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(54) Cathode-ray tube display unit in which unwanted radiant electric field from face plate of
cathode-ray tube is decreased

(57) A cathode-ray tube display unit provided with a high voltage transformer (20) for supplying high voltage to an
anode of a cathode-ray tube (1), a deflection yoke (6) having a horizontal deflection coil and a vertical deflection coil,
and an interior conductive coating (13) formed on the inside of a glass vessel of the cathode-ray tube (1), in which there
is provided an electrode (8) in the conductive coating form formed on an external wall face of a glass vessel at a funnel
portion (2) being electrically separated from an exterior graphite coating (5) formed on an external surface of the cathode-
ray tube (1) and connected to ground, and a circuit for applying reverse pulse voltage V. that satisfies
(Vo xCy) > (V4 xC,) tothe electrode in the conductive coating form is included. Where, it is assumed that flyback
pulse voltage supplied to the deflection yoke means (6) is Vy, reverse pulse voltage having a polarity reverse to that of
voltage generated in the interior conductive coating (13) is V4, electrostatic capacity between the horizontal deflection
coil and the interior conductive coating (13) is Cg, and electrostatic capacity between the electrode (8) in the conductive
coating form and the interior conductive coating (13) is C4.
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Description

BACKGROUND OF THE INVENTION

The present invention relates to an image display unit using a cathode-ray tube, and more particularly to a cathode-
ray tube display unit having a mechanism for controlling an alternating electric field radiated frontward from a screen of
a cathode-ray tube.

A cathode-ray tube display unit is composed of a high-frequency signal processing circuit, a deflection magnetic
field generating circuit for an electron beam, a high-voltage generating circuit or the like. Thus, there is a possibility that
unwanted electric wave, magnetic field, electric field or the like is radiated. Therefore, various regulations for controlling
such unwanted radiations are made in world nations. Further, since the opportunity of using a cathode-ray tube display
unit for a long period of time has been increased recently as personal computers or the like spread, particularly an
influence exerted on the body of an operator by a low-frequency electric field radiated from an apparatus has started to
be apprehended, and regulations related to a value of an alternating electric field radiated from an image display unit
(unwanted radiant electric field) are enacted. The alternating electric field is classified into two types depending on a
frequency band, and an alternating electric field having a frequency of 2 kHz to 400 kHz is referred to as a Very Low
frequency Electric Field (VLEF), and an alternating electric field having a frequency of 5 Hz to 2 kHz is referred to as
an Extremely Low frequency Electric Field (ELEF).

As standards related to unwanted radiated electric field from an image display unit, for example, MPR-2 enacted in
Sweden in 1990 is well known. A TCO guide line in which MPR-2 standards are intensified strictly has been enacted
thereafter, and the necessity for improving the control effects of the alternating electric field further than the present
state has been increased. According to the TCO guide line, an electric field value 1.0 [V/m] or below (30 ¢cm in front of
and 50 cm around the display unit) with respect to the VLEF in a band of 2 kHz to 400 kHz, and an electric field value
10 [V/m] or below (only 30 cm in front of the display unit) with respect to the ELEF in a band of 5 Hz to 2 kHz are specified,
respectively.

In the case of a cathode-ray tube display unit, it is possible to control an alternating electric field value to a regulated
value or lower comparatively simply at the portion except an image display face (the front) by electrostatic shielding with
a metal plate or the like. However, it is impossible to shield the front of a cathode-ray tube with an opaque metal plate
since an image is displayed there. Therefore, as described in JP-A-5-283020, a conductive layer is formed at a neck
portion from a funnel portion of a cathode-ray tube and conductive coating is grounded electrically, thereby to shield an
alternating electric field emitted from a deflection yoke so as to control an alternating electric field VLEF radiated from
a cathode-ray tube display unit in some units.

However, there has been such a problem in a prior art that control of the alternating electric field VLEF is insufficient
and the alternating electric field ELEF generated by a different cause of generation cannot be controlled effectively.
Namely, the alternating electric field ELEF is an alternating electric field generated by a cause that a beam current is
changed by the contents of an image regenerated by DC high voltage supplied from a high voltage circuit to a cathode-
ray tube, thus producing dynamic voltage fluctuation, and a countermeasure with the prior art has been insufficient.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a cathode-ray tube display unit in which two types of alternating
electric fields VLEF and ELEF emitted from the front of a cathode-ray tube display unit are controlled effectively by
applying voltage for canceling unwanted fluctuation voltage generated in an interior conductive coating to the interior
conductive coating through electrostatic capacity.

In order to achieve the above-mentioned object, the present invention provides an electrode (hereinafter described
as a funnel electrode) at a portion where there is no exterior graphite coating being in contact with an external wall of a
glass vessel of a cathode-ray tube. Reverse pulse voltage (amplitude V1) having a polarity inverted from that of pulse
voltage (amplitude V) supplied to a horizontal deflection coil is applied to the funnel electrode described above. It is
assumed that electrostatic capacities between the interior conductive coating of the cathode-ray tube and the horizontal
deflection coil, and between the interior conductive coating and the above-mentioned funnel electrode are Cy and C4,
respectively, and it is arranged so that a voltage value of (Vo x Cg) becomes larger than a voltage value of (V4 x Cy).

Furthermore, a transparent conductive coating having a resistance value per unit area at 2 x 106 [Q/ sq.] or below
is provided on an external surface of a face plate and is connected to ground.

As another structure for applying reverse pulse voltage, according to the present invention, a flyback pulse generated
in a horizontal deflection coil is applied to a primary winding of a transformer connected to the coil, thereby to generate
a reverse pulse having a polarity inverted from that of the flyback pulse is generated in a secondary winding of the
transformer. Then, for example, the unit is structured so that the reverse pulse is supplied to one end of a capacitor
contained in a high voltage transformer and connected to a high voltage terminal at the other end, and the reverse pulse
is applied to an interior conductive coating of a cathode-ray tube through an anode cable.
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Further, a secondary winding of a transformer for generating a first reverse pulse having a polarity inverted from
that of a flyback pulse produced in a horizontal deflection coil and an auxiliary winding of a high voltage transformer for
generating a pulse generated during a flyback period, i.e., a second reverse pulse having a polarity inverted from that
of a residual pulse remaining in a high voltage line at a high voltage terminal of the high voltage transformer are connected
with each other, thus generating voltage obtained by adding and synthesizing first and second reverse pulses. Further,
the unit is structured so that the added and synthesized reverse pulse is supplied to one end of a capacitor connected
to a high voltage terminal or an anode cable at the other end, and the synthesized reverse pulse is applied to an interior
conductive coating of a cathode-ray tube.

In accordance with this structure, alternating voltage which is originated in pulse voltage supplied to a deflection
yoke and has been generated in an interior conductive coating of a cathode-ray tube by electrostatic coupling is canceled
by pulse voltage generated in the interior conductive coating with reverse pulse voltage applied to the funnel electrode,
thereby to reduce the amplitude of alternating voltage which has been generated in the interior conductive coating. Thus,
it is possible to reduce the alternating electric field VLEF caused by dynamic voltage fluctuation (alternating voltage)
produced in the interior conductive coating. Furthermore, by shielding the alternating electric field ELEF with a trans-
parent conductive coating which has been formed on the external surface of the face plate and connected to ground,
two types of alternating electric fields VLEF and ELEF which have been emitted from the front of the cathode-ray tube
display unit are controlled effectively.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a view showing a structure of an embodiment of a cathode-ray tube display unit according to the present
invention;

Fig. 2 is a view seen from a side of a neck of the cathode-ray tube display unit shown in Fig. 1;

Fig. 3A is a sectional block diagram of an embodiment of a cathode-ray tube display unit according to the present
invention;

Fig. 3B is a diagram showing the relationship among a horizontal deflection pulse Vy, pulse voltage Vg1 generated
in an interior conductive coating by the pulse Vg, and reverse pulses V4 and V4 for canceling the pulse voltage Vg+;
Fig. 3C is a diagram for explaining the cause of generating ELEF;

Fig. 4 is an equivalent circuit diagram of a cathode-ray tube display unit according to the present invention;

Fig. 5A is an explanatory diagram of alternating voltage generated in an interior conductive coating;

Fig. 5B is an explanatory diagram of reverse voltage for canceling alternating voltage generated in an interior con-
ductive coating;

Fig. 6 is a diagram showing the relationship between reverse pulse voltage and alternating voltage generated in an
interior conductive coating;

Fig. 7 is a diagram showing the relationship between reverse pulse voltage and alternating electric field VLEF;
Fig. 8 is a view showing another embodiment of a funnel electrode according to the present invention;

Figs. 9A and 9B are diagrams showing an embodiment for generating a reverse pulse;

Fig. 10 is a diagram showing another embodiment for generating a reverse pulse;

Fig. 11 is a characteristic diagram showing the relationship between a resistance value of a transparent conductive
coating and alternating electric field ELEF;

Fig. 12 is a characteristic diagram of a frequency vs. a resistance value of a transparent conductive coating;

Fig. 13 is a diagram showing another embodiment of a reverse pulse voltage generating circuit according to the
present invention;

Fig. 14 is a sectional block diagram showing another embodiment of a cathode-ray tube display unit according to
the present invention;

Fig. 15 is a diagram showing another embodiment of a reverse pulse voltage generating circuit according to the
present invention;

Fig. 16 is a diagram showing still another embodiment of a reverse pulse voltage generating circuit according to the
present invention;

Figs. 17A to 17F are explanatory diagrams for explaining the principle of the embodiment shown in Fig. 16;

Fig. 18 is a view showing another embodiment of a reverse pulse voltage applying circuit;

Fig. 19 is a view showing still another embodiment of a reverse pulse voltage applying circuit; and

Fig. 20 is a sectional view taken along XX-XXin Fig. 19.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiments of the present invention will be explained hereinafter with reference to the drawings. Fig. 1 is an
explanatory view showing a principal part of a first embodiment of a cathode-ray tube display unit according to the
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present invention from the side thereof, Fig. 2 is an explanatory view showing a cathode-ray tube from the rear, and Fig.
3 shows a sectional view of alternating electric field radiated from a cathode-ray tube device.

In Fig. 1, a cathode-ray tube 1 consists roughly of three glass vessels, and is composed of a face plate portion 3,
a funnel portion 2 and a neck portion 7. At least the face plate 3 is provided with a fluorescent plane obtained by applying
a phosphor (not shown) to the inside of transparent glass. The funnel portion 2 is an almost cone-shaped glass vessel,
and is provided at least with an anode button 9 for applying high voltage (hereinafter abbreviated as H.V.) from a high
voltage deflection circuit 20, an exterior graphite coating 5 and a funnel electrode 8. The exterior graphite coating 5 is
obtained by applying an aqueous solution of graphite which is an electrical conductor to a part of the external wall of
the glass vessel of the funnel 2 and drying it. The exterior graphite coating 5 is connected electrically to ground so as
to add electrostatic capacity to an anode of the cathode-ray tube 1. An electron gun (not shown) for generating an
electron beam is sealed in the neck portion 7, and at least a deflection yoke 6 is installed from the outside thereof. The
deflection yoke 6 installed on the neck portion 7 consists of a horizontal deflection coil and a vertical deflection coil for
generating deflection magnetic field for deflecting an electron beam horizontally and vertically so as to obtain a raster.
Besides, a metal band (an explosion-proof band) 4 for increasing safety when the glass vessel of a cathode-ray tube is
damaged is wound around the side portion of the face plate 3, and is used by connecting it electrically to ground.

As shown in Fig. 3A, an inner layer conductive coating 13 in which conductive graphite is applied is formed on the
inside of the funnel 2, and D.C. voltage at several ten thousand [V] is supplied thereto from a terminal T4 of a high voltage
deflection circuit 20 through the anode button 9. On the other hand, a phosphor that emits light by irradiation with an
electron beam is applied to the inside of the face plate 3 so as to form a fluorescent film 11, and electric connection is
made with a metal-backfilm 12 obtained by vaporizing aluminum so that the fluorescent film 11 and the interior conductive
coating 13 show the same potential. Besides, although it is not illustrated, a color selecting electrode such as a shadow
mask for selecting color phosphors in three primary colors is provided near by the fluorescent film 11 so that it shows
the same potential as that of the interior conductive coating 13 in the case of a color cathode-ray tube. In order to reduce
fluctuation (ripple) of high voltage supplied from the terminal T4, the exterior graphite coating 5 is connected to ground,
and electrostatic capacity Cs of approximately several thousands [pF] is formed between the exterior graphite coating
5 and the interior conductive coating 13 through the funnel glass and used as the smoothing capacity of the high voltage
circuit 20. There is provided a funnel electrode 8 that constitutes a principal part of the present invention between the
grounded exterior graphite coating 5 and the deflection yoke 6. That in which a conductive coating film is formed on the
external surface of the glass face of the funnel 2, that in which a metal foil (such as a copper foil having a thickness of
approximately 35 um) with a binder is stuck to the glass external wall, or that in which water soluble graphite is applied
and dried can be used for the funnel electrode 8, in which an electrode is provided in contact with the external wall of
the glass vessel at the funnel portion.

The horizontal deflection coil of the deflection yoke 6 is connected to terminals T4 and T, of the high voltage deflection
circuit 20 shown in Fig. 1, and pulse voltage Vg of approximately 1,000 [V,,.,] that repeats at a horizontal deflection period
(hereinafter abbreviated as H period. The period is a reciprocal number of a horizontal deflection frequency fy.) such
as shownin Fig. 3B is supplied from T»,. A sawtooth current of a horizontal period is generated in the horizontal deflection
coil by pulse voltage Vy, thereby to generate a horizontal deflection magnetic field that deflects an electron beam from
side to side. On the other hand, reverse pulse voltage V4 that has a similar figure to the pulse voltage Vj at the terminal
T and a polarity inverted from that of V is generated at the terminal T3 of the high voltage deflection circuit 20, and the
voltage V4 is supplied to the funnel electrode 8.

Since the alternating electric field radiated while the cathode-ray tube device 1 is in operation has been analyzed,
thereby to clarify a generating mechanism thereof, the mechanism will be explained here. Principal causes of generating
the alternating electric field are attributed to dynamic voltage fluctuation (alternating voltage) produced in the inner layer
conductive coating 13 of the cathode-ray tube, and two types of alternating electric fields VLEF 100 and ELEF 200 are
emitted frontward through the glass face of the face plate 3 when the cathode-ray tube device 1 is in operation. Further-
more, the causes for generating the alternating electric fields VLEF 100 and ELEF 200 and a countermeasure by the
present invention will be described in detail with reference to Figs. 3A, 3B and 3C and Fig. 4.

The VLEF 100 in a frequency band of 2 kHz to 400 kHz is an alternating electric field of H period originated in the
pulse voltage Vg supplied to the deflection yoke 6. On the other hand, the ELEF 200 in a frequency band of 5 Hz to 2
kHz is an alternating electric field caused by a fact that an electron beam quantity emitted from the electron gun of the
cathode-ray tube 1 is changed in accordance with the contents of a video signal and dynamic voltage fluctuation (abbre-
viated as AHV) in a vertical deflection period (hereinafter abbreviated as V period. The period is a reciprocal number of
a vertical deflection frequency f\.) is generated by H.V. supplied to the anode of the cathode-ray tube 1. (See Fig. 3C.)

First, the mechanism that VLEF 100 is radiated from the face plate 3 and the principle of controlling the alternating
electric field 100 will be described in detail. Pulse voltage V1 (Fig. 3B) analogous to the pulse voltage Vo supplied from
the terminal T, is generated in the interior conductive coating 13 by electrostatic coupling between the horizontal deflec-
tion coil of the deflection yoke 6 and the interior conductive coating 13 (distributed capacity is expressed as equivalent
electrostatic capacity Cq in Fig. 3A).
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Similarly, pulse voltage V44 (Fig. 3B) analogous to the reverse pulse voltage V4 supplied to the funnel electrode 8
from the terminal T3 is generated between the funnel electrode 8 and the interior conductive coating 13 by electrostatic
coupling between the funnel electrode 8 and the interior conductive coating 13 (equivalent electrostatic capacity is
expressed as C in Fig. 3A). Fig. 4 shows an equivalent circuit for explaining connected states of electrostatic capacities
Co, C4 or the like, and a point P corresponds to the interior conductive coating 13. Cs represents electrostatic capacity
between the exterior graphite coating 5 and the interior conductive coating 13, Rs represents resistance of the exterior
graphite coating 5, C+q represents electrostatic capacity between a transparent conductive coating 10 (expressed with
a point Q) formed on the surface of the face plate 3 and the interior conductive coating 13, and R4g represents the
resistance of the transparent conductive coating 10. Besides, C5 and Ry represent internal capacity and protective
resistance of a flyback transformer (FBT) of the high voltage deflection circuit 20.

When dynamic voltage change (alternating voltage) is generated in the interior conductive coating 13, the alternating
voltage is generated in the transparent conductive coating 10 formed on the surface of the face plate 3 through the
capacity C4g. The alternating voltage generated at the point Q generates voltage amplitude in accordance with a ratio
of impedance division of the electrostatic capacity C4¢ and the resistance R4q in the transparent conductive coating 10,
and radiates the alternating electric fields VLEF 100 and ELEF 200 frontward from the face plate 3. Accordingly, when
the resistance value R1g of the transparent conductive coating 10 can be made sufficiently small, thereby to make the
shielding effect larger, the alternating voltage generated at the point Q becomes smaller, thus making it possible to
control the alternating electric field to a small value.

Now, as described previously, the cause of generating the alternating electric field VLEF 100 is attributed to a fact
that alternating voltage Vg1 analogous to the pulse voltage Vg supplied to the terminal T, is generated in the interior
conductive coating 13 due to the existence of the electrostatic capacity Co. When it is assumed as shown in Fig. 5A that
synthetic impedance between the point P and the ground is Zgg and the impedance of Cq is Zp, the alternating voltage
Vp4 at the point P in Fig. 4 is expressed with the following expression, and is approximated with Expression 1 since Zyg
<< Zy.

[Expression 1]

It is comprehended from the Expression 1 that the amplitude of the generated voltage V1 is proportioned to a
product (Cq x Vg) of electrostatic capacity Cq of the horizontal deflection coil and the pulse voltage Vg supplied to the
horizontal deflection coil.

Similarly, alternating voltage V14 analogous to the reverse pulse voltage V4 applied to the electrode is generated in
the interior conductive coating 13 by the electrostatic capacity C4 of the funnel electrode 8. When it is assumed as shown
in Fig. 5B that the synthetic impedance between the point P and the ground is Z44, and the impedance of C is Z at the
point P in Fig. 4, the alternating voltage V44 at the point P is approximated with Expression 2 since Z¢1 << Z4.
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[Expression 2]

=wZy (CyxVy)
=< (CyxVy

It is comprehended from the Expression 2 that the amplitude of the generated voltage V4 is proportioned to a
product (C4 x V) of the electrostatic capacity C4 of the funnel electrode and the reverse pulse voltage V4.

By inducing pulse voltage V14 analogous to the reverse pulse voltage V1 in the interior conductive coating 13, the
alternating voltage Vg1 that has been generated in the interior conductive coating 13 and the alternating voltage V11 in
which the polarity has been inverted are negated mutually. Fig. 6 shows the result of measuring the amplitude of the
alternating voltage AV 5 (= V; - V 44) of the interior conductive coating 13 when the area of the funnel electrode 8 is
changed so as to change the reverse pulse voltage using the electrostatic capacity C of the electrode as a parameter.
It is possible to make the alternating voltage AV 43 that becomes the generating source of VLEF 100 zero by setting the
reverse pulse voltage value in an optimum manner in accordance with an electrostatic capacity value of each funnel
electrode 8. Fig. 7 shows the results of measuring VLEF by installing a measuring instrument of an alternating electric
field (such as EFM 200 manufactured by Combinova Company in Sweden) at a distance of 30 cm from the tube face in
front of the cathode-ray tube device 1. It has been confirmed through experiments that there is a one-to-one correspond-
ence between the alternating electric field VLEF radiated from the tube face and the alternating voltage AV43 in the
interior conductive coating 13 and that the alternating electric field VLEF 100 can be reduced from 4.3 [V/m] before the
countermeasure to 0.810 0.5 [V/m] after the countermeasure by making the alternating voltage AV 13 almost zero. Namely,
according to the present invention, it is possible to bring the alternating electric field value of VLEF to a TCO guide line
(= 1 [V/m]) or lower by setting the electrostatic capacity C14 of the funnel electrode 8 and the reverse pulse voltage V4
appropriately, and to improve it to a level that the influence of unwanted radiation electric field on the human body offers
no problem.

Now, it has been ascertained as the result of performing experiments while setting the relationship among Cyg, Vo,
C4 and V4 at various values that the voltage value of (Vg x Co) is always larger than the voltage value of (V1 x C4). That
is, the following Expression 3 is satisfied.

[Expression 3]
(VgxCp)>(VyxCy

Further, a value of a constant K has been different depending on the specifications of the winding of the horizontal

deflection coil of the deflection yoke 6 used in the experiments in a relational expression shown in Expression 4 with K
as a constant.
[Expression 4]

Kx(VygxCp=(V;xC,) [Expression 4]
Table 1 shows values of the constant K computed from the results of experiments with respect to three types of

deflection yokes #1, #2 and #3 having different specifications, and K was within the range of 0.1 to 0.9. Besides, the
constant K of the deflection yoke #2 of the data shown in Fig. 6 and Fig. 7 was approximately 0.5.
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Table 1
Deflection yoke #1 #2 #3
Co [pF] 30 60 90
Vo [Vp-p] 1000 1000 1000
C1 [pF] 150 150 150
V4 [Vppl 20 200 550
Constant-K 01 05 09

Further, the electrostatic capacity C1 of the funnel electrode 8 can be set depending on the size of the electrode
area, and is not related so much to the electrode configuration and the position of installing the electrode. Accordingly,
the configuration and installing position of the electrode are not limited to those that are shown in Fig. 1, but, as shown
in Fig. 8 for instance, it is possible to arrange a funnel electrode 88 having an optional configuration in the area where
no exterior graphite coating 5 exists.

Now, when the area of the exterior graphite coating 5 is made as small as possible, thereby to set the area of the
funnel electrode 88 larger (C is made larger), it is possible to control the alternating electric field VLEF with low reverse
pulse voltage. Conversely, when the area of the funnel electrode 88 is set small (C4 is made small), large reverse pulse
voltage is required in order to control the alternating electric field VLEF. Table 2 shows the results of computing reverse
pulse voltage V4 and a ratio R=C,/C, of electrostatic capacities Cg vs. C1 required when the deflection
yoke #2 shown in Table 1 is used and the area of the funnel electrode 88 is changed from the results of experiments. It
is understood that the value of the ratio R is between approximately 0.5 and 15.

Table 2
C1 [pF] 1000 [ 500 | 230 | 150 [ 75 30
V1 [Vp-p] 30 | 60 | 130 | 200 | 400 | 1000
R=C+/Cy 15 | 83 | 3.8 2 1.3 0.5

On the other hand, the alternating voltage Vg4 of the interior conductive coating 13 that becomes a generating source
of the alternating electric field VLEF 100 is proportioned to the electrostatic capacity Cq as shown in the Expression 1.
Thus, since the funnel electrode capacity C1 required for controlling VLEF or the reverse pulse voltage V41 can be made
small if Cg can be reduced, it becomes an advantage in executing the present invention. Now, it has been known that
electrostatic capacity C of a plane parallel plate capacitor is expressed by Expression 5.

[Expression 5]
C=¢Sd [Expression 5]

where, ¢ is a dielectric constant between parallel plates;

S is an area of the parallel plates; and

d is a distance between parallel plates.
From the Expression 5, it is sufficient to make £ and S smaller and to make d larger on the contrary in order to reduce
the electrostatic capacity C. This is applied to the electrostatic capacity Cqy between the horizontal deflection coil and
the interior conductive coating, and, for example, lead alkali glass (dielectric constant £ = 8.3) to boro-silicate glass
(dielectric constant € = 5) having a dielectric constant < at 8 or less and so on used widely are used as a glass vessel
material of the portion opposing to the deflection yoke. Otherwise, the interior conductive coating 13 opposing to the
horizontal deflection coil is formed in a mesh shape or the like, and the equivalent area S is reduced by chipping a part
thereof. Or, d is increased by increasing the glass vessel thickness (corresponding to d) at the portion opposing to the
horizontal deflection coil toward the inside of the vessel. It has been confirmed that it is possible to make the electrostatic
capacity Cq to 90 [pF] or less and to control the alternating electric field VLEF with practical values of the area of the
funnel electrode and the reverse pulse voltage value that have no problem in point of withstand voltage by using the
foregoings independently or jointly.
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An example of a circuit for generating reverse pulse voltage V4 supplied to the funnel electrode 8 is shown in Figs.
9A and 9B. Fig. 9A s a side view of the deflection yoke 6, and Fig. 9B is an explanatory diagram for explaining magnetic
flux of a core made of a magnetic material. The deflection yoke 6 is provided with a vertical deflection coil 61 (not shown
in Fig. 9B) and a horizontal deflection coil 62 on the inside of the core 60 made of a magnetic material. Furthermore,
according to the present invention, an auxiliary winding 64 for detecting magnetic flux 63 generated by the horizontal
deflection coil 62 is provided in the core portion 60. The horizontal deflection magnetic field 63 interlinks with the auxiliary
winding 64, and the reverse pulse voltage V4 is obtainable at a terminal Tj.

In another embodiment, as shown in Fig. 10, the pulse voltage detected from the terminal T, where pulse voltage
Vy is applied to the deflection yoke 6 is attenuated so as to show a predetermined amplitude, and pulse voltage inverted
by a transistor is supplied thereafter to the funnel electrode 8 as reverse pulse voltage V4 and used to control the alter-
nating electric field VLEF.

It is also possible to obtain the reverse pulse voltage from secondary windings 32 and 42 of transformers 30 and
40 shown in Figs. 13 and 15. Further, it is also possible to use synthetic pulse voltage V1 + V3 shown in Fig. 16 as the
reverse pulse voltage. In this case, the obtained reverse pulse voltage is applied to the funnel electrode 8.

When the synthetic pulse V4 + V3 is used, the following relations corresponding to Expressions 3 and 4 are satisfied.

(VoxCq)>((V4+V3)xCy)
KxVogxCpy=(V+V3)xC,,01=k=09.

On the other hand, an alternating electric field ELEF 200 in a frequency band of 5 Hz to 2 kHz is caused to be
generated with AHV that is high voltage dynamic voltage fluctuation shown in Fig. 3C, being different from the alternating
electric field VLEF described previously. According to the present invention, a transparent conductive coating 10 with a
resistance value set at the optimum is provided on the surface of the face plate 3 of the cathode-ray tube 1 in order to
control the alternating electric field ELEF 200. Those in which particles of indium oxide or tin oxide are dispersed are
used as the material of the transparent conductive film. Furthermore, a thin coating (not illustrated in Fig. 3A) of silicon
oxide is formed on the surface of the transparent conductive coating 10, thus adding a function as an anti-reflection
coating. Fig. 11 shows the result of measuring the relationship between the resistance value (unit [/sq.]) per unit area
of the transparent conductive coating 10 and the alternating electric field ELEF at a distance of 30 [cm] in the front of
the cathode-ray tube display unit 1. In order to achieve a regulated value (= 10 [V/m], the distance at 30 cm in the front)
of ELEF of the TCO guide line, it is sufficient to make the resistance value of the transparent electrode to 2 x 106 [Q/sq.]
or less. Fig. 12 shows frequency characteristics of a resistance value of a general transparent conductive coating. A
transparent conductive coating of high production cost has small resistance values in the frequency areas of two types
of alternating electric fields ELEF and VLEF, and can shield two types of alternating electric fields sufficiently. However,
the cost of this transparent conductive coating is high and has been used only for a part of high-grade types. However,
although a transparent conductive coating of low production cost has a small resistance value in the frequency area of
the ELEF band, it has a drawback that the resistance value is increased when the frequency is increased and the
shielding effect of the alternating electric field VLEF is decreased. It has been confirmed that, adapting this result of
measurement, a method of using an inexpensive transparent conductive coating, controlling the ELEF by means of
shielding action of the transparent conductive coating and using jointly a system of controlling VLEF by supplying a
reverse pulse to the funnel electrode in the VLEF band where the shielding effect is decreased is also advantageous
economically.

Fig. 13 shows another embodiment in which alternating voltage generated in an interior conductive coating is can-
celed. In the present embodiment, the reverse pulse voltage is applied by superimposing on high voltage.

The deflection yoke 6 is provided with a horizontal deflection coil 62 and a vertical deflection coil 61 for generating
deflection magnetic fields for obtaining a raster by deflecting an electron beam in a horizontal and a vertical directions.
(Besides, the details of the horizontal and vertical deflection coils are omitted in view of illustration circumstances). The
horizontal deflection coil 62 is connected to the horizontal deflection circuit 50, and pulse voltage V that repeats at the
horizontal period is applied thereto.

A high voltage transformer 20 boosts a pulse applied to a primary coil 21 from a high voltage circuit 51 with a
secondary coil 22. The boosted pulse is rectified with a diode 23 and smoothed by a capacitor C,, and outputs DC
voltage at several ten thousands V at a high voltage terminal T4. As shown in Fig. 14, an inner layer conductive coating
13 obtained by applying conductive graphite is formed on an internal surface of a glass vessel of a funnel portion 2, and
high voltage (HV) from the high voltage terminal T4 is applied thereto through an anode button 9. On the other hand, a
phosphor that emits light by irradiation with an electron beam is applied to the internal face of a face plate 3 so as to
form a fluorescent film 11 thereon, and a metal-back film 12 deposited with aluminum and an interior conductive coating
13 are connected electrically to each other so that high voltage is applied to the fluorescent film 11.

The exterior graphite coating 5 is composed of that in which an aqueous solution of graphite that is an electrical
conductor is applied to a part of the external wall of the glass vessel of the funnel portion 2 and dried, and this exterior
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graphite coating 5 is connected electrically with ground thereby to add electrostatic capacity to the anode of the cathode-
ray tube 1. Namely, the exterior graphite coating 5 connected to ground forms electrostatic capacity (exterior capacity)
Cs between the exterior graphite coating 5 and the interior conductive coating 13 through the funnel glass. Since this
electrostatic capacity Cs is connected in parallel with a smoothing capacitor C,, of the high voltage transformer 20, it has
a function of reducing fluctuation (ripple) of high voltage (HV) outputted from the high voltage terminal T,4.

The horizontal deflection coil 62 of the deflection yoke 6 and the interior conductive coating 13 are opposed to each
other through glass having a thickness of approximately 2 mm. Thus, as shown with electrostatic capacity Cq in Fig. 14,
a pulse Vy4 analogous to a flyback pulse Vy applied to the horizontal deflection coil 62 is generated in the interior con-
ductive coating 13 as shown in Fig. 3B. The amplitude of this pulse Vy4 is determined being proportioned to a product
of electrostatic capacity Co between the horizontal deflection coil 62 and the interior conductive coating 13 and the
amplitude of the flyback pulse Vg, and inversely proportioned to the sum of the high voltage smoothing capacitor C, and
the exterior capacitor Cs. It is expressed by Expression 6 as follows.

[Expression 6]
CoxVy

Vor = g,5¢C,

[Expression 6]
Then, an alternating electric field VLEF 100 is radiated frontward from the face plate portion 3 by a fact that alternating
voltage (pulse Vy4) fluctuating at a horizontal deflection frequency fy is generated with the metal-back film 12 of the
conductive coating and the interior conductive coating 13 as electrodes.

The relationship between the flyback pulse Vg generated in the horizontal deflection coil 62 and the pulse Vg4 gen-
erated in the interior conductive coating 13 being caused by the flyback pulse, and the relationship between the reverse
pulse V4 with a polarity inverted from that of the flyback pulse Vg and the reverse pulse V44 generated in the interior
conductive coating 13 by the reverse pulse V4 are the same as that shown in Fig. 3B.

The reverse pulse V4 is a pulse generated in a secondary winding 32 of a transformer 30 connected to the horizontal
deflection circuit 50 and the horizontal deflection coil 61, and polarities of Vg and V are inverted from each other. The
reverse pulse V4 supplied to a terminal 26 of the high voltage transformer 20 is applied to a high voltage terminal T4
through a capacitor 25 contained inside the high voltage transformer 20 and generates a reverse pulse V44 in the interior
conductive coating 13. One end of the capacitor 25 is connected to the high voltage terminal T4, and the capacitor 25
is contained inside the high voltage transformer 20 from a viewpoint of withstand voltage and safety and used being
filled with resin having high insulating property.

The amplitude of the reverse pulse V41 is determined depending on the number of windings of the secondary winding
32 of the transformer 30 and an electrostatic capacity value of the capacitor 25 contained inside the high voltage trans-
former 20. When the pulse Vg1 and the reverse pulse V41 generated in the interior conductive coating 13 are set so that
absolute values thereof become almost equal to each other, the pulse Vg1 and the reverse pulse V14 negate each other,
thus making it possible to make the amplitude of the alternating voltage generated in the interior conductive coating 13
almost zero. Thus, it is possible to reduce the alternating electric field VLEF 100 radiated frontward from the face plate
portion 3 of the cathode-ray tube 1 by a large margin.

In a 17-inch type highly precise display (a highly precise cathode-ray tube display unit) for instance, a pulse Vg4 of
approximately 10 V,,, has been generated in the interior conductive coating 13 by means of a flyback pulse Vj of 1000
Vpp- Thus, a reverse pulse V1 of -220 V|, , was supplied through a capacitor 25 having electrostatic capacity of 150 pF.
Then, an alternating electric field measuring instrument (such as EFM 200 manufactured by Combinova Company in
Sweden) is arranged at a distance of 30 cm from the front of the cathode-ray tube 1, and it has been confirmed that
VLEF that was 7 V/m before the countermeasure can be improved to 0.6 V/m through actual survey and VLEF has been
improved to a level that it can be made to a TCO guide line (= 1 V/m) or below and influence by unwanted radiation
electric field on human bodies offers no problem. Here, when it is assumed that the capacity of the capacitor 25 to which
the reverse pulse voltage V1 is applied is Ca5 (V4 xCg) > (V, x C,s) is obtained. When it is assumed that
KxVyxCy=V,xCy,0.1=K=0.9is obtained. Cy5 corresponds to the electrostatic capacity C1shown in Fig. 3A,
and the Expression 3 is also effected in the present embodiment.

Fig. 15 shows another embodiment of the present invention. One end of a primary winding of the transformer 30 is
connected to the power source in Fig. 13, but it is connected to reference potential (GND) through a capagitor in Fig. 15.

The horizontal deflection circuit 50 is connected to the power source through an inductance 44, and energy is
supplied thereto. Further, a primary coil 41 of a transformer 40 is connected to a horizontal deflection coil 62, and a
reverse pulse V¢ with a polarity inverted from that of a flyback pulse Vo generated in the primary coil 41 is generated in
a secondary coil 42 of the transformer 40.

This reverse pulse V4 is supplied to a terminal 26 of a high voltage transformer 20 and negates the pulse Vy in the
interior conductive coating 13, thereby to reduce the alternating electric field VLEF 100.

Fig. 16 shows another embodiment of the present invention. In general, a high voltage circuit 51 is operated with a
video synchronizing signal as reference, and the pulse boosted in the secondary winding 22 of the high voltage trans-
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former 20 cannot be smoothed completely, but the ripple (voltage fluctuation) thereof remains at an output terminal 27.
In the present embodiment, the influence by the fluctuating portion is canceled. In the present embodiment, a second
reverse pulse V3 obtained from an auxiliary winding 28 provided in the high voltage transformer 20 is superimposed on
the first reverse pulse V4 obtained from the secondary coil 32 of the transformer 30 described with reference to Fig. 13
or from the secondary coil 42 of the transformer 40 described with reference to Fig. 15. Further, a reverse pulse (V1 +
V3) obtained by adding and synthesizing these two reverse pulses V1 and V3 is supplied to a terminal 26 connected to
one end of a capacitor 25 so as to obtain a reverse pulse (V41 + V34) that cancels the alternating voltage generated in
the interior conductive coating 13.

In this case, (V, x Cg) > (V4 +V3) x C,5) is satisfied.

Next, the reason why the second reverse pulse V3 is superimposed on the first reverse pulse V1 will be explained
with reference to Figs. 17A, 17B, 17C, 17D, 17E and 17F. Fig. 17A shows a flyback pulse Vg and a pulse Vg4 generated
in the interior conductive coating 13, and Fig. 17B shows AC components generated in the high voltage transformer 20
and shows a residual pulse V, remaining on a high voltage line generated during a flyback period and a pulse V4
generated in the interior conductive coating 13 being caused by V». The flyback pulse Vg and the residual pulse Vo
generated in the horizontal deflection circuit 50 and the high voltage circuit 51 have phases different by At (approximately
several u seconds). As a result, as shown in Fig. 17C, the alternating voltage generated in the interior conductive coating
13 becomes voltage (Vo1 + V24) obtained by adding pulses Vg1 and Vo4 to each other. Thus, the first reverse pulse V4
and the second pulse V3 shown in Figs. 17D and 17E are added to each other so as to obtain a reverse pulse (V41 +
V34) shown in Fig. 17F in the interior conductive coating 13, thus making it possible to negate the pulse (Vg1 + V21) with
each other and to reduce the alternating electric field VLEF 100 to almost zero.

Fig. 18 shows a structure for supplying a reverse pulse to the interior conductive coating 13 in a cathode-ray tube
display unit according to another embodiment of the present invention. As shown in Fig. 18, a first anode cable 91 for
applying high voltage (HV) from the high voltage transformer 20 to the cathode-ray tube 1 is connected to one end of a
second anode cable 92 inside an anode cap 90 composed of an elastic insulator, and another end of the anode cable
92 is connected to one end of a capacitor 94. It is structured so that the capacitor 94 is housed in a vessel 93 made of
resin, resin of high withstand voltage property is filled in the vessel 93, and another end of the capacitor 94 is connected
to an electric cable 95. The function of the capacitor 94 is similar to that of the capacitor 25 in respective embodiments
described above. Hence, the description thereof is omitted.

Fig. 19 shows another structure for supplying a reverse pulse to the interior conductive coating 13, Fig. 19 is a
perspective view showing an anode cable and an anode cap and Fig. 20 is a sectional view taken along a line XX-XX
of the anode cable shown in Fig. 19. The present embodiment has such a structure that a conductor 96 having a pre-
determined length is arranged almost coaxially with a core line 97 to which high voltage (HV) is applied on a circumfer-
ential portion of the anode cable 91 from the high voltage transformer 20.

According to the present embodiment, there is provided electrostatic capacity (not illustrated) between the circum-
ferential conductor 96 and the core line 97, and, when the pulse V, or the reverse pulse (V4 + V3) obtained in respective
embodiments is applied to the circumferential conductor 96, a reverse pulse V44 or a reverse pulse (V11 + V34) can be
obtained in the interior conductive coating 13 of the cathode-ray tube 1 by the electrostatic capacity. With this, it is
possible to reduce the amplitude of the alternating voltage generated in the interior conductive coating 13 and to reduce
the alternating electric field VLEF 100 similarly to respective embodiments described above.

Besides, the reverse pulse V1 may be inputted to the terminal 26 shown in Fig. 13 using that which has been obtained
from the auxiliary winding 64 shown in Fig. 9A or that which has been obtained from the circuit shown in Fig. 10 or may
be applied using structures shown in Figs. 18 and 19.

The present invention is not limited to the above-mentioned embodiments, but various modifications and equivalent
units within the scope of claims are all included in the present invention.

Claims

1. A cathode-ray tube display unit comprising: means (20) for supplying high voltage to an anode of a cathode-ray

tube (1);

deflection yoke means (6) having a horizontal deflection coil and a vertical deflection coil;

interior conductive coating means (13) formed on the inside of a glass vessel of said cathode-ray tube (1);

an electrode (8) in the conductive film form formed on an external wall surface of a glass vessel of a funnel
portion being electrically separated from an exterior graphite coating (5) formed on an external wall surface of said
cathode-ray tube (1) and connected to ground; and

means (20, 64, Fig. 10, 30, 40, 28, 32) connected to said electrode (8) in the conductive film formfor generating
reverse pulse voltage V1 having a polarity reverse to that of the voltage generated in said interior conductive coating
means (13) by electrostatic coupling being caused by flyback pulse voltage Vq supplied to said deflection yoke
means (6), said means for generating reverse pulse voltage, when it is assumed that an electrostatic capacity
between said horizontal deflection coil and said interior conductive coating means is Cg and the electrostatic capacity
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between said electrode in the conductive coating form and said interior conductive coating means (13) is C+, being
means for generating reverse pulse voltage V1 that satisfies (Vo x C) > (V4 x C4).

A cathode-ray tube display unit according to Claim 1, wherein a constant K in a relational expression of
KxVyxGCy=V,xC, iswithinarangeof 0.1 =K =0.9.

A cathode-ray tube display unit according to Claim 1, wherein the thickness of glass at a portion opposing to said
horizontal deflection coil is formed thicker than other portions toward the inside of the cathode-ray tube (1), whereby
to aim at reduction of said electrostatic capacity Co.

A cathode-ray tube display unit according to Claim 1, wherein said interior conductive coating (13) is formed so that
said interior conductive coating (13) is not formed in a predetermined area of a portion opposing to said horizontal
deflection coil, whereby to aim at reduction of said electrostatic capacity Cq.

A cathode-ray tube display unit according to Claim 1, wherein a dielectric constant of a glass material of a portion
opposing to said horizontal deflection coil is set to 8 or below, whereby to aim at reduction of said electrostatic
capacity Co.

A cathode-ray tube display unit according to Claim 1, wherein, when itis assumed that electrostatic capacity between
said horizontal deflection coil and said interior conductive coating means (13) is Co and electrostatic capacity
between said electrode (8) and said interior conductive coating means (13) is C4, 0.5 = (C4/Cop) = 15.

A cathode-ray tube display unit according to Claim 1, further comprising a transparent conductive coating (10)
formed on an external surface of a face plate of said cathode-ray tube (1) and connected to ground.

A cathode-ray tube display unit according to Claim 7, wherein said transparent conductive coating (10) includes a
resistance having a resistance value per unit area at 2 x 106 [Q/square] or below.

A cathode-ray tube display unit according to Claim 1, wherein said means for generating reverse pulse voltage
includes means for obtaining reverse pulse voltage from an auxiliary winding (64) provided on a core of said deflec-
tion yoke (6).

A cathode-ray tube display unit according to Claim 1, wherein said means for generating reverse pulse voltage
includes:

means (64) for detecting a flyback pulse generated in said horizontal deflection coil; and

means (Fig. 10) for attenuating and inverting said detected flyback pulse so as to obtain reverse pulse voltage.

A cathode-ray tube display unit comprising:

means (20) for supplying high voltage to an anode of a cathode-ray tube (1);

deflection yoke means (6) having a horizontal deflection coil and a vertical deflection coil;

interior conductive coating means (13) formed on the side of a glass vessel of said cathode-ray tube (1);

an electrode (8) in the conductive film form formed on an external wall surface of a glass vessel of a funnel
portion being electrically separated from an exterior graphite coating (5) formed on an external wall surface of said
cathode-ray tube (1) and connected to ground;

means (20, 64, Fig. 10, 30, 40) for generating a first reverse pulse voltage V1 having a polarity reverse to that
of voltage generated in said interior conductive coating means (13) by electrostatic coupling being caused by flyback
pulse voltage Vj supplied to said deflection yoke means (6);

means (28) for generating a second reverse pulse voltage V3 having a polarity inverted from that of A.C.
components generated at output of said means (20) for supplying high voltage;

means (28, 32) for adding said first reverse pulse voltage V4 and said second reverse pulse voltage V3 to
each other; and

means for supplying the output of said adding means (28, 32) to said electrode (8) in the conductive film
form, wherein when it is assumed that electrostatic capacity between said horizontal deflection coil and said interior
conductive coating means (13) is Cg and electrostatic capacity between said electrode (8) in the conductive film
form and said interior conductive coating means (13) is C4,

(VoxCg)>((V,+Vg)xCy)

is satisifed.
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A cathode-ray tube display unit comprising: high voltage transformer means (20) for supplying high voltage to an
anode of a cathode-ray tube (1);

deflection yoke means (6) having a horizontal deflection coil and a vertical deflection coil;

interior conductive coating means (13) formed on the inside of a glass vessel of said cathode-ray tube (1);

means (20, 30, 40, 28, 32, 64, Fig. 10) for generating reverse pulse voltage having a polarity inverted from
that of flyback pulse voltage generated in said horizontal deflection coil; and

means for supplying said reverse pulse voltage to said interior conductive coating (13) through electrostatic
capacity (25).

A cathode-ray tube display unit according to Claim 12, wherein said means for generating reverse pulse voltage
includes, when it is ass umed that said flyback pulse voltage is Vg, the reverse pulse voltage is V4, the electrostatic
capacity between said horizontal deflection coil and said interior conductive coating means (13) is Co, and said
electrostatic capacity is C4, means for generating reverse pulse voltage V that satisfies (V, x Cy) > (V;x C,).

A cathode-ray tube display unit according to Claim 13, wherein a constant K of a relational expression
KxVyxGCy=V,;xC, iswithinarange of 0.1 =K =0.9.

A cathode-ray tube display unit according to Claim 12, further comprising:

means (28) for generating a second reverse pulse voltage having a polarity inverted from that of A.C. com-
ponents generated at an output terminal of said high voltage transformer means;

means (28, 32) for adding said reverse pulse voltage and said second reverse pulse voltage to each other; and

means for supplying the output of said adding means (28, 32) to said interior conductive coating (13) through
electrostatic capacity (25).

A cathode-ray tube display unit according to Claim 12, wherein said means for generating reverse pulse voltage
includes:

means (Fig. 10) for detecting a flyback pulse generated in said horizontal deflection coil; and

means (Fig. 10) for attenuating and inverting said detected flyback pulse so as to obtain reverse pulse voltage.

A cathode-ray tube display unit according to Claim 12, wherein said means for generating reverse pulse voltage
includes transformer means (30, 40) in which a primary winding thereof is connected to said horizontal deflection
coil and reverse pulse voltage is obtained from a secondary winding.

A cathode-ray tube display unit according to Claim 12, wherein said means for generating reverse pulse voltage
includes means for obtaining reverse pulse voltage from an auxiliary winding (64) provided on a core of said deflec-
tion yoke (6).

A cathode-ray tube display unit according to Claim 12, wherein said means for supplying reverse pulse voltage
includes means for applying said reverse pulse voltage through a capacitor (25) connected to an output terminal of
said high voltage transformer means at one end thereof.

A cathode-ray tube display unit according to Claim 12, wherein said means for supplying reverse pulse voltage
includes means (Fig. 18) for applying said reverse pulse voltage through a capacitor (94) connected at one end
thereof to an anode button portion (90) for leading high voltage from said high voltage transformer means to an
anode of a cathode-ray tube (1).

A cathode-ray tube display unit according to Claim 12, wherein said means for supplying reverse pulse voltage
includes means (Fig. 19) for applying said reverse pulse voltage through a conductor (96) provided coaxially around
an anode cable (91) for leading high voltage from said high voltage transformer means to an anode of a cathode-
ray tube (1).

A cathode-ray tube display unit according to Claim 12, further comprising a transparent conductive coating (10)

formed on an external surface of a face plate of said cathode-ray tube (1) and connected to ground and having a
resistance value per unit area at 2 x 106 [Q/square] or below.

12
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