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'§awd an apparatus for driving-li utilizing cathoadelu-

METHOD OF AND CIRCUIT FOR DRIVING

CATHODELUMINESCENCE TYPE LIGHTING DEVICE

BACKGROUND'OE_THE-INVENTION .

The present invention relates to a method of and an
S apparatus for driving lightiﬁg- devices utilizing
cathodeluminescence. More .particularly, the invention is
directed to a method of and a ci;cuit for driving a lighting
devicé suitable fdt use as a light source for an image ihput
apparatus such as an image scanner, a digital copying machlne,
10 or a facsimile machine, or as a large display such as an
- outdoor television-type display.
‘ In lieu of conventional light sources such as fluorescent
lamps and line halogen lamps used as a line light source in'aﬁ
,image input.apparatus-or the like, a light“source utilizing
1S cathodeluminescence, éuch' as disclosed in Japanese Patent
Unéxamined Publication No. 73970/1981, has been broposed as a
light source having low power consumption.
Figure 1 is a sectional' view of a conventional
cathodeluminescence type light source.” The construction of the
20 conventional light source will be described ‘with reference to
Figure 1. | |
Reference numeral 10 -aesignates a glass tube that is
-evacuated to a ‘predetermined degree of vacuum. Along the

length of the glass tube 10 extends a cathode 12. Reference
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bscence. More particularly, the invention'is directed t ¢ THISSHEBD HAE BERN

i
rcuit for driving a lighting device suitable for use ag a |ighp{ASeDr ce

(@) 3.;:/

for{an i mage i nput apparatus such-as an inmage scanner, a ditgirtat—copyrng
nacﬁlne or a facsimle machine, or for a {arge dlsplay such as an out door

tel ¢vi sion-type display.

numeral 14 dc:ignates.a glass substrate, & iront surface of
which is coated with a phosphor 16. An anode 18 is deposited
on the phosphor 16. The anode 18 is made of an aluminum thin
film that sexrves as a metal backing. A griq'zo, which is a
control electrode, is interposed between éhe cathode 12 and the
anode 18, and ié made of a metal plate having slits 11 of a
length of about 0.3 to 1 mm. Commonly used as the phosphor
materials are those including zinc sulfide (2nS) as a base.
material, such as 2ZnS with copper (Cu) and aluminum (Al). The
0 light-enitting efficiency of these phosphor materials is high.
A high voltage of about 8 kV is applied to the anode 18 of
the light-emitting tube by an ordinary power supply E2, whereas
a voltage V4 on the order of several volts is applied to the.
grid 20 by é power supply E4. '
5 A driving method will be described next. Japanese Patent
Unexamined Pubiicatién No. 3740/1978 discloses a method of

driving the cathodeluminescence type light source. Figure 2 is

a timing chart fox dfiving such light source. CTLon designates
a lighting signal input to a cathode drive circuit (not shown).
o Cathode drive siqnalé Ekl and Ek2, which are output siénals
‘generated from the cathode drive circuit, are applied to the
terminals K1 and K2 -of ‘the cathode 12 of the light-amitting
tube shown in Figure 1. The generation of the lighting signal

CTLon is repeated with a cycle time t0 based on a turning-off

period t.e and a lighting period t.
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In llieu of conventi.onal |ight sources such .as " f1 uor escent |H'H§SS% hiAsh BEEN
hal dgen |l anps used as a line light source in an image input appﬁEELAﬁEDor
theili ke, a light source utilizing cathodel um nescence, suc I SCI 0S€
i n Japanese Patent Unexam ned Publication No. 73970/ 1981, has been pr o-

posaed as a |light source having | ow power. consunpti on.

i Duxing the turning-off period t. s, the voltages of the
cathode drive signals Ekl and Ek2 are V2 and V1 ,lrespectively.
The voltages V2 and V1 are higher than the voltage V4 applied
to the grid 20. When the voltages V2 and V1 are applied to the
s terminals K1 and K2 of the cathode 12, a difference in voltage
Av=v2 -1 _is supplied to the cathode 12 to cause the surface .
of the cathode to easily release thexrmoelectrons 24 (described
lAter) by Joule heating.

~ However, since the voltages V2 and V1 applied to the
0 terminals Xl and K2 of the _ca;c.hode 12 are higher than the
volt_age vé appli.ed tc; the grid 20, there is no emission of
thermoelectrons 24 from the cathode 12.

During .the lighting period t.,,, the voltages of the cathode
drive signals Ekl and Ek2 both are 0 V. Since the voltage of
s the cathode 12 is lower than the voltage V4 applied to the grid
20, the cathode 1.2 is heated by remaining heat, releasing

thermoelectrons 24.

The thermoelectrons 24 pass through the sl.Lts 11 of the
grid 20 and coll:.de ‘against the anode 18, to which the high
) voltage is applied. The thermoelectrons 24, having passed
through the anode 18 formed of a thin film, collide against the
phosphox 16, causing'caghodoiuminopcanca,to occux.

The rate at which thqémoelcctrons are amitted from the
surface of tha cathode 12 depends on the surface temperature of

the cathode 12. When a thermoelectron emitting substance

-3 -

- a

ThlS Sheet Has Been Re

(W lI




Fl 1 is a sectional view of a conventional “cathodel u- nj mgigcSHEE HABEBEEN
l,i ght source. The construction of the con--ventional |igh sourm&pmtm be
desicribed with reference to FIG 1. Reference nuneral 10 Hestgrates—aghass
tub\e that is evacuated to a predeterm ned degree of vacuum Al ong the

called an emittex material (not shown) 1s coated on the surface
of the cathode 12, thermoelectrons are usually emitted
therefrom at an.adequate rate at surface temperatures of 500 to
700°. However, if the temperature is too hiqh_; evaporation of
the emitter matexial is promoted, reducing the rate of emission
of thermoelectrons. As a result, the amount of light emitted
from the light source is impaired drastically. On the other
hand, if the temperature is too low, the emission of |
thexrmoelectrons is not sufficient. To overcome this problem,
D three points, namely, the conduction voltage, the cathode
resistance, and the conduction duty cycle at the time of
operation (i.e., the ratio of the off period t.; to the
lighting cycle t, in Figure 2) relevant to heating the cathode
must be properly selected befoie driving the cathode.

5 However, in a lighting device used for an image input
apparxatus orx tﬁe like, the integrated value of an amount of
light stored in a CCD of a photoelectric transducer of the
apparatus ba be made adjustable by making the lighting period
t,, of the lighting device variable to increasa the accuracy of

the output signal from the CCD. Howevexr, 1i1f the lighting

period t, is varied in the conventional drive cirxcuit, the off
perxiod tT.,s must also be varied .(a'ssuming the lighting cycle
time t, is fixed). That is, the conduction duty cycle must be
varied, which puts the surface temperature of the cathode 12

out of proper range, thﬁs shortening the life of the light-
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th of the glass tube 10 extends a cathode 12. Referenc
gnates a gl ass substrate, a front surface of which is Foat edREMAGER
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16. An anode 18 is deposited on the phosphor 16. =rrode 18 IS

of an alumnumthin filmthat serves as a netal backing. A grid 20,
h is a control electrode, is interposed between the

emitting tube.

The invention has been made in view of such problems.
Accordingly, an object of the present invention-is to provide a
method and apparatus for driving a cathodeluminescence type
lighting device that can adjust the lighting period variably
and maintain a long life of the lighting device. This object-
is solved by the method of independent claim 1 and the
apparatus of independent claim 4. Further advantageous
features, aspects and details of the invention are evident from
the dependent claims, the description and the drawings. The
claims are intended to be understood as a first non-limiting
approach of defining the invention in general terms.

The invention provides a method of and a circuit for driving a
lighting device suitable for use as a light source for an image
input apparatus such as an image scanner, a digital copying
machine, or a facsimile machine, or as a large display such as
an outdoor television-type display.

A driving method provided by a specific aspect of the invention
repeats, at a predetermined lighting cycle, the steps of:
heating a cathode of the lighting device by electric conduction
to the cathode; emitting 1light by causing the cathode to
release electrons without conduction to the cathode; and
reposing without causing the cathode to release electrons with
no conduction to the -cathode. At least the period of the
light-emitting step and the period.of the reposing step are

variable.

According to a further specific aspect of the inventioh, a
driving circuit is provided which includes: a first control
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cat Hode 12 and the anode 18, and is nmade of a nmetal plate hAMISAGHEET HAS1BEEN.
of g length of about 0.3 to 1 mm Commonly used as the phojphor RERLAGER s
are {those including zinz sulfide (ZnS) as a base materi al, '
copger (Cu) and alum num (Al). The light-emtting efficiency of these
phogphor materials is high.

section for controlling a potential of a first terminal of
the cathode; and a second control section for controlling

a potential of a second terminal of the cathode. The first
control section and the second control section operate
during a lighting period, a heating period, and a dummy
period. The lighting period, the heating period, and the.
dummy period are repeated at a predetermined lighting cycle
and are successively generated. The first control section
2
I
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gh voltage of about 8 kV is applied to the anode 18 of{| THI§ SHEET HAS BEEN
ht-em tting tube by an ordinary power supply E2, WnereqS a VHEp pv4 on
order of several volts is applied to the grid 20 by a .
iving method will be described next. Japanese Patent Unexam ned

i cation No. 3740/ 1978 di scl oses a rret hod

controls the potential of the first .terminai'. to a potential
lower than a potential of the control grid during the lighting
period, and controls the potential of the first terminal to a
potential higher than the poten_tiai of t?xe cont::rol grid during
the periods other than the lighting period. The second control
section controls the potential of the second terminal to a
potential higher than the potential of the control grid and-
different from the potential of the first terminal during the |

heating period, and controls the potential of the second

) terminal to a potential e_q.ua.l' to the potential of the first

terminal during the periods other than the heating period.

According to a specific aspect, the invention is characterized as having

the heating period, the lighting period, and the reposing period in a

single lighting cycle. Wwhen the lighting period is adjusted
variably, the heating period can be maintained constant by

varying the reposing period in accordance with the adjustment

of the lighting period. Therefore, even if the lighting period
is adjusted, the temperature of the cathode can be maintained
within a propex ranga,'thareby contributing to extending the

sexrvica life of the light-amitting tube.

Figure 1 is a sectional view showing the construction of
a conventional light source utilizing cathodeluminescence)

Figure 2 is a timing chart of a cathode drive circuit in
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of 'dri ving the cat hodel m nescence type Ii.ght source. FIG 2 isTHsbSts'HEEpg.,As BEEN
charft for driving such light source. CTLon designates a |ightfing Sh@ﬂ%CH]

input to a cathode drive circuit

the conventional light souxce;

Figure 3 is a perspective view showing an example of a
1i§ht-emitting tube to which a drive circuit of the invention
is applied;

Figure 4 is a.diagram sho;ﬁnq in block fS&m an exemplary
drive circuit of the invention for the light-emitting tube

shown in Figure 3, together with a schematic sectional view of"

the light-emitting tube;

Figure 5 is & timing chart illustrating the operation pf
a cathode drive circuit within-the drive circuit of Figure 4;

Piqure 6 is a circuit diagram showing an example of the
cathode drive cirxcuit performing the operation of Figure 5;

Figure 7 is & circuit diagram showing another example of
the cathode drive circuit within the drive circuit of Figure 4;

Figure 8 is a timing chart illustrating the operation of
the cathode drive circuit of Figure 7;

Figure § is a perspective view showing a light-emitting
tube 110 of a lighting device for a co}or image input apparatus
to which a drive ;j;fcuit of the invention 1is applied;

Figure 10 is a:coctibnal view taken aloﬁg a line A-A’ of
Figure 9; | |

Figure 11 is a partially enlarged view showing a gxid
electrode 104 and separators _106~BB, 106-BR, 106-RC, and 106-CC

in rigure 9;

Figure 12 is a partially enlarged view showing the grid

This Sheet Has Been Reﬂlaced . 7 -

[T —




REPLJACEMENT SHEET -2- (not shown). Cathode dfive signals ENTHI$ISHEED, HAShBEEN
gre putput signals generated fromthe cathode drive circuit], areppppigegd to

the termnals KL and K2 of the cathode 12 of the light-emt
G 1. The generation of the,

in F

amare,

electrode 104 and inverted C-shaped separators 161-B, 161-R,
and 161-G, which can be applied to the light—émitting tube of
Figure 9; '

FPigure 13 is'a diagram.shgying in block foim an example of
a drive circuit of the invention for the lig£t~emitting tube
110 together with a partial sectional view .of the light-
enitting tube 110; '

Figure 14 is a circuit .diagram of a red light-emitting = -
circuit 166-R within the cathode drive circuit 166 of Figure
13; and o

Figure 15 is a timing chart'illustrative of an operation

of the cathode drive circuit 166.

Preferred embodiments of the invention will hereunder be
described in detail with referénce to the drawings.

Figure 3 is a perspective view .showing an example of a
cathor:ieluminescence type lighting tube to which a drive .circuit
of tha invention is applied. A phosphoxr 16 for
cathodeluminescence is coated on the inner surface of a front
plate 28 of the lighf—e:nitting tube 26 in guantities of 0.1 to
100 mg/cm2, -most preferably 4 mg/cm?, along the length of tha
light-emlt.ting tube 26. The phosphor 16:-is covered with an

anode 30 made from aluminum, the anode being formed by vacuum

-8 - This Sheet Has Been Replaced




Iig;hting signal CTLon is repeated with a cycle tinme t[err] lﬁ%&ﬂg Taw‘s BEEN
ng-of f period t[err] and a lighting period t[err]. During tﬁ&“ﬁCED
ng-off period t[err] the voltages of the cathode drive Signals Ek1 and

t.ur ni
tur ni

Ek2 §re V2 and Vi,

respec- tively. The voltages V2 and V1 are higher than

t he yol tage V4 applied to the grid 20. Wien the voltages V2 and V1 are

evaporation in thicknesses of 0.1 to 0.4 um.
A back electrode 34 extends on the inner surface of a back

plate 32 of the light-emitting tube 26 along the length of the

back plate. 32. The back electrode 34 is made from aluminum by

vacuum evaporation or the like. Immediately above the back
electrode 34 is a wire-like cathode 36. The cathode 36 is a
tungsten thin wire 50 to 100 pm in diameter. An enmitter
material (not shown) is coated on the surface of the cathode
36. A. grid 40 made of a :ﬁetal .plate that has a .piurality of
apertures 42 formed by blanking }_-electroforming or the like, is
arranged at such a position as to shield the anode 30 from the
cathode 36. The anode 30, the grid 40, the cathode 36, and the
back electrode 34 are electrically driven to conduct by a drive
circuit 44 (described later) wvia a terminal’ that extends

externally from the light-emitting tube. Reference numeral 46

| designates an evacuating tube that evacuates the light-emitting

tube to a pressure of about 100 to 0.1 méa. The light-emitting
tube is thereafter .sealed by melting the evacuating tube 46 by
heating with a gas burner.

Figure 4 shows in block form an example of a drive circuit
of the invention for the light-emitting tube 26 shown in Figure
3, togethex with a gchematic saectional view of the light-
emitting tube 26. -

The drive circuit 44 includes three dc constant voltage

power supplies E2 to E4 and a cathode drive circuit 48 for -
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vol tRge [err]V=V2-Vl-is supplied to the cathode 12 to C
athode to easily release thernoel ectrons 24 (descr|_ bed

t he
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heat §ng. However, since the voltages V2 and V1 applied to the termnals Kl

and

of the cathode 12 are hi gher than the

lighting contrxol.

A high voltage on the oxrder of 8 kV is applied to the
anode 30 by the power supply E2. A voltage V4 on the order of
several volts is applied to the grig 40 by the power supply E4.
An appropriate voltage is applied to the back electrode 34 b&
the power supply E3. " Such voltages are applied to maximize the
amount of thermoelectrons emitted by the cathode 36. Both-
terminals K1 and K2 of the cathode 36 are connected to the |
cathode drive circuit 48.

Figure 5 is a timing cha;t illustrating the operation of
the cathode drive circuit 48. CTLon and CTLh designate signals
input to a lighting signal finput terminal Con and a heating
signal input terminal Ch, respectivelj. Reference characters
Ekl and Ek2 designate drive voltage signals supplied to the
terminals K1 and K2, respectively. |

During a period t, (heating period), the cathode drive
voltage signal Ekl is a predetermined voltage V3 (e.g., 23 V),
and the othexr cathoda drive voltage signal Ek2 is a
predeterminaed voltage V1 (e.g., & V). Then, a différence in
voltage AV = V3 - V1 is produced b:let{aean the terminals X1 and
K2 of the cathode 3§, enabling the surface of the cathode 36 to
easily emit thermoelectrons 24 by 'C.l'oulc héating.

However; since the volt:gas V3 and V1 respectively applied
to the terminals X1 and K2 of the cathode 36 are higher than

the potential V4 applied to the grid 40, no thermoelectrons 24

" This Sheet Has Been I|eﬂlaoed '
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voljt age V4 applied to the grid 20, there is_no enission of t Et

24 fromthe cathode 12. During the lighting period t[err] th ég; Hﬁé BEEN
t het cat hode drive signals Ekl and.EK2 both are 0 V. Since th

t he} cat hode 12 is | ower than the voltage V4 applied to the grid 20 the

cathode 12 is heated by rémaining heat, rel eas-

are emitted from the cathode 36.

Then, during a period t, (lighting period), which is
between the moment at which the.lighting sigpal CTI&n rises
from 0 V to 5 V and the moment at which the "lighting signal
CTLon drops to 0 V again, both cathode drive voltage signals
Ekl and Ek2 axe 0 V, which makes the voltage at the cathode 36
lower than the applied voltage V4. As a result, the
thermoelectrons 24 are released from the cathode 36 heated by
the remaining heat. The therpoélectrons 24 ‘'pass through the
apertuxes 42 of the grid 40 and collide against the anode 30 to
which a2 high voltage has been applied. Further, the
thermoelectrons 24 having passed through the anode 30 made of
a thin film then collide'ﬁgainst the phosphor 16 to produce
cathodelurinescence.

Lastly, during a period t; (dummy period), the lighting
signal CTLon and the heating signal CTLh are both at 0 V. A&s
a result, the voltage of both cathode drive signals Ekl and Ek2
is V1. Since theré is no difference in voltage between both
terminals of the cathode 36, tha-caéhode 36 is not heated in a
manner similar to the lighting period t,,. Further, since the
voltage V1 applied to the terminals K1 and X2 of the cathode 36
is higher than the voltage V4 applied to the gxid 40, no

thermoslectrons 24 are aemitted from the cathede 36.

In this timing chart, to variably adjust the lighting

period t,, the cycle time t, and the heating period t, are
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I n@ t hernoel ectrons 24. The thernoel ectrons 24 pass through t EH$I$HEﬁlgA9ﬁFEN
theg grid 20 and col |i de agai nst the anode 18, to which the hifgh volgg ocH

apd i ed. The thernoel ectrons 24, having pasSsed through the an '
of thin film collide against the phosphor 16, causing

cathodel um nescence to occur.

fixed, whereas the lighting period T,, 15 varied within the
ﬁ range of t; -~ t;. Accordingly, only the luminous duty cycle can
be varied with the heating duty cycle maintained constant.
Figure 6 shows an exemplaxy circuit of the cathode drive
circuit 48 shown in Figure 5.
This cathode drive circuit 48 has two operational

amplifier§ OPl and OP2, to which the dc voltage V1 is applied

by a power supply ES8 as.a.supfly voltage. A thrgshold voltage
V0 (e.g., 1.5 V) is applied to boﬁh inverting input terminals
) (=)-

One of the operational amplifiers OP1 has a non-inverting
input terminal (+) connected to the signal input terminal Con
so that the lighting signal CTLon can be received thereby, and
the output terminal thereof is conpected to the contxol gates
of two complementary transistors 521 and Tr2 through a set of

dividing resistoxs R2 and R3 and through a set of dividing

resistors RS and R4, respectively. The output terminals of the
complementaxry transistors Trl and. T2 are connected to the:
cathode terminal K2. |

The othex operational amplifier OP2 has a non-inverting
input terminal (+) connected to the signal input terminal Ch so
that the heating signal CTLh can be received thexeby, .and the
output termihal thereof co;;ected to the base of a switching
transistor Tr4 through a resistor R8. The emitter of the
switching transistor Tr4 is grounded, and the collector thereof

R —
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The rjate at which thernoel ectrons are emtted fromthe sur
e 12 depends on the surface tenpera-.ture of the cathode fﬁ?LAQﬁ%n a
el ectron emtting substance called an emitter material (not shown) is

on the surface of the cathode 12, thernoel ectrons are usually

cath
t her
coat

F TS %ﬁEﬁThQAS BEEN

emttjed therefromat an adequate rate at surface tenpera-

is connected to the control gate of the transistor Tr3 through
a resistor R6. The voltage V3 which is a voltage combination
of the voltage V1 of the power supély E8 with a voltage of the
power supply E5 is applied _to the control gate of the
transistor Tr3 through a resistor R7. The voltage V3 is also
applied to the source of the transistﬁr Tr3. The drain of the.

transistor Tr3 is connected to the other cathode terminal Kl.

The operatioh of the.circuit will be described below. An
operation during the heating period t, will be described first.

When the heating signal CTLh has risen to § V from 0 V,
éhe output voltage of the operational amplifiex OP2 rises to V1
from 0 V, which causes the transistor Tr4 to tuxrn on and the
potential of a node of the resistors R7 and R6 to become almost
0 V. Then, since the transistor Tr3 turns on, the veltage V3
is applied éo zhe terminal K1 of the cathode 36.

Durihg this heating period t;, the output voltage of the
operational amplifier OPl1 is 0 V. As a xasult, the transistor
Trl turns off, whereas the transistor Tr2 turns on, which
causes the power supply ES to apply the voltage V1 to the
terminal K2 of the cathode 35.

As the voltages V3 ahd V1l are then applied to the
terminals X1 and K2 of the Eacnoae 36, the cathode 36 is heated
with current passing therethrough.

The operation of the cirxcuit during the llghting period t,

This Sheet Has Been Replaced
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of 500 to 700. However, if the tenperatd}e is too higﬁﬂSqMﬁﬂqrﬁA%QQEN
e emitter material is pronoted, reduc- ‘ing the rate qf eniﬁﬁpﬂﬂ;
t hegnoel ectrons. As a result, the.amount of light emtted %¥+remthe

hi

sourfce is inpaired drastically. On the other hand, if the tenperature is

t oo

the em ssion of thernoelectrons is not sufficient. To over-

will be described next.

When the lighting signal CTLon has risen to'S:V from 0 V,
the output voltage of the operational amplifiex OPl becomes V1.
Since this causes the transiztor Trl to turn on and the
transistor Tr2 to turn ‘off, the voltage at the terminal K2 of
the cathode 36 is almost 0 V.

Since the heating signal CTLh is at 0 V in this instance,
the output voltage of the operational amplifier OP2 is 0 V,
leaving the transistor Tr4 t_urnez_i off. As a result, the
transistor Tr3 is turned off, which opens the curxrent loop
flowing throﬁgh the cathode 36. Conéequently, the terminal K1
of the cathode 36 is at 0 V, which is equal to the potential at
the terminal K2.

The opefafion of the circuit during the dummy period (tg)
will be described. .

When the lighting signal CTLon has dropped to 0 V from 5
V, the output voltage of the operational amplifier OPl drops to
0o wv. Then, tho transieto:f Txl 'i's turned off,. and the
transistor Tr2 turns on, causing the voltage at the terminal K2
of the cathoé.e 36 to become 'the voltage V) of the power supply
E8. _

Since the heating slqgal crih is at 0 Vv at this éime,
similar to the lighting period t,, the current loop flowing
through the cathode 36 is open. As a result, the poténtial at

the terminal K1 of the cathode 36 is V1, which is egual to the
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this probl em three poi nts, nanely, the-conduction vol tTét'é]% SHERL HAS BEEN.
hode resistance, and the conductlon duty cycle.at the tijne of REPAGEDi on
e., the ratio of the off period t[err] to the lighting cycreTo in FIG
rel evant to heating the cathode nust be properly selected before dr|V|ng

cat h- ode.

potential at ihe terminal X2.

In the drive circuit shown in figurea 5 and 6, the heating
duty cycle of the cathode'36 is t,/t,. Thus, if the lighting
cycle t, and the heating period t, are kept éonstant at all
times, then the heating duty cycle is constant, thereby keeping
the surface tgmperature of the cathode within a predetermined
range. The lighting period t, can be variably adjusted
independently of the heating period t, by using the dummy

period t,.

Ho ~ The variable range of the lighting perxiod t, is between
0 and t, - t;,. Therefore, the variable range of the lighting
period t,, can ba increased by increasing the vdltage V3 of the
cathode drive signal Ekl during the heating pexiod t, shown in
rigure 5 as much as posaible, so that the heating duty cycla
b can be decreased, f.e., the period t, can be shortened as much
as the voltage V3 is increased,

Figure 7 shows another exemplary circuit that can be used
as the cathode drive circuit 48 of Eiéure 4, and Figure 8 is a
timing chart showing an operation thereof.

The cirxcuit shown in Figﬁre 7 is advantageous in that the

construction thereof is simpler than the circuit shown in

Figure 6.

Further, the operation shown in Figuré 8 has a feature

that the lighting pexiod t,, comes first and that the'heating

period t, starts in response to the end of the lighting period
-
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However, in a lighting device used for an imge input a'ﬁ-uaramﬁ’ H)AS tBIEeN
the integrated val ue of an anount of, RH%ACED

€,

tm- MOre specifically, th; lighting signai CTLon is generatad
at an independent timing, whereas the heating signal CTEkh is
generated at a timing dependent on the lighting signal CTLon.
One of the advantages 1n this system is that when the lighting
device is used as a light source of an image input apparatus,
the image reading period can be easily synchronized with the.
lighting period. The reason is that the lighting signal CTLon
can be generated in direct synchronism with a pulse signal that

is generated by the image input apparatus and synchronlzed with

the reading perzod. In contrast thereto, in the operation

shown in Figure 5, the lighting signal CTLon is generated at a

'timing dependent on the heating signal CTLh causing the

lighting signal CTLon to rise upon dropping .of the heating
signal CTLh. Therefore, the lighting signal CTLon cannot be
generated in direct synchronism with the pulse signal from the
image input apparatus . | .
The circuit illustrated in Figure 7 will be described
below. |
A transistor Trll receives the lighting signal CTLon on
the base thereof through a resistor Ril. The emitter thereof
is grounded and the collecto:c thereof is connected to a dc
constant voltage supply {e. g. , 24 V ¢ 10%) through a resistor
R12 and to the base of a transistor Trl2. The transistor Trl2
is connacted to the above-mentioned d¢c constant voltage.supply;
the emitter thereof is connected to the terminal K2 of the
-_
Sheet Has Been Re; laced - 15 -
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ht stored in a CCD of a phot oel ectric transducer of the

nafge adj ustable by making the lighting period t[err] of theg |ighREPOs(EgVi ce
vafgi abl e to increase the accuracy of the output signal fronTtThe—€EB:

ci
cygl e

ver,
cuit,

|alfSrSHEES HAS BEEN

if the lighting period t[err] is varied in the ‘conventional drive
the off period t[err] nust also be varied (assumng the lighting

cathode and groundeqd through a resistor R13. Between tha base
of the transistor Trl2 and ground is connected a zener diode
ZDl whose zener voltage ig, e.g., 25.8 V and whose function is
to clamp variations in the dc woltage supply on.the high side
of the nominal voltage.

A transistox Trl3 receives the heating signal CTLh on the'
base thereof through a resistor Rl14. The emitter theraof 1s
grounded, and the collector is connected-to the base of a
transistor Trl4 through a zéner diode 2D2 whose éener voltage
is, e.g., 7.4 Vv and which ~is connected in the <forwaxd
direction. The transistor Trl4 has a resistor RlS5 interposed
between the gmitter and the base théfeof, with the emitter
connected to the terminal Kl of tﬁe.cathode and the collector
grounded. _

The operation of the circuit will be described with
reference toc Figures 7 and 8.

As shown in Figure 8, upon initiat_ion of the lighting
cycle t,, the lighﬁing signal CTLon xises to S V from 0 Y'gnd
drops to 0 V after a'predetermined'lighting period t,. In
response to the drop of the lighting signal CTLon, the heating
signal CTLh rises to 5 V from 0 V and drops to 0 V after a
predatermined heating period t,.

Referri;q to Figura 7,';pon rising of the lighting signal
CTLon at the starxt of the lighting period t.., the transistorx

Trll turns on and the txansistor Trl2 turns off. As a result,

- 17 =
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e t[err] is fixed). That is, the conduction duty cycle nLSm—IBJESHEﬁTll&& BEEN
I ch puts the surface tenperature of the cathode 12 out of propeREpgunQ

Tl

tRus shortening the life of the light- emtting tube. SUMVAR¥ HHE
ENTI ON The i nvention has been made in view of such problens.

the terminal K2 of the cathode 36 is grounded to be at 0 V, as
shown in Figure 8.

Since the heating signal CTLh is at 0 V at this time, the
tians.\‘.stor Trl3 is turned off, T.rh_ich means that the transistor
Tri4 is turned off as well., Therefore, the current loop
flowing through tl';e cathode 36 is open. As a result, the.
potential at the cathode terminal X1 becomes 0 V, which is
equal to the potential at the other terminal K2.

In this way, the voltage of each of the terminals K1 and
K2 of the cathode 36 is 0 Vv, that is, lowar than the grid
voltage V4 during the lighting period t,, so that electrons are
emitted from the already-heated cathode 36 and collide against
the phosphor of the anode after being accelerated by the grid.
As a result, the emission of light starts.

At the end of the_ lighting period t,,, the lighting signal
CTLon drops, and simultaneously therewith the heating éignal
CTLh rises. When the 1lighting signal CTLon c_l.fops, the
transistor Trll turns off, which caqseé the transistor Txl2 to
turn on. As a result, the potential of the cathode terminal K2
connected to the emitter of the transistor Trl2 becomes almost
23 V (V3), which is obtained by subtracting the voltage drop of
the transist?z‘ Tr1l2 from.thg_ power. suppiy voltage(24 V),

Furthex, since tha trans.istor Trl3 turns on. and the
transistor Trl4 turns on at the rising of the heating signal

CTLh, the potential of the cathode texminal X1 becomes almost

Sheet Has Been Replaced
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cordingly, an object of the present invention is to provi dgHig SEEHToHAS BEEN
i ving a cat hodel um nescence type |ighting-device that can adJ USREPUQ&D
ghting period variably and nmaintain a l'ong life of the Ili +-Rg—Ee Ve

dgi ving nethod provided by the invention repeats, at a predetern1ned

ghting cycle, the steps of: heating a cathode

8 V (V1), which is obtained by adding a base-emitter voltage of
the transistor Trl3 to the zener voltage 7.4 V. '

In this way, the voltage of one terminal X2 of the cathode
36 is 23 Vv (V3) and that of the other terminal K1 is 8 V (V1)
during the heating period t,, which causes current to Iflow
through the cathode 36 to heat the cathode 36. However, since
the potential V3 of the cathode 36 is higher than the potential
V4 of the grid, no electrons are emitted. |

At the end of the ‘heating period t,, the heating signal
CTLh dxops. As a result, both transistors Trl3 and Trl4 turn
off, which in turn opens the current loop passing through the
cathode 36. Sinée the voltage of the cathode terminal K2 is 23

| V (V3) at this time, which is egual to that during the heating
period, the voltagé of the terminal K1 becomes 23 V (V3) as
well. Therefore, no current flows through the cathode 36,
which means that the cathode 36 is not heated. In addition,
since the potential V3 of the cathode 36 is higher than the
potential V4 at tHé"qrid; there ié noe emission of light.

Thé above describ;s the embodiments applied to the
lighting davice shown in Figure 3 for the emission of light of
a single color. .

Embodiments of the invég;ion io be applied to a lighting
device for the emission of light'of three colors, which can be
used for a color image input apparatus, will be described next.

Figure 9 is a perspective view of an example of a light-

This Sheet Has Been Reﬂlaced 19
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5% | ighting device by electric conduction to the catho enﬂg Gas N
t by causing the cathode to rel ease el ect'fons w thout clo ct] %Mfﬁé _

and reposi ng w thout causi.ng the cathode to rel easlg_ele
onduction to the cathode. At |east the period of the l[ight-emtting

] 1 and the period of the reposing step are vari abl e.

epitting tube 110 used as a lighting device for a color image
input apparatus to which the invention can be applied.

Figure 10 is a sectional view taken along a2 line A-A’ in
Figure 9, and Figure 11 is a partially enlarge&.view showing a
grid electrode 104 and separators 106-BB, 106-BR, 106-RG, and
106-GG in Figure 9. |

The construction of the light-emitting tube 110 will be
described pglow. Red, green, and blue cathodes 101—R, 101-G,
and 101-B extend between the grid electrode 104 and a back
electrode 105 (both described iater) while being supported by
cathode supporxt members 108-R, 108-G, and 108-B on both ends
thereof, respectively. The cathodes 101-R, 101-G, and 101l-B
are thin tungsten wires 10 to 50 pum in diameter. The surxface
of each cathode is coated with an electron emitting substance
(not shown) such as barium oxide ox the like. The function of
the coating is to impfove electroﬁ'emittinq efficiency.

The gxid electrode 104 is located between the cathodes
101-R, 101-G, 101-B and an anode 102 by bending a plate in
trapezoidal form, the plafe being eléctrically conductive such
as stainless steel, brass, ox aluminum, as well as nonmagnetic.
As shown in Figure 10, the grid electrode 104 is fixed by
clamping with glass side plates 171, 172 and a bottom plate
173. As shown in Figure 11, the grid electrode 104 has four
aeparatorc 106-BB, 106-BR, 106-RG, 106~GG for partitioning the

cathodes. The separxators are fixed at a plurality of fixing

- 20 -
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a driving circuit provided by the invention incl yg
section for controlling a potential of a first tefmy
and a second control section for controlling a pptentig
ond term nal of the cathode. The first control sectionlasd-tne
section operate during a lighting period, a heating period,

points 160. These separators are clectrically conductivo with
the gxrid electrode 104. Further, on a side .of the grid
electxode 104 which is opposite to the anode are a blurality or -
net-like or slit-shaped apertures 145-R, 145-G, 145-B for
allowing electrons to pass therethrough, the electrons being
generated by the cathodes 101-R, 101-G, 101-B.

Each separator 106 flexes between the fixing points 160
when thermally expanded by heat radiated from the cathode.
This causes an inconsistent amount of light. Iﬁ"is desirable
to increase the number of fiking points 160 to suppress the

flexing as much as possible. Further, it is desirable to bend

the upper edge part,. the lower edge part, or both of each

separxator 106 in L form so that the separator 106 becomes hard
to flex. Otherwise, as shown in Figure 12, inverted C-shaped
separatoxs 161-B, 161-R, and 161-G may be used. |

The back electrode 105 is formed between the cathodes 101-
R, 101-G,.and 10)-B and the glass bottom plate 173. The back
electrode 105 1s made of carbon paste..

Phosphoxs of three kinds, namely, a green-emitting
phosphor 103-G, a red-emitting phosphox le—R, and a blue-
emitting phosphor 103-B, are sequentially coated onlthe inner
suxface of a transparént glass plate 107 by means of screen
printing ox tha 1like. Thé phosphors used here are those
capable of omitting light by cathodeluminescence, such as

yttrium oxysulfide (YﬁhS) with europium (Eu) or samarium (Sm)

-21 - -
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eriod are repeated at a predetermned lighting cycle and | .
enerated. The first control section controls the potential of the first

‘fier m nal _ _
he Iighting period, and controls the potential of the first

. THIS SHEET HAS BEEN 1
nd a dummy period. The lighting period, the heating periof, andggppacEunmy

|

to a potential lower than a potential of the control grid during

as the red-emitting phosphor, zinc sulfide (ZnS) with copper
(Cu) and aluminum (Al) as the green-emitting phosphor, zinc
sulfide (2ZnS) with silver (Ag) -and chlorine (Cl) as the blue-
emitting phosphor, and the like.

The anode 102 is formed by depositing a 1 to 10 um thick layer.
of aluminum on the inner surface of the phosphor-coated _

transparent glass plate 107 by means of vacuum evaporation or
the like. '

Lastly, the surfaces of the glass parts in contact and the
interface of the leads externally extending from the light-
emitting tube 110 from each electrode are closed with low-
melting point glass or the ‘like, put in a high-temperature
vessel at 500 to 600° to be fused so that a container 177
including the transparent plate 107, the glass plates 171, 172,
173, 174, and 175 shown in Figure 9 is formed. Then, when the
container 177 is evacuated to a range of 100 to 0.1 mPa by an
evacuating tube 176, tﬁe container 177 is sealed to maintain
the evacuated condition therewithin.

The three-color light-emitting tube 116, when used as a light
source for a color image input apéaratus, injects light in
three colors to a single direction from a substantially single
light source. As a result , even if an original having steps
or irregularities on the surface is input, excellent color
reproduction free from color mismatching can be obtained.

- -

Figure 13 shows in block form a drive circuit of the

This Sheet Has Been Replaced -29-
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inal to a potential higher than the potential of the cd
ng the periods other than the lighting period. The secdnd coREPIAGED
ion controls the potential of the secorid termnal to a potential higher
the potential of the control grid and different fromthe potential of
first termnal during the heating period, and controls the potenti al

THIS ISHEET JHAS BEEN |

invention for independently producing emissions of light from
the phosphors 103-R, 103-G, and 103-B for the respective coloxs
of such light-emitting tube 110. |

A drive circuit 167 shown-in Figure 13 includes three dc

constant voltage power supplies and a cathode drive circult

of

166. The xespective cathodes 101-R, 101-G, and 101-B are

connected to the cathode drive circuit 166 at both terminals
_KI-R, K2-R,_K;—G, K2~G, K1-B, and K2-B.

Figure 14 is a circuit diagram of the cathode drive
circuit 166. A circuit 166—R.£n Figure 14 drives the cathode
101-R for the red color. Two other circuits (of the same
construction) are arranged in parallel to drive the cathode
101-G for the green color and the cathode 101-B for the blue
color. The three cathodes 10i-R, 101G, and 101-B axe driven
independently by these-thre; circuits.

The circuit showﬂ in Pigure 14 is the same as the cathode

drive circuit 48 for the single color light-emitting tube shown in

- Figure 6. A lighting signal input terminal Con-R and a heating

signal input terminal Ch-R receive a'lighting signal CTL-R and
a2 heating signal CTL-Rh for red (see Figure 15), respectively.
The cathode terminals K1~R and K2-R are connected to the
cathode 101~-R for xed.

Figure 15 is a timing chart showing the operation of the
cathode drive circuit 166.

As shown in Figure 15, the drive signals CTL-Rh, CTL-R for

« 23 «  This Sheet Has Been Reﬂlaced
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the red color, the drive signals CTL-Gh, CTL-C for the green
color, and the drive signals CTL-Bh, CTL-B for the blue color
are generated 120° out of phase with one another. The

operation of each color is the same as the operation shown in

— -

Figure 5.
The three-color light-emitting tube can, of course, be

driven by the three circuits, the construction of each of which .

1is the same as that shown in Figure 7. 1In such a case, the

operation shown in Figure 8 is perfoméd per color. The
operations of the three colors are 120° out of phase with one
another.

While ﬁhe.éreferred embodiments of the inventiocn have been
described above, the inven@ion is not limited to them, but may
be embodied in various other modes.

As described in the foregoing, the invention according to a specific

aspect is characterized as arranging a dummy period in which no heating

or lighting is effected during a lighting cycle and making the
dumnmy period and the lighting period variable. Therefore, even
if the lighting périod is variably ;djusted, the heating duty
cycle can be maintained constant, thereby allowing the life of

the lighting device to be increased.

. This Sheet Has Been Reﬂlaced
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first termnal during the periods ot
ntion is characterized as having the heatin r|od t he Ilghtlng

1.

d, and the reposing period i ThigShest g ycle When t he
ting period is adjusted “\l“ ‘ \

CLAIMS

A method of driving a cathodeluminescence type lighting

device, comprising the steps of:

— -

heating a cathode of said cathodeluminescence type

lighting device by electric conduction;

emitting light by causing the cathode to release
electrons absent conduction to the cathodée once said

cathode is heated; and

reposing said cathode during a period when said cathode
is not heated and said release of said electrons is

terminated;

wherein said heating, light-emitting, said reposing steps
are repeated at predetermined lighting cycles, and

at least a -period of said light-emitting step and a

period of said reposing step are variable.

The method accéfding to.claim 1, wherein a ratio of a
period of said heating step to the lighting cycle is

maintained constant.

The method according to claim 1 or 2, further comprising
the step” of controlling timings of said heating step,
said light-emitting step, and said reposing step, said
step of controlling timings determining a timing of said
light-emitting step independently of the timings of said
heating step and of said reposing step and the timings of
said heating step and of said reposing step dependent on
the timing of said light-emitting step.

A

heat i ng perlodﬂ The‘

E: TEXTEEUROPA'S6216CL.DOC
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P ably, the heating period can be maintained constant by @MEEPGH%;BEEN
40si ng period in accordance with the adjust- nment of the Ilghtlﬁgpgﬁﬁpo

5‘refore, even if the lighting period is adjusted, the te

cajhode can be maintained within a proper range, thereby contributing to
exgending the service life of the light-gmtting tube.

This Sheet Has Been Re; ﬂ aced

A

4. An apparatus, especially for carrying out the method of

any one of the preceding claims, for driving a

5 cathodeluminescence type lighting device ¢26;110) having
a control grid (40;104) arranged between a cathode
(36;101) and an anode (30;102), said apparatus

comprising:

10 a first control section for controlling a potential of a
first terminal of said cathode (36;101) and

a second control section for controlling a potential of a

second terminal of said cathode (36;101);
15
said first control section and said second control
section operating during a lighting period (ton)., a
heating period (tp), and a dummy period (tq).,
respectively, wherein said lighting period, said heating
20 period, and . said dummy period are <repeated at
predetermined lighting cycles and are successively
generated;

said first confrol section controlling the potential of
25 the first terminal to a potential lower than a potential
of said control grid (40;104) during said lighting
period, and controlling the potential of the £first
terminal to a potential higher than the potential of said
control grid (40;104) during .periods other than said

—

30 lighting period; and

said second control section controlling the potential of
the second terminal to a potential higher than the
potential of said control grid (40;104) and different
35 from the potential of the first terminal during said
heating period, and controlling the potential of the

MR O T -
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DESCRI PTLON_COF THE DRAWNGS FIG 1 is a sectional v{ &S BBaFngABHREEN
IStruction a conventlonal Ilght source utilizing cathodél unm nRERIAGER;

hode drive circuit in theTONVEntTona
ﬂ ective V|eM/shomnng an exanple of a

second terminal to a potential equal to the potential of
the first terminal during periods other than said heating

_period.

The apparatus according to claim 4, wherein said second
control section opens a current loop passing through said
cathode (36;101) during periods other than said heating
period so that the potential of the second terminal
becomes equal to the potential of the first terminal.

The apparatus according to claim 4 or 5, wherein said
second control section controls the potential of the
second terminal to a potential higher than the potential
of the first terminal during said heating period (tp).

The apparatus according to any one of claims 4 to 6,
wherein said second control section controls the
potential of the second terminal to a potential lower
than the potential of the first terminal during said

heating period (tp).
The apparatus according to any one of claims 4 to 7,
wherein '

said first control section opérates in response to a
lighting Signal indicating said lighting period;

said second control section operates in response to a
heating signal indicating said heating period;

said apparatus further comprising:

e A e ExTENT\EUROPA'S6216CL.DOC



ft-emtting tube to which a drive circuit of the inventj
o 4 is a diagramshowing in block forman exenplary dri
gcntion for the light-emtting tube shown in FIG 3, together REPLACED

T

a8 signal generating section for generating said lighting
signal and said heating signal, said signal generating
section determining a timing for generating said lighting
5 signal independently of said heating signal and a timing
for generating said heating signal dependent on said

lighting signal.

10
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5is atimng chart illustrati'ng the operation of a Zﬁ‘ﬁh%ﬁ@ETdHASeBEEN
uit within the drive circuit of FIG 4; FIG 6 is a kircufREPUAGRDY am
i ng an exanple of the cathode drive circuit perform ng the operatioen
5, FIG 7 is a circuit diagram show ng anot her
e circuit within the drive circuit of FIG 4;

ABSTRACT

A lighting device emits light by feleasing electrons to an
anocde from a Joule-heatad éathode and causes the electxons to
collide against a phosphox on the anode s:._de-. A method of
driving the 1lighting devic; repsats, at a predetarmined
lighting cyéle', a heating period (t,) in which the cathode is
heated by conduction, a lighting period (t,) in which the
cathode is caused only to release electrons without conduction '
so that light is emitted, and a dummy period (ty) in which no
conduction or emission of light occurs at the cathode. To
variably adjust the li.ghting period (t.,,), adjustments are
absorbed by the dummy pexiod (td) to maintain the heating
period (t,) constant at all times. With respect to the timing
control of each period, the lighting period (t.,) is controlled
at a timing independent of the heating period (t,), whereas the-
heating period '(th) is controlled at a timing dependent on the
lighting iaeriod (ten). This is preferred to faéi].itate the

timing contxol of the lighting period.(t.).

This Sheet Has Been RTilaced
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FIG 13 is a diagram showing in block forman exanple of a drive CII‘CUIt of

t.helinvention for the light-emtting tube 110 togeth t
sectfional view of the light- emtting tube 110; FIG 'iﬂy@&ﬁ lﬁE?N
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ength of the light-emitting tube 26. The phodpHd8 SHEETsHADWEERd with an
gnode 30 made from al um num the anode béing fornedREyUKEguun1e apggg}zon
n

n thicknesses of 0.1 to 0.4 [err]m A back el®ttTode—34—extenrd
fnner surface of a back plate 32 of the light-emtting tube 26 alo
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Hack pl ate 32. The back electrode 34 is made T I gThy—-acuum

evaporation or the like. Inmediately abowe thengcSH&t@;é‘So@féhbgl Is a

W re-1ike cathode 36. The cat’hode 36 is .a tunfsten RERLACERre 50 toié;?
on

rrlmmn dianmeter.. An emtter material (not shown) iIs coated-
surface of the cathode 36. A grid 40 made of a netal plate. that ha
plurality of . .

P 01 - -

04 / 106-BR ) 106-GG
+ 106-BB°~  106-RG
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ertures 42-fornmed by bl anking, el ectroform ng dr . -s—aff anged at

spch a position as to shield the anode 30.fronltigﬁkgﬁﬁg5€7@§.3ﬁﬂb anode
3D, the grid 40, the cathode 36, and the back el ¢ctrodBEPLACEDe el eftrically
dfiven to conduct by.a drive circuit 44 (described later) via a L:%§;yﬂ
(e

that extends externally fromthe light-emtting tube. Reference |

Fe. 1>

jo4 16I-B ) I61-G
161~ R
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tub

nun%ral 46 designates an evacuating tube that evacy
to a pressure of about 100 to 0.1 nPa. The Ii
thereafter sealed by nelting the evacuating tube 4

s SHEET | HASh BEEM tt i ng
ht - e”REPLA’E@Dt ube

Uy treat++ S

burner. FIG 4 shows i-n block forman exanple of a drive circuit of ttéy

|nvent|on for the I|i

ght - emttlng tube 26 shown in FIG
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ié'_toget her with a schematic sectional vi ew.of- t he msggmuem‘tst'éﬁ t ube 26
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A drive circuit 44 includes three dc constant vdg hes E2 to
E4 and a cathode drive circuit 48 for |i ghtl ng coﬂﬁsﬁﬁmgﬁgg }t a

the order of 8 kV is applied to the anode 30 by {the p &R pply faA
voltage V4 on the order of several volts is applied to the grid 40 by

power supply "

Fle 15 |
-Rh 2V 7T I
CTL-Rh v T = j
CTL-Gh r l
CTL-Bh [ ]
R
w cTL-r 2V ——-—-—- =/ SR |
" oV ton :
CiL-G . | !
CTL-B f 1
Red Red
heoting; on
! V3 =~ -
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* EK1-R V1
0 -----= LI
EK2-rR V1 T 1
| 0 - Gr?te‘;\ Green
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heoti on
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Eiy

Ay
E4. An approprlavEﬁvg}tage IS applled t a k electr d {
suppl y E3. Such voltages are applied togr@}e (b g FE%CEMEWGSMWE
t her moéel ectrons emitted by the cathode 36. Both term naI 1 and K2 of 't
cathode 36 are connhected to the cathgde—grive—cireuit—48] Kl @ 25APR 1396
timng-chart illustrating the operati JHISISHERE HAS BEEN |

R4
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—
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REPLACED

METHOD OF AMD CIRCUIT FOR DRIVING
CATHODELUMINESCENCE TYPE LIGHTING DEVICE

The present invention relates to a method ©of and an

g:athodeaneséence .

_apparatus fox driving lighting devices utilizing .

In lieu of conventional light so'u:rces such as fluorescent

lamps and line haldgen' lamps used as a line light source in an
image input apparatus .or the like, a light source utilizing

cathodeluminescence, such as discl.bsed_ in Japanese Patent

-Unexamined Publication No. 73970/1981, has been proposed as a

1ight souxce havix;g low power consumption.

Figure 1 4s a sectional «view of a 'a-.:_c:'onventional
cathodeluminescence tyjpe light source. The construction of the
conventional light source will be described with reference ta

riguzo 1.

Refarance numeral 10 dasl_g'natae a glass tube that is

evacuated to a "predetarmined degree of vacuum. Along the

length of the glass tube 10 extends a cathode 12. Reference

This Sheet Has Been RT -1
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cat NOd® drive circuit 48. CTLon and CTLh desi

gna alls
| i ghfing signal input termnal Con an '_g q-rqu§|B§EI&I' i
respg¢ctively. Reference characters Ek1 ﬁ &e#tﬁl ghatje {d
si gndl's supplied to the terminals Kl °°pCCt|vc| .

(heating period), the cathode dr| v_e

t[er

nfut, tﬁéﬁk”@ée j

During a per

numeral 14 désignates a glass substrate, a front surface of
which is coated with a phcsfho: 16. An anode 18 is deposited
on the phosphor 16. The anode 18 is made of an aluminum thin
£ilm that serves as a metal backing. A gri_q' 20, which is a
control electrode . is interposed between 1-;1';3 cathode 12 and the

anode 18, and is made of & metal pl'a't.e having sl’iﬁs- 11 of a
length of about 0.3 to 1 mm. " Commonly used as the phosphor

materials are those including zind'--éul’ﬁ.’de’ (z2nS) as a base

material, such as 2nS with copnez: (Cu) and aluminum (Al). The

,light-emitting efflc:.ency of -these phosphor materials is high.

A high voltage of about 8 kV is applied to the anode 18 of
the light-emitting tube by an ordinary power supply E2, whereas

a voltage V4 on the order of several volts is applied to the

grid 20 by a power supply E4. -

A dr;v:.ng m_ethod will be described next. Japanese Patent
Unexamined Publication: No. 3740/1978 discloses a method of
driving ﬁhe éathodelumines‘c‘ence‘ type light source. Figure 2 is

a timing chart for driving- such light source. -CTLon designates

a .lighting signal iriput to a‘'cathede drive-circuit (not shown). .
- Cathode drive signals Ekl and Ek2, which are output signals
‘generated from the cathode drive circuit, are applied to the

terminals K1 and K2 of i;ho cathode 12 of the light-emitting

tube shown in Figure 1. The generation of the lighting signal

CTLon is repaeated with a cycla tima t0 based on a tu:ning-off

period t,e and a 1igl'_xting.pe'z"iod' Toa o

is Sheet |II{i1i|l|3eenII|qilaced




vol tage signal Ek1l is a predetern nedoktage—V3

ot her cathode drive vol tage signal EkWISsSPb;%ﬁrféft\.ﬁe{BgEﬁ‘l
8 V). Then, a difference in voltage [err]‘WEVBABEDls pr
termnals KL and K2 of the cathode 36—emabtimg The surfgc of the cat hofle].
36 to easily emt thernoel ectrons 24 by.Joul e heati ng.

Duxing the turning-off period tgs, tha voltages of the
cathode drive signals Ekl and Ek2 are V2 and Vi,:respectively.'
The voltages v2 and V1 are higher than the voltage V4 applied

" to the grid 20. Wnen the voltages V2 and Vi are applied to the
s terminals K1 and K2 of the cathode 12 ¢ a_différence_ in voltage
AV = V2 - V1 is supplied to the cathode 12 to cause the surface )
of the cathode to easily release thermoelectrons 24 (described

later) by Joule ,heati_ng.

However, since the voltages V2 and V1 applied to the

terminals X1 and K2 of the ._ca-th_ode 12 are higher than the

R o

voltage V4 applied to the gi_:id 20, there is no emission of

thermoelectrons 24 from the cathode 12.

During the lighting period t., the voltages of the cathode

[P—

drive signals Ek1 -and Ekz both .are. 0 v. . since the voltage of
5 the cathode 12 is lower than the voltage V4 applied to the grid
20, the cathode. 12 is heated by remaining heat, releasing
thermoelectrons 24. '
| The thermoelectrons 24 pass throuqh ‘the- slits 11 of. the
i | grid 20 and coll:.de against the anode 18, to which the high
b voltage is applied. The thermoelectrons 24, having passed
through the anode 18 formed of a thin £ilm, coilide aga:inst the
phcsphor 16, causing cathodalmnascance to occux.
The rate at which thermocelectrons are amitted from the
surface of tha cathode 12 ~dependa on the suxface teﬁper;atu:e of

- the cathode 12. When a thermoelectron emitting substance

This Sheet Illii "BliTlnIIﬂilaced



Howgver ,
grid 40,

since the voltages V3 and \ e bl i B REPRACEMENT SHERR Is
K1 and K2 of the cathode 36 are hi gfe#ﬂ?%p 3 ty srew

no thernoel ectrons 24 are ‘dqnitte
durijng a period t[err], (lighting period), which is-betweh
which the lighting signal CTLon _ '

g"'? ‘potenti a applied to th

the—cat hpdg 34‘32 APTEM96

€ nonment” a

called an emittexr matérial (not shown) is‘coated on the surface

' of the cathode 12, thermoelectrons are: usually emitted

- therefrom at an.adeguate rate at surface témperat.uras of 500 to

700°. However, if the temperature is too high, ‘evaporation of
the emitter matexial is promoted, reducing the rate of emission
of thexmoelectrons. As a result,: the amount “of light 'emit.ted |
from the light source is impaired drastically. Om the other
hand, if the temp'e'ratﬁre-; is  too low, the emission of -.
thermoelectrons is not sufficient. To overcome this proble_in,
three points, :namely, the conduction ".voltage, the cathéde

resistance, and the conduction duty ¢ycle -at the time of

.operation (i.e., the ratic of the off period t. to the

lighting cycle t, in Figure 2) relevant to heating the cathode

must be properly selected béfo:_r:e' diiving the cathode. |
However, in a lightin§ device used for ‘an image input

apparatus or the like, the integrated: value of an amount of

light stored in a CCD° of a pliotoelectric transducer of the

apparatus ba be mada adjustible by making the lighting period

t,. of the lighting device -vgriible‘éo ‘increasa the ac’g:'u:acy of
the output signal £rom the CCD. Howevexr, if the 15.91\_1._;.1:19
period ._t... is varied in the conventional drive circuit, the off
period T, must also be varied (assuming the lighting cycle
time t, is tixed ). That is, the conduction dutry cycllc mu#t be
varied, which puts the .spr':face temperature of the cathode 12

out of prqper range, thus 'shortening the life of the light-

This Sheet Has BeenII|eﬂlaced




rlse4 fromO Vto 5 V and the nonent at which the I|ght| i I CTLOT
dropg to 0 V again, both cathode dri 8 F %EgHﬁﬁ@ENZ}$ﬁ&gre
0 V, Which nakes the voltage at the [cEilRodeE &%

voltage V4. As a result, the thernoe| ect r REPLAGED o
cathdde 36 heated by the remaini ng h

pu———."

6h than t he applied

| ¢aqed2 Hr APR1DSS
rhe thernoel ectfrqns 24 pass

14

emitting tube.

The invention has been made in view of such problems.
Accordingly, an object of the present invention -is to provide a
method and apparatus for driving a cathodeluminescence type
llghtlng device that can adjust the lighting period variably

and maintain a long life of the lighting device. This object:

'is solved by the method of independent - claim 1 and the

apparatus of ‘independent claim 4. Further advantageous
features, aspects and details of the invention are evident from
the dependent claims, the description and the drawings. The

‘claims are intended to be.understood as a first non-limiting

appfoach of defining the invention in general terms.

The invention provides a method of and a circuit for driving a
lighting device suitable for use:-as a-light source for an image
input apparatus such as ‘an :unage scanner, a digital copying

.machlne, or a facsimile machlne, or as a large dlsplay such as

an outdoor teleVLSlon—type dlsplay

A driving method provided by a s?ecific aspect of the invention

- repeats, at a predetermlned lighting cycle, the steps of:
heating a cathode of the lighting dev1ce by electric conduction

to the cathode; emitting light by causing the cathode to
release electrons without conduction to the cathode; and

reposing without causing the cathode to release electrons with

no conduction to the cathode. At least the period of the

'light-emitting step and the perlod of the repos;ng step are

varlable

According to a further specific aspect of the invention, a
driving circuit is provided which includes: a first control

eet Has Been Replaced
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through the apertures 42 of the grid 40 and coIIide

whi chj a hi gh vol tage has been appli
havi ny passed through the anode 30 ° B@SO?
t he phosphor 16 to produce cathodel u nesdﬁﬁ%

(durm period), the lighting

el ectrons_24
{hén 281APRE? ﬁg

, |ddring a peri

section for controlling a potential of a first terminal of
the cathode; and a- second control section for controlling
a potential of a second terminal of the cathpde. _ The first
control section and the second control section operate
during a lighting period, a Héating"period,' and a dummy

period.  The lighting period, the heating period, and the.
dummy period are repeated at a predetermined'lighting cycle

and are successively generated.  The firsﬁ control section '

- '_Sa-
heet Has Been Replaced -
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si gnpl- CTLon and the heating signal G '_i. = ﬁ) Nig; %EE&)/ V. REPLA%EMEMT Slfllf.ﬁ:]'
vol thge of both cathode drive signal §%%h§ % $irjce there is ng
di ffprence in voltage between both term nalREPACEDhe catfhode [362 2t ABRCIB9410¢
36 ip not heated in a manner simlar To the Ilghtlng perigdijtferr].
Further, since : -

e

controls the potentia.l of the first terminal to a potenti;l_
lower than a potential of the‘controllgrid during the lighting
period, and controls the _piotential of the first tcmincl to a
poténtial higher than the poten_tia-i of the control cri_d during
5 the periods other than the lighting per:.od. The second control
| section controls the potential of the second terminal to &
potential higher than the potentj,al of the control grid and
different from the potential of the first terminal during the

heating period, and controls "the'._m'pote-::nﬁia;l" of the second

' -~ terminal to a potential eq'uaii“ to'the- potential of the firét
ternminal during the periods other than the heating period.

Accordlng to a spec;flc aspect the 1nvent10n is characterlzed as having

the heating period, the lzghtzng perlod and the repos;ng period in a

single 'lig'hting cycle. When the lightihg " ﬁéi;iod is_adjusted

T

- variably, the heating period can be maintained constant by
varying the reposing period in accordance with the adjnstment
of the 1ighting_peciod. Therefore, ‘even if the i:i.ghting pcriod
is adjustod, the temperature of the cathode can be maitxtainéd_

_ within a propex rango,l thg:téhy -contfibutin.o' to 'e;xtendihq tho

- sexvice life of the 1ight;amitting tube.

Pigure 1 is a sectional viow choﬁiﬁg the conotruction of
a convcntionol light source utilizing cathodeluminescence;
Figure 2 is a timing chart of a cathode drive circuit in
cet Has Been Replaced - 6 -
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t he vaftage V1 applied to the termnals Kl and K2 of { hef GaloME . 36. 1.5 -
BLACMEN, SHeer

hi ghef than the voltage V4 applied q}ﬁ SHBET HASOBEEM| t her
are efntted fromthe cathode 36. In{this htﬁyﬂﬁnchaft tlo fvariably adj udt
t he |

ghting period ' B | 22 APR 1996

the conventional light source,
Figure 3 is a perspectrve view showing an example of a
light-emitting tube to which a drive circuit of the inventian'_

is appl;ed,

Figure 4 is a diagram sho;ing'in block form an exemplary
drive circuit of the invention for the light-emitting tube

shown in Figure 3, together with a schematic sectional view of

+the 11ght-emitting tube;

Frgure 5 is a timing chart illustrating the operation of

a cathode drive circuit wztnin-the drive circu;t of Figure 4;

Flgure 6 is a circuit diagram showing an example of the

_eathode drive circuit performing theroperitibh ef figure 5;

Figure 7 is a circuit diagram Ehewinb'anorher example of
the cathode drive circuit within the drive circuit of Figure 4;
_ Pigure 8 is a timing chart illnstrating the operatian of
the cathode drive circuit of Figure 7; '

Prgure 9 is a perspective view show1ng a light-emitting
tube 110 of a liqhting device for a color'inmge input apparatus
to which a drive circuit af the invention is applled°

Figure 10 ie a sactional view taken along a line A-A’ of
FPigure 9; | | , .

| Pigure 11 is a partinlly en}arged view showing a gxid

electrode 104 An& separAtcrs.106-85,'105—Bﬁ,_106-nc; and 106-CC
in rigure 39; o | " .

Figure 12 is a pert;ally enlarged view showing the grid

-7 =
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tlerr

ci r cui

the cycle time t[err] and the heat |Sg,% 'p'erl od t[err]REflLécW%TdSHEET
whereas the lighting period t[err] i4 ISBREMH AR
t[err]-t[err]. Accordingly, only the um anob; %yBE%/Ng
the he¢ating duty cycle. naintai ned.c0|1

t of the cathode drive circuit 48 shown in FIG 5.

{

ge of
chn 2 APR 1996 W th

e
6_sholvs exenpl ary

yst-ant

electrode 104 and inverted C-shaped separators 161-B, 161-R,
and 161-G, which can be applied to the light-emitting tube of
Figure 9; e e . I
- Figure 13 is'a diagram showing in block foim an example of
a drive circuit of the invention for the light-emitting tube
110 together with a partial sectional view .of the light-
emitting tube 110; | '
Figure 14 is a c:.rcuit diagram of a red lxght-emittmg )

" eircuit 166-R within the cathode drive circuit 166 of Figure

13;.and ) - - |
Figure 15 is a timing __c_ha.:_:t__l:l..‘!_.lu_strative of an operation -
of the cathode drive circuit 166..

Preferred -embodimgpt.s_. of the invention will hereunder be
described in detail with reference td the drawings.

Fa.qure 3 is a perspect:.ve view show:.ng an example of a
cathodeluminescence type lighting tube to which a drive circu;t
of N the invention is applied. A phosphor 16 for
cathodeluminescence is coated on the inner surface 'of a froht
plate 28 of the lighteemittiné tube 26 in guantities of 0.1 to

100 mg/cm2, most prefexably 4 mg/cm?, along the length of tha

 light-emitting tube 26. The phosphor 16 is covered with an

anode 30 made from aluminum, the anode being formed by vacuum

This Sheet Has Been Replaced
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This g
to whijch the dc voltage V1 is applied_hy a-power supphy ARHEARY
vol tade. A threshold voltage VO (e.'g{,THIS &{{Zﬂlus‘SaBEﬂN od folboth | nve tin

|nput
non-in

at hode drive circuit 48 has two operational anpli- f1 A%E@n%@rz
B

o

Tterninals (-). One of the opergtionakrankDfiers ODL a2 2 APR 1996
verting - — —

evapoé:ation in thicknesses of 0.1 to 0.4 um.

A back electrode 34 extends on the inner surface of a back
'plate' 32 'of the light-emitting tube 26 along the length of the
baék plate.32. The back electrodé_ai is made fr'om aluminum by

vacuu'm. evaporation or .the like. Immediately above the back

electrode 34 is a wire-like cathode 36. The cathode 36 is a
tungsten thin wire 50 to 100 pm in diameter. An emitter
material (not shown) is coated on the surface of the cathode
36. A grid 40 made of a metal plate that has a plurality of
_' apertures 42 formed by blanl_:i_n_g_,ﬂelectrofomi_ng or the like, i.s
arranged at such a position as to shield the anode 30 from the
cathode 36. The anocde 30 . the grid 40, the cathode 36, and the
back electrb;_{e 34 are electrically" driven to conduct by a drive
circuit 44 (described later) via a terminal’ that extends
e:éte:nally from the 1ight-emit_ting tube. Reference numexal 46

l designates an evacuating tul?e___that_. 9y_a¢u_a'tes the ],ight-emitting

~ tube to a pressure of about 100 to 0.1 mPa. The light-emitting
i tube is therea.fter sealed by melt.mg the evacuating tube 46 by
heat:.nq with a gas burner.

Figure 4 shows in block form an example of a drive circuit
of the invent.ion for the light'-emit'ting tube 26 shéwn in Figuré
3, togethar with a schematic sact;onal view of the light~
emitting tube 26. | |

The drive circuit 44 includes three dc constant voltage

power supplies B2 to E4 and a cathode drive circuit 4B for -

is Sheet Has Been Replaced
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T L e s e _‘

i nput Wermnal (+) connected to the signal input term nal —cen t

| i ghtilig signal CTLon can be received DU pﬂEPLﬁ@EMEWL IShEET

t here i s connected to the control gatTeds .(Sﬂ'itEWo Teht BTy transi storfp

Tr1 anl Tr2 through a set of dividinglresi sREFIACER and ahd 4 Sraphogs spt
. - _

ding resistors R5 and R4, respectTvety.—The out put |t

lighting contzrol. _ _
A high voltage on lthe_ order of & kV is applied to the
anode 30 by the power supplg' E2. A voltage V4 on the order of
several volts is applied to the grid 40 by the power supply E4.
An appropriate voltage is. applied. to:- the back electrode 34 by

the power supply E3. Such voliaqee are applied to maximize the
amount of thermoelectrons einitt.ed by the cathode 36. Both
terminals XK1 and K2 of the. cathode 36 are connected to the
cathode drive circuit 48. - | |

Figure 5 is a timing che_;'t_ illustrating the operation of
the cathode drive circuit 48. CTILon and CTLh designate sign'el-s_
inpu_t to a lighting ei_gnel_ input terminal Con. and a heating
signal input terminal- Ch, respectively. _ Reference characters
Ekl and Ek2 designate drive voltage signals supplied to the
‘terminals K1 and K2, respectively. |

During a period t, _(he'e_ting period), i:he cathode drive
voltage eignal Ek.l is e__prede’;e;;:nlqed velt_;_e_.ge_vg (e.g., 23 V),
and the other ,caillede | deive .volta.qe__ signal Ek2 is a
predetexrmined voltage Vi (e.g., 8 V) Then, a différence in
voltage AV = v3 - vl is p:oduced between the terminals X1 and |
X2 of the cathode 36, enabling the surface of the cathode 36 to
eas.lly emit thermoelectrons 24 by ‘Joule heet.:.ng

However, since the voltages V3 and V1 respectively applied
to the Terminals X1 and icz of the cathode 36 are higher than
‘the potential V4 applied to the grid 40, no thermoelectrons 24

[ —
eet Has Been Replaced
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Tt#ﬂ&fT

m ndl s of the conplenentary transistors
cat fode term nal K2. The other operati
non-f nverting input termnal (+) connetted tREpthéEB;l gnal
so that the heating signal CTLh can bel+eeetved Ther eby,
terny nal thereof connected to the base of a

c nggm}@&ME@
a

are emitted from the cathode 36.

Then, during a period t,, (1ighting period), which is
between the moment at uhich‘the_lightzng signal CTLon rises
'fromlo ¥V to 5 V and the.maﬁeﬂt at which the ‘lighting signal
CTLon drops to 0 V again, both cathode drive voltage signals
Ekl and Ek2 axe 0 V, vwhich makas the voltage at the cathode 36
lower than the applied voltage V4. is a result, thg _
the:moeiecttons 24 are released frém the'cathodq 36 heated by

" the remaining heat. The ther@beiéctr§n§ 24'§ass iﬁfoug@ the
'apertures 42 of the griad 40 ghd'COllide against ﬁhe anode 30 to
which a high voltage halebeeﬁ applié&Q Purther, the
thexrmoelectrons 24 having passed through the anode 30 made of |
~a thin film then collide against the phosphor 16 to p:oduce
cathodeluminescence. '
| Lastly, during a period t4 (dummy.pefiod),_the lighting
signal CTLon and the'heatinq.signal CTLh are both at 0 V. &as
a result, the voltage éf bdtﬁ.cathode_drive signals Ekl and Ek2
is V1. Sinca there is no difference in voltage between both
terminals of tha cathode 36, tha cathode 36 is not heated in a
..manner s’imilai to t_:h'e lighting period t.,. Further, since the
voltage Vi applied to the termihals X1 and X2 of the cathode 36
is higherx than the voltage V4 applied to. the gr;‘.d 40, no |

thermoelectrons 24 are emitted from the cathode 36.

In this timing charr., to variably adjust the 1i.ghting

period t.,, the cycle time t, and the heating'period_t. are

s et PASeaNSRA] SR BT
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_ T CHEET |
ching transistor Tr4 through a resistor R8. The emytt ang?iLApFr{l\étm SHEET
ching transistor Tr4 is grounded, TCRAS BEENr| thefeof is
ected to the control gate of the tmg SHEE
vol tage V3 which is a voltage conpinat.
r supply E8 _with a voltage of the power supply ES is ppplTed to the

sl 3 t hrjouph| a 2 24ARR #96R6
ﬁ?mé—q e—vol t hgk V1 of the

fixed, whereas the lighting period T, 1§ varied ir:._thtn the
range of to; - ;. Accordingly, only the luminous duty cycle can
be varied with the heating duty cycle maintained constant.

Figure 6 shows an exemplny circuit of the cathode drive
circuit 48 shown in Figure 5. o

This cathode drive circuit 48 has two operational
amplifiers OP1 and OP2, to which the dc v'oitagé V1 is applied
by a power supply E8 as a su'p.ply voltage. ' A threshold voltage
Vo (e.g., 1.5 \f) is applied to both inverting input terminals

‘One of the operétiona’l amplifiers OP1 has a non-inverting

input terminal (+) connected to the signal input terminal Con

| éo that the lighting signal C'.l‘I.dn can be receivéd thereby,' and

the output terminal thereof is connected to the contrxol gates

of two comple:mentary transistors Trl and Tr2 through a set of

~ dividing resistors R2 and R3 and through a set of dividing

resistors RS and R4; respectively. The output terminals of the

complementary tr&nsiitqrs Trl and TZ2 are connected to the-

cathode terminal X2.

‘The othexr operationai amplifier OP2 has a nen-inverting
input terminal (+) connectéd to the signal input terminal Ch so
that the heating signal CTLh can Be':egeived thereby,.and the
6ut:put terminal thereof connected to the base of a awi'tching
transistor Tr4 through a reﬁ'istor !_*.8' - The emitter of the

switching tra’nsisf.or Tr4 is grounded , and the collector thereof

- 12 -
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gate
appl i
Tr3 i
ci rcui
tlerr]

E;

the transistor Tr3 through-a ~R{-—FHie-yol fa
to the source of the transist TH'$r$4EETh%ASjrB&EN of {tthe transistor
connected to the other cathodd termRERLAGED. The opﬁr tidR APRIPW6
w |

wi |

be descri bed bel ow. An operation Ourlng tte
be described first. )

edqti ng peri od

is connected ‘to the control gate of the transistor Tr3 through-
a resistor R6. The voltage V3 which is a voltage combination
of the voltaQe V1 o£ the power supply ES with a voltage of the
power supply ES .is applied..to the control gate of the
transistor ir3 through a resistor R7. The voltage VB is also

applied to the souroe of the transistor Tr3. The drein of the |

transistor Tr3 is connected to.the'other cathode terminal Kl.

The operation of the circuit will be described below“ _An
operation during the heating period thvﬁjj.be desoribed first.

When the heating signal CTLh has risen to $ V fxom O V,
the output voltage of the'operational amplifier OF2 rises to V1
from 0 V, which causes the transistor Tr4 to turn on and the
potential of a node of the resistors R7 and RG to become almost
0 V. Then, since the transistor Tr3 turns on, the voltage v3
is applied to the terminal K1 of the cathode 36.

During this heating period tur the output voltage of the
operational ampliiior OP1 is O V. As a result, the trans;stor
Prl turns off, whereas the transistor Trx2 turns on, which.
causes the power supply E§ to apply the voltage V1 to the
terminal K2 of the cathode 36. |

As the voltages V3 and '91‘ e:e_ then epplied to the
terminals xi end X2 of the cathode So, the cathode 36 ia heated
with current passing therethrougn.' |

The operation of the circuit during the lighting period t,

/ M-
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When f he heating signal CTLh has risep-to-5- N 4rom 0\,
of t operational anplifier OP2 risesTHIB Sﬂt*f"r:dm‘-) GEM
trang stor Tr4 to turn on and the potentlalf‘"pf onode gf t e

and to becone alnost 0 V. Then, sirnce-the-transrstor tz?‘n
voltdge V3 is applied to the termnal Kl of t-he cathode

S on,

will be de_s_cribéd ne:éi.

When the lighting signal CTLon has risen to 5.V from ov,
the ouﬁput voltage of the operational .amplif.._ter_OPl becomes V1.
Since this causes th§ t':a;xs'ﬁtor ‘Trl to- t\;m on and the
transistor Tr2 to tﬁrn .off, the voltage at _th§ texminal K2 of
the cathode 36 1s almost 0 V. ,

Since the heating s:.gnal c'.l'Lh is at 0 V in this instance,.
the _output voltage of the _oper_at:.ongl__ a_,mplexex_' oP2 is 0 V,

| leaving the transistor Tr4 .1;_nxnet_'_l off. As a result, tl}g
0 transistor Tx3 is turned o__:Ef ¢ which opens the current loop
flowing th_roﬁgh the cathode 36. C.ohseqnemf.ly, the texrminal K1
of the cathode 36 is at 0 V,.which is equal to thg potential at |
the terminal X2. | L . ‘

The op_eration,of the circuit during the dummy period (t;)
will be described.

When thae lighting siqnal CTLon has dropped to 0 V from S
Vv, the ‘output voltage of the operational amplifier OPl drops to
0 V. Then, tha transistoxr Txl i.s turned off,. and the
J transistor Tr2 turms on, ca.usi.ng the voltage at tha terminal K2
of the cathode 36 to bgcome the voltage V) of the powaer supply
5. _ _ | _
Since the heating signal CTLh is at 0 V at this time,
similar to the lighting éerl.o_d Tea¢ the cﬁr:cnt loop flowing
- through the cathode 36 is open. Aas a resu:_u:  Tthe pote'ntiél at
the terminal K1 of the cathode 36 is V1, whiéh is egqual to the

I '_-14-
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Durlng this heatlng period t[err] the eutput volta
opgr ational anplifier OP1 is 0 V. THIS SHEET, HKShEEENm

yrpl_an

B P,

124
(N LO,

potential at the terminal X2.

In the drive cixcuit shown in F:I.gures S and 6, the heating
duty cycle of the cathode 36 is t,/te,. Thus, if the lighting
cycle t§ .a.nd the heating éeriod t, are kept .cionstant. at all
times, then the heating duty cycle is constant, thereby keeping
the surface temperature of the cathode with:.n a predetermined_
range. The lighting period t, can- be variably adjusted N

| independently of the heating period  t, 'by ‘using the dux_my
‘period t,. ' IR _ | ' .
0 The variable range of the lighting period t, is between
0 and t, - t,. Therefore, the variable range of the lighting
. period t,, can be increased by increasing the vol-taqe. V3 of the
cathode driv_e signal Ek1 during the heating pexiod t, shown in
rigure S as much as poséible, so that the heating &uty eyecle
ﬁs can be decreased, i.e., ﬁhe period t, can be shortened as much
" as the voltage V3 is increased. o |
Figure 7 shows anoﬂi_er exenipl_afy' circuit that can be used
-as the cathode drive ci:cuit 48 of..' E_‘S.gﬁre 4, and Figure 8 is a
timing chart shoﬁing an operatioh thereof. |
The circuit shown in Figure 7 is advantageous in that the

construction thereof is simpler than the circuit. shown in

. Pigure 6.
Further, the operation shown in Figure 8 has a featuxe

that ‘the li.ghting period t, comas first and ‘that the heating

period t, starts in response to the end of the lighting .period

- 15 = .
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urns off, whereas the transistor Tr2 tUFﬂS on,

y E8 to apply the voltage V1 to
ol tages V3 and V1 are then appli
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de 36, the cathode 36 is heated

t.. More specifically, the lighting signal CTLon is generatad
at an independent timing, whereas'the heating slgnei CTEh is
generated at a timing depengent on the lighting signal CILon.
One of the advantages in this system is that when the lighting

device is used as a light source of an imgge,inptt apparatus,

the image reading period can be easily synchronized with the.

lighting period. The reascn is that the lighting signal CTLon

is generated by the image input epparatus and synchronxzed'with

the readxng period. In contrast thereto, in the ope:ation

.can be generated in direct synchronism with a pulse signal that'

shown in Figure 5, the lighting signal CTLon is genexated at a

timing ~dependent on the heating signal CTLh causing the

lighting signal CTLon to rise. upon dropping of the_peating

'signal CTLh. Therefore, the -lighting signal CTLon cannot be

generated in direct synchronism with the pulse signal from the
image input apparatus.

. The circuit illustrated in Figure.? will be described

‘below.

A transistor Trll receives the lighting signal CTLon on

the base thereof through a resistor Rll. The emitter thereof

is grounded and the collector'thezeof'is'connected to a dc

constant voltaqe supply {e. g., 24 V ¢ 10%) through a resistor

R12 and to the base of a transistor Tr12. The transistor Trl2

is connected to the above-mentioned d¢ constent voltage.supply;

the emitter thereof is connected to the terminal K2 of the

- 16 -
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peration of the circuit during the lighting period it 1= ET
ri bed next. When the lighting signal CTLon has risern WPQQ@M@N"F @WE

out put vol tage of the operational e 1 ngs
es the transistor Trl to turn on ?[gwt lﬁﬁf\éﬁg'%@@ﬁ Trl2 2& ABRn‘WBéf

vol tage at the term nal

[ds)

V1. Si nce tk'

)

cathode and grounded throﬁgh a resistor R13. Between the base

of the transistor Trl2 and ground is connected a zener diode

2Dl whose zener voltage i8, e.g., 25.8 V and whose function is

to clamp variations in the dc 'voltage supply on the high side
of the nominal voltage. '

A transistor Trl3 receive_s. the heating signal CTLh oxﬁ the
base thereof through a res_istor Rld. The 'emitter .thereb-z is
g'round.ed,. and the collector is connected to the base of a

transistor Tri4 through a zener diode 2D2 whose zener voltage

is, e.g., 7.4 v and wh.tch'mis- connected in the_ forward

direction. The transistor Trl4 has a resistor R1S .:Ln'terpo_sed
between the- pmitter and the base the'_r'eo_f . with the emitter
connected to the terminal K1 of the cathode and the collector
grounded. - '
. The" operation of the circuit will be described with
reference to E‘iguzes 7 and 8. N _
As shown in Figure 8, upon initiation of the lighting
cycle t,, the ligh,t.mg signal CTLon rises to 5 V from 0 V and
dropé to 0 V after a'predetemined' lighting period t.,. 1In
response to the drop of the lighting s'igr':al CTLon, the heating
siqnal C'_].‘Lh rises to 5 V from 0 V and drops to 0 .V'- after a
p:edotemi'n&d heating peribd ‘t... _
Refaerring to i“:’.gu:a '7, upon rising of the lighting signal

CTLon at the start of tha lighting period t.., the transistor

 Trll turns on and the transistor Tri2 turns off. As a result,

- 17 =
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5t the cathode 36 is almost 0 V. Since the heati ng sighRad—cH-h—s—at—0
his instance, the output voltage of—the-eper-ati-onal laREPLACEMEMIPSHER ¢

eaving the transistor Tr4 turned of fTHl&éﬁ’E“TéﬂSl BEEN ran- sistor |Tr3
urned of f, which opens the current }l oop RERMICED t hr ojigh : e 139.
equently, the termnal Kl of _ chwaJ@@g

9 <22

the terminal K2 o2 the cathode 36 is g::ound.'ed' to -b§ ai'q v, as
shown in Figure 8. o

s.mce the heat:.ng s:.gnal CTLh :.s at 0V at this time, the
transistor Trl3 is turned -otf', which means that the transistor
Trl4 is ‘turned ‘off as well, ~ Therefore, the current loop
flowing through t};e -cathode 36 is open. As a result, the.
potential at the cathode terminal Xl ""becgines 0 VvV, which ..i.s'
equa.l't.o'the potential at ihe other terminal X2. _

In this way, the voltage of each of the t'erxﬁinals Xl andj
K2 of the cathode 36 is 0 V, that is, lower than the grid
voltage V4 during the la.ght:.nq period’ t,,, so that electrons are
emitted from the already-heated cathodée 36 and collide aga:.nst
the phosphot of the anode after being é.écélerated by the grid.
As a result, the emission df_iight starcs. '

At the end of the lighting period t,,, the lighting signal
CTLon drops, and simultaneo'usiy' therewith the heating éiqnal
CTLh rises. When the 'light-:ing signal’ CTLon drops, the
transistor Trill tﬁfﬁs off ,.which caqseé' the t‘ransi_stor Trlz to
turn on. As a result, the potential of the cathode terminal K2
connected to the emitter' of thé' transistor Trl2 becomes almost
23 VvV (Vv3), ﬁhich is obtaih_ed by subtracting the voltage drop of

" the trxansistoxr Trl2 from the power' supply voltage(24 V),

Furthex, since tha trans:istor Trl3 <turns on. .an'd thél

-_t:anéi'-ﬁoz- Trld tuzns on at the rising of ti\e heating signal |

CTLh, the potential of the cathode texminal K1 becomés_ almost

- 18 -
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cathode 36 is at 0V, which is equal to. the poterii
The operation of the circuit duh]‘r&ﬂStS’aﬁrﬁdfﬁ&/Bﬁﬁ\h
cribed. Wien the lighting signal- CTLonREHg“mDopped
oufiput voltage of the operational arpk-Her—EPt

8 V (V1), which is ob'tained by.addj_ng. a base-emitter voltage of
the transistor Trl3 to the zener voltage 7.4 V. ' |

In this way, the voltage of one terminal K2 of the cathode
36 is 23 V {(V3) and that of the-.othar. tezﬁina:l.‘xl is 8 v (V1)

| during the heating pei:idd t,,, which causes current to flow
through the cathode 36 to-heat the cathode 36. However, since
the potential V3 of the catho&e 36 is higher than the potential
V4 of the grid, no electrons are emitted. | |
At the end of the. ‘heating period t,, the. -heating signal
CTLh drops. As a result, 'both transistors Trl3 and Trl4 tuin
off, éhich in turn opens. the current loop passing through the -
~ cathode 36. Since the voltége-of the cathode te’rmj._nal'ftz is 23
| V (V3) at this time, which 'is ‘'equal”to that during the heating
period, the_iioltage. of the terminal K1 becomes 23 V (V3) as
well. Therefore, no current flows through the cathode 36,
which means that the cathodé 36 is not heated: In additibn-, '
since the potent:.al V3 of the cathode 36 is” hxgher than the
potential V4 at the qrid, there is no emission of light.

The above describes the embod.xments applied to the
lighting davice shown in Figure -3 for the emission of light of
‘a single color. | |

Embodiments of the invention to be appiied to a lighting
device for the amission of light'of three colors; which can be
used for a color image input apparatus, will be described next.

Figure 9 is a perspective view of an example of a light-
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the transistor

dr to O V. Then, the transistor drl. is turned pff a
Tr. urns on, causing the voltage atTHIOGSHEET (HASABERMR| of |t REPICYOENENE SHEFTO
bec t he voltage V1 of the power sEpp!gEﬁng§lnce_ heh Lh

3 A G

% O V at this tine, simlar to“4he—t+ghtrg—perbd {[.
| ool f | owi ng S

enitting tube 110 usaed as a 1lghting device for a colo: inmage
input apparatus to which the invention can be applled;

Figure 10 is a sect;onal view taken alonq a line A-e' in
Pigure 9, and Pigure 11 is a partially enlarged vlew showing a
grid electrode 104 and separators lOG-BB, 106-BR, los-RG, and
106-GG in Figure §. _ | |

The construction of the light-emitting tube 110 will be
described below. Red, green, and blue cathodes 101—R, 101-G,
and 101-B extend between the grid electrode 104 and a back
electrode 105 (both described later) while being supported by
cathode support members 108-R, 108-G, and 108-B on both ends
thereof, respectively. The cathodes 101-R, lOl-G, and 101-B
are thin tungsten wires 10 to 50 um in diameter. The surxface
of each cathode is coated with an electron emitting substance
{(not shown) such ‘as barium oxide ox the like. The funct;on of
the coating is to 1mprove electron emitting'efficiency;

The grid electrode 104 is located between the cathodes
lOl—R, 101-G, 101-B and an anode 102 by bending a.plate in
trapezoidal form, the plate being electrlcally conductive such
as stainless steel, brass, or aluminum, as well as nonmagnetic.
As shown in Figure 10, the grid electrode 104 le fixed by
elamping with'glass aide plates 171, 172 and a bottom plate

t173- A; shown in Figure 11, the grid elect:ode 104 has four
'eeparato:s 106-BB, 106-BR, 106-RG, lOG-GG for partitioning the

cathodes. The separxators are fixed at a plurality of fixing

This Sheet Has Been Replacec
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_ 'gh'the cathode 36 is oj AS—a—t-est-t N mn\eEMEl\ﬂl SH_
f the cathode 36 is V1 VWHISFSHEETeWiﬁaIBEENc o

) potermtTal
' . In the drive cifrcuit RERDABED n FI Gb. |5
e of the cathode 36.is trerrHHtferT]. Thus} fﬁ&&éﬁz’ln
an_d the heating period t[err] are kept ¢o st

points 160. These separators are electrically conductive with

the grid’ electrode 104. Further, on a side .of the grid
~electxode 104 which is opposite to the anode are a plurality or -
net-;li.ke or slit-shaped apertures :145-R, 145-G, 145;5 for
allowing electrons to pass therethrOugh + the electrons being
generated by the cathodes 101-R, 101-G, 101-B

Each separator 106 flexes between the f:.xing po:.nts 160 '
when thermally expanded_ by heat _radiate_d, fron; the cathode.
This causes an inconsistent amount o_:E .light. It is desira.b.].e_
to increase the number c?lf fixing points 160 to sﬁppxess the
flexing as much as possible. Further, it is desirable to bend
the upper edge part,- the .1ower__ edge part, or both of each
separator 106 in L form so that the separator 106 becomes hard
to flex. Otherwise, as shown in Figure 12, inverted C-shaped
separators 161-B, 161-R, and 161-G may be used. |

The I-back electrode 105 is formed between the cathodes 101~
R, 101-G, .a_nd 101-B and the glass bottom plate 173. The back
electrode 105 Ls made of carbon paste. |

Phosphoxs of three kinds, namely, a green-emitting
‘phosphor 103-G, a red-emitting phosphox 103-R, and a b;ue-'
emitting pho_sphor 103-B, are eequeﬁtially coated on the inner
suxface of a trenspareht qlass plate 107 by means of screen
printing A;.-' tha like.: '.r.he- phésphors used here are those
capabloe of einitting 'liqht_ by r_.:a-thodeluminescence, _e_xich as

yttrium oxysulfide (Y¥20,8) with eurdpium (Eu) or samaxium (Sm)

eet Has Been Replaced |
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i mes,

then the heating duty cycle is constant

“flenperature of the cathode within arg s

tferr]

eriod t[err] can be variably adjus
by using the dummy period t[e
pprlod t[err] is between O

as the-red-emifting phosphor, zinc sulfide (ZnS) with copper

'(Cu):and'aluminmm (Al) as the green-emitting phosphor, zinc

sulfide (2ZnS) with silver (Ag) and chlorine (Ci) as the blue-
emitting phosphor, and the like.

The anode 102 is formed by depoéiting a 1 to 10 um thick layer.
of aluminum on the inner surface of the phbsphor-coatéd _
tranéparent-glass plate 107.by means of wvacuum evaporation or
the like. '

Lastly, the surfaces of the giass parts in contact and the
interface of the leads externally extending from the light-
emitting tube 110 from each electrode are closed with low-
melting' point glass’ or the like, put in a  high-temperature
vessel at 500 to 600° to be fused so that a container 177
including the transparent plate 107, the glass plates 171, 172,

173, 174, and 175 shown in Figure 9 is formed. Then, when the

container 177 is evacuated to a range of 100 to 0.1 mPa by an
evacuating tube 176, the container 177 is sealed to maintain
the evacuated condition therewithin.

The three-color lighf-emitting-tube.llb, when used as a light
source for a color image input ap;;aratus, injects 1light in
three colors to a single direction from a substantially single
light source. As a result , even if an original having steps
or irregularities on the surface is  input, excellent color
reproduction free from color mismatéhing-can be obtained.

Figure 13 shows in block form a drive circuit of the

';22--
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[err]14 t[err]. Therefore, the ‘variabl e range of t.h

can be increased by increas{rgd BREpOHRIBEENS| Of

1,

REPLAGED .

invention for indeﬁendentlﬁ producing emissions of light from
the phospho:s 103-R, 10346, and'103-3 for the respective éoloxs
of such 1ight-em1tting tube 110.

A drive circuit 167 shown-!.n Figure 13 includes three dc
constant voltage power supplies and a cathode drive circuit
.166. The respe_;:tive cathodes 10i-R, 101-G, and 101-B are
connected to the cathode drive circuit 166 at both terminals
K1-R, X2-R, K1-G, K2-G, K1-B, and K2-B.

- Pigure 14 is a circuit diagram of the c.:-athode dxive
circuit 166. XA circuit 166-R :m Figure 14 drives the cathode
101-R for the red colox. .Two other circuits (of the same
_constructi'on) are arranged in parallel to drive the cathode
101-G foxr the green color and the cathode 101-B for the blue
color. The three cathodes 10i-R, 101G, and 101-§ are driven
independently by these- three circuits. | |

The circuit shcwn in Figure 14 is the same as the cathode

drive circuit 48 for the single color light-emitting tube shown in

Figure 6. A lighting sigﬁal input_term'i.nal Con-R and a heating -

signal input terminal Ch-R recelve a lighting signal CTL-R _and' :
a heating signal CTL-Rh for red (see Figuxé 15—), rgspect;ively.
The cathode terminals K1-R and X2-R a:be ‘connected to the
cathode 101—R for red. _ |

.Figure 15 is a tl.m:.nq ‘chart showing the operation of the

cathode drive circuit 166.
As shown in Figure 15, the drive signals CTL-Rh, CTL-R for

- 23 -
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- 9 J the cathode drive signal EKk ﬁ@ éng“qﬁﬁg“ng derfrod t[err] shcmn

in FG 5 as nmuch as possible, so { t dut y ycbe? PE

decrqased, i.e., the period t[err{ can REELAGET t ened as as the voltage
'd

V3 i¢g increased. FIG 7 shows another exenplary circuit}t

- the red color, the drive signals CTL-Gh, CTL-G for the green
color, and the drive signals CTL-Bh, CTL-B for the blue .color
are generated 120° out ot phase wj.th one anot.hez-. 'J.'l:e'

operation of each color is the same as the operation shown in

s Figure 5. N _
The three-coloxr Liqht-omi.tting tube can, of course, be
driven by the three circuits, the construction of each of which -

- is the same as that s_hown in Figure 7 'In~ such a case, the

operation shown in Figui:e 8 is perfomod per __coior'. The

operatiocns of the three colors are 120° out of phase with ane

anothér. . _ _
While the pref.e:rad ambodiments ot the invention have been

.described above, the invention is not limited to them, but may

be embodied in various other modes .

{15 As descr;bed in the foregoing, the invention according to a speoific

aspect is characterized ao arranging a dummy period in which no heating
ox lighting is ef.feota& dﬁriné 'A -iigl-'ating cycl'e' and making the
dummy period and the lighting 'perio& :variabl-‘e. Therefore,' even
if the lighting pe"r:i.od is variably odjusted, the heating duty
cycle can be mainta.i_.ned_ constant, thereby allowino the life of

the lighting device to be increased.
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‘A method of driving a cathodeluminescence type lighting

device, comprising the steps of:

heating a cathode of said cathodelumlnescence type
lighting device by electrlc conduction;

emitting 1light by causing the cathode to release
electrons absent conductlon to_“the cathode. once said
cathode is heated- and '

reposing said cathode dnrlng a period when said cathode
is not heated and sald release of said electrons is
terminated;

- wherein said heating, light-emitting, said reposing steps

are repeated at predetermined lighting cycles, and

at least a -period; of said light-emitting step and a

period of said reposing step are variable.. ..

The method accérding to claim .1', wherein a ratio of a
period of said heating step to the llghtlng cycle is

maintained constant.

' The method according to claim 1 or 2, further comprlslng

the step of controlling timings of said heatlng step,
said light-emitting step, and said reposing step, said
step of controlling timings determining a timing of said
light-emitting step independently of the timings of said
heating step and of said reposing step and the timings of

' said heating step and of said reposing step dependent on

the timing of said light-emitting step.
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tih n. One of the advantages ijp khis systemigd tfhat

An apparatus, especially for'carrying out the method of
any one of the preceding claims, for driving a
cathodeluminescence type lighting. device €26;110) having
a control grid (40;104) arranged between a cathode
(36;101) and an . anode (30;102), said apparatus
compriSing:

a first control section for controlling a potential of é
first terminal of said cathode (36;101) and

a second control section fer controlling a potential of a
second terminal of said cathode (36;101);

said first control section and said second control
section operating during a 1lighting period (ton)r, a
heating period . (th);"'and; a ﬂdﬁﬁmy“n”period' (td) -
respectively, wherein Eaidllighting'period, said heating
period, ~and = said dummy period are repeeted at
predetermined 'lighting‘ ‘cycles and age.;;successively
generated; o ' |

— P

said first confrol section controlling the potential of
the first terminal to a potential lower than a potential
of said control grid (40;104) during said 1lighting
period, and controlling the potential of the £first .
terminal to a potential higher than the potential of said
control grid (40;104) during .periods other than said

- lighting period; and

said second control section controlling the potential of
the second terminal to a potential higher than the
potential of said control grid (40;104) and different
from the potential of the first terminal during said’
heating period, and controlling the pbtential of the

- ——
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second terminal to a potentlal equal to the potential of
the first terminal during periods other than said heatxng
perlod.

The apparatus according to claim ¢4, whereln said second
control section opens a current loop passing through said
cathode (36;101) during periods other than said heating -
period so that the potential of the second terminal -
becomes equal to the potential of the first terminal.

The apparatus according to claim 4 or 5, wherein said
second control section contréls the' _potential of the
second terminal to a potentlal higher than the potential
of the first termlnal durlng sald heating period (th)

The apparatus 'according to any one of claims 4 to 6,
wherein said second control section controls the
potential of the second terminal to a potential lower
than the potential of the first terminal during said
heating period (tp).

The apparatus according to any one of claims 4 to 7,
wherein o

said first control section operates in response to a
lighting signal indicating said lighting period;

said second control section operates in response to a
heating signal indicating said heating period;

said apparatus further comprising:

WA oo



o, in the operation shown in ;: %HEEf"HA'Si gﬁﬁl\i hg SJ'E@EEA&EIﬁﬁﬁ? HLSET

ated at a timng dependent on W%Eﬁl gnal | CIjL :
ing signal CTLon to rise upon appi he hehtijng signal CTLh.

fore, the lighting signal CTLon cannot be generated ijn 22 PR 1996
ronismw th the pul se signal fromthg i mage i nput gpparatus.

a signal generating section for generating said lighting
signal and said heating: signal, said signal generating
section determining a timing for generating said lighting

5 signal independently of said heating signal and a timing
for generating said heating signal dependent on said
lighting signal. :
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Fircui e REGLACEMENT RHEET
Trllfreceives the |lighting signal 'CFHSOSIHEEH d& sqg tthqreof through :\L
igtor R11. The emtter thereof}is: grRﬁPthB%ED and_lt He [copI2eAPRIB®henedf is

cted to-a dc constant voltage—suppty (e.g., 24 N14% through a L
"R12,and to the base of a transistor Tr12. THe Transistor Ir12

illustrated in FIG 7

ABSTRACT

A lighting device emits light by feleasing electrons to an
anode from a Joule-heated cathode and causes the electrons to
collidé aga.tfxs: a phosphoxr on the anode side. A method of
driving the 1lighting devic; repsats, at &a predetermined
' 1igh£1ng cycle, a hea,ting. period (t,) in which the cathode is
heated by cgnduction,_- a lighting period ) (tee) in which the
- cathode is caused only to rel_ease'electron;s without conduction "
so that light is emitted, and a dummy peried (t,) in which no
conduction or emission of light occurs at the cathod'e; ] To
variably adjust the li.qht_:ing period (t..), adjustments are
_absorbed by the dummy periﬁd (td) to maintain the heating
period (t,) constant at all times. wWith .fas’péct to the timing
control of each period : the lighting period (t,) is controlled
at a timing J.ndependent of the heating period ( th) , whereas the -
heating period ( ti) ;s controlled at a timing dependent on t_:he
lighting fseriod —(t,,) + This is preferred to facilitate the

timing contxol of __'l;ha_ lighting period.(t,..)-.

//,_
et Has Been Replaced

T



IS

[ nnected to the abovenenti oped-de—e I .‘e

ther§of is connected to the ter hiTHESI SKEEToHAD HiE P&Aﬁﬁ\jgmuﬁggﬁ hrough

a refi st 6eiRe3EpBohviespy 'g
conngct ednd Funebadtegs,
func |onNPglEB L\Pah]bcaaf_

24

«bas

épigﬁ

bRIIONS in the dc

| Tr e

Q

/

'?/i;z |

2 2%@&319%%

se—zener voltadge 1S,

-of IREPL'!\G%Slsto ‘r and ground § s

FG, 4 | 20 1 -_1(5 18
Pplo/z :[////?///f// “/]_//ﬂ'[//; ; ‘- ' .
| -t - e ve L
| e -
N k2 '2 T  |0‘- o
F/&_, A .
PRIOR ART o
_ ' | 1 off j|_ 1'9_" | |
* __ CTLr:Jno 1 B -
e V2 7273 T
o - - — - 7 va
Ek2 'g’ 1 i . L lr—— Ve
HIIlIll I l\ll i



vol§t age supply on the high si

redei ves the heating signal CiiLh on;&pgpmgﬁe t héro} fnu“
R14. The emtter thereof is. grieunded—and—-tte Tl ector IS connecte
bade of a transistor Tr14 through a zener di ode Zp2} p Vo

e. d

Fl(G: 3

eTHIS smmwa BEEN

., 7,4 V and which is connectep in the forward

16
<
—
2 . ' ~N
1‘.‘.';.::::: ::.":':-’..:-:—::::: 46
=7 _ 7

This Sheet Has Been Replaced

R

tage

o THEPEACEMEIFGRERT 4 Tr 13

StO

t e

sl X



ti on. The.transistor -Tr ‘E*:"""‘ A tesistar. RERIACEMSHT SHEET10-

O

ZE

di n
bet#en the emitter and the AL SHEETed)lﬂS BEBN| t the pemtt-er
’ - - REPLACED | }| 22 apR 196

FiGg. ¢
. 16 30
b1 / /- 26

T A | 1,%‘" "'°""‘5 I
| B T I ¢ | ' !
TS T _I_V4 |
_‘:'_';‘("_"_.“.::;33 Jre
:r— 3 & _?56 I
E, <[>x2 o <l>K1 j |
* Cogi_ | o _;_Cg:
R
| Naa

Th1s Sheet Has Been Replaced




conn
oper
8. A

li gh

cted to the termnal Kl o

tion of the circuit wll HEF§@
shown in FIG 8, ypon in
ing signal CTLon rdses to 5 V-fromO V and drops

)l

T |
i at ifFPLBEER he 1ifght ifn

cle t[err]

g 2 APR 1996 |
_ 12

e s |
10
1{0] .
th | 1on id th | -
CTion SV 271~~~ 1
crLh. 2V TT T 1
) 0 i . B ’ .
' heating Fegior .
V3 -—--W | heamis P W
€kl o ———=o-L - .  madall oy v4
_ - l
Ek2  § o - t———Vv4
Flg. &

: Thls Sheet Has Been Rep laced




i ght g <i gnal | CTLon, g“L”ﬂ’?a?fwﬁﬁﬁr@sﬂm AEELECRRElS %H#f

‘to fredr op
of th Ebom 0 v
and dfops to O V after a predeterm ned heating periodtferr]. Referrijn 6

FIG ¥, upon rising of the lighting signal CTLon at' the

s AP 1998

l'i ght]ng perL#c}é,[e ], the transistor

_,,35

i
|
r

G
\

A\

(23V)
EK1 (8V)

.
.

- This Sheet Has. Been R

Hlllll! Illlll i

- CK

CTLh

Va4

2



i shemosmrﬁfr%mg

e Ladad e lel

TIOT U Ur

i f
15 101 r:'zeﬂpﬁ oS

the heat i ng S|gnal CTLh is at
turped of f, which nmeans that th
Thefefore, the current |oop

})7
173
172

103-8
{

-
108-G

d‘

| R
|

Al
I08-R

78774

108-B

105

101-G

) . 1
: .
O o lant G e e st e Nm e e A e e . e

5
I01-R

)
10i-

24

1
N\
AH-

108-G

- 108-R

106~GG
I06-RG
106-8R
106-88

1'75 X
U $
108-B

This Sheet Has Been Rep laced

IIIIIII (] ||||




fl

i ng through the cathode 36 0 05 ItBEPLAEE\ﬁEmE‘ at the
catfpode term nal Kl becones 0 TmS LT gﬁ%(ﬁfﬁl\' tjo BqEﬁ{t t he

othkr termnal K2. In this wa, he 51- ::’ alsg d
K2 bf the cathode 36 is O V, .that is, Iovver tn egr%tﬁssofﬁg]ge 4 rr]‘gi_2

the}jlighting period t[err], so that eI ectrons

- Hq o

1_4548 "145-R 145-'_6'.
03-8 I03-R _{ 103-G | 107
ox8 \ xR -1\ 8

\ e .

A s
/’ 7
. ] A T
|06-88 / 105 /I0I-R "/ 10i-G i

10I-B  106-BR 106-RG 106-GG
- . T 110

This Sheet Has Been Replaced:

HIIlIIlIIIIl I II IIII




em $si on of
l'i ghting si-gnal _
signal CTLh rises. Wen the lighting signal CTLop

1 he | ifgh

r

arejemtted fromthe alreadytmg@t - Bag and collide_agapnsz
phogphor of the anode after pei ng?%%?g@f Tg by tngcEMENTASHEE?
' light starts. Atthe [ ' r
CTLon @ : d simult h it h
on drops, and simnultaneously r%\é,&bé l.ibn%‘e

At

t he
sul t,

1t the

ng

CHT U | B

O\

106-BR ) I06-GG
I06-BB"  106-RG

104

~ - This Sheet Has Been Repl,

e

-t he
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of the heating period t[err},
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cat’hode.36. Since the vol taaééoch'l?’tm 'c‘gt hode term nal *ﬁﬂgc@ﬁm QHEQT t
this time, which is equal toqp@auxgbgfng t he heating pe of

‘the terminal K1 beconmes 23 V (V3) asVwell. Therefore,} np current flows

t hr ough -t he cathode 36, which neans that the cathode B6|i 4 H&CTHEMWed. | n

addi ti on,

since the potential V3 of the cathode 36 isj]hjgher
1 . ’

METHOD OF AND CIRCUIT FOR DRIVING

THIS SHEET HAS BEEN
REPLAGED

CATHODELUMINESCENCE TYPE LIGHTING DEVICE

BACKGROUND- OF THE INVENTION

The present invention relates to a method of and an
apparatus for driving lighting devices utilizing
cathodeluminescence. More particularly, the invention is
directed to a method of and a circuit for driving a lighting
device suitable for use as a light source for an image input
apparatus such as an image scanner, a digital copying machine,
or a facsimile machine, or as a large display such as an
6utdoor television-type display.

In lieu of conventional light sources such as fluorescent
lamps and line halogen lamps used as a line light'sd&ice in an
image input apparatus or the like, a light source utilizing
cathodeluminescence, such as disclosed in Japanese Pafe%t
Unexam;ned Publication No. 73970/1981, has been proposed as-a
light source having low po.wer consumption.

Figure 1 is a sectional view of a conventional
cathodeluminescence type light source. The construction of the
conventional light -source will be described with reference to
Figure 1.

Reference numeral 10 designates a glass tube that %is
evacuated to a'predetermiﬁéa\degree of wvacuum. Along the

length of the glass tﬂbewaﬁfextenﬂsza cathpqq 12. Reference
. i ¥ i ; -: - o .

—— e — P P - i !
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t han the-potential V4 at the grid, tﬂﬁEGSHEFT ifomrg re—atroye
descri bes the enbodi ments applied tfo kégﬁﬁsemg i g eREMBEMIENTFSF@EH

for the em ssion of light of a sindgke PHB thdl
to be applied to a lighting device for the enission of

whi ch can be
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numeral 14 designates a glass substrate, a front surface of

which is coated with a phosphor 16. An anode 18 is deposited

on the phosphor 16. The anode 18 is made of an aluminum thin
film that serves as a metel backing. A grid 20, which is a
control electrode, is-interposed between the cathode 12 and the
anode 18, and is made of a metal plate having slits 11 of a
length of about 0.3 to 1 mm. Commonly used as the phosphor.
materials are those including zinc sulfide (2ZnS) as a base
material, such as 2nS with copper (Cu) and aluminum (Al). The
light-emitting efficiency of these phosphor materials is high.

A high voltage.of about 8 kV is applied to the anode 18 of
the light-emitting tube by an ordinary power supply E2, whereas
a voltage V4 on the o;der of several volts is applied to the
grid 20 by a power supply E4.

A driving method will be described next. Japanese Patent

Unexamined Publication No. 3740/1978 discloses a method of

- driving the cathodeluminescence type light source. Figure 2 is

& timing chart for driving such light source. CTLon designates
a lighting signal input to a cathode drive circuit (not shown).
Cathode drive signals Ekl and Ek2, which are output signals
generated from the cathode drive circuit, are applied to the
terminals Kl and'K2'of the cathode 12 of the light-emitting
tube shown in Figure 1. The generation of the lighting signal
CTLon is repeated with a cjcle time t0 based on a turning-off

perlod toss and a llghtlng perlod ton

iz :
t;“‘ }‘ F“‘”(-i‘
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used for a color i mage i nput appar at §JHISMSHEED éiAGeBiehN | ed’ rﬁBPﬂ.ACﬂHKNT SHEET 3
perspective view of an exanple of a |ight-REpACEDNY tupe Q1P TUSet—as—a—

|l ighting device for a color inmge inj igh ft n n
can be applied. FIG 10 is a sectional view taken along g Iji ng dABEf {938

-3-

During the turning-off period t.e, the vdltages of the
cathode drive signals Ekl and Ek2 are V2 and V1, respectively.
The voltages V2 and V1 are higher than the voltage V4 applied
to the grid 20. When the véltages V2 and V1 are applied to the
terminals K1 and K2 of the cathode 12, a difference in voltage
AV = V2 - V1 is supplied to the cathode 12 to cause the surface
of the cathode to easily release thermoelectrons 24 (described
later) by Joule heating.

However, since the voltages V2 and V1 applied to the
terminals K1 and K2 of the cathode 12 are higher than the
voltage V4 applied to the grid 20, there is no emissioﬂ of
thermoelectrons 24 from the cathode 12.

During the lighting period t.,, the voltages of the cathode
drive signals Ekl and Ek2 both are 0 V. Since the voltage of
the cathode 12 is léwer than- the voltage V4 applied to the grid
20, the cathode 12 is heated by remaining heat, releaéing
thermoelectrons 24.

The thermoelectrons 24 pass through the slits 11 of the
grid 20 and collide against the anode 18, to which the high
voltage is applied. The thermoelectrons 24, having passed
through the anode 18 formed of a thin filﬁ, collide against the
phosphor 16, causing cathodeluminescence t6 occur.

‘The rate at which thermoelectrons are emitted from the
surface of the cathode 12 depends on the surface temperature of

the cathode 12. When a thermoelectron emitting substance

This Sheet Has Been Replaced




FIG 9, and FIG 11 is a partially entmsggﬂggng ng f

104 and separators 106-BB, 106-BR, 1P B@ag | n FB%E A@Eﬁ ﬁﬁ S{L@g?
construction of the light-emtting tube—ldl ¥ hp ddscii bed bel ow. Red
green, and bl ue cathodes 101-R, 101-G and 101-B extend et wee QOT 1995 d

el ectrode 104 and

4

called an emitter material (not shown) is coated on the surface
of the cathode 12, thermoelectrons are wusually emitted
therefrom at an adequate rate at surface temperatures of SOO to
700°. However, if the teméérature is too high, evaporation of
the emitter material is promoted, reducing the rate of emission
of thermoelectrons. As a result, the amount of light emitted
from the light source is impaired drastically. On the other
hand, if the' temperature is too low, the emission of
thermoelectrons is not sufficient. To overcome this problem,
three points, namely, the conduction wvoltage, the cathode
resistance, and the cqnduction duty cycle at the time of
operation (i.e., the ratio of the off period t,; to the
lighting cycle t, in Figure 2) relévant to heating the cathode
must be properly selected before driving the cathode. “
" However, in a lightiné device used for an image input
apparatus or the like, the integrated value of an amount of
light stored in a CCD of a photoelectric transducer of the
apparatus be be made adjustable by making the lighting period
toa Of the lighting device variable to increase the accuracy of
the.output signal from the CCD. However,.if the lighting
period t,, is varied in the conventional qrive circuit, the off
period tﬁflmust also be varied (assuming the lighting cycle
time t, is fixed). That is, the conduction duty cycle mast be
varied, which puts the surface temperature of the cathode 12

out of proper range, thus shortening the life of the light-
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cat hode support nenbers 108-R, 108-@ andRERAIEDon bo

respectively. The cathodes 101-R, 10I-G and 10T thyn tung %:1 ;re
10 to 50 [err]min diameter. The surface of each cathode islcdh

el ectron emtting substance (not shown) such as barium
5 ‘ :

a back el ectrode 105 (both described T8 eHEERHAS BEEM ig
h

emitting tube.

SUMMARY OF THE INVENTION

The invention has been made in view of such problems.
Accordingly, an object of the present inventidn is to provide
a method for driving a cathodeluminescence type lighting device
that can adjust the lighting period variably and maintain a
long life of the lighting device.

A driving method provided by the invention repeats, at a
predetermined lighting cycle, the steps of: heating a cathode
of the lighting device by electric conduction to the cathode;
emitting light by causing the cathode to release electrons
without conduction to the cathode; and reposing without causing
the cathode to release electrons with no conduction to the
cathode. At least the period of the light-emitting step and

" the period of the reposing step are variable.

Further, a driving circuit provided by the invention
includes: a first control section for controlling a potential
of a first terminal of the cathode; and a second control
section for controlling a potential of a second terminal of the
cathode. The first control section and the second control
section operate during a lighting period, a heating period, and
a dummy period. The lighting period, the heating period, and
the dummy period are repeated at a predetermined lighting cycle

and are successively generated. The first control section

Tlns Sheet Has Been Replaced
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101-R, 101-G 101- B and an anode 102 by i njtyfapezoi dal
form the plate being electrically conductive such as stai fl 2SS] SIRST 1996
brass, or alumnum as well as .

controls the potential of the first terminal to a potential
lower than a potential of the control grid during the lighting
period, and controls the potential of the first terminal to a
potential higher than the potential of tpe.control grid during
the periods other than the lighting period. The second control
section controls the.poténﬁial of the second terminal to a
pqténtial higher than the potential of the control grid and
different from the potential of the first terminal during the
heating period, and controls the potential of the second
terminal to a potential edual to the potential of the first
terminal during the periods other than the heating period.

The invention is characterized as having ﬁhe heating
‘period, the lighting period, and the reposing period in a.
single lighting cycle. When the lighting period is adjusted
variably, the heating period can” be maintained constant by
varying the feposing period in accordance with the adjustﬁent
of the lighting period. Therefore, even if the lighting period
is adjﬁsted, the température of the cathode can be maintained
within a proper range, thereby contributing to extending the

service life of the light-emitting tube.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a sectional view showing the construction of
a conventional light source utilizing cathodeluminescence;
Figure 2 is a timing chart of a cathode drive circuit in
R —
heet Has Been Replaced
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clanping with glass side plates 171, {172 amgppat¢ED t om (i af eREPY_BCEMENEﬁHﬁH

|86F|G 11, the grid el ectrode 104 has—4feu+—separators 10p- BB—106-BR

1 RG 106-GG for partitioning the cathodes. The separatpr$ i t

plurality of fixing points 160. These separators are el ectr 6{5 ét?(%%a
7

norimagnetic. As shown in FIG 10, thj sosiﬁEédﬂAS)@Gm 4 s fixed-by-

the conventional light source;

Figure 3 is a perspective view showing an example of a
light-emitting tube to which a drive circuit of the invention
is applied; - |

Figure 4 is a diagram showing in biock form an exemplary
drive circuit of the invention for the light-emitting tube
shown in Figure 3, together with a schematic sectional view of
the light-emitting tube;

Figure 5 is a timing chart illustrating the operation of
a cathode drive circuit within the drive circuit of Figure ¢;

Figure 6 is a circuit diagram showing an example of the
.cathode drive circuit performing the operation of Figure 5;

Figure 7 is a circuit diagram showing another example of
the cathode drive circuit within the drive circuit of.Figurg 4;

Figure 8 is a timing chart illustrating the operation of
the cathode drive circuit of Figure 7;

Figure 9 is a pexrspective view sho&ing a light-emitting -
tube 110 of a lightiﬁg device for a color image input apparatus
to-which a drive circuit of the invention is applied; |

Figure 10 is a sectional view taken along a line A-A’ of
Figure 9;

Figure 11 is a partially enlarged view showing a grid
electrode 104 and separators 106-BB, 106-BR, 106-RG, and 106-GG
in Figure 9;

Figure 12 is a partially enlarged view showing the grid
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cally conductive with the grid el ect|dHi SHEET IHAStI}EEN. Tz —sidg
of the grid electrode 104 which i s opposi tRERIACEDE anofie REPLACFM*N1 SHEET
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electrode 104 and inverted C-shaped separators 161-B, 161-R,
and 161-G, which can be applied to the light-emitting tube-of
Figure 9;

Figure 13 is a diagram-showing in block form an example of
a drive circuit of the invention for the light-emitting tube
110 together with a partial sectional view of the light-
enitting tube 110;

Figure 14 is a circuit diagram of a red light-emitting
circuit 166-R within the cathode drive circuit 166 of Figure
13; and

Figure 15 is a timing chart illustrative of an operation

of the cathode drive circuit 166.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the invention will hereunder be
describe&gin detail with reference to the drawings.

Figure .3 is a perspective view showing an example of a
cathodeluminescence type lighting tube to which a drive circuit
of | the invention is applied. A phosphor 16 for
cathodeluminescence is coated on the inner surface of a front
plate 28 of't.he light-emitting tube 26 in quantities of 0.1 to
100 mg/cm?, most preferably_4 mg/cm?, along tﬁe length of the
light-emitting tube 26. The phosphor 16 is covered with an

anode 30 made from aluminum, the anode being formed by vacuum
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for allowing electrons to pass theref hroudip| hiwe el ectjr )n&EPdépﬁ?éi“f'gqerf‘e#éfg
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fixing points 160 when thermal |y expanded by heat radi aje f{?ﬂ&@? 374

cat hode.

v e
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evaporation in thidknesses of 0.1 to 0.4 um.

A béck electrode 34 extends on the inner surface of a back
plate 32 of the light-emitting tube 26 along the length of the
back plate 32. The back electrode 34 is made from aluminum by
vacuum evaporation or the like. Immediately above the back
electrode 34 is a wire-like cathode 36. The cathode 36 is a
tungsten thin wire 50 to 100 pm in diameter. An emitter
material (not shown) is coated on the surface of the cathode

36. A grid 40 made of a metal plate that has a plurality of

- apertures 42 formed by blanking, electroforming or the like, is

arranged at such a position as to shield the anode 30 from the

cathode 36. The anode 30, the grid 40, the cathode 36, and the

‘back electrode 34 are electrically driven to conduct by a drive

clrcuit 44 (described later) via a terminal that extgnd;
externally from the light-emitting tube. Reference numeral 46
designateé an evacuating tube that evacuates the light—emitiing
tube to a pressure of about 100 to 0.1 mPa. The light-emitting
tube is thereafter sealed by melting the evacuating tube 46 by
heating with a gas burner. |

Figure 4 shows in block form an example of a drive circuit
6f the invention for the light-emitting tube 26 shown in Figure
3, together with a schematic sectional view of the light-
emitting tube 26.

A drive circuit 44 includes three dc constant voltage

power supplies E2 to E4 and a cathode drive circuit 48 for

This Sheet Has Been Replaced

AR




Thi's causes an inconsistent amount of
the nunber of fixing points 160 to su as nu
possible. Further, it is desirable to e upper edge pdart], the | ower

edge part, or both of each separator 106 in L formso that tihd s45a0&T0i996

106 becones hard to flex. O herw se, aslghomn in FIG 12, inverted

abl ¢ ﬁaﬁpg/gﬁmeswﬁ

lighting control.

A high voltage on the order of 8 kv is applied to the
anode 30 by the power supply E2. A voltage V4 on tbe order of
several volts is applied té-the grid 40 by the power supply E4.
An appropriate voltage is applied to the back electrode 34 by
the power supply E3. " such voltages are applied to maximize the
amount of thermoelectrons emitted by the cathode 36. Both
terminals K1 and K2 of the ca?hode 36 ére connected to the
cathode drive circuit 48.

Figure 5 is a timing chart illustrating the operation of
the cathode drive circuit 48. CTLon and CTLh designate signals
input to a lighting signal input terminal Con and a heating
siénal.inpuﬁ terminal Ch, respectively. Reference characters
Ekl and Ek2 desigﬁate drive voltage signals supplied to the
terminals K1 and K2, respéctivelyf |

During a period t, (heating period), the cathode drive
voltage signal Ekl is a predetermined voltage V3 (e.g., 23 V),
and the other cathode drive voltage signal Ek2 is a

predetermined voltage V1 (e.g., 8 V). Then,. a difference in

voltage AV V3 - V1 is produced between the terminals K1 and
K2 of the cathode 36, enabling the surface of the cathode 36 to
easily emit thermoelectrons 24 by Joule heating.

However, since the voltages V3 and V1 respectively applied
to the terminals K1 and K2 of the cathode 36 are higher than
the potential V4 applied to the grid 40, no thermoelectrons 24

__;_____________—e
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are emitted from the cathode 36.

Then, during a period t,, (lighting period), which is
between the moment at which the lighting signal CTLon rises
from 0 V to 5 V and the moment at which the lighting signal
CTLoﬁ drops to 0 V again, both cathode drive voltage signals
Ekl and Ek2 are 0 V, which makes the voltage at the cathode 36
lower than the applied voltage V4. As a result, the
thermoelectrons 24 are released from the cathode 36 heated by
the remaining heat. The thermoeleétrons 24 pass through the
apertures 42 of the grid 40 and collide against the aﬂode 30 to .
which a high wvoltage has been applied. Further, the
thermoelectrons 24 having passed through the anode 30 made of
a thin film then collide against the phosphor 16 to produce
cathodeluminescence.

Lastly, during a period t; (dummy period), the lighting
signal CTLon and the heating signal CTLh are both at 0 V. As
a result, the voltage of both cathode drive signals Ekl and Ek2
is V1. Since there is no difference in voltage between both
terminals of the cathode 36, the cathode 36 is not heated in a
manner similar to the lighting period t,,. Further, since the
voltage V1 applied to the terminals K1l and K2 of the cathode 36
is higher than the voltage V4 applied to the grid 40, no
thermoelectrons 24 are emitted from the cathode 36.

In this timing chart, to variably adjust the lighting
period t,,, the cycle time t, and the heating period t, are
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cat hodel um nescence, such as yttrium oxysul fide (Y[ err]q
europi um (Eu) or samarium (Sm) as the rlezd-em'tti ng phosphar,

fixed, whereas the lighting period t,, is varied within the
range of ty - t,. Accordingly, only the luminous duty cycle can
be varied with the heating dﬁty cycle maintained constant.

Figure 6 shows an exemplary circuit of the cathode drive
circuit 48 shown in Figure 5.

This cathode drive circuit 48 has two operational
amplifiers OPl and OP2, to which the dc voltage V1 is applied
by a power supply E8 as a supply voltage. A threshold voltage
VOI(elg., 1.5 V) is applied to both inverting input terminals
(-)- |

One of the operational amplifiers OPl has a non-inverting
input terminal (+) connected to the signal input terminal Con
so that the iighting signal CTLon can be received thereby, and
the output terminal thereof is connected to the control gates
of two complementary transistors Trl and Tr2 through a set of
dividing resistors R2 and R3 and tHrough a set of dividing
resistors RS énd R4, respectively. The output terminals of the
‘complementary transistors Trl and Tr2 are connected to the'
cathode terminal K2.

The other operational amplifier OP2 has a non-inverting

" input termlnal (+) connected to the signal input termlnal Ch so
that the heating signal CTLh can be received thereby, and the
output terminal thereof connected to the base of a switching
transistor Tr4 through a resistor RS. The emitter of the

switching transistor Tr4 is grounded, and the collector thereof
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(ZnS) with copper (Cu) and al um num ( m PHE
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phosphor, and the |ike. The anode 102 }is fo depogitipg a 1 to 10 p

thick layer of alumnumon the inner surface of the phosphof- 1®QGI1994
transparent glass plate 107 by neans of13vacuum

is connected to the contrél gate of the transistor Tr3 through
a resistor R6. The voltage V3 which is a voltage combination
of the voltage V1 of the power supply E8 with a voltage of the
power supply ES5 is applied to the control gate of the
transistor Tr3 through a resistor R7. The voltage V3 is also
applied to the source of the transistor Tr3. The drain of the

transistor Tr3 is connected to the other cathode terminal Kl1.

The operétion of the circuit will be described below. An
operation during the heating period t; will be described first.

When the heating signal CTLh has risen to S V from 0 V,
the output voltage of the operational amplifier OP2 rises to V1
from 0 V, which causes the transistor Tr4.to turn on and the
potential of a node of the resistors R7 and R6 to become almost
0 V. Then, since the transistor Tr3 turns on, the voltage V3
is applied to the terminal XK1 of the cathode 36.

During this heating period t,, the output voltage of the
operational amplifier.OPl is 0 V. As a result, the transistor
Trl turns off, whereas the transistor Tr2 turhs on, which
causes the power supply E8 to épply the voltage V1 to the
terminal K2 of the cathode 36.

As the- voltages V3 and V1 are then applied to the
terminals K1 and K2 of the cathode 36, the cathode 36 is heated
with current passing thérethrough.

The operation of the circuit during the lighting period t,,
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will be described next.

When the lighting signal CTLon has risen to 5 V from 0 V,
the output voltage of the operational amplifier OPl becomes V1.
Since this causes the transistor Trl to turn on and the
transistor Tr2 to turn off, the voltage at the terminal K2 of
the cathode 36 is almost 0 V.

Since the heating signal CTLh 'is at 0 V in this instance,
the output voltage of the operational amplifier 0OP2 is 0 V,
leaving the transistor Tr4 turned off. As a result, the
transistor Tr3 is turned off, which opens the current loop
flowing through the cathode 36. Consequently, the terminal K1
of the cathode 36 is at 0 V, which is equal to the potential at
the terminal X2.

The operation of the circuit during the dummy period (ty)
will be described.

When the lighting signal CTLoﬁ has dropped to 0 V from 5
V, the output voltage of the operational amplifier OPl drops to
0 V. Then, the transistor Trl is turned off, and the
transistor Tr2 turns on, causing the voltage at the terminal K2
of the cathode 36 to become the voltage V1 of the power supply
E8.

Since the heating signal CTLh is at 0 V at this time,
similar to the lighting period t,,, the current loop flowing
through the .cathode 36 is open. As a result, the potential at
the terminal X1 of the cathode 36 is V1, which is egual to the
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potential at the terminal K2.

In the drive circuit shown in Figures 5 and 6, the heating
duty cycle of the cathode 36 is t,/t,. Thus, if the lighting
cycle t, and the heating éeriod t, are kept constant at all
times, then the heating duty cycle is constant, thereby keeping
the surface temperature of the cathode within a predetermined
range. The 1lighting period t,, can be variably adjusted
independently of the heating period t; by using the dummy
period t,.

The variable range of the lighting period t,, is between
0 and t, - t,. Therefore, the variable range of the lighting
period t,, can be increased by increasing the voltage V3 of the
cathode drivé signal Ekl during the heating period t; shown in
Figure-S-as much as possible, so that the heating duty cycle
can be decreased, i;e., the period-th can be shortened as much
as the voltage V3 is increased.

Figure 7 shows another exemplary circuit that can be used
as the cathode drive circuit 48 of Figure 4, and-Figure 8 is a
timing chart showing an operation thereof. |

The circuit shown in Figure 7 'is advantageous in ﬁhat the
construction thereof is simpler than thé circuit shown in
Figure 6. |

Further, the operation shown in Figure 8 has a feature
that the lighting period t,, comes first and that the heating

period t, starts in response to the end of the lighting period
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to.. More specifically, the lighting signal CTLon is generated
at an independent timing, whereas the heating signal CTLh is
generéted at a timing dependent on the lighting signal CTLon.
One of the advantages in this system is that when the lighting
device is used as a light source cf an image input apparatus,
the image reading period can be easily synchronized with the
lighting period. The reason is that the lighting signal CTLon
can be generated in direct synchronism with a pulse signal that
is generated by the image input apparatus and synchronized with
the reading period. In contrast thereto, in tﬁe operation
shown in Figure 5, the lighting signal CTLon is generated at a
timing dependent on the heating signal CTLh causing the
lighting signal CTLon to rise upon dropping of the heating
signal CTLh. Therefore, the lighting signal CTLon cannot be
generated in direct synchronism with the pulse signal from the
image input apparatus.

The circuit illustrated in Figure 7 will be described
below. |

A transistor Trll receives the lighting signal CTLon on
the base thereof through a resistor R11l. The emitter thereof
is grounded, and the collector thereof is connected to a dc
constant voltage supply (e.g., 24 V ¥ 10%) through a resistor
R12 and to the b%se of a transistor Trl2. The transistor Trl2
is connected to the above-mentioned dc constant voltage supply;

the emitter thereof is connected to the terminal K2 of the
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cathode and grounded through a resistor R13. Between the base
of the transistor Trl2 and ground is connected a zener diode
ZD1 whose.zener voltage is, e.g., 25.8 V and whose function is
to clamp variations in the dc voltage supply on the high side

of the nominal voltage.

A transistor Trl3 receives the heating signal CTLh on the

 base thereof through a resistor R1l4. The emitter thereof is

grounded, and the collector is connected to the base of a
transistor Trl4 through a zener diode ZD2 whose zener voltage
is, e.¢g., 7.4 VvV and which is connected in the forward
direction. The transistor Trl4 has a resistor R1l5 interposed
betweesn the emitter and the base thereof, with the emitter
connected to the terminal K1 of the cathode and the colleétor
grounded.

The operation of the circuit will be described with
reference ﬁo Figures 7 and 8.

As shown in Figure 8, upon initiation of the lighting
cycle to, the lighting signal CTLon rises to 5 V from 0 V and
drops to 0 V after a predetermined lighting period t... In
response to the drop of the lighting signal CTLon, the heating
signal CTLh rises to S V from 0 V and drops to 0 V after a
predetermined heating.period ty-

Referring to Figure 7, upon rising of the lighting signal
CTLon at the start of the lighting period t,,, the.transistor

Trll turns on and the transistor Trl2 turns off. As a result,
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the terminal K2 of the cathode 36 is grounded to be at 0 V, as
shown in Figure 8.

Since the heating signal CTLh is at 0 V at this time, the
transistor Trl3 is turned off, which means that the transistor
Trl4 is turned off as well. Therefore, the current loop
flowing through the cathode 36 is open. As a result, the
potential at the cathode terminal Kl becomes 0 V, which is
equal to the potential at the other terminal K2. |

In this way, the voltage of each of the terminals Kl and
K2 of the cathode 36 is 0 VvV, that is, lower than the grid
voltage V4 during the lighting period t,,, so that electrons are
.emitted from the already-heated cathode 36 and collide against
the phosphor of the anode after being accelerated by the grid..
As a result, the emission of light starts.

At the end.of the lighting period t.,, the lighting siénal
CTLon drops, and simultaneously therewith the heating sighal
CTLh rises. When the 1lighting signal CTLon drops, the
transistor Trll turns off, which causes the transistor Trl2 to
turn on. As a result, the potential of the cathode terminal K2
connected to the emitter of fhe transistor Trl2 becomes almost
23 vV (V3), which is obtained by subtracting the voltage drop of
the transistor Trl2 from the power sdpply voltage(24 V)

Further, since the transistor Trl3 turns én and the
~transistor Trl4 turns on at' the rising of the heating signal

CTLh, the potential of the cathode terminal K1 becomes almost
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8 V (V1), which is obtained by adding a base-emitter voltage of
the transistor Trl3 to the zener voltage 7.4 V.

In this way, the voltage of one terminal K2 of the cathode
36 is 23 V (V3) and that of -the other terminal Kl is 8 V (V1)
during the heating period t,, which causes current to flow
through the cathode 36 to heat the cathode 36. However, sinée
the potential V3 of the cathode 36 is higher than the potential
V4 of the grid, no electrons are emitted.

t the end of the heating period t,, the heating signal
CTLh drops. As a result, both transistors Trl3 and Trlé4 turn -
off, which in turn opens the current loop passing through the
cathode 36. Since the voltage of the cathode terminal K2 is 23
V (V3) at this time, which is equal to that during the heating
period, the voltage of the terminal K1 becomes 23 V (V3) as
well. Therefore, no current flows through the cathode 36,
which means that the cathode 36 is not heated. In additién,
since the potential V3 of the cathode 36 is higher than the
potential V4 at the grid, there is no emission of light.

The above describes 'the embodiments applied to the
lighting device shown in Figure 3 for the emission of light of
a single color.

Embodiments of the invention to be applied to a lighting
device for the emission of light of three éolors, which can be
used for a color image input apparatus, will be described next.

Figure 9 is a perspective view of an example of a light-
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emitting tube 110 used as a lighting device for a color image
input apparatus to which the invention can be applied. |

Figure 10 is a sectional view taken along a line A-A’ in
Figure 9, and Figure 1l is & partially enlarged view showing a
grid electrode 104 and separators 106-BB, 106-BR, iOG—RG, and
106-GG in Figure 9.

_ The construction of the light-emitting tube 110 will .be
described below. Red, greén, and blue cathodes 101-R, 101-G,
arid 101-B extend between the grid electrode 104 and a back
electrode 105 (both described later) while being supported by
cathode support members 108-R, 108-G, and 108-B on both ends
thereof, respectively. The cathodes 101-R, 101-G, and iOl-B
are thin tungsten wires 10 to 50 pm in diameter. The surface
of each cathode is coated with an electron emitting substance
(not shown) such as barium oxide or the like. The functioﬁ of
the coating is to improve electron emitting efficiencf.

The grid electrode 104 is located between the cathodes
101-R, 101-G, 101-B and an anode 102 by bending a plate in
trapezoidal form, the plate being electrically conductive such
as stainless steel, brass, or aluminum, as well as nonmagnetic.
As shown in Figure 10, the grid electrode 104 is fixed by
clamping with glaﬁs‘side plates 171, 172 and a bottom plate
173. As shown in Figure 11, the grid electrode 104 has four
separators 106-BB, 106-BR, 106-RG, 106-GG forléartitioning the

cathodes. The separators are fixed at a plurality of fixing
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points 160. These separators are electrically conductive with
the grid electrode 104. Further, on a side of the grid
electrode 104 which is opposite to the anode are a plurality of
net-like or slit-shaped apertures 145-R, 145-G, 145-B for
alléwing electrons to pass'thegethrough, the electrons being
generated by the cathodes 101-R, 101-G, 101-B.

Each separator 106 flexes between the fixing points 160
when thermally expanded by heat radiated £from the cathode.
This causes an.inconsistent amount of light. It is desirable
to increase the number of fixing points 160 to suppress the
flexing as much as possible. Further, it is desirable to bend
the upper edge part, the lower edge part, or both of each
separator 106 in L form so that the separator 106 becomes hard
to flex. Otherwise, as shown in Figure 12, inverted C-shaped
separators 161-B, 161-R, and 161-G-may be used.

The back electrode 105 is formed between the cathodes 101-
R, 101-G, and 101-B and the glass bottom plate 173. The back
electrode 105 is made of carbon paste.

Phosphors of three kinds, namely,. a green-emitting

- phosphor 103-G, a red-emitting phosphor 103-R, and a blue-
emitting phosphor 103-B, are sequentially coated on the inner
surface of a transparent glass plate 107 by means of screen
printing or the like. The phosphors used here are those
capable of emitting light'-by cathodeluminescence, such as

yttrium oxysulfide (Y,0,S) with europium (Eu) or samarium (Sm)
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as the red-emitting phosphor, zinc sulfide (ZnS) with copper
(Cu) and aluminum (Al) as the green-emitting phosphor, zinc
sulfide (2nS) with silver (Ag) and chlorine (Cl) as the blue-
emitting phosphor, and the like.

The anode 102 is formed by depositing a 1 to 10 um thick
layer of aluminum on the inner suriace of the phosphor-coated
ﬁrenspafent glass plate 107 by means-of.vacuum evaporation or
the like. |

Lastly, the surfaces of the glass parts in contact and the
interface of the leads externally extending from the light-
emitting tube 110 from each electrode are closed with low—.
melting point glass or the like, put in a high-temperature
vessel at 500 to 600° to be fused so that a container 177
ihcluding the transparent plate 107, the glass plates 171, 172,
173, 174, and 175 shown in Figure 9% is fqrmed. Then, when the
container 177 is evacuated to a range of 100 to 6.1 mPa by an
evacuating tube 176, the container 177 is seeled to maintain
the evacuated cogdition therewithin.

The three-color light-emitting tube liO, when used as a
light source for a color image input apparatus, injects light
in three colors to a single direction from a substantially
single light source. As a result, even if an original having
steps or irregqgularities on the surface is input, excellent
color reproduction free from color mismatching can be obtained.

Figure 13 shows in block form a drive circuit of the .
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invention for independently-producing emissions of light from
the phosphors 103-R, 103-G, and i03-B for the respective colors
of such light-emitting tube 110.

A drive circuit 167 shown in Fiqure 13 includes three dc
constant voltage power supplies and a cathode drive circuit
166. The respective cathodes 101-R, 101-G, and 101l-B are
connected to the cathode drive circuit 166 at both terminals
K1-R, K2-R, K1-G, K2-G, K1-B, and K2-B. |

Figure 14 is a circuit diagram of the cathode drive
circuit 166. A circuit 166-R in Figure 14 drives the cathode
101-R for the red color. Two other circuits (of the same
construction) are arranged in parallel to drive the cathode
101-G for the green color and the cathode 101-B for tﬁe blue
color. The three cathodes 101-R, 101G, and 101-B are driven
independently by these three circuits.

The circuit shown in Figure 14 is the same as the cathode
drive circuit for the single color light-emitting tube shown in
Figure 6. A lighting signal inpﬁt terminal Con-R and a heating
signal inpu% terminai Ch—R.receive a lighting signal CTL-R and
a heating signal CTL—RH for red (see Figure 15), respecﬁively.
The cathode terminals K1-R and K2-R are connected to the
cathode 101-R for red.

Figure 15 is a timing chart showing the operation of the
cathode drive circuit 166.

As shown in Figure 15, the drive signals CTL-Rh, CTL-R for
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|l ighting period is variably adjusted, the heating

the red color, the drive signals CTL-Gh, CTL-G for the green
color, and the drive signals CTL-Bh, CTL-B for the blue color
are generated 120° out of phase with one another. The
loperation of each color is the same as the operation shown in
Figure 5.

The three-color light-emitting tube can, of course, be
driven by the three circuits, the construction of each of which
is the same as that shown in Figure 7. In such a case, the
operation shown in Figure 8 is performed per color. The
operations of the three colors are 120° out of phase with one
another.

While the preferred embodiments of the invention have been
described above, the invention is not limited to them, but may
be embodied in various other modes.

As described in the foregoing, the invention is
characterized as arranging a dummy period in which no heating
or lighting i; effected during a lighting cycle and makigg the
dummy period and the lighting period.variable. Therefore, even
if the lighting period is variably adjusted, the heating duty
cycle can be maintained constant, thereby allowing the life of

the lighting device to be increased.
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CLAIMS
What is claimed is:
1. A method of driving a cathodeluminescence type

lighting device, comprising the steps of:

heating a cathode of said cathodeluminescence type
lighting device by electric conduction; -

emitting light by causing the cathode to release electrons

absent conduction to the cathode once said cathode is heated;

and

reposing said cathode during a period when said cathode is
not heated and said release of said electrons is terminated;

wherein said heating, light-emitting, and reposing steps
aré.repeated at predétermined lighting cycles, and .

at least a.period of said light-emitting step and a period

of said reposing step are variable.

2. The method according to claim 1, wherein a ratio of
a period of said heating step to the 1lighting cycle is

maintained constant.

3. The method according to claim 1, further comprising

the step of controlling timings of said heating step, said

light-emitting step, and said reposing step, said step of
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controlling timings determining a timing of said light-emitting
step independently of the timings of said heating step and of
said reposing step and the timings of said heating step and of
said reposing step dependent on the timing of said light-
emitting step.

4. An apparatus for driving a cathodeluminescence type
lighting device having a control grid arranged between a
cathode and an anode, said apparatus comprising:

a first control seciion for controlling a potential of a
first terminal of said cathode; and

a second control section for controlling a potential of a
second terminal of said cathode;

said first control section and said second control section
operating during a 1lighting period, a heating period, and a
dummy period, respectively, wherein said lighting period, said
heating period, and said dummy period are repeated at
predetermined lighting cycles and are'successively generated;

said first control section controlling the potential of
the.first terminal to a potential lower than.a potential of
said control grid during said lighting period, and controlling
the potentiai of the first terminal to a potential higher than
the potential of said control grid during periods other than

said lighting period; and

LN
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said second control section cbntrolling the potential of
the second terminal to a potential higher than the potential of
said control grid and different from the potential of the first
terminal during said heating period, and controlling the
potential of the second terminal to a potential equal to the
potential of the first terminal during periods other than said

heating period.

5. The apparatus aécording to claim 4, wherein said
second control section opens a current loop passing through
said cathode during periods other than said heating period so
that the potential pf the second terminal becomes equal to the

potential of the first terminal.

6. The apparatus according- to claim 4, wherein said
second control section controls the potential of the second
terminal to a potential higher than the potential of the first

terminal during said heating period.

7. The apparatus according to claim 4, wherein said
second control section controls the potential of the second
terminal to a potential lower than the potential of the first

terminal during said heating period.

8. The apparatus according to claim 4, wherein

* [ L M S *
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said first control section operates in response to a
iighting signal indicating said lighting period;

said second control section operates in response to a
heating signal indicating said heating pericd;

said apparatus further comprising:

a signal generating section for generating said lighting
signal and said heating signal, said signal generating section
determining a timing for generating said lighting signal
independently of said heating signal and a timing for
generating said heating .signal dependent on said lighting

signal.
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METHOD OF AND CIRCUIT FOR DRIVING
CATHODELUMINESCENCE TYPE LIGHTING DEVICE

ABSTRACT OF THE DISCLOSURE

A lighting device emits'.light by releasing electrons to an

- anode from a Joule-heated cathode and causes the electrons to
collide against a phosphor- on the anode side. A method of
driving the lighting device repeats, at a predetermined
lighting cycle, a heating period (t,) in which the cathode is
heated by conduction, a lighting period (t.,) in which the
cathode is caused only to release electrons without conduction
so that light is emitted, and a dummy period (ty) in which no
conduction or em.J'.ssion of light occurs at the cathods. ' To
variably adjust the lighting period (t,,), adjustments are
absorbed by the dummy period (td) to maintain the heating
period (t;) constant at all times. With respect to the timing
control of each period, the.lighting period (t,,) is controlled
at a timing independent of the heating period (t,), whereas the
heating period (t,) is controlled at a timing dependent on the
lighting pei'iod (ton) - This is preferred to facilitate the

timing control of the lighting period (tg)-
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METHOD OF AND CIRCUIT FOR DRIVING
CATHODELUMINESCENCE TYPE
LIGHTING DEVICE

" BACKGROUND OF THE INVENTION

The present invention relates to a method of and an
apparatus for driving lighting devices utilizing cathodelu-
minescence. More particularly, the invention is directed to a
method of and a circuit for driving a lighting device suitable
for use as a light source for an image input apparatus such
as an image scanner, a digital copying machine, or a
facsimile machine, or for a large display such as an outdoor
television-type display. ,

In lieu of conventional light sources such as fiuorescent
lamps and line halogen lamps used as a line light source in
an image input apparatus or the like, a light source utilizing
cathodeluminescence, such as disclosed in Japanese Patent
Unexamined Publication No. 73970/1981, has been pro-
posed as a light source having low power consumption.

'FIG. 1 is a sectional view of a conventional cathodelu-
minescence type light source. The construction of the con-
ventional light source will be described with reference to
FIG. 1.

~ Reference numeral 10 designates a glass tube that is
evacuated to a predetermined degree of vacuum. Along the'
length of the glass tube 10 extends a cathode 12. Reference
numeral 14 designates a glass substrate, a front surface of
which is coated with a phosphor 16. An anode 18 is
deposited on the phosphor 16. The anode 18 is made of an
aluminum thin film that serves as a metal backing. A grid 20,
which is a control electrode, is interposed between the
cathode 12 and the anode 18, and is made of a metal plate
having slits 11 of a length of about 0.3 to 1 mm. Commonly -
used as the phosphor materials are those including zinc
sulfide (ZnS) as a base material, such as ZnS with copper
+ (Cu) and aluminum (Al). The light-emitting efficiency of
these phosphor materials is high. ' o

A high voltage of about 8 kV is applied to the anode
of the light-emitting tube by an ordinary power supply E2,
whereas a voltage V4 on the order of several volts is applied
to the grid 20 by a power supply E4. '

A driving method will be described next. Japanese Patent
Unexamined Publication No. 3740/1978 discloses 2 method
of driving the cathodeluminescence type light source. FIG.
2 is a timing chart for driving such light source. CTLon
designates a lighting signal input to a cathode drive circuit
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(not shown). Cathode drive signals Ek1 and Ek2, which are
output signals generated from the cathode drive circuit, are
applied to the terminals K1 and K2 of the cathode 12 of the
light-emitting tube shown in FIG. 1. The geoeration of the

'lighting signal CTLon is repeated with a cycle time t, based

on a turning-off period t,,and 2 lighting period t,,,.
During the turning-off period t,; the voltages of the
cathode drive signals Ek1 and Ek2 are V2 and V1, respec-
tively. The voltages V2 and V1 are higher than the voltage
V4 applied to the grid 20. When the voltages V2 and V1 are
applied to the terminals K1 and K2 of the cathode 12, a
difference in voltage AV=V2-V1 is supplicd to the cathode
12 to cause the surface of the cathode to easily release

 thermoelectrons 24 (described later) by Joule heating.

However, since the voltages V2 and V1 applied to the
terminals X1 and K2 of the cathode 12 are higher than the
voltage V4 applied to the grid 20, there is no emission of
thermoelectrons 24 from the cathode 12.

During the lighting period t,,, the voltages of the cathode

' drive signals Ek1 and Ek2 both are 0 V. Since the voltage of

the cathode 12 is lower than the voltage V4 applied to the
grid 20, the cathode 12 is heated by remaining heat, releas-
ing thermoelectrons 24.

The thermoelectrons 24 pass through the slits 11 of the
grid 20 and collide against the anode 18, to which the high
voltage is applied. The thermoelectrons 24, having passed
through the anode 18 formed of a thin film, collide against
the phosphor 16, causing cathodeluminescence to occur.

The rate at which thermoelectrons are emitted from the
surface of the cathode 12 depeads on the surface tempera-
ture of the cathode 12. When a thermoelectron emitting.
substance called an emitter material (not shown) is coated on
the surface of the cathode 12, thermoelectrons are usually
emitted therefrom at an adequate rate at surface tempera-
tures of 500° to 700°. However, if the temperature is t00
high, evaporation of the emitter material is promoted, reduc-
ing the rate of emission of thermoelectrons. As a result, the
amount of light emitted from the light source is impaired
drastically. On the other hand, if the temperature is too low,
the emission of thermoelectrons is not sufficient. To over-
come this problem, three points, namely, the conduction
voltage, the cathode resistance, and the conduction duty
cycle at the time of operation (i.e., the ratio of the off period
toyto the lighting cycle t, in FIG. 2) relevant to heating the
cathode must be properly selected before driving the cath-
ode.
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- However, in a lighting device used for an image input
apparatus or the like, the integrated value of an amount of
light stored in a CCD of a photoelectric transducer of the
apparatus is made adjustable by making the lighting period
t,, of the lighting device variable to increase the accuracy of
the output signal from the CCD. However, if the lighting
period t,, is varied in the conventional drive circuit, the off
period t,, must also be varied (assuming the lighting cycle
time t, is fixed). That is, the conduction duty cycle must be
varied, which puts the surface temperature of the cathode 12
out of proper range, thus shortemng the life of the light-
emitting tube.

SUMMARY OF THE INVENTION

The invention has been made in view of such problems.
Accordingly, an object of the present invention is to provide
a method for driving a cathodeluminescence type lighting .
device that can adjust the lighting period variably and
maintain a long life of the lighting device.

A driving method provided by the invention repeats, at a
predetermined lighting cycle, the steps of: beating a cathode
of the lighting device by electric conduction to the cathode;
emitting light by causing the cathode to release electrons
without' conduction to the cathode; and reposing without
causing the cathode to release electrons with no conduction
to the cathode. At least the period of the light-emitting step
and the period of the reposing step are variable.

Further, a. driving circuit provided by the invention
includes: a first control section for controlling a potential of
a first terminal of the cathode; and a second control section
for controlling a potential of a second .terminal of the
cathode. The first control section and the second control
section operate during a lighting period, a heating period,
and a dummy period. The lighting period, the heating period,
and the dummy period are repeated at a predetermined
lighting cycle and are successively generated. The first
‘control section controls the potential of the first terminal to
a potential lower than a potential of the control grid during
the lighting period, and controls the potential of the first
terminal to a potential higher than the potential of the control
grid during the periods other than the lighting period. The
second control section controls the potential of the second
terminal to 2 potential higher than the potential of the control
grid and different from the potential of the first terminal
during the heating period, and controls the potential of the
second terminal to a potential equal to the potential of the
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first terminal during the periods other than the heating
period. |

The invention: is characterized as having the heating
period, the lighting period, and .the reposing period in a
single lighting cycle. When the lighting period is adjusted
variably, the heating period can be maintained constant by
varying the reposing period in accordance with the adjust-
ment of the lighting period. Therefore, even if the lighting
period is adjusted, the temperature of the cathode can be
maintained within a proper range, thereby contributing to
extending the service life of the light-emitting tube.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view showing the construction of a
conventional light source utilizing cathodeluminescence;

FIG. 2 is a timing chart of a cathode drive circuit in the
conventional light source; -

FIG. 3 is a perspective view showing an example of a
light-emitting tube to which a drive circuit of the invention
is applied;

FIG. 4 is a diagram showing in block form an exemplary
drive circuit of the invention for the light-emitting tube
shown in FIG. 3, together with a schematic sectional view of
the light-emitting tube; '

_FIG. § is a timing chart illustrating the operation of a
cathode drive circuit within the drive circuit of FIG. 4;

FIG. 6 is a circuit diagram showing an example of the
cathode drive circuit performing the operation of FIG. §;

FIG. 7 is a circuit diagram showing another example of
the cathode drive circuit within the drive circuit of FIG. 4;

' FIG. 8 is a timing chart illustrating the operation of the
cathode drive circuit of FIG. 7;

FIG. 9 is a perspective view showing a light-emitting tube
110 of a lighting device for a color image input apparatus to
which a drive circuit of the invention is applied;

FIG. 10 is a sectional view taken along a line A—A' of
FIG. 9; o
- FIG. 11 is a partially enlarged view showing a grid
electrode 104 and separators 106-BB, 106-BR, 106-RG, and
106-GG in FIG. 9;

FIG. 12 is a partially enlarged view showing the grid
electrode 104 and inverted C-shaped separators 161-B,
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161-R, and 161-G, which can be applied to the hght-
emitting tube of FIG. 9;

FIG. 13 is a diagram showmg in block form an example
of a drive circuit of the invention for the hght-cmmmg tube
110 together with a partial sectional view of the light-
emitting tube 110;

FIG. 14 is a circuit diagram of a red light-emitting circuit
166-R within the cathode drive circuit 166 of FIG. 13; and

FIG. 15 is a timing chart illustrative of an operation of the
cathode drive circuit 166.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments of the invention will hereunder be
described in detail with reference to the drawings.

FIG. 3 is a perspective view showing an example of a
cathodeluminescence type lighting tube to which a drive
circuit of the invention is applied. A phosphor 16 for
cathodeluminescence is coated on the inner surface of a
front plate 28 of the ILight-emitting tube 26 in quantities of
0.1 to 100 mg/cm?, most preferably 4 rnglcm2 along the
length of the light-emitting tube 26. The phosphor 16 is
covered with an anode 30 made from aluminum, the anode
being formed by vacuum evaporation in thicknesses of 0.1
to 0.4 pm.

A back electrode 34 extends on the inner surface of a back
plate 32 of the light-emitting tube 26 along the length of the
back plate 32. The back electrode 34 is made from aluminum
by vacuum evaporation or the like. Immediately abave the
back electrode 34 is a wire-like cathode 36. The cathode 36
is a tungsten thin wire 50 to 100 pm in diameter. An emitter
material (not shown) is coated on the surface of the cathode
36. A grid 40 made of a metal plate that has a plurality of

- apertures 42 formed by blanking, electroforming or the like,
is arranged at such a position as to shield the anode 30 from
the cathode 36. The anode 30, the grid 40, the cathode 36,
and the back electrode 34 are electrically driven to conduct
by a drive circuit 44 (described later) via a terminal that
extends extemnally from the light-emitting tube. Reference
mumeral 46 designates an evacuating tube that evacuates the
light-emitting tube to a pressure of about 100 to 0.1 mPa.
The light-emitting tube is thereafter sealed by melting the
evacuating tube 46 by heating with a gas bumner.

FIG. 4 shows in block form an example of a drive circuit
of the invention for the light-emitting tube 26 shown in FIG.
3, together with a schematic sectional view of the light-
emitting tube 26.
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A drive circuit 44 includes three dc constant voltage
power supplies E2 to E4 and a cathode drive circuit 48 for
lighting control.

A high voltage on the order of 8 kV is applied to the anode
30 by the power supply E2. A voltage V4 on the order of
several volts is applied to the grid 40 by the power supply
E4. An appropriate voltage is applied to the back electrode
34 by the power supply E3. Such voltages are applied to
maximize the amount of thermoelectrons emitted by the
cathode 36. Both terminals K1 and K2 of the cathode 36 are
connected to the cathode drive circuit 48.

FIG. § is a timing chart illustrating the operation of the
cathode drive circuit 48. CTLon and CTLh designate signals
input to a lighting signal input terminal Con and 2 heating
signal input terminal Ch, respectively. Reference characters
Ek1 and Ek2 designate drive voltage signals supplied to thc
terminals K1 and K2, respectively.

During a period t, (heating period), the cathode drive
voltage signal Ek1 is a predetermined voltage V3 (e.g., 23
V), and the other cathode drive voltage signal Ek2 is a
predetermined voltage V1 (e.g., 8 V). Then, a difference in
voltage AV=V3-V1 is produced between the terminals K1
and K2 of the cathode 36, enabling the surface of the cathode
36 to casily emit thermoelectrons 24 by Joule heating,

.However, since the voltages V3 and V1 respectively
applied to the terminals K1 and K2 of the cathode 36 are
higher than the potential V4 applied to the grid 40, no
thermoelectrons 24 are emitted from the cathode 36.

Then, during a period t,, (lighting period), which is
between the moment at which the lighting signal CTLon
rises from 0 V to S V and the moment at which the lighting
signal CTLon drops to 0 V again, both cathode drive voltage
signals Ek1 and Ek2 are 0 V, which makes the voltage at the
cathode 36 lower than the applied voltage V4. As a result,
the thermoelectrons 24 are released from the cathode 36
~ heated by the remaining heat. The thermoelectrons 24 pass
through the apertures 42 of the grid 40 and collide against
the anode 30 to which a high voltage has been applied.
Further, the thermoelectrons 24 having passed through the
anode 30 made of a thin film then collide against the
phosphor 16 to produce cathodeluminescence.

Lastly, during a period t, (dummy period), the lighting
signal CTLon and the heating signal CTLh are both at O V.
As aresult, the voltage of both cathode drive signals Ek1 and
Ek2 is V1. Since there is no difference in voltage between
both terminals of the cathode 36, the cathode 36 is not heated
in a manner similar to the lighting period t,,,. Further, since
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the voltage V1 applied to the terminals K1 and K2 of the
cathode 36 is higher than the voltage V4 applied to the grid
40, no thermoelectrons 24 are emitted from the cathode 36.

In this timing chart, to variably adjust the lighting period
t,,. the cycle time t, and the heating period t,, are fixed,
whereas the lighting period t,, is varied within the range of
to-t,. Accordingly, only the luminous duty cycle can be
varied with the heating duty cycle maintained constant.

FIG. 6 shows an exemplary circuit of the cathode drive
circuit 48 shown in FIG. 5.

This cathode drive circuit 48 has two operational ampli-
fiers OP1 and OPZ, to which the dc voltage V1 is applied by
a power supply E8 as a supply voltage. A threshold voltage
VO (e.g., 1.5 V) is applied to both inverting input terminals
).

One of the operational amplifiers OP1 has a non-inverting
input terminal (+) connected to the signal input terminal Con
that the lighting signal CTLon can be received thereby,
and the output terminal thereof is connected to the control
gates of two complementary transistors Trl and Tr2 through
a set of dividing resistors R2 and R3 and through a set of
dividing resistors R5 and R4, respectively. The output ter-
minals of the complementary transistors Trl and Tr2 are
connected to the cathode terminal K2. '

The other operational amplifier OP2 has a non-inverting
input terminal (+) connected to the signal input terminal Ch
so that the heating signal CTLh can be received thereby, and
the output terminal thereof connected to the base of a
switching transistor Trd through a resistor R8. The emitter of
the switching transistor Tr4 is grounded, and the collector
thereof is connected to the control gate of the transistor Tr3
through a resistor R6. The voltage V3 which is a voltage

" combination of the voltage V1 of the power supply E8 with
a voltage of the power supply ES is applied to the control
gate of the transistor Tr3 through a resistor R7. The voltage
V3 is also applied to the source of the transistor Tr3. The
drain of the transistor Tr3 is connected to the other cathode
terminal K1. S

The operation of the circuit will be described below. An
operation during the heating period t, will be described first.

When the heating signal CTLh has risento 5 V from O V,
the output voltage of the operational amplifier OP2 rises to
V1 from 0 V, which causes the transistor Tr4 to turn on and
the potential of a node of the resistors R7 and R6 to become
almost 0 V. Then, since the transistor Tr3 turns on, the
voltage V3 is applied to the terminal K1 of the cathode 36. -
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During this heating period t,, the output voltage of the
operational amplifier OP1 is O V. As a result, the transistor
Trl turns off, whereas the transistor Tr2 turns on, which
causes thc power supply E8 to apply the voltage V1 to the
terminal K2 of the cathode 36.

As the voltages V3 and V1 are then applied to the
terminals K1 and K2 of the cathode 36, the cathode 36 is
heated with current passing therethrough.

The operation of the circuit during the lighting period t,,,,
will be described next.

When the lighting signal CTLon has risen to 5§ V' from 0
V, the output voltage of the operational amplifier OP1
becomes V1. Since this causes the transistor Trl to tum on
and the transistor Tr2 to turn off, the voltage at the terminal
K2 of the cathode 36 is almost O V. '

Since the heating signal CTLh is at 0 V in this instance,
the output voltage of the operational amplifier OP2is 0V,
leaving the transistor Tr4 tumed off. As a result, the tran-
gistor Tr3 is turned off, which opens the current loop flowing
through the cathode 36. Consequently, the terminal XK1 of
the cathode 36 is at 0 V, which is equal to the potential at the
terminal K2.

" The operation of the circuit during the dummy period (t,)
will be described. _

‘When the lighting signal CTLon has dropped to 0 V from
5 V, the output voltage of the operational amplifier OP1
drops to 0 V. Then, the transistor Tr1 is turned off, and the
. transistor Tr2 tums on, causing the voltage at the terminal
K2 of the cathode 36 to become the voltage V1 of the power
supply ES.

Since the heating signal CTLh is at 0 V at this time,
similar to the lighting period t,,, the current loop fiowing
through the cathode 36 is open. As 2 result, the potential at
the terminal K1 of the cathode 36 is V1, which is equal to
the potential at the terminal K2,

In the drive circuit shown in FIGS. § and 6, the heating
duty cycle of the cathode 36 is t,/ty. Thus, if the lighting
cycle t, and the heating period t, are kept constant at all
times, then the heating duty cycle is constant, thereby
keeping the surface temperature of the cathode within a
predetermined range. The lighting period t,, can be variably
adjusted independently of the heating period t,, by using the
dummy period t,; -

The variable range of the lighting period t,,, is between 0
and 1514 t,. Therefore, the variable range of the lighting
period t,, can be increased by increasinig the voltage V3 of
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the cathode drive signal Ekl during the heating period ¢,
shown in FIG. § as much as possible, so that the heating duty
cycle can be decreased, i.e., the period t, can be shortened
as much as the voltage V3 is increased.

FIG. 7 shows another exemplary circuit that can be used
as the cathode drive circuit 48 of FIG. 4, and FIG. 8 is a
timing chart showing an operation thereof.

The circuit shown in FIG. 7 is advantageous in that the

construction thereof is simpler than the circuit shown in FIG.
6. -

Further, the operation shown in FIG. 8 has a feature that
the lighting period t,,, comes first and that the heating period
t, starts in response to the end of the lighting period t,,.
More specifically, the lighting signal CTLon is generated at
an independent timing, whereas the heating signal CTLh is
genmerated at a timing dependent on the lighting signal
CTLon. One of the advantages in this system is that when
the lighting device is used as a light source of an image input
apparatus, the image reading period can be easily synchro-
nized with the lighting period. The reason is that the lighting
signal CTLon can be generated in direct synchronism with
a pulse signal that is gencrated by the image input apparatus
and synchronized with the reading period. In contrast
thereto, in the operation shown in FIG. 5, the lighting signal
CTLon is generated at a timing dependent on the heating
signal CTLh causing the lighting signal CTL.on to rise upon
dropping of the heating signal CTLh. Therefore, the lighting
signal CTLon cannot be generated in direct synchronism
with the pulse signal from the image input apparatus.

The circuit illustrated in FIG. 7 will be described below.

A transistor Tr1l receives the lighting signal CTLon on
the base thereof through a resistor R11. The emitter thereof
is grounded, and the collector thereof is connected to a dc
~constant voltage supply (e.g., 24 V+10%) through a resistor
R12 and to the base of a transistor Tr12. The transistor Tr12
is connected to the above-mentioned dc constant voltage
supply; the emitter thereof is connected to the terminal K2
of the cathode and grounded through a resistor R13.
Between the base of the transistor Tr12 and ground is
connected a zener diode ZD1 whose zener voltage is, e.g.,
25.8 V and whose function is to clamp variations in the dc
voltage supply on the high side of the nominal voltage.

A transistor Tr13 receives the heating signal CTLh on the
base thereof through a resistor R14. The emitter thereof is
grounded, and the collector is connected to the base of a
transistor Tr14 through a zener diode ZD2 whose zener
voltage is, e.g., 7.4 V and which is connected in the forward
direction. The transistor Tr14 has a resistor R15 interposed
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between the emitter and the base thercof, with the emitter
connected to the terminal K1 of the cathode and the collector
grounded.

The operation of the clrcmt will be descnbed with tefer-
ence to FIGS. 7and 8.

- As shown in FIG. 8, upon initiation of the lighting cycle
to» the lighting signal CTLon rises to 5 V from 0 V and drops
to 0 V after a predetermined lighting period t,,. In response
to the drop of the lighting signal CTLon, the heating signal
CTLh rises to S V from 0 V and drops to 0 V after a
predetermined heating period t,.

Referring to FIG. 7, upon rising of the lighting signal
CTLon at the start of the lighting period t,,, the transistor
Trll tuns on and the transistor Tr12 tums off. As a result,
thetermmalKZofthecathodeSﬁzsgroundedtobcatOV
s shown in FIG. 8.

Since the heating signal CTLh is at 0 V at this time, the
transistor Tr13 is turned off, which means that the transistor
Tr14 is turned off as well. Therefore, the current loop
flowing through the cathode 36 is open. As a result, the
potential at the cathode terminal K1 becomes 0 V, which is
equal to the potential at the other terminal K2.

In this way, the voltage of each of the terminals K1 and
K2 of the cathode 36 is O V, that is, lower than the grid
voltage V4 during the lighting period t,,,, so that electrons
are emitted from the already-heated cathode 36 and collide
against the phosphor of the anode after being accelerated by
the grid. As a result, the emission of light starts. '

At the end of the lighting period t,,, the lighting signal
CTLon drops, and simultaneously therewith the heating
signal CTLh rises. When the lighting signal CTLon drops,
the transistor Tr11 turns off, which causes the transistor Tr12
to turn on. As a result, the potential of the cathode terminal
K2 connected to the emitter of the transistor Tr12 becomes
almost 23 V (V3), which is obtained by subtracting the
voltage drop of the transistor Tr12 from the power supply
voltage(24 V)

Further, since the transistor Tr13 turns on and the tran-
sistor Tr14 turns on at the rising of the heating signal CTLh,
the potential of the cathode terminal K1 becomes almost 8
YV (V1), which is obtained by adding a base-emitter voltage
of the transistor Trl3 to the zener voltage 7.4 V.

In this way, the voltage of one terminal K2 of the cathode
36 is 23 V (V3) and that of the other terminal K1 is 8 V (V1)
during the heating period t,, which causes current to flow
through the cathode 36 to heat the cathode 36. However,
since the potential V3 of the cathode 36 is higher than the
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potential V4 of the grid, no electrons are emitted.

At the end of the heating period t;, the heating signal
CTLh drops. As a result, both transistors Trl3 and Tr14 turn
off, which in turn opens the current loop passing through the
cathode 36. Since the voltage of the cathode terminal K2 is
23 V (V3) at this time, which is equal to that during the
heating period, the voltage of the terminal K1 becomes 23
V (V3) as well. Therefore, no current flows through the
cathode 36, which means that the cathode 36 is not heated.
In addition, since the potential V3 of the cathode 36 is higher
than the potential V4 at the grid, there is no emission of light.

The above describes the embodiments applied to the
lighting device shown in FIG. 3 for the emission of light of
a single color.

Embodiments of the invention to be applied to a lxghtmg
device for the emission of light of three colors, which can be
used for a color image input apparatus, will be described
next.

~ FIG. 9 is a perspective view of an example of a light-
emitting tube 110 used as a lighting device for a color image
input apparatus to which the invention can be applied.

FIG. 10 is a sectional view taken along a line A—A'in
FIG. 9, and FIG. 11 is a partially enlarged view showmg a
grid electrode 104 and separators 106-BB, 106-BR, 106-RG,
and 106-GG in FIG. 9.

The construction of the light-emitting tube 110 will be
described below. Red, green, and blue cathodes 101-R,
101-G, and 101-B extend between the grid electrode 104 and
a back electrode 105 (both described later) while being
supported by cathode support members 108-R, 108-G, and
108-B on both ends thereof, respectively. The cathodes
101-R, 101-G, and 101-B are thin tungsten wires 10 to 50
pm in diameter. The surface of each cathode is coated with
an electron emitting substance (not shown) such as bariom
oxide or the like. The function of the coating is to improve
electron emitting efficiency.

The grid electrode 104 is located between the cathodes
101-R, 101-G, 101-B and an anode 102 by bending a plate
in trapezoidal form, the plate being electrically conductive
such as stainless steel, brass, or aluminum, as well as
nonmagnetic. As shown in FIG. 10, the grid electrode 164is
~ fixed by clamping with glass side plates 171, 172 and a
: bottom plate 173. As shown in FIG. 11, the grid electrode
" 104 has four separators 106-BB, 106-BR, 106-RG, 106-GG
for partitioning the cathodes. The separators are fixedata
plurality of fixing points 160. These separators are electri-
cally conductive with the grid electrode 104. Further, on a
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side of the grid electrode 104 which is opposite to the anode
are a plurality of net-like or slit-shaped apertures 145-R,
145-G, 145-B for allowing electrons to pass therethrough,
the electrons being generated by the cathodes 101-R, 101-G,
101-B.

Each separator 106 flexes between the fixing points 160
when thermally expanded by heat radiated from the cathode.
This causes an inconsistent amount of light. It is desirable to
increase the number of fixing points 160 to suppress the
flexing as much as possible. Further, it is desirable to bend
the upper edge part, the lower edge part, or both of each
separator 106 in L form so that the scparator 106 becomes
pard to flex. Otherwise, as shown in FIG. 12, inverted
C-shaped separators 161-B, 161-R, and 161-G may be used.

The back electrode 105 is formed between the cathodes
101-R, 101-G, and 101-B and the glass bottom plate 173.
The back electrode 105 is made of carbon paste.

Phosphors of three kinds, namely, a green-emitting phos-
phor 103-G, a red-emitting phosphor 103-R, and a blue-
emitting phosphor 103-B, arc sequentially coated on the
jnner surface of a transparent glass plate 107 by means of
screen printing or the like. The phosphors used here are
those capable of emitting light by cathodeluminescence,
such as yttrium oxysulfide (Y,0,S) with europium (Eu) or
samarium (Sm) as the red-emitting phosphor, zinc sulfide
(ZnS) with copper (Cu) and aluminum (Al) as the green-
emitting phosphor, zinc sulfide (ZnS) with silver (Ag) and
chlorine (C?) as the blue-emitting phosphar, and the like.

The anode 102 is formed by depositing a 1 to 10 pum thick
layer of aluminum on the inner surface of the phosphor-
coated transparent glass plate 107 by means of vacuum
evaporation or the like. :

Lastly, the surfaces of the glass parts in contact and the
interface of the leads externally extending from the light-
emitting tube 110 from each electrode are closed with
low-melting point glass or the like, put in a high-temperature
vessel at 500° to 600° to be fused so that a container 177
including the transparent plate 107, the glass plates 171,172,
173, 174, and 175 shown in FIG. 9 is formed. Then, when
the container 177 is evacuated to a range of 100 to 0.1 mPa
by an evacuating tube 176, the container 177 is sealed to
maintain the evacuated condition therewithin.

The three-color light-emitting tube 110, when used as a
light source for a color image input apparatus, injects light
in three colors to a single direction from a substantially
single light source. As a result, even if an original having
steps or irregularities on the surface is input, excellent color
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FIG. 13 shows in block form a drive circuit of the
invention for independently producing emissions of light
from the phosphors 103-R, 103-G, and 103-B for the respec-
tive colors of such light-emitting tube 110.

A drive circuit 167 shown in FIG. 13 includes three dc
constant voltage power supplies and a cathode drive circuit
166. The respective cathodes 101-R, 101-G, and 101-B are
connected to the cathode drive circuit 166 at both terminals
K1-R, K2-R, K1-G, K2-G, K1-B, and K2-B.

FIG. 14 is a circuit diagram of the cathode drive circuit
166. A circuit 166-R in FIG. 14 drives the cathode 101-R for
the red colar. Two other circuits (of the same construction)
are arranged in parallel to drive the cathode 101-G for the
green color and the cathode 101-B for the blue color. The
three cathodes 101-R, 101G, and 101-B are driven indepen-
dently by these three circuits.

The circuit shown in FIG. 14 is the same as the cathode
drive circuit for the single color light-emitting tube shown in
FIG. 6. A lighting signal input terminal Con-R and a heating
signal input terminal Ch-R receive a lighting signal CTL-R
and a heating signal CTL-Rh for red (see FIG. 15), respec-
tively. The cathode terminals K1-R and K2-R are connected
to the cathode 101-R for red.

. FIG. 15 is a timing chart showing the operation of the
cathode drive circuit 166.

As shown in FIG. 15, the drive signals CTL-Rh, CTL-R
for the red color, the drive signals CTL-Gh, CTL-G for the
green color, and the drive signals CTL-Bh, CTL-B for the
blue color are generated 120° out of phase with one another.
The operation of each color is the same as the operation
shown in FIG. §. _

The three-color light-emitting tube can, of course, be
driven by the three circuits, the construction of each of
which is the same as that shown in FIG. 7. In such a case,
the operation shown in FIG. 8 is performed per color. The
operations of the three colors are 120° out of phase with one
another.

While the preferred embodimeants of the invention have
been described above, the invention is not limited to them,
but may be embodied in various other modes.

As described in the foregoing, the invention is character-
ized as arranging a dummy period in which no heating or
lighting is effected during a lighting cycle and making the
- dummy period and the lighting period variable. Therefore,
even if the lighting period is variably adjusted, the heating

cycle can be maintained constant, thereby allowing the
life of the lighting device tohberincreased.
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What is claimed is: ,
1. A method of driving a cathodeluminescence lighting
device, comprising the steps of:
heating a cathode of said cathodeluminescence lighting
device by electric conduction; '

emitting light by causing the cathode to release electrons
absent conduction to the cathode once said cathode is
heated; and . :

delaying initiation of said heating step in 2 subsequent

lighting cycle for a period during which said cathode is
not heated and said release of said electrons is termi-
" nated, wherein said lighting cycle includes said heating
step, said light-emitting step, and said delaying step; -
wherein said heating, light-emitting, and delaying .steps
are repeated at predetermined lighting cycles, and

at least a period of said light-emitting step and a period of

said delaying step are variable.

2. The method according to claim 1, wherein a ratio of 2
period of said heating step to the lighting cycle is maintained
constant.

3. A method of driving a cathodeluminescence lighting
device, comprising the steps of:

heating a cathode of said cathodeluminescence lighti

. device by electric conduction; '

emitting light by causing the cathode to release electrons

absent conduction to the cathode once said cathode is
beated; and

delaying initiation of 'said heating step in a subsequent

lighting cycle for a period during which said cathode is
heated; and '
delaying initiation of said beating step in a subsequent
lighting cycle for a period during which said cathode is
not heated and said release of said electrons is termi-
nated, wherein said lighting cycle includes said heating
step, said light-emitting step, and said delaying step;

wherein said heating, light-emitting, and delaying steps
are repeated at predetermined lighting cycles, and

at least 2 period of said light-emitting step and a peciad of

said delaying step are variable; '

wherein said method further comprises the step of con-

trolling timings of said heating step, said light-emitting i
step, and said delaying step, said step of controlling '
timings determining a timing of said light-emitting step
independently of the timings of said heating step and of

* c L M H *
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said delaying step and the timings of said heating step -
and of said delaying step dependent on the timing of
said light-emitting step.

4. An apparatus for driving a cathodeluminescence type
lighting device having a control grid arranged between a
cathode and an anode, said apparatus comprising:

a first control scction for controlling a potential of a first

terminal of said cathode; and

a second control section for controlling a potential of a

second terminal of said cathode;

said first control section and said second control section
operating during a lighting period, a heating period, and
a dummy period, respectively, wherein said lighting
period, said heating period, and said dummy period are
repeated at predetenmned lighting cycles and are suc-
cessively generated;

said first control section controlhng the potential of the

first terminal to a potential lower than a potential of said
control grid during said lighting period, and controlling
the potential of the first terminal to a potential higher
than the potential of said control grid during periods
other than said lighting period; and

said second control section controlling the poteatial of the

second terminal to a potential higher than the potential
of said control grid and different from the potential of
the first terminal during said heating period, and con-
trolling the potential of the second terminal to a poten-
tial equal to the potential of the first terminal during
periods other than said heating period.

5. The apparatus according to claim 4, wherein said
second control section opens a current loop passing through
said cathode during periods other than said beating period so

.that the potential of the second terminal becomes equal to
‘the potential of the first terminal. '

6. The apparatus according to claim 4, wherein said
second control section controls the potential of the second
terminal to a potential higher than the potential of the first
terminal during said heating period.

7. The apparatus according to claim 4, wherein said
second control section controls the potential of the second
terminal to a potential lower than the potential of thc first
_terminal during said heating period. _

8. The apparatus according to claim 4, wherein

“said first control section operates in response to a hghtmg
signal indicating said lighting period; .
said second control section operates in response to a

heating signal mdu:anng said heating period; -
O
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said apparatus further comprising:

a signal generating section for generating said lighting
signal and said heating signal, said signal generating
section determining a timing for generating said light-
ing signal independeatly of said heating signal and a
timing for gencrating said heating signal dependent on
said lighting signal.

| R, O O
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- ABSTRACT
METHOD OF AND CIRCUIT FOR DRIYING CATHODELUMIESCENCE TYPE

LIGHTING DEVICE

A lighting device emits light by releasing electrons to an
anode from a Joule-heated cathode and causes the electrons
to collide against a phosphor on the anode side. A method of
driving the lighting device repeats, at a predetermined
lighting cycle, a heating period (t,) in which the cathode is
heated by conduction, a lighting period (t,,) in which the
cathode is caused only to release electrons without conduc-
tion so that light is emitted, and a dummy period (t,) in
which no conduction or emission of light occurs at the
cathode. To variably adjust the lighting pedod (t,,), adjust-
ments are absorbed by the dummy period (td) to maintain the
heating period (t,) constant at all times. With respect to the
timing control of each period, the lighting period (t,,) is
controlled at a timing independent of the heating period (t,),
whereas the heating period (t,) is controlled at a timing
dependent on the lighting period (t,,). This is preferred to
facilitate the timing control of the lighting period (t,,).

FIGURE 4
FIGURE 5
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