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[571] ABSTRACT

- An indicator discharge tube having an insulating base

plate. with a plurality of grooves of predetermined
shapes formed therein at predetermined locations, an
anode eléctrode disposed opposite the insulating base
plate, a plurality of cathode electrodes respectively
disposed in the grooves of the insulating base plate,
one portion of the anode electrode lying between ad-
jacent cathode electrodes, and a tube having enclosed
therein the insulating base plate, the anode electrode
and the cathode electrodes in an airtight manner.

3VClaims, 19 Drawing Figures
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. 1 : ’
“INDICATOR ‘DISCHARGE TUBE

This -is .a -.continuation, "of application Ser.
‘849,949, filed Aug. 14,1969, now abandoned.

BA‘CKGROlUva) OF THE INVENTION

1.%Field of ‘the‘Invention

This invention relates to an indicator discharge tube,
and ‘more particularly 'to an indicator discharge tube
‘which:is adapted to display numerals, characters or the
like through the use-of a plurality of electrodes. -

1. Description:of the Prior Art

In conventional ‘types of ‘indicator discharge tubes,
indicator electrodes, that is, cathode electrodes made
of, for .example, nickel, tantalum, stainless steel or the
like ‘are embedded in'grooves formed in an insulating
‘base plate in'a'manner:not tojut-beyond the surface of
‘the ‘base plate and. a-voltage is impressed between the
icathode -electrodes and an -anode electrode disposed
:apartfrom the.cathode electrodes to produce discharge
therebetween, thereby providing a display of a nu-
'meral, letter .or the like. In the prior art indicator dis-
-charge 'tubes, however, the metal maKing up the cath-
‘ode-electrode is-deposited on the surface of the insulat-
ing base plate:due ‘to'the so-called cathode sputtering
and finally covers ‘substantially the entire area of the
surface :of ‘the insulating :base plate between adjacent
«cathode electrodes after long use, which leads to short-
scircuiting of adjacent:.cathode electrodes to. render
them:inoperative. .

SUMMARY OF THE INVENTION

Accordmgly, ithe jprimary object of this invention is
10 ‘provide “a ‘novel indicator -discharge tube which-is
free from the aforementioned ‘defects ‘experienced in
the.conventional indicator discharge tubes.

No.

Another-objectof this:invention is to provide a novel

indicator discharge ‘tube 'in which an anode electrode
is ‘interposed between adjacent .cathode electrodes to
avoid short-circuiting thereébetween resulting from the
cathode sputtering'so-as'to-eliminate the drawbacks en-
.countered in the prior art. :

BRIEF DESCRIPTION ‘OF THE DRAWINGS

- FIG. 1is a‘front view of a conventlonal indicator dis-
charge tube;” -

—

5

20

25

oy 2

FIG. 11 is a top plan view of an anode used in the in-
dicator discharge tube shown in FIG. 9;

FIG. 12 is an enlarged cross-sectional view of the
prmcxpal part of the indicator dlscharge tube depicted
in FIG. 9,

FIG. 13 is a cross-sectional view taken along the line
XIHI—XIII in FIG. 12;

FIG. 14A is an enlarged cross-sectlonal view of the
principal part of another modification of the indicator
discharge tube of this invention;

. FIG. 14B is-a cross-sectional view taken along the

line B—B in FIG. 14A; and

FIGS. 15A, 15B and 16A, 16B are diagrams similar
to FIGS. 14A and 14B, showing other-examples of this
invention.

'DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Prior to a detailed description of the present inven-
tion, one example of conventional indicator discharge
tubes will be described in detail with reference to FIGS.
1 and 2. Reference numeral 1 indicates an airtight en-
velope formed of transparent glass or the like, 2 a stem

‘and 3 an insulating base plate. A plurality of grooves 4

_are formed in the insulating base plate. 3 on one side
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FIG. 2isan enlarged cross-sectional view, partly cut '

away, taken along ‘the line II—1I in FIG. 1;

FIG. 3‘is an -enlarged perspective view; partly cut
away, showing the principal‘part of an embodiment of
indicator discharge tubes of this invention,

FIG. 4 is a front view showing another example of the
indicator discharge ‘tube -of this invention;

FIG. §is an enlarged cross-sectional view of the- prin-
cipalpart of another modified form of the indicator dis-
charge tube of this invention;

. FIG.% is a'front view of an insulating base plate used

in the examplé of FIG, 5;
~FIG. 7 is a front view of an anode electrode for use
with 'the insulating base plate depicted in FIG. 6;

-FIG. 8s a:graph showing the discharge characteristic
of the sindicator ‘discharge tube depicted in FIG. 5;

FIG. 9 is:a front view of another madified form of the
indicator discharge tube of this invention;

FIG. 10 is atop plan view of ‘one example of an insu-
lating ‘base plate 'used in ‘the indicator discharge tube
shown in FIG. 9; :

thereof in a predetermined pattern, and cathode elec-

‘trodes § usually made of nickel, tantalum, stainless

steel or the like are embedded in the grooves 4-in.a
manner not to stand out from the surface of the insulat-
ing base plate 3. A grid-like anode electrode 6 is dis-
posed. in opposing but spaced relation to the insulating

base plate 3 on that side where the cathode electrodes

§ are disposed. Further, support frames 7 which are
mounted on both side edges of the anode 6 and the cor-
responding edges of the insulating base plate 3 and in-
sulating plates 8 as of mica or the like are disposed be-
tween both marginal edges of the insulating base plate
3 and the anode electrode 6, by which the relative posi-
tion of the anode electrode 6 to the cathode electrodes
5, that is, the insulating base plate 3 is determined and
they are assembled together. The insulating base plate
3, the cathode electrodes 5 and the anode electrode 6
are housed in the airtight envelope 1. In this case bores
(not shown) are respectively formed through the insu-
lating base plate 3 which intercommunicate with the
grooves 4 with the cathode electrodes 5 disposed

. therein, through which bore one end of each lead wire
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9 is connected to each cathode electrode § and the
other end is led out on the side of the insulating base

plate 3 opposite from the cathode electrodes 5 and is.

further led to the outside of the airtight envelope 1
through ‘the stem 2. The airtight envelope 1 is filled
with an inert gas such as neon, argon or the like or a
mixture of them at a pressure which may be in the
range of about several ten to one hundred mm. of Hg.

With such an arrangement, the metal making up the
cathode electrodes 5 is sputtered therefrom by dis-
charge and deposited on the surface of the insulating
base plate 3 as indicated by dots 10 in FIG. 2 in practi-
cal use and finally the sputtered metal covers the entire
area. of the surface of the insulating base plate 3 be-
tween adjacent cathode electrodes 5. This causes short-
circuiting of adjacent cathode electrodes to prevent
discharge of the cathode whose discharge initiating
voltage is higher. Thus, the prior art indicator discharge
tubes fail for this reason.



3,798,480

3

With reference to the drawings one embodiment of
this invention will hereinafter be described. In the
drawings similar elements to those in the foregoing are
identified by the same reference numerals.

In FIG. 3 reference numeral 3 indicates an insulating
base plate, in one surface of which are formed a plural-
ity of grooves 4 in a predetermined pattern. Cathode
electrodes § are respectively disposed in the grooves 4
in a manner not to jut beyond the surface of the insulat-
ing base plate 3 and an anode electrode 6 having anode
elements 6’ and 6’ formed therein in a predetermined
pattern is mounted on the insulating base plate 3 in
such a manner as shown in FIG. 3. As clearly shown in
FIG. 3, the anode electrode 6 lies in a plane above the
cathode ‘electrodes 5. Openings are formed in the
anode electrode to form the anode electrode elements
6’ and 6''. Namely, the anode elements 6’ and 6’ par-
tially or entirely surround some of the cathode elec-
trodes 5, in the illustrated example cathode electrodes
5' placed in the grooves 4’ formed transverse to the
lengthwise direction of the insulating base plate 3. As
seen in FIG. 3, anode elements are mounted so as to
overlie the base plate 3 in an area between each of the
grooves 4 to provide electrical repulsion of sputtering
on the base plate between the grooves 4. The insulating
base plate 3 with the cathode and anode electrodes
thus mounted thereon is housed in an airtight envelope
(not shown).

In the illustrated example seven grooves 4 and 4’ are
provided in the surface of the insulating base plate 3 at
predetermined locations in the form of an “8” and a

metal cathode material is deposited by means of elec-

trodeposition, vapor deposition or the like over the en-
tire area of the bottom of each of the grooves 4 and 4'.
Further, bores are formed in the insulating base plate
3 from the bottom of each of the grooves 4 and 4’ to
the back of the base plate 3 in a direction at right angles
thereto, through which bores the lead wires 9 are con-
nected at one end to the cathode electrodes § and §’,
the lead wires 9 being arranged on the back of the base
plate 3. Reference numeral 18 designates lead wires of
the anode electrode 6.

In the present example the anode elements 6’ and 6''
contiguous to the anode 6 are provided in such a man-
ner as to surround the grooves 4’ formed in a widthwise
direction of the insulating base plate 3 and anode ele-
ments 6’ are provided across two grooves 4 formed in
a longitudinal direction of the insulating base plate 3.
Thus, the grooves 4 and 4’ are isolated from adjacent
ones by the anode elements 6’ and 6’ each disposed
therebetween.

The electrode assembly of such a construction is
mounted on, for example, a ceramic stem 2 such as
shown in FIG. 1 and is then sealed up in a transparent
glass envelope. In order to provide for enhanced air-
tightness of the envelope 1, the ceramic stem 2 is sealed
up at the open end portion of the glass envelope 1 with
glass. The airtight glass envelope 1 is filled with a gas
such, for example, as neon, argon or the like.

A predetermined voltage is applied to selected ones
of the cathode electrodes 4 and 4’ through the lead
wires 9 and to the anode 6 through the leads 18. This
causes the selected cathode electrodes 4 and 4’ to pro-
duce glow discharge to provide a display of a desired
numeral, letter, symbol or the like.

FIG. 4 illustrates another example of this invention
which is exactly the same in construction and operation
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as that depicted in FIG. 3 except in that the grooves 4
and 4’ formed in the insulating base plate 3 are trape-
zoidal.

With such an arrangement of the cathode electrodes
5 and §' and the anode electrode 6 as has been de-
scribed above, positively ionized metal particles which
are sputtered from the cathode electrodes held-at a
positive potential are repelled by the anode electrodes
held at a positive potential and consequently the sput-
tered metal particles are not deposited on the insulating
base plate 3. This ensures the prevention of a trouble
such as short-circuiting of the cathode electrodes re-
sulting from bad insulation therebetween and provides
for prolonged service life of the indicator discharge
tube. Further, the cathode electrodes are formed in the
grooves, and hence are easy to make, and since the
anode is merely disposed on the insulating base plate,
it does not require any special support means and is
rigid in structure. In addition, the lead wires of the
cathode electrodes pass through the bores formed in
the insulating base plate and are led on the back of the
base plate to the outside in parallel relation to one an-
other, so that the lead wires can be easily mounted on
the insulating plate and can be prevented from contact-
ing adjacent ones. Consequently, miniaturization of the
tube does not introduce the possibility of bad insula-
tion, and hence appreciable miniaturization of the
overall structure of the tube is possible with this inven-
tion. Further, since the indicator discharge tube of this
invention is simple in construction, it requires less man-
ufacturing operations and is inexpensive.

FIGS. 5 to 7 illustrate another example of the indica-
tor discharge tube of this invention, which will herein-
below be described. In FIGS. § to 7 similar elements to
those in the foregoing examples are tdentlﬁed by the
similar reference numerals.

In the illustrated example, an anode electrode 6 is
disposed on an insulating base plate 3 in such a manner
that the anode portion is interposed between adjacent
cathode electrodes § as shown in FIG. 5, In the present
example the insulating base plate 3 and the anode elec-
trode 6 are assembled together with a narrow gap 11
having a distance g therebetween.

In this case, it is exactly the same as in the foregoing
examples that neon mixed with a small amount of argon
is sealed in an airtight space defined by the airtight en-
velope 1 and the stem 2 at a pressure of several ten to
one hundred mmHg and that the anode electrode 6 and
the insulating base plate 3 supported by a support
frame 7 are fixedly mounted in the airtight envelope 1
by means of mica plates 8.

In the present example, there are formed in the upper
surface of the insulating base plate 3 grooves 4 shallow
only enough to position the cathode electrodes 5 in
such a manner that the cathode electrodes § formed of
a metal such as stainless steel may substantially entirely
stand out from the surface of the insulating base plate
3. The anode electrode 6 is formed of a suitable sheet
metal having formed therein slits 4, at places corre-
sponding to the cathode electrodes 5 so that the cath-
ode electrodes 5 may be seen through the slits 4,,-and
insulating spacers 14 as of mica or like material are in-
terposed between the insulating base plate 3 and the
anode electrode 6 in a manner to provide the gap 11
therebetween.

With such an arrangement, metal particles 10 sput-
tered from the cathode electrodes 5 are deposited on
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the insulating base plate 3 and side walls 4,, of the slits
4, of the anode electrode 6 during discharge but since
the anode electrode 6 is a metal plate, it is not ad-
versely affected by the metal particles 10 deposited
thereon. Further, since the gap 11 is very narrow, the
metal particles 10 sputtered from the cathode elec-
trodes 5 do not go far into the gap 11. Consequently,
the deposition of the metal particles 10 is not likely to
damage the insulation between adjacent cathode elec-
trodes § and the metal particles 10 deposited on the
anode electrode 6 and the insulating base plate 3 do not
contact one another because of the presence of the gap
11.

One example of numerical values of the indicator dis-
charge tube of this example is as follows:

thickness of the anode electrode 6 — : 0.8 mm.

width of the slits 4, — : 0.8 mm.

diameter of the cathode electrodes 5 — : 0.3 mm.

length of the cathode electrodes § — : 4 mm.

width g of the gap 11 — : 0.05 t0 0.1 mm.

gas sealed in the envelope 1 — : mixture of argon 0.7

percent and neon 99.3 percent
-pressure of the gas — : 100 mmHg

With the above indicator discharge tube, discharge
initiating and terminating voltages Ez and Ex are re-
spectively 135 V and 115 V as indicated by a curve L,
in FIG. 8. In the case of the prior art discharge tube of
the construction shown in FIG: 1 these voltages Ez and
Ex are respectively 150 V and 110 V as indicated by a
curve L, in FIG. 8. The differences between Ez and Ex
are 20 V in the former and 40 V in the latter. Namely,
the present invention reduces by half of the difference
‘between the discharge initiating and terminating volt-
ages, as compared with that obtainable with the prior
art construction.

As has been described above, this embodiment not
only prevents short-circuiting of adjacent cathode elec-
trodes due to the sputtering with a simple construction
but also reduces by half the difference between the dis-
charge initiating and terminating voltages, as compared
with that obtainable with the conventional indicator
discharge tube. :

Referring now to FIGS. 9 to 13, a description will be
given of another example of this invention. In the fig-
ures similar reference numerals to those in the forego-
ing examples designate similar elements.

In the present example a plurality of grooves or slits
4 of predetermined shapes are formed in an insulating
base plate 3 on one surface thereof at predetermined
locations and an anode electrode 6, which has formed
therein elongated apertures or slits 4, substantially
identical with the grooves 4 at places corresponding
-thereto, is attached to the insulating base plate 3 in
such a manner that the slits 4, of the anode electrode
6 are substantially aligned with the grooves 4 of the in-
sulating base plate 3, Further, cathode electrodes 5 are
respectively disposed in the grooves 4 of the insulating
base plate 3 in a manner to jut beyond the surface of
the anode electrode 6 and then the insulating plate 3
with the cathode electrodes 5 and the anode electrode
6 mounted thereon is sealed up in the airtight envelope
1.

A detailed description will hereinbelow be made in
connection with the indicator discharge tube of the
above construction. The insulating base plate 3 is made
of an insulating material such, for example, as ceramic
or the like, and seven grooves 4 of predetermined

3,798,480

15

20

25

35

40

45

50

55

60

65

6

shapes are formed in the insulating base plate 3 on one
side thereof at predetermined locations in the form of
an “8" as shown in the figures. The slits 4,, which are
substantially identical in shape with the grooves 4 of
the insulating base plate 3 but a little larger than them,
are bored through the anode electrode 6 at places cor-
responding to the grooves 4 (refer to FIG. 11). The
anode electrode 6 is formed of a conductive metal ma-
terial such as iron or the like. The anode electrode 6 is
mounted closely to the insulating base plate 3 in such
a manner that the slits 4, of the former may be aligned
with the grooves 4 of the latter. The cathode electrodes
5 are formed of a metal material such as nickel, tanta-
lum, stainless steel or the like which are substantially T
shaped as depicted in FIGS. 12 and 13. The length of
one side 5, of each of the T-shaped cathode electrodes
5 corresponds to that of each groove 4 in its lengthwise
direction and the width of the other side 5, corresponds
to that of the groove 4. The free end portion of the side
5, of each cathode electrode 5 is inserted into an aper-
ture 4,’ formed in the bottom of each groove 4 substan-
tially at the center thereof in a manner so that the side
5, of the cathode electrode § juts beyond the anode
electrode 6 and lies parallel with the groove 4. The
cathode portion of the cathode electrode 5 lying be-
tween the groove 4 and the side 5, is triangular shape
in cross section. One end of each lead wire 9 is con-
nected to the free end portion of the side 5, of each
cathode electrode 5 and the other end is led to the out-

_side through the stem 2 made of glass or the like. The

insulating base plate 3 having mounted thereon the
cathode electrodes 5 and the anode electrode 6 as
above described is sealed up in the glass envelope 1. In
this case, the envelope 1 is filled with an inert gas such
as neon, argon or the like and sealed. Further, an auxili-
ary member may be inserted into the envelope 1 for
holding the insulating base plate 3 in position in a con-
ventional manner.

In the indicator discharge tube of the above construc-
tion, the application of a predetermined voltage to the
anode electrode and selected cathode electrodes
causes discharge therebetween to provide a display of
a desired numeral, letter or the like in exactly the same
manner as in the prior art indicator discharge tubes. In
the present ¢xample, however, the anode electrode 6 is
attached to the insulating base plate 3 with no gap
therebetween, so that the surface of the insulating base
plate 3 is not exposed contiguous to adjacent cathode
electrodes 5. Consequently, although metal particles of
the cathode electrodes are ionized and sputtered there-
from, the ionized metal particles are repelled by the
anode electrode, so that the ionized sputtered metal is
not deposited on the anode electrode and the surface
of the insulating base plate in the vicinity of the anode
electrode. The sputtered metal is deposited only on the
surface of the insulating base plate in the proximity of
the cathode electrodes. Since the ionized metal sput-
tered from the cathode electrodes is not deposited on
the surface of the insulating base plate over the entire
area between adjacent cathode electrodes to such an
extent as to cause short-circuiting therebetween, the
insulation between cathode electrodes is not de-
creased. Consequently, the indicator discharge tube of
this example is long-lived and highly reliable in opera-
tion.

In the case where a grid-like or mesh-like electrode
6, formed of a conductive metal material such, for ex- -
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ample, as iron or the like is disposed in opposing but
spaced relation to the anode electrode 6 and the cath-
ode electrodes § in the envelope 1 as shown in FIGS.
9, 12 and 13 and a positive potential substantially equal
to that fed to the anode 6 is applied to the electrode 6,,
the sputtered metal can be repelled by the electrode 6,
also by which it is possible to avoid blurring of the in-
terior surface of the envelope 1 as experienced in the
prior art indicator discharge tubes.

By forming the grooves 4 of the insulating base plate
3 to be gradually wider as the anode electrode 6 is ap-
proached, as depicted in FIGS. 12 and 13, the insula-
tion of the cathode electrodes 5 from the anode elec-
trodes 6 can be further enhanced and discharge be-
tween the electrodes more difficult. Very little of the
ionized metal sputtered from the cathodes is deposited
on the surface of the insulating base plate in this region
and this also provides for enhanced insulation of the
electrodes. :

FIG. 14 shows a cathode electrode 5, which is differ-
ent in shape from that exemplified in FIGS. 12 and 13
and consists of substantially rod-like cathode members
5," and 5;' as of nickel or the like assembled in the form
of a substantially T. The cathode electrode 5, has ex-
actly the same advantages as those of the foregoing one
and an additional advantage such as ease in manufac-
ture. In this case the grooves 4 of the insulating base
plate 3 need not be elongated as the foregoing but may
be circular in cross-section and the slits 4, of the anode
electrode 6 may be of a similar shape. The grooves 4
are similarly formed to be gradually wider as the anode
electrode 6 is approached.

FIG. 15 shows still another cathode electrode 5,
which is a substantially U-shaped metal rod as of nickel
or the like. The free ends 5,'' of the cathode electrode
§, are inserted intto the grooves or slits 4 formed in the
insulating base plate 3 in a manner so that its major
portion 5,' may lie above the anode electrode 6. In this
case, the cathode electrode 5, is retained to the insulat-
ing base plate 3 at two points, it is firmly held on the
base plate 3 as compared with the cathode electrodes
previously described, and hence the cathode electrode
in this case is strong against a shock. The grooves 4 of
the insulating base plate 3 are formed in the same man-
ner as in the foregoing examples and two grooves are
provided for each cathode electrode.

"FIG. 16 illustrates a further modified form of the in-
dicator discharge tube, in which an insulator as of ce-
ramic or the like or mica plate 12 is disposed between
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the insulating base plate 3 and the anode electrode 6 to
provide for enhanced insulation between the elec-
trodes. The shapes and relative arrangement of the
cathode and anode electrodes may be any of those in
the foregoing examples.

It is a matter of course that an anode electrode for in-
dicating a decimal point can be provided in any of the
indicator discharge tubes, if necessary.

As has been described in the foregoing, the indicator
discharge tubes of this invention avoid short-circuiting
between the cathode electrodes and blurring of the in-
terior surface of the air-tight envelope which result
from the sputtering of the cathode material and, as a
result of this, the indicator discharge tubes are ex-
tremely long-lived. Further, the indicator discharge
tubes has many advantages such as excellent insulation
between the cathode and anode electrodes and excel-
lent shock-proof property and so on.

It will be apparent that many modifications and varia-
tions may be effected without departing from the scope
of the novel concepts of this invention.

We claim as our invention

1. An indicator discharge tube comprising:

an insulating base plate having a first surface formed
~ with a plurality of grooves;

a plurality of cathode segments with one of said cath-
ode segments mounted in each of said grooves and
with their upper surfaces lying below said first sur-
face of said base plate, and

an anode electrode insulatingly mounted on said base
plate and lying in a plane over said cathode seg-
ments and formed with openings which define a
plurality of anode elements, said anode elements
positioned to overlie said base plate in the area be-
tween adjacent ones of said grooves to prevent me-
tallic particles sputtered from said cathode seg-
ments from being deposited on said insulating base
plate in the area between said grooves and thus

‘prevent breakdown of insulation by metallic parti-
cle deposition on said insulating base in the areas
between said cathode segments.

2. An indicator discharge tube according to claim 1
wherein certain of said openings of said anode struc-
ture are trapezoidal in shape.

3. An indicator discharge tube according to claim 1
wherein certain of said openings of said anode struc-

ture are six-sided in shape.
;’.e %* * * *



