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lower than that of the central portion thereof. For this reason, a
so-called doming occurs in which the The present invention relates to a
shadow-mask-   central portion of the shadow mask 5 is thermally type color
picture tube and, more particularly, to a  expanded by a greater extent
than the peripheral shadow mask thereof.                          5
portion thereof. By this doming, the relationship In a shadow-mask-type
color picture tube,         between the position of the apertures of the
shown in Fig. 1, an envelope formed of glass        shadow mask 5 and that
of the phosphor stripes substantially consists of a rectangular panel 1, a
formed  corresponding  to  the  apertures is funnel 2 and a neck 3. On an
inner surface of the   changed. Therefore, a landing error occurs in panel
1, for example, a stripe phosphor screen 4    10   which the electron beams
10 passing through the which emits red, green and blue light is provided
apertures do not bombard the proper phosphor On the other hand, in-line
electron guns 6, which   stripes, resulting in degradation of color purity.
are linearly arranged along a horizontal axis of the  Particularly, this
doming is considerable at the panel 1 and emit three electron beams 10
corre-     initial operating phase of the color picture tube. s onding to
red, green and blue, are provided in   15    In addition, when there is a
high brightness the peck 3. A shadow mask 5 having a main surface  portion
in the image and the portion is stationary [err] in which a pluralityof
apertures areformed  for a certain period of time, the shadow mask is is
disposed adjacent and opposed to the screen 4.   locally bombarded by
electron beams of high A peripheral portion of the shadow mask 5 has a
electron current density, causing a local doming of skirt portion 8, which
is bent in correspondence   20   the shadow mask. with
anoutershapeofthepanel 1.Theskirtportion         With respect to such a
doming in the initial 8 is supported and fixed by a mask frame 7
operating phase of such a color picture tube, many consisting of a frame
having an L-shaped cross-     suggestions have been made relating to
preven- section. Furthermore, the mask frame 7 is engaged   tion of thermal
conduction to the shadow mask. through a spring 9 with a pin (not shown),
which is   25   For example, in the color picture tube disclosed in buried
in an inner wall of the panel 1. In such a   United States Patent No.
3,887,828, a porous layer color picture tube, the three electron beams 10
of manganese dioxide is deposited at a side of an emitted from the electron
guns 6 are deflected by a  electron gun of a shadow mask, and an aluminum
deflection apparatus (not shown) provided near      layer and a nickel
oxide or nickel-iron layer are the funnel 2 of the outer portion of the
envelope.   30   sequentially formed thereon by vacuum evapora- The beams
10 are color-selected by the apertures    tion. In this case, since the
thermal conduction of the shadow mask 5 while scanning a rectangular
coefficient of the porous layer is extremely small, region substantially
corresponding to the rect-     heat caused by bombardment of an electron
beam angular-shaped panel 1, and respectively and       is not transmitted
to the shadow mask, but is properly bombard the corresponding color-emit-
35   radiated in a direction away from the shadow ting phosphor stripes,
thereby forming a color      mask. For this reason, the temperature
increase of image.                                             the shadow
mask can be effectively controlled. In this case, an effective amount of
the electron   However, this type of shadow mask is not so beams 10 passing
through the apertures of the       effective with respect to a local doming
although it shadow mask 5 is less than [err] of the total electron    40
is effective with respect to a doming in the initial beams emitted from the
electron guns 6. The         operating phase. In addition, to provide three
remaining electron beam bombards the shadow         layers on the shadow
mask by vacuum evapora- mask 5 and is converted into heat energy. For this
tion, a great deal of equipment and long operation reason, the shadow mask
5 can be heated to about    time are necessary. The process is therefore
[err]. The shadow mask 5 comprises a thin plate   45   extremely undesired
from the standpoint of indus- having a thickness of 0.1 to 0.3 mm and is
formed     trial mass production. of cold-rolled steel mainly consisting of
iron        Meanwhile, it has been proposed to alleviate having a
relatively large thermal expansion         miss-landing of electron beams
on the side of the coefficient of 1.2 x [err]. The mask frame 7,
screen For example, United States patent No. which supports the skirt
portion 8 of the shadow    so   4,065,695 discloses a structure in which an
elec- mask 5, is formed of the same cold-rolled steel as  tron absorbing
layer having a low electric conduc- that of the shadow mask 5 and has a
thickness of   tivity is formed on nonluminous areas of a screen about 1 mm
and an L-shaped cross-section. A         surface free from phosphor. Where
the screen surface of the mask frame 7 is oxidized, thereby    having such
a structure is employed, a region of forming a black oxide layer thereon.
Thermal   55   the screen where electron beams miss-land on the expansion
of the shadow mask 5, which is heated     electron absorbing layer formed
on the nonlumin- by bombardment of the electron bea     can          ous
areas is also bombarded by electrons so that it easily occur. However,
since the pe                is negatively  charged. Consequently, local of
the shadow mask 5 is in contact [err] the [err]
decelerating electric fields are generated between frame, 7, which has been
subjected to darkening  60   the screen and shadow mask. These electric
fields and has a large thermal capacity,heal is trans-     can serve to
correct the trajectory of electron ferred to the mask frame 7 from the
peripheral                    beams that are subject to miss-landing, thus
portion of the shadow mask 5 by radiation and          reducing
miss-landing. The screen of this struc- conduction. Therefore, the
temperature of the    ture, however, has the following drawbacks.
peripheral portion of the shadow mask 5 becomes        In the first place,
the formation of an electron 



2    3               EP 0144 022 B1                      4 absorbing layer
on non-luminous areas of the      cause selectively illuminating of
phosphors on screen surface requires very elaborate equipment    the
screen. The main surface of the shadow mask and many man-hours. More
specificially, to form     on the side of the electron guns is provided
with a the electron absorbing layer, a thin precoat layer  coating layer of
a material with a low thermal of polyvinyl alcohol is first formed on the
screen    5    expansion coefficient, compared to the material surface
using a 0.2-% aqueous solution of poly-     of the shadow mask, and also
with a relatively low vinyl alcohol. Then, a layer of a photosensitive
electrical conductivity. The electrical conductivity suspension of aluminum
oxide is formed on the       of the material of the coating layer is 10-12
to [err] precoat. The photosensitive suspension is pre-      [err] in a
temperature ranging from [err] to pared by pulverizing 300 g of granular
aluminum    10   [err]. Examples of the material having electrical oxide
powder together with 33 g of polyvinyl        conductivity in the range
noted above are those alcohol 0.8 g of ammonium bichromate and 1,025
mainly composed of lead borate glass containing ml of water using a ball
mill. The photosensitive   [err] or Cu added thereto. The content of
suspension becomes water-insoluble when it is       SnO2 is 10 to 50% by
weight. The content of V205 exposed to light. The shadow mask with the
15   is 3 to 20% by weight. The content of Cu is 10 to photosensitive
suspension layer is exposed three    30% by weight. times using an annular
light source having a          The coating layer, mainly composed of lead
center at the deflection point of the three electron  borate glass
containing the additive noted above, beams. The exposure is effected for
the non-        is chemically bonded to a black oxide layer luminous areas
of the screen only. Subsequently,   20   formed on the shadow mask surface
by a thermal the unexposed portions of the photosensitive        treatment
at a high temperature, e.g., [err] suspension layer in the water-soluble
state are       This invention can be more fully understood removed by
spraying water, whereby an electron      from  the following detailed
description when absorbing layer is formed on the nonluminous         taken
in conjunction with the accompanying areas of the screen surface free from
phosphor.   25   drawings, in which: This formation process of the electron
absorbing       Fig. 1 is a sectional view showing a common layer requires
substantially the same equipment     shadow mask type color picture tube;
and steps as those when forming luminous areas        Fig. 2 is a view
showing a trajectory of an of screen with phosphors. Besides, if the
electron   electron beam in the vicinity of the shadow mask; absorbing
layer is erroneously formed on the    30    Fig. 3 is an enlarged-scale
view of a portion A luminous areas as well due to deficient precision,
shown in Fig. 2; for instance, it will reduce the light output from
Figs. 4A to 4C are views for explaining the the luminous areas and, in an
extreme case,          phenomenon of heat bonding between glass and cause
extreme deterioration, as contamination        metal; spots on the phosphor
screen, of the color picture   35  Fig. 5 is a view for explaining the
phonomenon tube. The structure, therefore, is very poor for     of thermal
expansion of a solid material; industrial mass production from the
standpoint of     Fig. 6 is a graph showing the amount of miss- the
preparation process and precision.               landing of electron beams
according to the differ- A second drawback is that a negatively charged
ence  in the  thermal expansion  coefficient portion of the electron
absorbing layer, formed    40   between the shadow mask and coating layer;
and between adjacent phosphor regions which emit          Fig. 7 is a
sectional view showing a part of a green, blue, and red light, is found
only where     shadow mask having a structure with an inter- electron beams
miss-land, that is, it is limited to a  mediate layer provided between the
shadow very small area, too small to obtain a sufficient    mask and
coating layer. decelerating electric field for the electron beam    45
Now, a preferred embodiment of the invention trajectory correction.
Further, the decelerating    will be described with reference to the
drawings. electric field effectively acts on electron beams   The
embodiment of the color picture tube accord- only in a zone between the
shadow mask and          ing to the invention has the same structure as the
electron absorbing layer and very close to the       prior art color
picture tube shown in Fig. 1 except latter, so that it can correct the
electron beam    50   for the shadow mask, so its detailed description is
trajectory only to a very small extent.             omitted. It is an
object of the present invention to         The main surface of the shadow
mask 5 dis- provide a color picture tube in which a doming of   posed near
and opposing the screen 4 is provided the shadow mask in the initial
operation phase of    on the electron-gun-side with a low conductivity a
color picture tube is minimized, and the degra-   55   coating layer
composed of crystalline lead borate dation of color purity due to
miss-registration of   glass containing SnO2 and having a relatively low
electron beams can be prevented, and which has      electric conductivity.
The crystalline lead borate good mass-producibility.
glass containing SnO2 consists of, for instance, According to the
invention, there is provided a    nine parts by weight of lead borate glass
contain- color picture tube, which comprises[err] phosphor   60   ing
approximately 80%  by weight of PbO, screen, a shadow mask which is
disposed [err] to                 approximately 10%  by weight of [err] and



and opposes the screen and has a main surface            approximately 5%
by weight of SiO2 and one part with a number of aperture and electron [err]
for                by weight of an additive consisting of approxi- emitting
electron be                                mately 95% by weight of SnO2 and
approximately shadow mask apertures to bombard the screen to   65
5% by weight of [err]. 3    5               EP  0 144 022 B1
6 When coating such a lead borate glass on the      In addition, the
operation of spraying requires main surface of the shadow mask, it is
important     only about 30 seconds, as verified by experi- to avoid
clogging the apertures of the shadow        ments, so that it can be
sufficiently carried out in mask and to form  a coating layer having a
the ordinary manufacturing process. The color uniform  thickness.
Therefore, brushing is not    5    picture tube structure according to the
invention suitable as a method of coating lead borate glass.  thus has a
superior mass production property to A method which is convenient and is
suited for      that in the afore described prior art example mass
production is one in which a solution,         disclosed  in the United
States patent No. obtained by dissolving lead borate glass in butyl
4,065,695. acetate containing several % of nitrocellulose   10   The
behavior of electron beams, when the color dissolved therein, is coated by
spraying.            picture tube of the above construction according The
shadow mask with the lead borate glass         to the invention is
operated, will now  be coated on its main surface in the above way, is
described with reference to Figs. 2 and 3. Fig. 3 is then placed on a
predetermined frame and             an enlarged scale view showing the area
of passed through a furnace at a maximum tempera-   15   portion A in Fig.
2, and in these figures like parts [err] of approximately [err] and with a
retention   are desidnated by like reference numerals. Refer- [err] of over
35 minutes. Through this treat-        ring to Fig. 2, when the shadow mask
5 is free ment, the low conductivity coating layer consist-   from doming,
an electron beam 10 lands on a ing of a lead borate glass containing the
additive   given point 12 of screen 4. When the density of noted above is
heat bonded to the electron-gun-   20   the electron beam incident on the
shadow mask 5 side main surface of the shadow mask 5. More         is
increased, the shadow mask 5 undergoes a specifically, the coating  layer
is chemically       doming due to heating, that is, it is deformed to
bonded to the oxide layer on the shadow mask         one as shown at
position 5a. In this case, the surface. The lead borate glass is vitrified
if it   trajectory of electron beam 10 is shifted toward contains 44 to 93%
by weight of PbO. The PbO    25   the tube axis 16, resulting in a
displacement of the content which can ensure stabilization with
landing point 12 on the screen 4 to a new point respect to crystallization,
however, is in a range of  12a. Due to this doming of the shadow mask, the
70 to 85% by weight. This content range is thus      electrom beam which is
intended to land on the suited for mass production. With the low conduc-
point 12 of the screen 4 now miss-lands on the tivity coating layer
consisting of lead borate glass   30   point 1 2a. When the distance
between the points with the additive, formed on the electron-gun-       12
and 12a exceeds the limit of a margin for each side main surface of the
shadow mask 5 which is      color emitting phosphor group, the color purity
is bombarded by electron beams, the surface of the      deteriorated.
coating layer is heated to more than [err] by the     With the color
picture tube according to the electron beam bombardment. For this reason,
35   invention, the electron-gun-side of the main sur- non-crystalline
glass which will undergo volume     face portion of the shadow mask 5 is
provided flow at a temperature above the softening point      with the low
conductivity coating layer 14, which (i.e., 350 to [err] with lead borate
glass) is not   has relatively low electrical conductivity, and this
suited, and it is preferable to use crystalline lead  coating layer 14 is
negatively charged by the borate glass having a high resoftening point.  40
bombardment of electron beams according to the For crystallizing lead
borate glass, a furnace     current density thereof. The negative charge
thus which can hold a maximum temperature of 450 to       produced on the
coating layer 14, particularly on [err] for more than 30 minutes is
necessary. If     that of the tube axis side, acts to deflect the the
crystallization of lead borate glass is carried  electron beam trajectory
11 away from the tube out concurrently with and in the same furnace for
45   axis 16, i.e., toward the trajectory 10a. This heat bonding the panel
1 and funnel 2, or if it is  deflecting action has the effect of cancelling
the carried out concurrently with and in the same       doming of the
shadow mask. More specifically, furnace for stabilizing the assembly of the
the electron beam that is deflected from the given shadow mask 5 and mask
frame 7, there is no         landing point 12 of the screen 4 toward the
tube need to provide any separate heating furnace or   50   axis 16 due to
the doming is re-directed by the any additional heating step, which is
industrially  deflecting action of the negative charge so that it very
advantageous. Where the crystallization of     lands on the intended
landing point 12. In this glass is carried out concurrently with the
bonding  way, the negative charge can suppress or reduce of the panel 1 and
funnel 2, [err] or CuO may be      the miss-landing of electron beams on
the screen added, if necessary, to lead borate glass in order   55   due to
a doming of the shadow mask Such action to match the conditions for the
crystallization and  of suppressing the deflection of electron beams is
those for the bonding. Doing so permits crystalli-  obtained by virture of
the formation of a negative 



zation of lead borate glass to be obtained at a low  charge distribution
over the coating layer 14 in temperature and without a substantial change
in     correspondence to the electron current density in the thermal
expansion coefficient.                  every part of the main surface of
of the shadow The formation of the low conductivity c             ask 5.
layer on the electron-gun-side main surface [err] the         This act of
miss-landing suppression is weak shadow mask, as described above, [err] no
gh with the order of electron current density additional apparatus or
elaborate [err]       during  ordinary image reproduction and does not
except for the provision of a spraying [err]       exceed the limit of the
landing margin, but when a    7               EP  0 144 022 B1
8 doming occurs, it provides its effect in co-oper-   only by adding SnO2
but also by adding V205 or ation with a doming suppression action to be
Cu. For example, by adding approximately 3% by described later. In
addition, the coating layer is  weight of [err] to lead borate glass an
electrical always bombarded by electron beams so long as       conductivity
of approximately [err] could the color picture tube is operative, so that
its    5    be obtained at [err] and also an electrical conduc- effective
area of action is very large compared to  tivity at [err] of approximately
[err] could the case of the prior art structure disclosed in the  be
obtained by adding approximately 20% by United States patent No. 4,065,695.
Further, the    weight of [err]. In the case of Cu, an electrical action of
suppressing miss-landing may be           conductivity at [err] of
approximately [err] thought to involve substantially no delay time.  10
[err] could be obtained by adding approxi- As has been shown, the electron
beam  is          mately 10% by weight, and of appoximately 10-5 deflected
at the shadow mask, which is at a         [err]  by addition of
approximately 30%  by predetermined  distance from  the phosphor
weight. In either case, the coating layer could be screen. Thus, it will be
readily seen that the      chemically bonded to the electron-gun-side main
distance of displacement on the phosphor screen,   15   surface of the
shadow mask in the same manner caused by the deflecting action of the
coating      as in the case of adding SnO2 to lead borate glass layer
according to the invention, is far greater    as described above, and also
similar doming than is obtainable with the electron absorbing
suppression effects and the suppression of miss- layer provided on the
screen, as disclosed in the   landing electron beams could be obtained.
United States patent No. 4,065,695, with the same    20  According to the
invention, a coating layer, amount of negative charge as the charging of
the    which has the thermal expansion coefficient in electron absorbing
layer because of the longer      the neighborhood of the temperature of
heat distance of travel of electrons after the deflection.  bonding a
shadow mask and the coating layer With the structure according to the
invention,      lower than that of the shadow mask, is chemically when the
locally high electron current density   25   bonded to the shadow mask
surface. Therefore, disappears, the negative charge on the coating
after the bonding there are residual tensile stress layer 14 must be
reduced in correspondence to       in the shadow mask and residual
compression the disappearance of the shadow mask doming.        stress in
the coating layer. The inventor has confirmed after various experi-      As
shown in Fig. 4A, when a metal 18 and a ments that the negative charge on
the coating    30   glass 17 are heated to a high temperature, e.g., layer
14 is reduced in correspondence to the        [err] before bonding, the
length L of both disappearance of the shadow mask doming if the
materials is the same. In this state, as shown in electrical conductivity
of the coating layer is     Fig. 4B, when both materials are cooled to a
relatively low, i.e., from [err] to [err] at a    normal temperature
without bonding, since a temperature in a range from 20 to [err]. If the
35   thermal expansion coefficient of the metal is -electrical conductivity
of the coating layer is    selected to be slightly larger than that of the
glass, above [err],the negative charging of the     the relationship
between both length becomes coating layer is insufficient. If the
electrical   lg > Im. On the other hand, as shown in Fig. 4C, conductivity
is below [err] on the other    when the metal 18 and the glass 17 are
bonded at hand, the coating layer 14 nearly behaves like an    40   a high
temperature and are cooled to [err] the insulating material, so that the
negative charge on  glass shrinks more under the influence of the it will
not disappear in a predetermined period of  metal. On the other hand,
shrinkage of the metal time in response to the disappearance of high
is reduced due to bonding with the glass. There- electron current density.
In either case, miss-    fore, lengths at [err] of these materials after
landing of electron beams on the screen results.   45   bonding satisfy lg
> I > Im. As a result, a Where the coating layer 14 is mainly composed
compression stress Pc remains in the glass, and a of lead borate glass, its
electrical conductivity   tensile stress [err] remains in the metal as
residual may be varied by adding SnO2 to lead borate         stresses.
glass. The content of SnO2 as additive has to be     When the color picture
tube having the struc- suitably selected by taking the shape and size of
50   ture as described above is operated, the tempera- the shadow mask and
kind of tube into consider-    ture of the shadow mask is increased by the
heat ations. It may be in a range of 10 to 50% by weight  generated in the
coating layer consisting essen- in order to obtain an electrical
conductivity in the  tially of lead borate glass which is bombarded by
range noted above. Experiments conducted by         the electron beams.
However, since the residual 



the inventor showed that the electrical conduc-   55   tensile stress acts
on the shadow mask, thermal tivity of lead borate glass containing approxi-
expansion of the shadow mask in the initial state mately 10%  by weight of
SnO2 was approxi-          can be considerably suppressed. mately [err]
while that of lead borate      This mechanism will be described with ref-
glass containing approximately 50% by weight          erence to Fig. 5.
Fig. 5 is a graph showing a SnO2 was approximately [err].
potential energy existing between atoms (ordi- The inventor has also
confirmed after various     nate) as a function of a distance between atoms
of experiments that the coating layer which provides        aterial
(abscissa). Since vibrations of atoms at a an electrical conductivity of
[err]       [err] temperature are not harmonic, a potential at a
temperature ranging from [err] to [err] may           rgy curve becomes
asymmetrical with a be realized with borate series [err] glass
potential energy point Z at absolute zero. There-    9               EP
144022  B1                    10 fore, in Fig. 5, an average distance
between atoms  plate and having a radius of curvature of the main which
respectively vibrate between positions       surface in the horizontal
direction of approxi- corresponding to A and B at [err] is given as [err]
mately 1,000 mm. Energy is increased in accordance with an           Such a
color picture tube was operated at an increase in temperature, and if atoms
vibrate at    5    anode voltage of 25 kV and an anode average positions
corresponding to C and D, an average     current of 1,500 [err]. The
maximum displacement distance between atoms becomes [err] due to
along a horizontal direction of the electron beams asymmetry of the
potential energy curve. There-    after five minutes from the start of the
operation fore, atoms are displaced from their equilibrium   was checked. A
measuring point is a portion positions in accordance with an increase in
10   spaced about 140 mm apart from an image center amplitude of vibration.
An average displacement    along a horizontal direction at which the doming
[err] of atoms in a solid body is known to  easily occurs. In this color
picture tube, electron be the cause for thermal expansion.
beams land on one phosphor stripe and two There will now be described the
thermal expan-   neighboring light-absorbing stripes (negative sion of the
shadow mask in the case where, as in   15  landing). Luminance is decreased
by a constant [err] present invention, a residual tensile stress
displacement even if the landing point is not remains in the shadow mask by
forming the          moved to the next phosphor stripe. Particularly,
coating layer on one surface of the shadow mask.   with reference to the
green phosphor which In this case, the distance between atoms which
considerably affects luminance, the landing toler- constitute the shadow
mask is extended by the   20   ance of the electron beam of the electron
gun is residual tensile stress. If this is expressed using  about 60 [err]
In this color picture tube, the miss- Fig. 5, the ordinate, i.e., an amount
of potential  landing amount of the electron beam was about energy, is
constant, and the abscissa, i.e., a unit  90 [err] when the present
invention was not length of a distance between atoms, is extended
adopted, and that of the electron beam according from [err] to [err] (new
abscissa is shown by a dotted   25   to the present invention was about 50
[err]. Then, it line). Therefore, thermal expansion of [err] =   was
confirmed that the electron beam of the Al conventionally occurs by an
increase in         present invention was sufficiently within the
temperature of the shadow mask due to bom-         allowed tolerance.
bardment of electron beams (abscissa is shown       Fig. 6 shows the
results of the above experi- by a solid line). However, in the shadow mask
30   ments. In Fig. 6, the ordinate is taken for the according to the
present invention, since residual  amount of miss-landing of electron
beams, and stress exists, thermal expansion of only [err]   the abscissa is
taken for the difference in the = [err] occurs. As described above, since a
unit    thermal expansion coefficient in the neighbor- length u of the
abscissa shown by the solid line is  hood of the heat bonding temperature
between smaller than a unit length [err] of the abscissa   35   the shadow
mask and crystalline lead borate shown by the dotted line, the relationship
glass provided on the electron-gun-side of the between  a conventional
thermal expansion          shadow mask, in a color picture tube with the
amount Al and a thermal expansion amount [err]     shadow mask consisting
of a 0.18-mm thick cold- according to the present invention becomes [err]
rolled steel plate. The amount of electron beam = [err]. Therefore, as is
apparent from the   40   miss-landing in the color picture tube noted above
description, the thermal expansion amount    above according to the
invention, in which the [err] of the shadow mask according to the present
coating layer mainly composed of crystalline lead invention is smaller than
that of the conventional  borate glass with an SnO2 content of approxi-
one.                                               mately 25% by weight is
provided on the elec- With normal glass, the compression strength is   45
tron-gun-side of the shadow mask, is about 45 [err] about 10 times the
tensile strength. Therefore, it is  as shown at point A. The amount of
electron desirable that there is slight compression stress in  beam
miss-landing in a prior art color picture tube glass after the bonding. It
is very suitable from  without a coating layer on the shadow mask this
standpoint as well that a coating layer mainly  surface is about 90 [err]
as shown at point Z. Line I composed of lead borate glass with a PbO
content   50   represents the amount of electron beam miss- of 70 to 80% by
weight and having a thermal       landing due to doming, which varies
according to 



expansion coefficient of 0.7 to 1.2 x [err] be   the  difference  in  the
thermal expansion bonded to a shadow mask consisting of a cold-
coefficient in the neighborhood of the heat bond- rolled steel plate having
a thermal expansion     ing temperature between the shadow mask and
coefficient of [err].                 55   coating layer of a color picture
tube proposed Results of experiments conducted by the inven-   earlier by
the inventor, in which a getter layer tor will now be described. With a
21-inch type    mainly composed of barium, for instance, is color picture
tube, a crystalline lead borate glass  formed on the surface of a coating
layer mainly layer, containing approximately 25% by weight
composed of crystalline lead borate glass. It will SnO2 and having a
thermal expansion [err]                 be seen from the line I that with
an increase in the of approximately 0.9 x [err] in the neighbor-
difference in thermal expansion coefficient, the hood of the heat bonding
temperature was hear-         tensile stress remaining in the shadow mask
is bonded to a thickness of approximately 15 [err]           ncreased to
suppress the miss-landing of elec- the electron-gun-side surface of shadow
mask             ron beams due to the doming of the shadow consisting of a
0.18-mm thick controlled [err]           mask.    EP 0144 022 B1
12 The electric conductivity at [err] of the crys-     that it has a shadow
mask with the above struc- talline lead borate glass containing
approximately  ture, was produced, and the amount of electron 25% by weight
of SnO2, as used in the embodi-        beam miss-landing in this color
picture tube was ment, is approximately [err]. When a          measured in
the manner as described above to layer having very high electric
conductivity, e.g., a    5    obtain a result as shown at point C (about 50
[err]) getter layer mainly composed of barium  is          in the graph of
Fig. 6. With a color picture tube formed on the surface of the glass layer,
the       where a getter layer having a very high electric electron beam
miss-landing amount is increased       conductivity, mainly composed of
barium, is to approximately 70 [err] (point B) from approxi-     formed on
the low conductivity layer surface, the mately 45 [err] (point A) in the
absence of the    10   amount of electron beam miss-landing was sub- getter
layer. This means that one of the two         stantially the same as at
point D on the line I effects of the invention, i.e., the effect of the low
(about 75 [err]) in Fig. 6. The formation between conductivity coating
layer having relatively low     the shadow mask 13 and low conductivity
layer 14 electric conductivity formed on the electron-gun-    of the
intermediate layer 19 having a thermal side of the shadow mask to cause
deflection of   15   expansion coefficient slightly higher than that of
electron beams so as to suppress the incorrect       the low conductivity
layer 14 and lower than that landing of the electron beams due to doming,
is      of the shadow mask 13 actually reduces the completely lost due to
the getter layer having a     residual tensile stress in the shadow mask to
very high electric conductivity. That is, only the   slightly reduce the
electron beam miss-landing other effect of the invention appears, that is,
the    20   suppression effect. Nevertheless, the effect is heat-bonding to
the shadow mask of a glass layer     obviously greatly improved over the
prior art having a lower thermal expansion coefficient at      color
picture tube. the heat bonding temperature than the shadow           The
lead borate glass constituting the inter- mask will produce a residual
tensile stress in the   mediate layer 19 has a very high insulating shadow
mask to suppress the doming of the    25   property, i.e., an electrical
conductivity of [err] shadow mask. If the difference in the thermal
[err]. When electron beams are directly bom- expansion  coefficient at the
heat bonding           barded on the lead borate glass layer 19, the layer
temperature between the shadow mask and glass        19 is charged and may
influence the subsequent layer, which is one feature of the invention to
electron beams. For example, the trajectory of the produce a residual
tensile stress in the shadow    30   electron beams changes. However,
according to mask so as to suppress doming thereof, is excess-    the
present invention, since the low electrical ive, deformation of the shadow
mask is liable to     conductivity layer 14 of an electrical conductivity
result from the residual tensile stress. Particularly,  of [err] to [err]
is formed on the surface it has been found that the addition of SnO2, V205
of the lead borate glass layer 19 which is located or Cu to lead borate
glass for the purpose of   35   at the side of the electron gun, such a
charge-up adjustment of the electric conductivity thereof will  phenomenon
can be prevented. In this case, the generally  reduce  the  thermal
expansion          low electrical conductivity layer 14 must be elec-
coefficient thereof compared to a case where        trically connected to
the shadow mask. When the there is an absence of such additives. By way of
layer 14 is formed in a wide area exceeding the example, while the thermal
expansion coefficient   40   area of the lead borate glass layer 19, the
layer 14 of lead borate glass is approximately 1.0 x 10-5/    can be
electrically connected to the shadow mask [err] as noted before, it will be
reduced to approxi-   with ease. In this case, 5 [err] thickness of the
layer mately 0.9 x [err] by adding 25% by weight of      14 suffices to
electrically connect to the shadow SnO2. Therefore, it is presumable that
the forma-    mask. It was confirmed that such a thickness tion of a
coating layer having a desired electric   45   causes no deformation of the
shadow mask. conductivity, obtained by adding, for instance,        As has
been described in the foregoing, it is SnO2 to lead borate glass on the
electron-gun-       possible to provide a color picture tube which is side
surface of shadow mask, will cause deforma-     excellent for industrial
mass production and can 



tion thereof due to the excessive thermal expan-     effectively suppress
the doming of the shadow sion coefficient difference between the coating
so    mask and miss-landing of electron beams to layer and shadow mask.
thereby improve the color purity deterioration The inventor has confirmed
that the deforma-       such as color deviation and color fluctuations tion
of the shadow mask can be prevented by         without need of elaborate
manufacturing equip- forming, between shadow  mask 13 and low
ment and also without an increase in the manu- conductivity coating layer
14 as shown in Fig. 7,   55   facturing time. an intermediate layer 19, the
thermal expansion coefficient of which in the neighborhood of the
Claims heat bonding temperature is lower than that of the shadow mask 13
but higher than that of the         1. A color picture tube comprising: low
conductivity layer 14. In this case, the low    60   a phosphor screen (4);
conductivity layer 14 may be formed of lead          a shadow mask (5)
disposed near and facing said borate glass containing SnO2 or a similar
additive,  screen (4) and having a main surface with a and the intermediate
layer 19 may be made of         number of apertures (15); and lead borate
glass. A 21-inch type color picture      electron guns (6) for emitting
electron beams (10) tube of the same structure as noted above, except   65
passing through said apertures (15) to bombard 7    11              EP  0
144 022  B1                   12 The electric conductivity at [err] of the
crys-    that it has a shadow mask with the above struc- talline lead
borate glass containing approximately  ture, was produced, and the amount
of electron 25% by weight of SnO2, as used in the embodi-       beam
miss-landing in this color picture tube was ment, is approximately [err].
When a         measured in the manner as described above to layer having
very high electric conductivity, e.g., a    5    obtain a result as shown
at point C (about 50 [err]) getter layer mainly composed of barium  is
in the graph of Fig. 6. With a color picture tube formed on the surface of
the glass layer, the       where a getter layer having a very high electric
electron beam miss-landing amount is increased      conductivity, mainly
composed of barium, is to approximately 70 [err] (point B) from approxi-
formed on the low conductivity layer surface, the mately 45 [err] (point A)
in the absence of the    to   amount of electron beam miss-landing was sub-
getter layer. This means that one of the two        stantially the same as
at point D on the line I effects of the invention, i.e., the effect of the
low  (about 75 [err]) in Fig. 6. The formation between conductivity coating
layer having relatively low   the shadow mask 13 and low conductivity layer
14 electric conductivity formed on the electron-gun-   of the intermediate
layer 19 having a thermal side of the shadow mask to cause deflection of
15   expansion coefficient slightly higher than that of electron beams so
as to suppress the incorrect    the low conductivity layer 14 and lower
than that landing of the electron beams due to doming, is      of the
shadow mask 13 actually reduces the completely lost due to the getter layer
having a    residual tensile stress in the shadow mask to very high
electric conductivity. That is, only the  slightly reduce the electron beam
miss-landing other effect of the invention appears, that is, the    20
suppression effect. Nevertheless, the effect is heat-bonding to the shadow
mask of a glass layer    obviously greatly improved over the prior art
having a lower thermal expansion coefficient at     color picture tube. the
heat bonding temperature than the shadow          The lead borate glass
constituting the inter- mask will produce a residual tensile stress in the
mediate layer 19 has a very high insulating shadow mask to suppress the
doming of the   25   property, i.e., an electrical conductivity of [err]
shadow mask. If the difference in the thermal       [err]. When electron
beams are directly bom- expansion  coefficient at the heat bonding
barded on the lead borate glass layer 19, the layer temperature between the
shadow mask and glass       19 is charged and may influence the subsequent
layer, which is one feature of the invention to     electron beams. For
example, the trajectory of the produce a residual tensile stress in the
shadow    30   electron beams changes. However, according to mask so as to
suppress doming thereof, is excess-  the present invention, since the low
electrical ive, deformation of the shadow mask is liable to    conductivity
layer 14 of an electrical conductivity result from the residual tensile
stress. Particularly,  of [err] to [err] is formed on the surface it has
been found that the addition of SnO2, V205   of the lead borate glass layer
19 which is located or Cu to lead borate glass for the purpose of   35   at
the side of the electron gun, such a charge-up adjustment of the electric
conductivity thereof will  phenomenon can be prevented. In this case, the
generally  reduce  the  thermal  expansion         low electrical
conductivity layer 14 must be elec- coefficient thereof compared to a case
where        trically connected to the shadow mask. When the there is an
absence of such additives. By way of    layer 14 is formed in a wide area
exceeding the example, while the thermal expansion coefficient   40   area
of the lead borate glass layer 19, the layer 14 of lead borate glass is
approximately 1.0 x [err]   can be electrically connected to the shadow
mask [err] as noted before, it will be reduced to approxi-  with ease. In
this case, 5 [err] thickness of the layer mately 0.9 x [err] by adding 25%
by weight of       14 suffices to electrically connect to the shadow SnO2.
Therefore, it is presumable that the forma-   mask. It was confirmed that
such a thickness 



tion of a coating layer having a desired electric   45   causes no
deformation of the shadow mask. conductivity, obtained by adding, for
instance,       As has been described in the foregoing, it is SnO2 to lead
borate glass on the electron-gun-      possible to provide a color picture
tube which is side surface of shadow mask, will cause deforma-    excellent
for industrial mass production and can tion thereof due to the excessive
thermal expan-    effectively suppress the doming of the shadow sion
coefficient difference between the coating    50   mask and miss-landing of
electron beams to layer and shadow mask.
thereby improve the color purity deterioration The inventor has confirmed
that the deforma-      such as color deviation and color fluctuations tion
of the shadow mask can be prevented by         without need of elaborate
manufacturing equip- forming, between shadow  mask 13 and low
ment and also without an increase in the manu- conductivity coating layer
14 as shown in Fig. 7,   55   facturing time. an intermediate layer 19, the
thermal expansion coefficient of which in the neighborhood of the
Claims heat bonding temperature is lower than that of the shadow mask 13
but higher than that of the        1. A color picture tube comprising: low
conductivity layer 14. In this case, the low    60   a phosphor screen (4);
conductivity layer 14 may be formed of lead         a shadow mask (5)
disposed near and facing said borate glass containing SnO2 ora similar
additive,  screen (4) and having a main surface with a and the intermediate
layer 19 may be made of        number of apertures (15); and lead borate
glass. A 21-inch type color picture     electron guns (6) for emitting
electron beams (10) tube of the same structure as noted above, except    65
passing through said apertures (15) to bombard 7    13               EP
0144 022  B1                    14 said screen (4) and thereby selectively
illuminat-   said main surface of said shadow mask (5) on the ing
phosphors; characterized in that                 side facing said electron
guns is provided with a said main surface of said shadow mask (5) on the
coating layer (14) containing lead borate glass as side facing said
electron guns is provided with a    a main component, and coating layer
(14) consisting of a material having    5    said lead borate glass
contains Cu, the content of an electrical conductivity ranging from [err]
to    said Cu ranging from 10 to 30 % by weight. [err] at a temperature
ranging from [err]       8. A color picture tube according to anyone of to
[err].                                           claims 5 to 7,
characterized in that said coating 2. A color picture tube according to
claim 1,     layer (14) is chemically bonded by a heat treat- characterized
in that said coating layer (14) con-   10   ment to said shadow mask (5) on
a surface tains lead borate glass as a main component.        thereof
facing the electron guns. 3. A color picture tube according to claim 1,
9. A color picture tube according to anyone of characterized in that an
intermediate layer (19) is  claims 5 to 7, characterized in that the
thermal formed between said shadow mask (13) and said        expansion
coefficient of said coating layer (14) at coating layer (14), said
intermediate layer (19)   15   the temperature of said heat treatment is
lower having a thermal expansion coefficient lower than   than that of said
shadow mask (5). [err] of said shadow mask (5) and higher than that of said
coating layer (14).                          Patentansprfiche 4. A color
picture tube according to claim 3, characterized in that said coating layer
(14) sub-   20  1. Farbbildrohre mit: stantially consists of lead borate
glass containing  einem Leuchtstoffschirm (4); one additive selected from a
group consisting of     einer nahe dem Schirm (4) angeordneten und [err]
and Cu, and said intermediate layer       diesem gegenuberliegenden
Schattenmaske (5) (19) substantially consists of lead borate glass.    mit
einer eine Reihe von Offnungen (15) aufwei- 5. A color picture tube
comprising:          25   senden Hauptflbche und a phosphor screen (4);
Elektronenrohren (6) zum Emittieren von durch a shadow mask (5) disposed
near and facing said      die Offnungen (15) hindurchtretenden Elektronen-
screen (4) and having a main surface with a          strahlen (10) zum
Bombardieren des Schirms (4) number of apertures (15); and
unter selektivem Leuchtenlassen von Leuchtstof- electron guns (6) for
emitting electron beams (10)   30   fen; passing through said apertures
(15) to bombard         dadurch gekennzeichnet, dalB said screen (4) and
thereby selectively illuminat-   die Hauptflache der Schattenmaske (5) auf
der ing phosphors;                                       den
Elektronenrohren gegendberliegenden Seite characterized in that said main
surface of said    mit einem schichtartigen Oberzug (14) aus einem shadow
mask (5) on the side facing said electron    35   Werkstoff einer
elektrischen  Leitfahigkeit im guns is provided with a coating layer (14)
contain-  Bereich von 10-12 bis 10-5 0-'m-1 bei einer ing lead borate glass
as a main component, and       Temperatur im Bereich von 200C bis 200TC
verse- said lead borate glass contains SnO2, the content    hen ist. of
said SnO2 ranging from 10 to 50 % by weight.       2. Farbbildrohre nach
Anspruch 1, dadurch ge- 6. A color picture tube comprising:          40
kennzeichnet, daB der schichtartige Uberzug (14) 



a phosphor screen (4);                               ein Bleiboratglas als
Hauptkomponente enthalt. a shadow mask (5) disposed near and facing said
3. Farbbildrohre nach Anspruch 1, dadurch ge- screen (4) and having a main
surface with a          kennzeichnet, daB zwischen der Schattenmaske number
of apertures (15); and                        (13) und dem schichtartigen
Uberzug (14) eine electron guns (6) for emitting electron beams (10)   45
Zwischenschicht (19) eines Wirmeausdehnungs- passing through said apertures
(15) to bombard       koeffizienten, der niedriger ist als derienige der
said screen (4) and thereby selectively illuminat-   Schattenmaske (5) und
h6her ist als derjenige des ing phosphors;
schichtartigen Uberzugs (14), vorgesehen ist. characterized in that
4. Farbbildrdhre nach Anspruch 3, dadurch said main surface of said shadow
mask (5) on the    50   gekennzeichnet, dag der schichtartige Uberzug side
facing said electron guns is provided with a    (14) im wesentlichen aus
einem Bleiboratglas mit coating layer (14) containing lead borate glass as
einem Zusatz, ausgewahlt aus der Gruppe SnO2, a main component, and
V206 und Cu, und die Zwischenschicht (19) im said lead borate glass
contains [err] the content   wesentlichen aus einem Bleiboratglas besteht.
of said [err] ranging from 3 to 20 % by weight.    ss  5. Farbbildr6hre
mit: 7. A color picture tube comprising:                einem
Leuchtstoffschirm (4); a phosphor screen (4);
einer nahe dem Schirm (4) angeordneten und a shadow mask (5) disposed near
and facing said      diesem gegenuberliegenden Schattenmaske (5) screen (4)
and having a main surface with a          mit einer eine Reihe von
Offnungen (15) aufwei- number of apertures (15); and           -      60
senden Hauptflache und electron guns (6) for emitting electron beams (10)
Elektronenrohren (6) zum Emittieren von durch passing through said
apertures (15) to bombard       die Offnungen (15) hindurchtretenden
Elektronen- said screen (4) and thereby selectively illuminat-   strahlen
(10) zum Bombardieren des Schirms (4) ing phosphors;
unter selektivem Leuchtenlassen von Leuchtstof- characterized in that
65   fen; 8    15         .    EP  0144 022 B1                     16
dadurch gekennzeichnet, dag                        faisceaux d'dlectrons
(10) passant par les ouver- die Hauptflache der Schattenmaske (5) auf der
tures (15) et destines A bombarder l'ecran (4) et den Elektronenrohren
gegenuberliegenden Seite       ainsi A eclairer selectivement des matieres
elec- mit einem schichtartigen Uberzug (14) mit einem     troluminescentes,
Bleiboratglas als Hauptkomponente versehen ist,  .5   caracterise en ce
que: wobei das Bleiboratglas SnO2 in einer Menge im      la surface
principale du masque (5), du cote Bereich von 10-50 Gew.-% enthilt.
tourne vers les canons a electrons, a une couche 6. Farbbildrbhre mit:
de revAtement (14) formee d'un materiau dont la einem Leuchtstoffschirm
(4);                        conductivite est comprise entre 10-12 et 10-5
einer nahe dem Schirm (4) angeordneten und    10   n        Am-1 a une
temperature comprise entre 20 et diesem gegenuberliegenden Schattenmaske
(5)          200C. mit einer eine Reihe von Offnungen (15) aufwei-       2.
Tube-image en couleurs selon la revendica- senden Hauptflache und
tion 1, caracterise en ce que la couche de revete- Elektronenrohren (6) zum
Emittieren von durch       ment (14) contient un verre de borate de plomb
die Offnungen (15) hindurchtretenden Elektronen-   15   comme constituant
principal. strahlen (10) zum Bombardieren des Schirms (4)        3.
Tube-image en couleurs selon la revendica- unter selektivem Leuchtenlassen
von Leuchtstof-     tion 1, caracterise en ce qu'une couche interme- fen;
diaire (19) est formee entre le masque (13) et la dadurch gekennzeichnet,
dal3                       couche de revAtement (14), la couche interme-
die Hauptflache der Schattenmaske (5) auf der   20   diaire (19) ayant un
coefficient de dilatation ther- den Elektronenrohren gegenOberliegenden
Seite        mique inferieur A celui.du masque (5) et superieur mit einem
schichtartigen Uberzug (14) mit einem      a celui de la couche de
revetement.l14). Bleiboratglas als Hauptkomponente versehen ist,       4.
Tube-image en couleurs selon la revendica- wobei das Bleiboratglas V205 in
einer Menge im      tion 3, caracterise en ce que la couche de revete-
Bereich von 3-20 Gew.-% enthaIt.              25    ment (14) est
sensiblement form6e d'un-verre de 7. Farbbildrohre mit:
borate de plomb contenant un adjuvant choisi einem Leuchtstoffschirm (4);
dans ie groupe qui comprend SnO2, V205 etCu, et einer nahe dem Schirm  (4)
angeordneten und         Ia couche intermediaire (19) est pratiquement
diesem gegenuberliegenden Schattenmaske (5)          forrhee de verre de
borate de plomb. mit einer eine.Reihe von Offnungen (15) aufwei-   30  5.
Tube-image en couleurs comprenant: senden HauptflAche und
un.ecran electroluminescent (4), Elektronenrohren (6) zum Emittieren von
durch        un masque (5) place pres de l'ecran (4) et en face die
Offnungen (151 hindurchtretenden Elektronen-     de celui-ci et ayant une
surface principale quila un strahlen (10)1zurn Bombardieren'des Schirms (4)
certain nombre d'ouvertures (15), et unter selektivem Leuchtenlassen von
Leuchtstof-   35   des canons (6) A electrons destines a emettre des fen;
faisceaux d'electrons (10) passant par les ouver- 



dadurch gekennzeichnet, dal                       *tures (15) et destines a
bombarder l'ecran (4) et die Hauptflache der Schattenmaske (5) auf der
ainsi a eclairer selectivement des matieres elec- den Elektr6nenrohren
gegenuberliegenden Seite       troluminescentes, mit einem schichtartigen
Uberzug (14) mit einem    40  caracterise en ce que: Bleiboratglas als
Hauptkomponente versehen ist,     la surface principale du masque (5), du
c6te wobei das BleiboratglasCu in eier Merge im          tourne vers les
canons a electrons, a une couche Bereich von 10-30 Gew.-% enthilt.
de revetement (14) contenant un verre de borate 8. Farbbildrohre nach einem
der Anspruche 5        de plomb comme constituant principal, et le verre
bis 7, dadurch gekennzeichnet, daB der schichtar- 1  4S   de borate de
plomb contient SnO2, la quantite de tige Uberzug (14) durch eine
Warmebehandlung         SnO2 etant comprise entre 10 et 50 % en poids. an
die Schattenmaske (5) auf einer den Elektro-       6. Tube-image en
couleurs comprenant: nenrohren gegenuberliegenden FlAche chemisch        un
ecran electroluminescent (4), gebunden ist.
un masque (5) place pres de l'ecran (4), tournb 9. Farbbildrohre nach einem
der AnsprOche 5    60   vers lui, et ayant une surface principale qui a un
bis 7, dadurch gekennzeichnet, daB der Warme-       certain nombre
d'ouvertures (15), et ausdehnungskoeffizient does-chidltartigen Uber-
des canons (6) a electrons destines a emettre des zugs (14) bei der Temrn
ratur-der WarnSibehand-    faisceaux d'electrons (10) passant par les
ouver- lung niedriger ist ais'derjenige de'rSchiatten-     tures (15) afin
qu'ils bombardent I'ecran (4) et maske (5).       1>       '5 s
clairent ainsi selectivement des matieres electro- luminescentes,
caracterise en ce que: Revendications
la surface principale du masque (5) du cote tourne vers les canons A
electrons porte une couche de 1. Tube-image en    eurs, compten   .
60   revetement (14) contenant un verre de borate de un ecran'electrolumi
,                       plomb comme constituant principal, et un masque (5)
place p             ,  tourne         le verre de borate de plomb contient
V205, la vers celui-ci et ayant une su  incipale qui a       quantite de
V205 etant comprise entre 3 et 20 % un certain nombre d'ouvertures (15), et
en poids. des canons (6) A electrons destines a emettre des   65  7.
Tube-image en couleurs, comprenant: 9    17               EP  0 144 022  B1
18 un ecran electroluminescent (4),                     quantite de Cu
etant comprise entre 10 et 30 % en un masque (5) place pres de 1'6cran (4),
tourne      poids. vers celui-ci, et ayant une surface principale qui a  8.
Tube-image en couleurs selon l'une quelcon- un certain nombre d'ouvertures.
(15), et             que des revendications 5 A 7, caracterise en ce des
canons (6) A electrons destines A emettre des    5    que la couche de
revetement (14) est fix6e chimi- faisceaux d'electrons (10) passant par les
ouver-    quement par traitement thermique a un masque tures (15) afin
qu'ils bombardent l'ecran (4) et     (5) sur une surface tournee vers les
canons A provoquent  ainsi l'clairement selectif  de         electrons.
matieres 6lectroluminescentes,                        9. Tube-image en
couleurs selon l'une quelcon- caracterise en ce que:
10   que des revendications 5 A 7, caracterise en ce la surface principal.
du masque (5) du cot6 tournA   que le coefficient de dilatation thermique
de ia vers les canons a electrons porte une couche de      couche de
revetement (14) A la temperature de revetement (14) contenant un verre de
borate de      traitement thermique est inf6rieur A celui du .plomb comme
constituant principal, et               masque (5). verre de borate de
plomb contient Cu, la   is 20 25 30 35 40 45 50 55 60 65 1 0    


