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Abstract: To correct the S-distortion in large deflection angle cathode-ray tubes (CRTs), ideal deflection current

waveforms are proposed to realize S-correction. Analysis was done for homogenous and non-homogenous

magnetic fields, plane and curved screen. For the convenience of circuit design, high order sine waveforms are

used to approach the ideal deflection current. After optimization, the deflection current is acceptably close to the

ideal one, for a deflection angle range from 90° up to 140°. Harmonic current rank rises to four as the deflection

angle reaches 140°. A ladder-type driving circuit to realize these sine wave series is also presented. Simulation

and experiments prove the proposed method can correct the S-distortion in a very slim CRT.
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Although CRT technology has become highly de-
veloped with many significant advantages like better
image quality, lower cost and longer life span, custom-
ers will not be satisfied until the new challenge of ultra
slim comes into being. The main disadvantage of CRT
compared with the flat panel display is its bulky ap-
pearance'"’.

The slimmer a CRT, the larger the deflection an-
gle. Deflection angle of the electron beam is controlled
by the current passing through the deflection coil'*.
Because the scanning velocity of the electron beam on
the screen is not proportional to the deflection current
for large deflection angles, an S-shaped correction of
the saw-tooth deflection current is needed™* . TV com-
panies such as LG-Philips, Samsung, etc. have been
working on S-correction for decades. The deflection
angle studied is advancing toward larger than 110°"',
This paper studies a way to adapt the saw-tooth desired
S-shaped for a larger deflection angle up to 140°.

High order sine waves are used to correct the bas-
ic deflection current. With the application of these high
order components, the scanning velocity of the electron
beam on the edge of the screen can be made constant
over the screen. Fig.1 shows the adaption of the de-
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Fig.1 S-correction of current in deflection yoke for large
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screen CRTs. (a) Saw-tooth current; (b) S-type current
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flection current after correction.

This paper describes the analysis of the deflection
current. From the results, it can be seen that the differ-
ent high order current correction is required with large
deflection angles.

1 Description of Ideal Deflection Current

As mentioned above, to achieve a constant veloc-
ity over the screen, an S-shaped correction is needed
to adapt a pure saw-tooth current applied to the de-
flection coil of a CRT. In this paper, we first discuss
what the ideal deflection current should be. After we
obtain the ideal waveform of the deflection current,
some approaches are studied to realize this ideal de-
flection current as close as possible.

1.1 Ideal deflection current with a flat screen

In this section, it is assumed that the screen is
perfectly flat. Fig. 2 gives the trajectory of an electron
after deflection. To simplify the analysis, the deflec-
tion magnetic field is assumed to be homogenous with
length D. The deflection center is taken to be fixed at
point F in Fig.?2.

When electrons are within the magnetic field,
they travel along a circular track. The radius of the
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Fig.2 Electron trace from electron gun to screen
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circle satisfies

1 2mU,

:,uT‘I Y (1)
where R is the radius of the circle, u is the vacuum
permeability, H is the strength of the magnetic field, m
is the mass of an electron, e is the charge of an elec-
tron and U, is the voltage of the anode.

From Fig. 2, we can derive the following two

equations:
D e .
sing = R =DuH 2mU, =aH (2)
X
tang = i3 (3)
Therefore, we have
X aH
LT g )
1-aH
This can be transferred into
H= (5)

X
a VL +x°

This formula describes the relationship between
x-position and the magnetic field. For a constant scan-
ning speed over the screen, the following equation is
true:

x=vt (6)

where v is the scanning speed and ¢ denotes time.

Eq. (5) can be transferred into

H:‘)it (7)

a VL' +V'F
Normally, it is supposed that the deflection cur-
rent is proportional to the magnetic field strength.
Hence, the ideal deflection current can be expressed as
i(1) =k —2—— (8)
VLIV F

where k is a coefficient determined by the structure of
the deflection coil and the anode voltage. The coeffi-
cient k does not change within the scanning period. In
this paper, it is assumed that k =1. Fig. 3 gives an ex-
ample of the waveform of an ideal deflection current.
For more realistic situations, a non-uniform magnetic
field' can also be introduced into the model and only

numerical current waveforms can be got, which is
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Fig.3 Ideal current waveform within a period

H/(A*m™')

similar to Fig. 3.
1.2 Ideal deflection current with curved screen
In section 1.1, the screen is regarded as a flat
screen. However, the screen in practice is a curved
one. In this section, the ideal waveform of the deflec-
tion current with a curved screen is analyzed.
In this paper, the profile of the curvature can be
described as
Z=AX +A,y +Ax" +A XY + Ayt + A +
A7)c4y2 +A8)c2y4 +A9y6 +A,0)c4y4 9)
In a line scanning process, the y coordinate is
fixed as y,. Hence, the shape of the scanning line is
expressed as
Z=A X +A,y; +Ax +AX Yy, +Asyg +AX +
Arx'yg + Ay +Agyg +A,0xyg =
(Azyg +A5yg +A9y8) +(A, +A4yé +Asyg)x2 +
(A + Ay + Ay x* +AX 2a, +a, X" +

a,x* +a,x° 2f(x) (10)
and the differential equation of f{x) is
f'(x) =2a,x +4a,x’ +6a,x° (11)

With a curved screen, the S-correction is demon-
strated in Fig. 4. The screen is expressed as the curve
f(x) in the figure.

Fig.4 S-correction with a curved screen

With a curved screen, Eqs. (1) and (2) still
hold. However, Eq. (3) changes into

X
m =tanf (12)
Analogous to Egs. (4) and (5), we get
X _ I/R (13)
L-fx) /1 -(I/R)?
H=" ! (14)

CVIL=-f0)]" +x°
Another difference to the flat screen is the equa-
tion of the scanning speed. With the given screen
function f( x), the length of the scanned line /, can be
calculated as

L= [ 1 (15)

To achieve a constant scanning speed across the
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screen, the following relation is applied:

fx V1 +1f'(s)1°ds = vt (16)

By Egs. (15) and (16), the waveform of the H-
field/current can be determined numerically. At each
discrete position x, corresponding H and ¢ are calculat-
ed. The difference between the two ideal waveforms
(with a flat and a curved screen) is shown in Fig. 5.
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Fig.5 Difference between ideal currents for a curved and

H/(A*m™1)

a flat screen

Fig. 5 shows that the difference is rather small
(3 A/m compared with 4 000 A/m as shown in Fig. 3
by magnitude) , which indicates that the profile of the
screen is not a key point in S-correction for high de-
flection angles.

2  Correction of Saw-Tooth Current with
High Order Sine Waveforms

In section 1, the ideal deflection current has been
determined. In this section, we attempt to minimize
the difference between the ideal waveform and the
practical waveform with the high order sine wave
function.

In this paper, the basic deflection current is sup-
posed to be a saw-tooth current. Therefore, the scan-
ning current is shown as

fu(@t) =Ayt (17)

As mentioned above, the difference between the
saw-tooth current and the ideal current becomes larger
when the deflection angle increases. Consequently, a
serious S-distortion is generated. In this paper, high
order sine waveforms are used to correct the saw-tooth

current. We use sin( wt), sin(2wt), ..., and sin(4wt)
to correct the basic deflection current. New deflection
currents are named f,(w?), f,(w?), ..., f,(wt), respec-

tively. They are shown in Eq. (18).

k
fi(@t) = Ayt + Y Asin(ian)
i=1

T T
=1,2,3,4;, ——<st< 1
k 9~y 3’ ) 2 t 2 ( 8)
where A, to A, are the amplitudes for different fre-

quency sine waves. The coefficients A, to A, are opti-

mized to minimize the difference between the practical
deflection current and the ideal current.
The target function g(wt?) is

g(at) =—24L (19)

VLI +VE
In our calculations, the screen size is assumed to
be 32”. For different deflection angles, i. e. 90°, 110°,
120°, ..., 140°, the distance L in Fig. 2 changes, but
the screen size keeps constant. The difference between
the ideal current and the practical current is calculated
as

[ V(an - g@n)” a
i 1,

where T is the period of the scanning, and I, is the

F (20)

maximum deflection current in the scanning. In our
calculation, the time changes from —26 us to 26 us.
Fig. 6 gives the deviation with different approaches.
Fig. 7 and Tab. 1 show the coefficients A, to A,,
which are obtained in the optimization.

As shown in Figs. 6 and 7, the following conclu-

sions can be obtained:
30
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Fig.6 Comparison of the deviation with different approaches
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Fig.7 Magnitude of A, to A, with different deflection angles

Tab.1 The coefficients A, to A,

Angle/(°) A,/10* A, A, A,/107 A,  Deviation/10 "
90 2.68  0.094 771 0 0 0 8.498 42
110 3.11  0.173538 0.007 311 0 0 6. 602 08
120 3.29  0.225339 0.018984 0 0 19.761 6
130 3.44  0.285995 0.038117 8.341 0 2.081 99
140 3.57  0.355404 0.068524 18.342 0.0044  2.40041
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1) If only f, (wt) is used to approach the ideal
current g(wt), the deviation is less than 1% when the
deflection angle is smaller than 110°.

2) For the cases where the deflection angle is be-
tween 110° to 130°, f, (wt?) is needed to correct the
deflection current. This will make the deviation be-
tween the ideal current and the practical current less
than 1% .

3) When the deflection angle is larger than 130°,
the triple frequency correction is needed to reach our
limit of 1% . When f,(wt?) is used to approach g(w?),
the deviation is only 0. 35% .

4) The difference between the deflection currents
with a flat screen and with a screen having a practical
inner curvature is neglectable.

3 Circuit Simulation

According to the method discussed in the above
section, an electronic circuit is simulated to study the
possibility to realize the high order correction cur-
rent!” .

A ladder circuit approach is proposed to mix the
currents with different frequencies. The circuit is
shown in Fig. 8.
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Fig.8 A ladder circuit

In Fig. 8 the basic deflection current is generated
by self-inductor L, of Part A, while the sin(wf) com-
ponent is generated by capacitor C; and self-inductor
Ly. Part B, Part C and Part D are simple L. resonance
o Cupr Ly, the
2wt, 3wt and 4wt signals can be tuned. Cy;, Cy; and Cy;

circuits. By adjustment of C,;, L,, ..

are used as high frequency signals coupling to Part A.

As shown in Fig. 8, the 2wt, 3wt and 4wt currents
which are generated by Part B, Part C and Part D are
influenced by the basic deflection waveform through
the capacitors C,, C,; Cy; and C,, The amplitudes of
the high order frequency components are the functions

of C,, Cy, ..., Cy as described in Eq. (21).
filwt) =A,(C,, Cyp, ..., Cip) t +
A (C,, Cyy ..., Cpp)sin[w(Cy, Cy,y ..., Cyp) 1] +
A, (C,, Cyy ..., Cpp)sin[2w(C, Cys, ..., Cpp) ] +
A;(C,, Cypy ..o, Cpp)sin[3w(Cy, Cyy,y ..., Cpp) 2] +

A, (C,, Cyy ..., Cpp)sin[4w(C, Cy, ..., Cpp) 1]
(21)
The capacitors C,, Cy;, ..., C,; are optimized to
minimize the difference between the theoretical cur-
rent and the practical current. The simulation results

are shown in Fig. 9.
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Fig.9 Deviation after the optimization of capacitors

Fig. 9 describes the deviation between the ideal
current and the practical current. The curves in Fig. 9
are a little different from the curves in Fig. 6. In a lad-
der circuit as shown in Fig. 8, there are many cou-
plings between Part A, Part B, Part C and Part D. Due
to these couplings, slightly different frequency signals
are used in our optimization. Although there is differ-
ence between Fig. 6 and Fig. 9, the general behavior is
very similar. However the power consumption will in-
crease with Part B, Part C and Part D added. For less
than 110° deflection angle, Part B, Part C and Part D
are not required.

4 Conclusion

In a CRT, the S-distortion increases when the de-
flection angle becomes large. In the trend towards less
deep CRTs, it is important to understand the phenome-
non of the S-correction. This paper studies a way to
correct the saw-tooth driving current with multiple fre-
quency sine currents for large deflection angles. This
paper describes a ladder circuit to correct the saw-
tooth current as well. From theoretical calculations as
well as circuit simulations, it can be concluded that:

1) When the deflection angle is smaller than
110°, only the saw-tooth and sin( wt) deflection cur-
rents are required. This is already a well-known prac-
tice in industry.

2) When the deflection angle ranges from 110°
to 130°, sin(2wt) deflection current is required to get
a good approximation to the ideal current.

3) Above 130°, a sin(3w?) component has to be
applied for an accurate approximation.
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4) The difference between the deflection currents
with a flat screen and with a screen having a practical
inner curvature is neglectable.
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