, Vs | gy =Vo
Fig.5-(b) shows the ringing waveform.

CASE 3) r, =1, The ringing becomes zero. Fig. 5~
(¢) shows the ringing voltage of this case.

The above pictures were taken in the following
experimental circuit of Fig. 6. In Fig. 6 load is
represented by parallel connection of equivalent

capacitance(CL) and resistance(Rv)of CRT.

Tr.

Drive

L,=920,H L,= Variable
C,=1.02nF C,==3.97nF
Horizontal frequency : 15.75kHz
V=18V

5. Discussion.

The result of theoretical analysis in lossy eq-
uivalent circuit shows a good agreement with ex-
perimental result. Of the six main parameters(Ry,
Rz, Li, Lz, Ci, C2), L1 is mainly determined by
required deflection power.C: depends on retrace
time and the required primary voltage. C2 is la-
rgely a function of material, the structure of bo-
bbin and the winding method. Only L2 is left ad-
justable and must have a specified value to satisfy
the zero ringing conditions. The harmonic tuning
method in lossy circuit is very cumbersome so that
the value of L2 is mainly determined by trial-
and-error method. And the variation of load con-
dition and the nonlinear characteristic of ma-
gnetic material give rise to some deviations from
the initial value of parameters, which makes it
practically impossible to make the ringingless Flyback
Transformer by using harmonic tuning method
only.
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Unharmonic-tuning method starts from the idea
that the amplitude of ringing during the scan time
may be suppressed within the permissible limit
by decreasing the harmonic resonant energy and
lowering the quality factor in R-L-C resonant
circuit. We manufactured a prototype of ri-
ngingless FBT (section type) and almost zero ri-
nging during the scan time was accomplished su-
ceessfully. Fig.7-(a) shows Vez-waveform of unharmonic—
tuning FBT(prototype) which shows practically
no ringing.

On the other hand Vez-waveform of the 9th ha-
rmonic tuning FBT(Fig. 7-(b)) is a striking con-
trast to that of the unharmonic tuning FBT (Fig.
7-(a)) and shows about 10 percent of ringing ra-
tio. The upper curve of Fig. 8, which is the fr-
equency spectrum of the 13th harmonic tuning
FBT, has two resonant frequencies(45kHz at first

(b)

Fig. 7. V,—waveform for
(a) unharmonic-tuning EBT (lower curve)
and
(b harmonic tuning FBT (lower curve).
* The upper curve is the primary voltage
of FBT.(time scale : 10 us/div.
scale ; 200V /div. for upper curve,10V/div.

voltage

for lower curve)
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Fig. 8. Frequency spectrum for harmonic tuning
FBT (upper curve) and for unharmonic-
tuning FBT (lower curve). (scale: 100kHz
/div., 10dBv/div.)

% Dot represents the reference (O kliz)
point.

peak, 530kHz at second peak) so that the second
resonant frequency must be the frequency which
satisfies the harmonic tuning condition for mi-
nimum ringing.

But the lower one does not have a noticeable
second peak so that the second resonant frequency
is not clear. This brings the effect of increase of
number of the second resonant frequency to which
the FBT must be tuned for minimum ringing on
the practical basis. For this reason unharmonic-
tuning FBT need not to be tuned to the unique
correct harmonic tuning frequency but only need
to be tuned to one of the above -mentioned second
resonant frequencies-to the vicinity of the unique
correct harmonic tunimg frequency for practically
noringing.

By means of applying unharmonic-tuning me-
thod to FBT, the FBT designers can suppress the
ringing within the permissible limit more easily
compared with harmonic tuning case so that time
and cost saving are attained at the FB'T design
stage.

6. Conclusions

From the theoretical analysis and the ex-
perimental result, following conclusions can
be made;

1) In lossy circuit, the conditions for ringing
to cease include the satisfaction of Eq.(5)



and Eq.(20) in addition to the condition of
T = T2
2) By checking the waveform of ringing vo-
ltage, we can see if the value of Lz is large
or small.
Ringingless Flyback Transformer can be put
into realization by combining the unharmonic

Rt

and the harmonic tuning methods.
Analysis made by author can be applied to high

voltage generator not only for color television

4)

receiver but for monitor display. But high vo-
ltage generating system for H.D.T.V. and H.D.

monitor display in which the noise problem

is more serious has to be further studied.

Appendix

1. Notations.

(1) Ce : Effective load capacitance.

(2) Cm : Mutual capacitance between the pr-
imary and the secondary windings
of FBT.

(3) Co : Tuning capacitance.

(4) Cp : Stray capacitance of the primary wi-
nding of FBT.

(5) Cs : Stray capacitance of the secondary
winding of FBT.

(6) Cse . S-—-correction capacitance.

(7) Do : Damper diode.

(8) H. drive Horizontal drive stage.

(9 k : Coupling coefficient.

(10) L2 : Leakage inductance between the pr-
imary and the secondary windings
of FBT.

(11) Lo : Inductance of the primary winding
of FBT.

(12) Ly . Inductance of horizontal coil of De-
flection Yoke.

(13) R : Loss in inductor L.

(14 Rr : Fusable resistance.

(15) Tr : Horizontal output transistor.

(16) Ts : Retrace time.

(17 Ty . Trace time.

(18) Vo : B-+voltage.

(19) i2w1(Tr} Current of wi-component.

A Study on the Unharmonic-tuning Flyback Transformer

(20) izw2(Tsy Current of wz-component.
(21) 13w3(Tsy Current of ringing component.

2. Derivation of Equivalent Circuit

There are three commonly used systems for ge-
nerating the high voltage of television receivers

L

Tr.
_— —
C.R.T. Ancde
it P
Drtve J 0 C.R.T. Focus
&
lal
—A
i C.R.T. Anode
o
C.R.T. Focus
T
C.R.T. Anode
; T CRT. Focus
R G—
=+ i 1
= v R =
A
fc)
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Fig. A-1. Basic horizontal system using
(a) singular type rectifier circuit,
(b) multipler type rectifier circuit and
(¢) multistage singular rectifier circuit.

Cm

(kL[ {1~k Lo

High
Voltage

ILy mCo xco ;»«.u :Lcs Ce

=
——io— oy

I

Fig. A-2. Horizontal system with T-equivalent
circuit of FBT.
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