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(54) Cathode ray tube with indirectly heated cathode

(57) A cathode ray tube has a vacuum envelope
formed of a panel portion (11), a neck portion (12) and
a funnel portion (13) for connecting the panel portion
and the neck portion, a phosphor screen (14) formed on
an inner surface of the panel portion, and an electron
gun (19) housed in the neck portion and including a
cathode (40) and a heater (31a). The cathode includes
a disk-shaped cathode base metal (41) having an oxide
coating (42) thereon and a cylindrical cathode sleeve
(43) housing the heater. The cylindrical cathode sleeve
includes a small-diameter portion (43c) having the disk-
shaped cathode base metal fitted within an end thereof
and housing a top portion of the heater and a large-
diameter portion housing leg portions (31) of the heater,
and an axial length SL (mm) of the small-diameter por-
tion and an outside diameter DD (mm) of the disk-
shaped cathode base metal satisfies the following ineq-
uation:

0.5 ≤ SL/DD ≤ 4.0.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a cathode
ray tube such as a color picture tube or a color display
tube, and particularly to a cathode ray tube having
reduced a warm-up time required for formation of an
image after a heater has been turned on.
[0002] A cathode ray tube such as a color cathode
ray tube used for a monitor at a terminal of office auto-
mation equipment, for example, generally has a vacuum
envelope comprised of a panel, a neck and a funnel for
connecting the panel and the neck, a phosphor screen
comprised of three-color phosphor picture elements
coated on an inner surface of the panel, and an electron
gun housed in the neck.
[0003] The electron gun for the cathode ray tube
has three cathodes for generating the three electron
beams in a horizontal direction and a plurality of elec-
trodes located downstream of the three cathodes and
spaced in the direction of travel of the electron beams
for forming a main lens. The three electron beams from
the cathodes enter the main lens, are accelerated and
focused appropriately, and then impinge upon the phos-
phor screen. The phosphor screen comprises three-
color phosphor picture elements fabricated in the form
of dots or stripes and arranged at a predetermined
pitch, and a color selection electrode such as a shadow
mask is closely spaced from the phosphor screen
between the phosphor screen and the electron gun.
[0004] In this type of cathode ray tubes, each cath-
ode in the electron gun is provided with an electron-
emissive material layer coated on a cathode base metal
and a heater for heating the cathode base metal such
that electrons are emitted from the electron-emissive
material layer.
[0005] FIG. 9 is a fragmentary front view, partly cut-
away, of an example of a prior art cathode assembly. A
plate-shaped cathode base metal 81 is coated with an
electron-emissive material layer 82 on its surface and
fitted and supported within an end 83a of a cylindrical
cathode sleeve 83. Reference numeral 84 denotes a
plurality of cathode support pieces, usually three cath-
ode support pieces 84 are equally spaced about the cir-
cumference of the cathode sleeve 83, are fixed at one
end thereof to the other end 83b of the cathode sleeve
83 and are fixed at another end thereof to a cathode
support cylinder 85.
[0006] In such a cathode assembly, the cathode
base metal 81 and the cathode sleeve 83 are fixed
together as follows: Initially, a disk of a predetermined
diameter slightly smaller than an inside diameter of the
cylindrical cathode sleeve 83 is stamped out from mate-
rial for the cathode base metal 81, is fitted within the end
83a of the cathode sleeve 83, then is pressed at a cen-
tral portion thereof so as to expand its diameter and
thereby to be press-fitted within the cathode sleeve 83.

Then the cathode base metal 81 is laser-welded or
resistance-welded to the cathode sleeve 83. This con-
struction is disclosed in Japanese Patent Publication
No. Sho 54-44551 (published on December 26, 1979),
for example.

SUMMARY OF THE INVENTION

[0007] The above-explained prior art has an advan-
tage of ease of manufacture obtained by using a disk-
shaped cathode base metal, and has considered
improvement in speedup of electron emission by fitting
the cathode base metal within the cathode sleeve, but
no consideration has been given to reduction of rise
time of electron emission (reduction of the image-form-
ing warm-up time in cathode ray tubes such as color
display tubes) by improving the configuration of the
cathode sleeve or the heaters.
[0008] The image-forming warm-up time in a cath-
ode ray tube is a time required for the electron-emissive
material layer to reach a required temperature and is
determined by the heat capacity of the heater-cathode
system.
[0009] It is necessary for reduction of the image-
forming warm-up time to reduce the heat capacity of the
cathode base metal, but if the thickness of the cathode
base metal is made thinner, the reducing agent in the
cathode base metal is exhausted in a shorter period of
time, and consequently, a cathode life is shortened. As
for the relationship between the image-forming warm-
up time and heaters, the outside diameter of a coiled
portion of a heater is smaller at a top portion thereof
opposing the cathode base metal than that of the coiled
portion on a side of legs of the heater, and when the
heater is inserted into the prior art cathode sleeve of a
uniform inside diameter over its entire length, a space is
produced between the coiled portion and the wall of the
cathode sleeve in the vicinity of the top portion of the
coiled portion near the cathode base metal, therefore
the heat transfer from the heater to the cathode sleeve
is delayed and consequently, the image-forming warm-
up time cannot be reduced.
[0010] Especially, in the case of a color display tube
used as a display means of information equipment such
as a personal computer (PC), there is a tendency for
heaters to be automatically turned off during a waiting
time when the information equipment is not used, for the
purpose of power saving, and consequently, the image-
forming warm-up time causes a problem when the infor-
mation equipment is used again after the power has
been turned off. Empirically, it is desirable that a time
required for the screen brightness to reach 50 % of the
required brightness is limited to eight seconds or less
(or a time required for the phosphor screen to become
faintly luminous must be limited to three to four sec-
onds) after power turn on, and if the time exceeds eight
seconds, the operator sometimes feels irritated.
[0011] Power saving is also essential in view of
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energy saving and the protection of environment, and
therefore there is a demand for reduction of the image-
forming warm-up time after heater power turn on follow-
ing the waiting time.

[0012] The present invention solves the above
problems, and it is an object of the present invention to
provide a cathode ray tube such as a color display tube
employing a cathode assembly of the type having a
cathode base metal fitted and fixed within a cathode
sleeve and capable of reducing the image-forming
warm-up time and retaining the basic characteristics
such as long emission life by improving absorption of
heat from a heater and preventing thermal loss by radi-
ation.
[0013] To accomplish the above object, in accord-
ance with an embodiment of the present invention,
there is provided a cathode ray tube comprising a vac-
uum envelope including a panel portion, a neck portion
and a funnel portion for connecting the panel portion
and the neck portion, a phosphor screen formed on an
inner surface of the panel portion, and an electron gun
housed in the neck portion and including a cathode and
a heater, the cathode comprising: a disk-shaped cath-
ode base metal having an oxide coating thereon, and a
cylindrical cathode sleeve housing the heater, the cylin-
drical cathode sleeve including a small-diameter portion
having the disk-shaped cathode base metal fitted within
an end thereof and housing a top portion of the heater
and a large-diameter portion housing leg portions of the
heater, and an axial length SL (mm) of the small-diame-
ter portion and an outside diameter DD (mm) of the
disk-shaped cathode base metal satisfying the following
inequality.

[0014] With the above configuration, although an
outside diameter of a heat-generating coiled portion of a
usual heater is smaller than that of a leg portion of the
heater, when the heater is inserted into the cylindrical
cathode sleeve, the side wall of the coiled portion of the
heater is brought into intimate contact with or immediate
proximity to the small-diameter portion at one end of the
cylindrical cathode sleeve, the effect of heat transfer
from the heater to the cathode sleeve is heightened,
and consequently, heat efficiency is improved.
[0015] Further, heat loss due to radiation is reduced
by reducing the diameter of the cylindrical cathode
sleeve on a side thereof nearer to the electron-emissive
material layer, and consequently, reduction of the
image-forming warm-up time is realized, not to mention
securing of cathode life.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] In the accompanying drawings, in which like
reference numerals designate similar components
throughout the figures, and in which:

FIG.1 is a cross-sectional view showing an overall
construction of a shadow mask type color cathode
ray tube in accordance with an embodiment of the
present invention;

FIG. 2 is a plan view showing an exemplary con-
struction of an electron gun used for a color cath-
ode ray tube of the present invention;
FIG. 3 is an enlarged fragmentary cross-sectional
view of an essential part of a cathode assembly of
the electron gun of FIG. 2;
FIG. 4 is a further enlarged fragmentary cross-sec-
tional view of an essential part of the cathode
assembly of FIG. 3;
FIG. 5 is an enlarged fragmentary cross-sectional
view of an essential part of another example of a
cathode assembly;
FIGS. 6A and 6B are cross-sectional views for
explaining an example of press-fit fixation of the
cathode base metals and the cylindrical cathode
sleeves shown in FIGS. 4 and 5;
FIG. 7 is a cross-sectional view similar to that of
FIG. 4, illustrating another example of a cathode
used for a cathode ray tube of the present invention;
FIG. 8 is a cross-sectional view of an essential part
of still another example of a cathode used for a
cathode ray tube of the present invention; and
FIG. 9 is a fragmentary front view, partly cutaway, of
an example of a prior art cathode assembly.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0017] The embodiments of the present invention
will be explained in detail by reference to the drawings.
[0018] FIG.1 is a cross-sectional view showing an
overall construction of a shadow mask type color cath-
ode ray tube in accordance with an embodiment of the
present invention. Reference numeral 11 denotes a
panel portion, 12 is a neck portion, 13 is a funnel por-
tion, 14 is a phosphor screen, 15 is a shadow mask hav-
ing a large number of electron beam apertures therein,
16 is a mask frame, 17 is a magnetic shield, 18 is a
shadow mask suspension mechanism, 19 is an electron
gun for emitting three electron beams, one center elec-
tron beam Bc and two side electron beams Bs, DY is a
deflection yoke for deflecting the electron beams hori-
zontally and vertically, and MA is an external magnetic
device for adjusting color purity and the like.
[0019] In FIG.1, a vacuum envelope comprises the
panel portion 11, the funnel portion 13 and the neck por-
tion 12, the phosphor screen 14 is formed on the inner
surface of the panel portion 11, the mask frame 16 hav-
ing the shadow mask 15 and the magnetic shield 17
fixed thereto is suspended within the panel portion 11
by the shadow mask suspension mechanism 18, the
panel portion 11 is frit-sealed to the funnel portion 13 by
heat-fusing a glass frit, the electron gun 19 is mounted
into the neck portion 12 joined to the funnel portion 13,
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and then the vacuum envelope is sealed off after evac-
uation of the air therefrom. The electron gun 19 employs
a cathode assembly explained subsequently.

[0020] The three electron beams Bc, Bs from emit-
ted from the electron gun 19 are deflected in horizontal
and vertical directions by the deflection yoke DY around
the transition region between the neck portion 12 and
the funnel portion 13, and are transmitted through elec-
tron beam apertures in the shadow mask 15 serving as
a color selection electrode to strike the phosphor picture
elements of their intended colors forming the phosphor
screen 14 and form an image.
[0021] FIG. 2 is a plan view showing a structural
example of an electron gun used for a color cathode ray
tube of the present invention. Reference numeral 20
denotes a cathode assembly, examples of which will be
described in detail subsequently in connection with FIG.
3 and the subsequent figures. Reference numeral 21
denotes a first electrode (a control electrode), 22 is a
second electrode (an accelerating electrode), 23, 24
and 25 are third, fourth and fifth electrodes (focus elec-
trodes), respectively, 26 is a sixth electrode (an anode),
27 are beading glasses (only one of which is shown),
and 28 are stem pins.
[0022] In FIG. 2, the cathode assembly 20 and the
first to sixth electrodes 21 to 26 are coaxially fixed on a
pair of beading glasses 27.
[0023] Electron beams emitted from the cathode
assembly 20 are appropriately accelerated and focused
by the first electrode 21, the second electrode 22, the
third electrode 23, the fourth electrode 24, the fifth elec-
trode 25 and the sixth electrode 26, and are projected
toward the phosphor screen from the sixth electrode 26.
The stem pins 28 serve as terminals for applying
required voltages or video signals to the respective
electrodes forming the electron gun 19.
[0024] FIG. 3 is an enlarged fragmentary cross-
sectional view of an essential part of the cathode
assembly 20 of the electron gun of FIG. 2. The cathode
assembly 20 houses a heater 31 which is fixed to heater
supports 32 at its lower ends. Reference numeral 33
denotes a cathode eyelet, which supports the cathode
assembly 20 at its lower end and thereby fixes it at a
required position in the electron gun via a bead support
34 for supporting the cathode assembly 20.
[0025] FIG. 4 is an enlarged fragmentary cross-
sectional view of an essential part of the cathode
assembly of FIG. 3. A cathode 40 comprises a disk-
shaped cathode base metal 41, an electron-emissive
material layer 42 formed on a top surface 41a of the
disk-shaped cathode base metal 41 and a cylindrical
cathode sleeve 43.
[0026] The cylindrical cathode sleeve 43 has a
sidewall of the cathode base metal 41b fitted and fixed
within one end 43a thereof, is formed with an opening at
the other end 43b thereof for inserting a heater 31
therefrom, and is fixed to a cathode support cylinder 44.
[0027] The cylindrical cathode sleeve 43 has a

smallest-diameter portion 43c in the vicinity of the end
43a thereof within which the cathode base metal 41 is
fitted and fixed, (a portion below the end 43a in FIG. 4)
compared with the entirety of the cylindrical cathode
sleeve 43 including the other end 43b. This occurs
because a deformation caused by press-fitting the cath-
ode base metal 41 into the cylindrical cathode sleeve 43
from the end 43b is an elastic one. The inside diameter
of the smallest-diameter portion 43c is slightly smaller
than the outside diameter of the cathode base metal 41.
A coiled portion 31b of the heater 31 is inserted into the
smallest-diameter portion 43c. Reference numeral 31a
denotes a top of the heater 31.

[0028] The other end 43b of the cathode sleeve 43
is flared so as to avoid contact with leg portions 31c of
the heater 31. The cathode 40 and the cathode support
cylinder 44 constitute the cathode assembly 20. Refer-
ence character CL denotes a centerline of the cylindri-
cal cathode sleeve 43 and the remaining components of
the cathode assembly arranged coaxially with the cen-
terline CL.
[0029] FIG. 5 is an enlarged fragmentary cross-
sectional view of an essential part of another example of
a cathode assembly of FIG. 3. The same reference
numerals as utilized in FIG. 4 designate corresponding
portions in FIG. 5.
[0030] In FIG. 5, when the cathode base metal 41 is
forced into the cylindrical cathode sleeve 43, the cylin-
drical cathode sleeve 43 is subjected to plastic deforma-
tion such that a portion at and in the vicinity of the end
43a of the cylindrical cathode sleeve 43 is expanded to
be approximately uniform in inside diameter along the
approximately entire length thereof conforming with the
outside diameter of the cathode base metal 41. A coiled
portion 31b of the heater 31 is inserted into this
expanded portion.
[0031] FIGS. 6A and 6B are cross-sectional views
for explaining an example of press-fitting the cathode
base metals 41 into the cylindrical cathode sleeves 43
shown in FIGS. 4 and 5, respectively. The cylindrical
cathode sleeve 43 is made of nichrome containing 20
weight % of chromium (Cr), for example. Initially a
nichrome sleeve of 1.6 mm in outside diameter, 0.02
mm in thickness and 5.0 mm in length is fabricated by
drawing, cutting and barrel processing, then the
nichrome sleeve is subjected to uniform compression
working all around its circumference in a direction per-
pendicular to the tube axis such that a portion extending
2.0 mm from one end of the nichrome sleeve is formed
to have an inside diameter of 1.4 mm (a corresponding
outside diameter of 1.44 mm) into the cylindrical cath-
ode sleeve, to complete the cylindrical cathode sleeve
43.
[0032] The above-mentioned value of 1.6 mm for
the outside diameter was adopted in consideration of
enlargement of the outside diameter of the heater
inserted in the cathode sleeve at the boundary between
the coiled portion and the leg portion of the heater, and

5 6

5

10

15

20

25

30

35

40

45

50

55



EP 1 067 572 A2

5

the inside diameter of 1.4 mm in the compressed cylin-
drical portion is sufficient for insertion of the heater.

[0033] The cathode base metal 41 is made of mate-
rial containing nickel (Ni) as a main component, 0.1
weight percent of magnesium (Mg) and 0.05 weight per-
cent of silicon (Si), both of which serve as reducing
agents, and is of the disk shape of 0.17 mm in thickness
and 1.43 mm in outside diameter fabricated by a normal
press-forming technique. The thickness of 0.17 mm was
adopted in consideration of dispersion of reducing
agents relevant to cathode emission life characteristics.
[0034] Next, as shown in FIG. 6A, the cathode base
metal 41 is forced into the cylindrical cathode sleeve 43
from the end 43b having the outside diameter of 1.6 mm
toward the end 43a having the inside diameter of 1.4
mm, then as shown in FIG. 6B, the cathode base metal
41 is press-fitted to the cylindrical cathode sleeve 43 at
the end 43a, and then the cathode base metal 41 and
the cylindrical cathode sleeve 43 are welded together at
the end 43a by a normal laser or resistance welding
technique.
[0035] In this configuration, the disk-shaped cath-
ode base metal 41 having the outside diameter of 1.43
mm is press-fitted into the end 43a having the inside
diameter of 1.4 mm, of the cylindrical cathode sleeve
43, and therefore if the cylindrical cathode sleeve 43
has a sufficiently elastic quality, the smallest-diameter
portion 43c retaining the original inside diameter of 1.4
mm is present in the vicinity of the fitted and fixed cath-
ode base metal 41 as shown in FIG. 4, but, on the other
hand, if the cylindrical cathode sleeve 43 is softened by
heat treatment such that it can be plastically wrought, a
portion of the cylindrical cathode sleeve 43 on the end
43a side is expanded to have an approximately uniform
diameter throughout the approximately entire portion as
shown in FIG. 5.
[0036] The cathode assemblies shown in FIGS. 4
and 5 incorporated into color display tubes, respectively,
have shortened the image-forming warm-up time (a
time required for the screen brightness to reach 50 % of
the required brightness) to 6.5 sec from 7.5 sec in the
prior art cathode assembly.
[0037] The present inventors have found by experi-
ments that the image-forming warm-up time is effec-
tively reduced if the following condition is satisfied:

where

DD (mm) is a diameter of the disk-shaped cathode
base metal 41,
and
SL (mm) is a length of a small-diameter portion of
the cathode sleeve 43 having the disk-shaped cath-
ode base metal 41 fitted within an end thereof and
having a diameter thereof reduced to provide a
good contact between the cathode sleeve 43 and

the heater 31, as illustrated in FIGS. 4 and 5.

[0038] It is preferable that DD is in a range of from
1.0 mm to 2.0 mm, and SL is in a range of 1.0 mm to 4.0
mm.
[0039] Further, it is preferable that an inside diame-
ter of the small-diameter portion is at least 85 % of an
inside diameter LD (see FIGS. 4 and 5) of a portion of
the cathode sleeve 43 housing the leg portion of the
hater 31 in consideration of workability.
[0040] A cathode is fabricated by coating the elec-
tron-emissive material layer 42 on the top surface 41a of
the cathode base metal 41 using a normal spraying
technique as shown in FIGS. 4 and 5, after the cathode
base metal 41 and the cylindrical cathode sleeve 43
have been fitted and fixed together as described above.
An exemplary method of fabricating the cathode will be
explained below.
[0041] The following is a method of fabricating an
electron-emissive material layer made of alkaline earth
metal oxide.
[0042] Initially, triple carbonates containing Ba, Sr,
and Ca carbonates, ((Ba,Sr,Ca)CO3), are precipitated
by adding sodium carbonate (Na2CO3) to a mixed solu-
tion containing a solute composed of 54 weight percent
of barium nitrate (BaNO3), 39 weight percent of stron-
tium nitrate (SrNO3) and 7 weight percent of calcium
nitrate (CaNO3). The obtained particles of carbonates
containing Ba, Sr, and Ca carbonates, ((Ba,Sr,Ca)CO3)
are needle crystals of about 15 µm in average diameter.
[0043] Then nitrocellulose lacquer and butyl ace-
tate are added to the above precipitations (powders)
and are mixed with them by rolling to obtain a suspen-
sion. The suspension is coated on the surface 41a of
the cathode base metal 41 to a thickness in a range of
from 0.055 mm to 0.080 mm, about 0.070 mm, for
example, with a coating density of 1 g/cm3 using a usual
spraying technique.
[0044] Next, during the evacuation step in the fabri-
cation of a cathode ray tube, the electron-emissive
material layer 42 is heated by the heater 31 so as to
decompose the carbonates containing Ba, Sr and Ca
carbonates, ((Ba,Sr,Ca)CO3), in the electron-emissive
material layer 42 into oxides of barium, strontium and
calcium, ((Ba,Sr,Ca)O) and form the electron-emissive
material layer 42. After that, during the fabrication of the
cathode ray tube, the electron-emissive material layer
42 composed of the first and second layers 421, 422 is
activated by heating in a vacuum in a range of from 900
to 1100°C and then is subjected to an aging process
step, thereby to form a desired cathode.
[0045] FIG. 7 is a cross-sectional view similar to
those of FIGS. 4 and 5, illustrating another embodiment
of a cathode used for a cathode ray tube of the present
invention. In a cathode 60 of this embodiment, the
inside diameter of a cylindrical cathode sleeve 63 is pro-
gressively increasing with increasing distance from an
end portion 63a within which the cathode base metal 41

0.5 2 SL/DD 2 4.0
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is fitted and fixed toward an end 63b formed with an
opening to insert a heater 31 from. The degree of
increase in the inside diameter of the cathode sleeve 63
has the same slope as that of the heater 31. The small-
est-diameter portion 63c is fitted with and fixed to the
cathode base metal 41, and reference numeral 64
denotes a cathode support cylinder.

[0046] FIG. 8 is a cross-sectional view of an essen-
tial part of still another embodiment of a cathode used
for a cathode ray tube of the present invention.
[0047] This embodiment is substantially similar to
the cathode 40 shown in FIG. 5 except that the overall
length of a cylindrical cathode sleeve 73 is as short as
4.0 mm, and the cylindrical cathode sleeve 73 is sus-
pended within the cathode cylinder 75 by a plurality
(usually three) of cathode support pieces 84 equally
spaced and fixed about the circumference of the cath-
ode sleeve 73.
[0048] The present invention is not limited to the
above embodiments, but changes and modifications
may be made without departing from the spirit and
scope of the invention as defined in the appended
claims.
[0049] As explained above, a cathode ray tube
according to the present invention provides a good con-
tact between the heater and the cylindrical cathode
sleeve, and also reduces radiation losses of heat from
the cathode sleeve, by locally reducing a diameter of a
portion of the cylindrical cathode sleeve housing the
coiled portion of the heater which serves as a heat-gen-
erating portion.
[0050] Further, even if a monitor set is configured
such that a power for heaters of a cathode ray tube is
automatically turned off for the purpose of power saving
when the monitor set is not used, the cathode ray tube
according to the present invention can provide the
image-forming warm-up time sufficiently short to cause
practically no inconvenience after the power for the
heaters is turned on again, because the heat capacity of
the disk-shaped cathode base metal is made smaller
than that of a cup-shaped cathode base metal, and
thereby the temperature rise of the electron-emissive
material layer is sped up such that the image-forming
warm-up time is shortened.

Claims

1. A cathode ray tube comprising a vacuum envelope
including a panel portion (11), a neck portion (12)
and a funnel portion (13) for connecting said panel
portion and said neck portion, a phosphor screen
(14) formed on an inner surface of said panel por-
tion, and an electron gun (19) housed in said neck
portion and including a cathode (40) and a heater
(31a),

said cathode comprising:

a disk-shaped cathode base metal (41)
having an oxide coating (42) thereon, and
a cylindrical cathode sleeve (43) housing
said heater,

said cylindrical cathode sleeve including a
small-diameter portion (43c) having said
disk-shaped cathode base metal fitted
within an end thereof and housing a top
portion of said heater and a large-diameter
portion housing leg portions (31) of said
heater, and
an axial length SL (mm) of said small-
diameter portion and an outside diameter
DD (mm) of said disk-shaped cathode
base metal satisfying the following inequa-
tion:

2. A cathode ray tube according to claim 1, wherein
said axial length SL (mm) of said small-diameter
portion is in a range of from 1.0 mm to 4.0 mm and
said outside diameter DD (mm) of said disk-shaped
cathode base metal is in a range of from 1.0 mm to
2.0 mm.

3. A cathode ray tube according to claim 1, wherein
said disk-shaped cathode base metal is press-fitted
into said small-diameter portion from said large-
diameter portion and is welded to said end of said
small-diameter portion.

4. A cathode ray tube according to claim 1, wherein a
diameter of said small-diameter portion is at least
85 % of a diameter of said large-diameter portion.

0.5 ≤ SL/DD ≤ 4.0.
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