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CHARACTER INDICATING ELECTRON TUBE
Mikihara Tanji, Ise-shi, Japan, assignor to Ise Electronics
Corporaticn, Ise-shi, Japan, a company of JYapan
Filed Oct. 19, 1967, Scr. No. 676,586

Claims priority, application Japan, Mar. 27, 1967,

42/19,047

Int. C1. HO1§ 7/42; HO1K 1/60

U.S. CL 313—109.5 6 Claims

ABSTRACT OF THE DISCLOSURKE

The character indicating tube in accordance with the
invention includes a sectionalized anode, a grid and cath-
ode and mcans for encrgizing selected anode scctions to
produce characters, such as the numerals 1-9 and 0, and
the like.

———————

This invention relates to an improved character indicat-
ing tube of the electron type which will provide an indi-
cation of any one of a group of numerals or characters and
whercin all of the characters are formed in a substantially
common planc.

Indicating tubes or devices for visually displaying no-
merals or other characters arc widely used in computers,
measuring apparatus, and the like, in order o provide a
visual display of information. 'The structure for conven-
tional indicating tubes generally embodies a plurality of
numerals or characters displaced in depth and scaled
withm a gas-filled envelope. Voltages are applicd to se-
lected electrodes thereby causing the selected electrode to
glow and provide an indication. Normally, the glowing
clectrode affords relatively low illumination and inasmuch
as the clectrodes arc placed in spaced in depth within the
enclosure, there is a variation in lumincscence depending
on the position of the elcctrode within the tube. Turther-
more, when a plurality of such conventional indicating
tubes are used for indicating a number of figures, the fig~
ures arc not all displayed in the same plane and in many
cases the displayed number cannot be casily read. Further-
more, conventional iubes require voltages as high as 170
volis in order to provide adcquate luminescence. If the
apparatus with which such tubes are utilized involves con-
ventional vacuum tubes, then the provision ol a high op-
erating voltage docs not afford any great difficnlty. How-
ever, in the case of transistorized or integrated cireuits, the
operating voltages are very low and separate power sources
are requircd for the indicating tubes.

Accordingly, one object of the invention resides in the
provision of a novel and improved indicating device which
overcomes the aforementioned disadvantages of known
indicating tubes and provides an improved (ubg capable of
operaling at a relatively low operating voliage.

Another object of the invention resides in a novel and
improved character indicating tube affording a relatively
high degree of luminescence.

Stll another object of (he invention resides in the
provision of a novel and improved indicating tube wherein
all of the characters arc disposed in substantially the samc
plane.

A still further object of the invention tesides in the
provision of a novel and improved indicating tube char-
acterized by ils simplicity, case of manufacture and rela-
tively long life.

The above and other objects of the invention will be-
comc more apparent from the following description and
accompanying drawings forming part of this application.

In thc drawings:

FIGURE 1 is a prospective view in partial section of an
indicating tubc in accordance with the invention;
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FIGURT 2 is a vertical cross-scctional view of the tube
shown in FIGURE 1; and

FIGURTES 34, 35, 3¢ and 3d are front elevational views
of the individual clements of the tube shown in FIGURES
1 and 2.

The improved tube in accordance with the invention
includes a hermetically sealed vacuum envelope, at least
one side of which includes transparent material, such as
glass, A cathode is arranged within the container and ad-
joining the (ransparcnt side thercof. 1’he cathode is ar-
ranged so that it will not interfere with the visual observi-
tion of any indicaled characters and may be formed of a
very fine, almost invisible wire capable of providing elec-
tronic emission when heated. A grid electrode formed of
a plurality of very {ine wires is positioned rcarwardly of
the cathode and controls electron cmission emanating from
the cathode. Tf desired, the next rearwardly positioned ele-
ment may be a characier forming electrode made of metal
and having openings formed thercin in a predeterminea
pattern to facilitaic the formation of the characters. The
rcarwardmost clement is a luminescent anode formed of
a metal layer shaped in a contour corresponding (o the
contour of a character to be mndicated on ihe surface and
carrying a layer of fluorcscenl malerial, Tf the anode is
to selectively indicate more than one type of character,
the anode may comprise u plurality of mutuzlly insulated
anode elements, each having a fluorescent layer and form-
ing a combined pattern. By seleclively cxciting diflerent
portions of the combined pattern, various characlers can
be visually displayed.

Appropriate Tead wires are connected to each of the
clements of the Inminescent anode, the grid electrode and
the cathode. These Iecad wires are, in [urn, connected (o
pins cxtending throngh the scaled envelope to fucililate
connection with external circuits.

With a character indicating tube as described above,
upon the application of 410 to +25 volis to the grid
with respect to the cathode and then upon the application
of a positive voltage of a similar magnitude to selected ele-
ments of the Iuminescent anode, any one of a group of
characters can be displayed. The luminescence can be ob-
served from the exterior of the tube nothwithstanding the
presence of the grid or cathode, In the cvent that the
character forming clectrode is provided the indicated char-
acter will be observed through the openings in that clec-
trode. When the anode comprises a plurality of anode
elements, it is appagent that any one ol a number of char-
aciers can be selected and displayed, It will be observed
that the operating voltage of about 25 volts is of the ordsr
of thal utilized in the operation of semi-conductor and ia-
tegrated circuits and, accordingly, affords o substantial ad-
vantage over prior known devices. Furthermore, since a
single luminescent anode is utilized, all characters are
displayed in the same plane, and, thercfore, the distance
between the observer and the indicated character will
not vary, notwithstanding the particular character being
displayed. Yurthermore, a rclatively high lumineseence is
obtained and the characters can be easily observed even
with high ambient light, Still an additional advantage
resides in the fact that a variety of fluorescent substances
may be ufilized so that a wide selection of colors is
allorded.

Relerring now to the drawings, the envelope 1 in the in-
stant cmbodiment of the invention is formed of glass and
it includes a lumincscent anode 2 having a ceramic base
plate 3 and a plurality of continuous ridges 4, 5, 6, . . .
12, 13 dividing the surfacc of the plale into cleven areas
21, 22,23, . _ _ 38, 31. Fach of the arcas 21-31 includes
a conduclive film 14 with such films being mutuaally in-
sulaled one from the other and coatings of flnorescent
material L5 overlying cach of the conductive films 14,
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If the anode is to indicatc a single characier then a con-
ductive film 14 would mercly be applicd (o the ceramic
basc 3 in the confipuration of the character and a fiuores-
cent coating would be dpp]icd to the conductive film.

A plurality of lead wires 16 cxtend through the back
side of the ceramic plate 3 and contact the conductive
films ¥4, The other cnds of the lcads are connected to
ping 17 extending through the envelope 1.

If desired, a character forming clectrode 18 s disposed
in Iront of the luminescent anode 2. Though such elec-
trode js not nccessary for the operation of the tube, it
does, however, afford improved appearance of the char-
acters being displayed. When the character forming clec-
trode is employed in a device for displaying a plurality of
characters, such as the numerals 1 9 and 0, it would in-
clude a plurality of openings 41-5§ as may be obscrved
more clearly in FIGURT 356, The openings 41--51 are co-
ordinated with the specific clements 21-31, picvicusly de-
scribed. Electrode 18 is securcd in overlying rclationship
{0 the anode by providing approprizle altaching means at
the wupper and lower portions of the cerumic base plale
3. A separale lead wire is conpected {0 the character [orm-
ing electrode and (o one of the pins 17,

A very fine mesh lype grid 20 is disposed in front of
the character forming clectrode 18 and has an arca at
Teast as large as the arca 'of clectrode 18. LThe grid is
held in position by supports 33, 33 and is connected
through a lead wirc 34 (o one of the pins 17, A cathode
35 formed of a single fing wire of the order ol 30-50
microns is disposed in front of the grid 20. tThe upper end
of the cathode is connected directly (o one of the pins
Icad wire 37 to one of thz pins 17 while the lower cnd
of the cathode is connected directly to one of the pins

17. A getter ring 38 is positioned at the top of the tube .

in order to remove residual oxygen remaining after evacu-
alion.

In the indicating tube, as described above, approxi-
mately 0.8 volt is applied (o the cathode 35 in order to
to heat it to a dark red color. A voltage of about 4-25
volts is applied to the grid 20 and to the character forming
elecirode 18. If the anode 2 is provided with a single char-
acter the application of a voltage of about 425 volis is
applicd to illuminatfe the churacter. If the anode contains
a plurality of clements, as illustrated in the drawings,
then by the application of a positive voliage of the ovder
of 425 volts to selected elements, the selecled elements
will be illuminated by recason of the emission from the
cathode which is accelerated by the grid and passes through
sclected openings in the character forming electrode to
illuminate corresponding elements of the anode. For in-
stance, if the nomeral 1 is to be displayed, the positive
voltage is applicd to the anode clements 24 and 28. The
cathode emission then will pass through the holes 44 and
48 in the character forming clectrode and excite to lumi-
nescence apode elements 24 and 28. The indicating tube,
of course, is viewed in the dircction of the arrow as in-
dicated in FIGURE 2.

If a signal voltage is applied to the anode elements 22,
25, 26, 27 and 30, the numeral 2 will be viewed through
the openings 42, 45, 46, 47 and 50 of ihc character form-
ing electrode 18. Similarly, through the sclective applica~
tion of the signal voltage to other anode clements the
numerals 3-9 and 0 can be displayed. The illustrated em-
bodiment of the invention (urther includes an clement 21
in the upper lefi-hand corner of the anode as viewed in
FIGURE 3« aod is aligned with the opening 41 of the
character forming clement shown in FIGURE 35. This
clement of the clectrode may be used to indicate an apos-
trophe or for any other similar purpose. The clement 31
on the anode is used to provide a decimal point and would
be observed through the opening 51 in the character
forming electrode 18.

As described above, the numerals can be readily ob-
served from the front of the tube, notwithstanding ibe
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presence of the cathodd, 25}01 the grid 20 sincc they are
both made of vcxy pe wire. T'uxlhc,r, <|1[h()u°h a vollage

to a pou,mm! eqlnl to m lower than
cathode, the cathode emission cannot reach the a ¢ and
thus lumincscence of the anods is provented
orid 2@ funcitions to diffuse the emissions [rorm the cathode
and also accclerale and decelerate emission from the
cathode.

In the illustraied embodiment of the invention, the char-
acter forming clectrode 18 is utilized and since it is polar-
ized at a voltage of -] 25 volls, any particles evaporated
from the cathode 35 will be gencrally absorbed by the
character forming clectrode. This minimizes deterioration
of the fluorescent malerial on the anode and accordingly
affords long tube tife.

Advantages of the character indicating tubc as described
above arc as follows:

(1) All characters and marks are indicated i the same
plane which greatly facilitates reading of fhe characlers
being displayed and overcomes the disadvantage of con-
ventional tubes having a pluralily of clectrodes displaced
in depth.

(2) I'he tube can be operated at voltages of the order
of 25 volts and is, thercfore, readily adapted for use with
low voltage circuits such as transistorized and inlegrated
circuits.

(3) The indicated characters are bright and clear be-
cause cach character is indicated by luminescence of flu-
orescent material on the anode surface and the outline
ol the character can be precisely defined by a character
forming clectrode.

(4) 'The structure of the tube is relatively simple and
can be manufactured casily and inexpensively.

(3) The tube has relatively long life as compared with
conventional character indicating fubes.

If desired, the character forming electrode may be
coated with an insulating material, such as alumina
(Al;03), magnesium  oxide (Mg0Q), chromic oxide
(Cr03), etc. These coatings incrcase the cathode emis-
sion rcaching t(he anode and thus cause the f{lnorcscent
layers to luminesce more strongly, Further, the lumines-
cent anode may be formed of beryllia ceramic or alumina
porcelain and then coated with a conductive [ilm and a
fluorescent layer. Thereafler, grooves may be formed in
the anode Lo provide a plurality of anode elements as pre-
viously described. Trurthermore, although the cathode was
described as once providing electron emission, it is un-
dersiood that photoelectric cathodes and other cathades
which emit electrons into space may also be utilized.

While only certain embodiments of the invention have
been illustrated and described, il 1s apparent that altera-
tions, modifications and changes may be made without de-
parting from the truc scope or spirii of the invention as
defined by the appended claims.

What T claimed js:

1. A character indicating tubc comprising o hermeti-
cally scaled evacuated cnveclope having at least one trans-
parent side portion, an clongated heated cathode adjoin-
ing the transparcnt side of said emvelope, a conductive
luminescent anode in substantially parallcl spaced rcla-
tionship to said cathode and facing said cathode and trans-
parent cnvelope portion, said lpminescent anode inchad-
ing a conductive portion and a layer of [luorescent mate-
rial on said conductive portion, said fluorescent material
facing said cathode, an accelerating grid interposed be-
tween said anode and cathode, said cathode and grid be-
ing formed to permit subsiantially unobstructed observa-
tion of said luminescent anode.

2. A character mdicating tube according to claim L
whercin said luminescent anode is formed with a pluval-
ity of mutually insulated conduclive anode clements ar-
ranged in a selected patiern, a fluorescent fayer overlying
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said conductive portions and mcans for selectively energ-
izing said conductive portions.

3. A character indicating tube according (o claim 1
wherein said cathode is a fine wire and said tube f{urther
mcludes means for heating said wire to effcet electron
cmission thercfrom.

4. A character Indicating tube according to claim 1
including a charactcr forming clectrode positioned be-
tween said grid and said anode, said character forming
elecctrode having a pluralily of openings theiein corre-
sponding to the configuration of the fHuorescent layer
forined on the surface of said anode.

5. A character indicaling tube according to claim 1
including means for applying potentials to said grid and
sald anode which ave substantially cqual and positive
wilh respect to said cathode.

6. A character indicating tube according to claini 4 in-

cluding means for cnergizing said grid, character forn- 20

ing electrode and anode positively with reference to said
cathode.
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8.3/9:50 A.M.: A 240-Character Vacuum Fluorescent Display and its Driving Ability
Kazuhiko Kasano, Tokuhide Shimojyo, Mitsuru Masuda and Kentaro Kiyozumi

Ise Electronics Corp., Ise, Japan

INTRODUCTTON

A flat puanel 240 character Vacuum Fluorescont
Display (VID) has been developed which can display
full ASCIY charactor font.

A great nuwber of flat panel numerical VEDs which
display bright green fipurcs under relatively low
driving voltage mnd power consumption huve boen usod
in caleulator, clock and ECR markets, (1)

As the next step, we developed single line charac-
ter VIDs having 20 to 40 characters where anode sub-
strates arc formed with milti-layer of thick conduct-
ive mand insulating films. 'They arc uscd in personal
computers, POS terminals, etc.

Now, the single 1ine charactcr VIDs have success-
fully oxtended to the multi-line, capable ol display-
ing 240 characters, in which both thin and thick {ilm
techmologies have been adopted for the anode sub-
strate.

DESIGN

Structure of this VKD is illustrated in Fig., 1,
wherc 240 characters are divided into 6 lines of 40
characters, and each character consists of %5 dots
(5 x 7) and a cursor. There arc 40 grids for time-
sharing control of the emission [low from the cathode;
a colum of 6 characters is covered by onc grid. A
sclection of forty grids enables one to aperate the
VED with duty factor of uapprox. 1/40 which leads to a
reasonably low voltage to produce high bhrightness as
found in Table 1. In this case, total of 258 lead-
outs (36 x 6 = 216 leuds f(or the anode, 40 for the
grid and 2 for the cathode) arc necessary.

The character size is 5(I) x 3.5(W) mm and the dot
0.5 mm square. Spacing of lines and columns are
cquivalent to 3 dots and 2 dots respectively.

Display overall is 250(L) x 100(W) x 14.5(1) mm,

TABRICATION

Preparation of Anode

Lt is an Jmportant factor to reduce the cross over
puints in the anode wiring in order to increase yield
and reliability of the device through forming a simple
insulating layer. The mnode substrate is formed with
only three layers and there ure only iwo cross over
points per dot. A simple three layer structure which
consists of the First Al-thin film conductive layor
for lead wiring, the glass thick €ilm insulating layer
for cross over and the second Al-thin film conductive
layer [or anode electrode is lormed on a glass plate.

Approx. 1.5 um thickness Al-{ilm is deposited on
all over the surface of a nomal soda-lime glass plate
by DC magnotron sputtering. Then it is etched to the
[ine pattern as shown in Fig. 2 using photolitho-
griaphy, which is served as the first conductive layer.

The glass insulating layer having 20 to 30 pm in
thickness is screen printed on the processed substrate
so as to produce thru-holes only on the dots with the
accuracy of the positioning within 75 ym.

The second conductive layer is deposited only on
the thru-hole points of insulating layer by DC ma g-
netron sputtering using a mctal mask., Dot of the
second conductive layer has a size of 0.5 um squarc
and contacts te the first conductive layer through
thru-hole,

The cross section of the anode structure thus
tormed 1s illustrated in Fig, 3.

58  SID 79 DIGEST

Asscmbling and Fxhawsting

This process is the sume as our previcus VED:
1) phosphor is electrophorctically deposited on the
unode clectrodes, 2) mesh grids are fixed, 3) two
filaments coated with cuthode materials are stretchod
over g character line, 4) window plass is sealed with
Frit, 5) the bulb is exhausted and tipped off at
upprox. 1 x 1070 Torr.

DRIVING

Driving diagram of this VID is shown in Tig. 1.

A microcomputer :md an cxternal ROM/RAM have bhecn
adopted for this driving circuits.

CPU controls the whole driving circuits and I/0
data to the host system.

ROM contains the full ASCIT character patterns and
the control program, RAM memorizes 240 character
data which come from the host Systenm.

Scamning of column from left to right is controllcd
by shiflt registers for the grid.

There are shift registers and latches for the
anode. A series of 8 hit parallel signals from (PU is
shifted 5 times to complete one character pittern.
This process should be repeated 6 times to complete
6 characters in a colum. And then, thesc patterns
arc latched. When grid scanning pulsc sclects the
Teftmost column position, the first latched 6 churac-
ters are pushed off to the display, and next 6 char-
acters are input to the shift registers during this
display timing.

‘the above cycle is repeated 40 times for onc
display cycle,

CONCLUS 10N

A new [lat pancl 240 character VED having average
brightness of 220 fL under standard operating cond-
tion (shown in Tablc 1) has been produced with a
combination of thin and thick Film technologies,
which is proved to be effective for increasing of
yicld and reliasbility of this device.

Adopt of pal simplified the driving circuits, which
opened the way for the wido applications, especially
read-out of middle class of the intelligent torminals.

Reference:
1) K.Kiyozumi, ct al. "Tlat Pinel Multi-Digit Fluo-
rescent Display' SID 76 Int'l Symp. pl30 § pl131

Table 1
Electrical Characteristics
Lem ()pzlt:gTLli]jéd((md Note
Filament Vol 1: 8.8 Vac r,m,s? .
Filament Curr, 312 mAac T.L 5.
Anode Volt. 50 Vp-p du=1/45,p.w=100 ps.
Anode Curr, 4.5 mAp-p per character
Grid Volt. 50 Vp-p du=1/45,p.w=100 ps.
Grid Curr. 27 mAp-p per colum,
Cut-off Volt. -12  vde against to cathode
Brightncss 220 L averige per dot
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