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ABSTRACT OF THE DISCLOSURE

A display tube assembly is provided, in which plug pins are
mounted on a printed circuit board, this printed circuit board
having the plug pins soldered thereto is attached to a display
tube and the display tube is accommodated in a case thereby being
made watertight. According to this arrangement, the plug pins,
the printed circuit board and the display tube are coupled
together in the outside of the case so that a working property in
the assembly process can be improved considerably. Further,
since a window portion is not provided at the rear surface of the

case, the reliability in the watertight process in the display

tube can be improved considerably.
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BACRKGROUND OF THE INVENTION

rield of the Invention

The present invention generally relates to display apparatus
and, more particularly, 1s directed to a display tube assembly
for such display apparatus and mounting process thereof in which
a2 working property in the assembly process can be improved
considerably and a reliability in the watertight~procesé in the
display tube can be improved considerably.
Description of the Prior Art

The assignee of the present application has previously
proposed a display apparatus in which a number of display cells
are arranged 1n a two-dimensional manner and these display cells

are driven by predetermined data thereby displaying a desired

video 1mage (see U.S. Pat. No. 4,682,239 and United States Patent

No. 5,010,411, issued April 23, 1991 (corresponding to European Laid-
Open Patent Gazette No. 0149550)).

Furthermore, the assignee of the present application has
previously proposed a fluorescent display tube which is suitably
applied to a display cell used in such display apparatus (see
U.S. Pat. No. 4,727,284).

The phosphor display tube which was mentioned above is
lllustrated in Fig. 1 which is a front view, Fig. 2 which is a
side view and Fig. 3 which is a perspective view. The drawings
have been partially cutaway in some instances and illustrate a
luminescent display tube for use as a unitary cell.

As illustrated, a glass housing 11 is composed of a front
panel 11A, a back panel 11B and a side wall plate 11C. The glass
housing 11 is shaped to have the dimensions of, for example, 41
mm in height and 86 mm in width on the front panel 11A. 1In the

glass housing 11, there are arranged eight luminescent trios 12



(12a, 12b, 12c¢, 12d, 12e, 12f, 12g and 12h) which function as
luminescent display components which are composed of phosphoxr
layers that serve as picture elements and eight electrode units
13 (13a, 13b, 13c, 13d, 13e, 13f, 13g and 13h) corresponding to
the luminescent trios 12. '

The eight luminescent trios 12 are formed by coating
phosphor layers on the inner surface of the front panel 11A in a
mannexr such that four trios are arrayed in each of the upper and
lower rows. In a particular example each of the luminescent
trios 12 is composed of three phosphor layers 14R, 14G and 14B
which respectively emit red, green and blue light. 1In the
configuration as illustrated in Fig. 1, a conductive carbon layer
15 1s printed in the shape of a frame on the inner surface of the
front panel 11A and the red phosphor layer 14R, green phosphor
layer 14G and blue phosphor layer 14B are printed to correspond
to individual blank areas in the frame and partially override or
overlap the carbon layer 15. A metal backing layer of aluminum
or the like is deposited through a film layer on the phosphor
layers.

Electrode units 13 are disposed in the proximity of the rear
panel 11B at positions opposite to the luminescent trios 12,
respectively. 1In each of the electrode units 13, there are
mounted three cathode wires K (Kz, K; and Kz ) which are mounted
opposite respectively to the red phosphor layer 14R, the green
phosphor layer 14G and the blue phosphor layer 14B of the
luminescent trio 12 respectively and three first grids G (G &,
Gi¢ and Gys ) are mounted opposite to the three wire cathodes X
respectively and an additional common second grid G, is mounted
in opposing relationship to the three first grids G, .

Then the second grids G; of the four electrode units 13a
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through 13d mounted in one horizontal row are connected to each
other and the second grids G of the four electrode units 13e
through 13h mounted in another row are connected with each other
in a similar manner. Also, the first grids G, are mutually
connected between every two electrode units arrayed in a vertical
column such as between 13a and 13e, between 13b and 13f, between
13c and 13g, and between 13d and 13h respectively. Thus, with
respect to the two electrode units mounted in a vertical column,
the first grids G;r at the respective centers are mutuwally
connected and similarly the first grids G;g and G, at the right
ends are mutually connected together and also the first grids Gyg
and Gy at the left ends are mutually connected together. In
this particular example, the cathodes K are connected in series
with each other. '

The respective ends of the wire cathodes K, first and second
grids Gy and G; are led out through a sealed region between the
rear panel 11B and the bottom end face of the side wall plate
11C.

There are shown further leads 61F of the wire cathodes which
are connected between the electrode units 13a to 13d: leads 62F
of the wire cathodes which are connected between the electrode
units 1l3e to 13h; leads 63G; of the second grids G, which are
connected between the electrode units 13a through 13h; leads 64G;
of the three first grids Gl mutually connected between the
electrode units 13a and 13e; leads 65G; of the three first grids
Gl mutually connected between the electrode units 13b and 13f;
leads 66G; of the three first grids Gl mutually connected between
the electrode units 13c¢c and 13g; and leads 67G; of the three
first grids Gl mutually connected between the electrode units 13d

and 13h.
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A separator assembly 40 is formed of a conductive material
and 1s positioned so as to surround the respective phosphor
layers 14R, 14G and 14B of each of the eight luminescent trios
12. The separator assembly 40 functions as a so-called diffusion
lens to expand electron beams so that the electron beams may
properly impinge upon the whole area of the corresponding
phosphor layers. The separator assembly 40 also functions as a
power supply device to supply an anode voltage from the anode
lead 46 to the respective luminescent trios 12. The anode lead
46 to whiéh the high voltage is applied is connected at one end
thereof to the electrode plate 42 of the separator assembly 40
and 1s also led out to the outside at the other end thereof
through a tip off tube 47 attached to the rear panel 11B of the
glass housing 1l1. The anode lead 46 is composed of a Dumet wire
(Cu alloy) wound with glass in jits portion adjacent to the tip
off tube 47, thus making the anode lead 46 and the tip off tube
47 airtight.

An anode voltage of, for example, about 8 kV is supplied
through the anode lead 46 and the separator assembly 40 to the
respective red, green and blue phosphor layers 14R, 14G and 14B
of each of the luminescent trios 12. The first grid G, is
supplied with a voltage of lower than, for example, O'V'(OFF) to
5V (ON), and the second grid G; is supplied with a fixed voltage
of lower than, for example, 10 V. Further, the wire cathode K is
supplied with a voltage of lower than, for example, 0 V to 5 V as
a row selecting voltage.

Accordingly, under the condition that, for example, 0 V is
applied to the wire cathodes K of the electrode units 13a to 13d
of the upper row and, for example, a cutoff voltage 5 V is

applied to the wire cathodes K of the electrode units 13e to 13h
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of the lower row, if a voltage of 5 V is applied through the lead
64G; to the first grid G, then the first luminescent trio 12a
will be rendered luminous. When a voltage of 0 V is applied to
the first grid'Gl, then the electron beam is cut off so that the
corresponding phosphor layer is not rendered luminous.

If a voltage is sequentially supplied to the first grids G;
through the leads 64G;, 65G;, 66G; and 67G;, the luminescent
trios l1l2a to 12d of the upper row will be rendered luminous.
Then, if 0 V is applied to the wire cathodes K and the voltage 5
V is similarly applied to the first grids G; through the leads
6 4G tQ 67G; in that orxrder, the luminescent trios 12e to 12h of
the lower row will be rendered luminous. That is, the phosphor
layers of respective colors, namely, luminescent segments 14 are

selectively turned ON and OFF by the voltages supplied to the

wire cathodes X and the first grids G;.

The display apparatus is formed by arranging a number of the

above-mentioned display tubes in a two-dimensional fashion. 1In
such display tube, different display signals are supplied to the
fluorescent segments at every frame, resulting in the displays
being performed in accordance'with the respective display
signals. The display in each luminescent segment is carried out
at the unit of ON and OFF display operation so that, when the
signal of the ON period is pulse width modulated (PWM),
brightness modulation is carried out.

The display apparatus ﬁsing the above-mentioned display
tubes is generally located outdoors so that each display tube

must be made watexrtight. In that case, a display tube assembly

including the above display tube is employed in the prior art as

shown in Fig. 4.

Fig. 4 1s an exploded, perspective view of a display tube
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assembly, and which illustrates the display cell from the rear
side thereof.

In Fig. 4, reference numeral 100 designates a display tube,
200 a printed circuit board and 300 a case. A plug pin 400 is
protruded outwardly from the inside of the case 300 therethrough
for supplying a signal. Further, in Fig. 4, reference numeral
500 designates a plug cover and 600 a louver.

During the assembly, the printed circuit board 200 is
inserted into the case 300 and the other ends of the plug pin 400
protruding to the inside of the case 300 are connected through
connection holes 201 formed through the printed circuit board 200
at the corresponding positions and are soldered with the
connection holes 201 or the like.

Then, the display tube 100 is accommodated within the case
300 and the leads 101 such as the above-mentioned leads 61F and
the like are connected to connection portions 202 of the printed
circuit board 200. The connection portions 202 are connected to
the connection holes 201 via a conductive pattern (not shown) on
the printed circuit board 200. The connection portions 202 and
the leads 101 are connected (i.e., soldered) through a window
portion 301 formed on the rear side of the case 300. At the
completion of the above-described connection, the window portion
301 is covered with the plug cover 500 and the louver 600 is
attached to the front wall of the display tube 100.

Fig. 5 is a process diagram of the above-mentioned assembly
process.,

As shown in Fig. 5, the display tube 100, the printed
circuit board (i.e., PCB) 200, the case 300 having the plug pins
400 embedded therein, the plug cover 500 and the louver 600 are

prepared. Initially, the printed circuit board 200 is inserted
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into the case 300 and soldered therein. 1In the next process, the
display tube 100 is accommodated into the case 300 and soldered
therein. Then, the plug cover 500 and the louver 600 are
attached to the case 300 and bonded thereto by silicon resin or
the like thereby making the display cell watertight.

Fig. 6 1s a side view of a section of the above-mentioned
display cell, and to which reference will be made in explaining
the assembly-process at its step in which the display tube 100 is
accommodated in the case 300. In this step, as shown in Fig. 6,
the printed circuit board (i.e., PCB) 200 and the plug pins 400
are soldered together and the display tube 100 is accommodated in
the case 300. After the leads 101 and the connection portions
202 are connected together, the plug cover 500 and the louver 600

are attached to the case 300 and the spacings therebetween are

made watertight. \

In this display tube assembly, the soldering-process between
the plug pins 400 and the connection portions 201 and the
soldering~process between the leads 101 and the connection
portions 202 are performed via the inside of the case 300 or the
window porxrtion 301. That is, the soldering-process is carried
out in a relatively small spacing, which needs high accuracy in
the assembly work. Therefore, the prior-art assembly work is
carried out in a so-called manual fashion.

On the other hand, since the window portion 301 is provided
at the rear surface of the case 300, a watertight area is
increased, and the increase of the watertight area causes the
watertight structure to be decreased in reliability.
Particularly, in that case, if the window portion 301 is made
small, the working property in the soldering-process or the like

will be deteriorated considerably, while if the window portion
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301 is made large, reliability of the watertight structure will

be further decreased.

OBJECTS AND SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide an improved display tube assembly and mounting process
thereof which can eliminate the aforenoted shortcomings and
disadvantages of the prior art.

More specifically, it is an object of the present invention
to provide a display tube assembly and mounting process thereof
in which a working property in the assembly process of the
display apparatus can be improved considerably.

It is another object of the present invention to provide a
display tube assembly and mounting process thereof in which a
reliability of the watertight process in the display tube can be

improved considerably. .

As an aspect of the present invention, a display tube
assembly 1s provided, in which plug pins are mounted on a printed
circuit board, this printed circuit board having the plug pins
soldered thereto is attached to a display tube and is
accommodated in a case thereby being made watertight. According
to this arrangement, the plug pins, the printed circuit board and
the display tube are coupled together in the outside of the case
so that a working property in the assembly process can be
improved considerably. Further, since a window portion is not
provided at the rear surface of the case unlike the prior art, a
reliability in the watertight process in the display tube can be
improved considerably.

The above and other objects, features and advantages of the
present fhvention will be apparent in the following detailed

description of the preferred embodiment when read in conjunction

L I
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with the accompanying drawings, in which like reference numerals
are used to identify the same or similar parts in the several
views.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a partially cutaway plan view illustrating an
example of a prior-art display element having eight three color
units therein;

Fig. 2 is a partially cutaway sectional view illustrating
the display unit of Fig. 1;

Fig. 3 is a partially cutaway perspective view of the prior-
art display apparatus;

Fig. 4 i1s an exploded perspective view to which reference
will be made in explaining a display tube assembly of the prior-

art display apparatus;

Fig. 5 1s a process diagram of the assembly process

according to the prior art;

Fig. 6 is a side view of a section of the priorx-art display
tube assembly, and to which reference will be made in explaining
a particular step in which step a display tube 1s accommodated in
a case;

Fig. 7 is an exploded perspective view illustrating an
embodiment of a display tube assembly according to the present
invention;

Fig. 8 1s a process diagram showing the assembly work of the
present invention, énd to which reference will be made in
explaining the mounting process of the present invention; and

Fig. 9 is a side view 0of a section of the display tube
assembly of the present invention, and to which reference will be
made in explaining a particular step in which the display tube of

the present invention is accommodated in the case.

qqqqqq
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

An embodiment of a display tube assembly and mounting
process thereof according to the present invention will
hereinafter be described with reference to the drawings.

Fig. 7 is an exploded perspective view illustrating the
display element of the present invention from the rear side
thereof. 1In Fig. 7, reference numeral 1 designates a display
tube, 2 a printed circuit board, 3 a case, 4 a plug pin, 5-a plug
cover and 6 a louver, respectively.

As shown in Fig. 7, in the assembly-process, the plug pins 4
are inserted into connection holes 2A of the printed circuit
board 2, respectively and soldered therein. Then, the printed
circuit board 2 is attached to the display tube 1, and leads 1A
such as the aforementioned lead 61F or the like and connection
portions 2B of the printed circuit board 2 are soldered together.
The connection portions 2B are respectively connected to the
connection holes 2A via a conductive pattern (not shown) on the
printed circuit board 2.

The unitarily-~connected body of the printed circuit board 2,
the plug pins 4 and the display tube 1 is accommodated in the
case 3. On the rear surface of the case 3, there is mounted a
plug base portion 3B having an opening portion 3A into which the
plug pins 4 soldered to the printed circuit board 2 are inserted.
The plug pins 4 are protruded toward the rear surface of the case
3 via the above-mentioned opening 3A.

The plug cover 5 is mounted on the protruding plug pins 4.

The plug cover 5 has a configuration communicated with the plug

base portion 3B of the case 3 and has formed therethrough at its
positions corresponding to the plug pins 4 insertion holes 5A.

Thus, when the plug cover 5 is mounted on the plug pins 4, the
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plug pins 4 are properly positioned.

The louver 6 is attached on the front wall of the display

tube 1.

'ig. 8 1s a process diagram of the assembly process of the
display tube assembly of the present invention.

As shown in Fig. 8, the display tube 1, the printed circuit
board (PCB) 2, the case 3, the plug pins 4, the plug cover 5 and
the louver 6 are prepared, and the plug pins 4 and the printed
circuit board 2 are soldered together initially. Then, the
printed circuit board 2 and the display tube 1 are soldered
together. 1In the last process, the unitarily-connected body of
the printed circuit board 2, the plug pins 4 and the display tube
1l is accommodated in the case 3 and the plug cover 5 and the
louver 6 are attached to the case 3. The spacings therebetween
are bonded by a silicon resin or the like, whereby the display
tube assembly of the present invention is made watertight.

Fig. 9 is a side view of a section of the display tube
assembly of the present invention, and to which reference will be
made in explaining the mounting process of the display tube
assembly of the present invention, inter alia, a step in which
the display tube 1 is accommodated in the case 3.

As shown in Fig. 9, the printed circuit board 2, the plug
pins 4 and the display tube 1 are coupled together and the
unitarily-connected body of the printed circuit board 2, the plug
pins 4 and the display tube 1 is acbommodated in the case 3. The
plug cover 5 and the louver 6 are attached to the case 3 and the
spacings therebetween are made watertight.

According to the display tube assembly of the present
invention, since the plug pins, the printed circuit board and the

display tube are coupled together in the outside of the case, the

~11-
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working property in the assembly process of the invention can be
considerably improved. Further, since the window portion is not
provided at the rear side of the case unlike the prior art, the
reliability in the waterproofing-treatment can be increased
considerably.

In the above-described arrangement, the plug cover 5 and the
plug base portion 3B are separated at the rear side of a groove
3C at which an O ring is provided in order to make a spacing
between a rear unit and a socket of the unit side watertight when
the display element is mounted to the rear unit. Therefore, the
separated surface of the plug cover 5 is located at the rear side
of the watertight surface provided by the O ring, thus to make it
possible to increase the reliability in the watertight process
more.

When the display tube 1 is, accommodated in the case 3, the
end portion of the front wall of the case 3 is protruded from the
display surface of the display tube 1 by a very small amount and
a predetermined stepped portion 3D 1s provided at the inside of
this protruded portion. Also, the outer periphery of the base
portion 6A of the louver 6 is engaged with the stepped portion
3D. Thus, under the condition that the display tube 1 is
accommodated in the case 3, if the silicon resin is ihjected into
the stepped portion 3D and the ocuter periphery of the base
portion 6A of the louver 6 is engaged with the stepped portion
3D, it 1is possible to realize the watertight-process of high
reliability with great ease.

Further, a so-called V-shaped groove 5B is formed on the
plug cover 5 at its surface opposing to the plug base portion 3B
so as to connect the end portions of the insertion holes 5A.

Thus, when the plug cover 5 is mounted on the plug base portion

~12-
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3B, the plug pins 4 are guided by the V-shaped groove 5B, whereby
the plug cover 5 can be mounted on the plug base portion 3B or
the case 3 with great ease.

In the above-mentioned arrangement, the plug cover 5 and the
case 3 may be unitarily formed with each other.

Accoxrding to the present invention, as set out above, since
the plug pins, the printed circuit board and the display tube are
coupled together in the outside of the case, the working property
in the assembly process can be improved considerably. Further,

since the window portion is not formed at the rear surface of the

case unlike the prior art, the reliability of the watertight
process can be improved considerably.

Having described a preferred embodiment with reference to
the accompanying drawings, it is to be understood that the
invention is not limited to tha't precise embodiment and that
various changes and modifications thereof could be effected by
one skilled in the art without departing from the spirit or scope

of the invention as defined in the appended claims.
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WE CLAIM AS OUR INVENTION

1. A display tube assembly comprising:
a display tube having a plurality of electrodes:

a corresponding plurality of plug pins connected to said
plurality of electrodes, respectively;

a printed circuit board mounted on said display tube:; and

a case covering said display tube and said printed circuit
board with said plug pins protruding outwardly, characterized in
that said display tube assembly is mounted by the following
steps:

a first step for mounting said plug‘pins on said printed
circulit board;

a second step for mounting said printed circuit board on
said display‘tube;

a third step for putting said display tube in said case; and

a fourth step for making said case watertight.

2. A display tube assembly according to claim 1, wherein said
third step includes a step for making said plug pins protrude
outwardly through a plurality of holes formed at a plug cover
provided on said case.

3. Mounting process of a display tube assembly COMprising:

a first step for mounting plug pins on a printed circuit
board:

a second step for mounting said printed circuit board on a
display tube with said plug pins connected to corresponding
electrodes of said display tube;

a third step for putting said display tube in a case with
said plug pins protruding outwardly; and

a fourth step for making said case watertight.

4, Mounting process of a display tube assembly according to

14—



claim 3, wherein said third step includes a step for making said
plug pins protrude outwardly through a plurality of holes formed
at a plug cover provided on said case.

5. A display tube assembly mounted by the process according to

claim 3 or claim 4.
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