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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 

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, 

10 or a facsimile machine, or as a ·large display such as an 

outdoor television-type display. 

In lie~· of conventional light sources such as fluorescent 

lamps and line halogen lamps used as a line light source in an 

image input apparatus -or the ~ike~ a light source utili~ing 

15 cathodeluminescence, such as disclosed in Japanese Patent 

Un~xamined Publication No. 73970/1981, has been proposed as ~-

light source having low power ~onsumption. 

Figure 1 is a sectional view of a conventional 

cathodeluminescence type light sourc~., The construction of :the 

20 conventional light source will be described:with reference to 

Figure 1. 

-
Reference numeral 10 designates a glass tube that is 

'?Vacuated to a ·predetermined degree of vacuum. Along the 

length of the glass tube 10 extends a cathode 12. Reference 
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numeral l<l dc:siqne.tes A g1asa substrate, a front surtacc of 

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

on 't.he phosphor 16. The anode 18 is made cf an aluminum thin 

film that serves as a metal ~eking. A gri~ 20, which is a 

.5 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 sulfLde (ZnS) as a base 

material, such as ZnS with copper (Cu) and aluminum (Al) . The 

o light-emitting efficiency of these phosphor materials is· high. 

5 

0 
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A high vol taqe 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 th~ 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 a method of 

driving the cathodeluminescence type light source. Figure 2 is 

a timing chart fo; driving such light source. C'l'Lon designates 

a lighting signal input to a cathode drive circuit (not shown) •. 

Cathode drive signals Ekl and Ek2,. which are output signals 

qenerated from the cathode drive circuit, are applied to the 

terminals Kl and K2 of ·the cathode 12 of the liqht-amitting 

tub• shown i.~ F.iqur• l. Th• generation. of 1:.h• l:ig-htinq aignal 

C'l'Lon ~s ~apaatad with a cycia tiJnQ tO mtQod on a turning-off 

period t.u and a lighting period t_. 
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During the turning-o.f f period t 0 :et / the vol toges o:t the 
. . . 

cathode drive ~iqnals Ekl and Ek2 are V2 and Vl,. respectively. 

The voltages V2 and Vl are higher than the voltage V4 applied 

to i::.he gr.1.d 2 o . When the vol taqes V2 and Vl are applied to the 

5 terminals Kl and K2 of the cathode 12, a difference in voltage 

Av • V2 - Vl ~s supplied to the cathode 12 to cause the surface 

of the cathode to easily·release thermoelectrons 24 (described 

later) by Joule heating. 

0 

r 
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i 
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l 
! 
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However, since the voltages V2 and Vl applied to the 

terminals Kl 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 tha cathode 12. 

During the lighting period t 0a, the voltages of the cathode 

drive signals Ekl and Ek2 both are 0 v. ~ince 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, releasing 

thermoelectrons 24. 

The thermoelectrons 24 pass thro~qh 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 fo:cmed of a thin film, collide aqainst the 

phosphor 16r causing ·cathodoli.uni.no~canca.to occur. 

Tha rata at which the:moelect.ron• aro Gmittad £rom tha 

aurfa.co of tha cathode 12 depends on the surface temper~ture of 

the cathode 12. When a thermoelectron emitting substance 

- 3 



, I 
I 

THIS SHEET HAS BEEN 
REPLACED 

called an emitter ma't.er1.al (no~ shown) J..s coated on l:he sur:tace 

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 high; evaporation of - -
s 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, 

0 three points, namely, the conduction voltage, the cathode 

I resistance, and the conduction duty cycle at the time of 

operation ( i . e. , the ratio of the of£ period t 0 :r:t to the 

lighting cycle t 0 in Figure 2) relevant to heating the cathode 

must be properly selected before driving the cathode. 

s 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 ha h• ~d• adjustable by making t~e lighting period 

tn of the lighting device variable to increacQ tha accuracy 0£ 

the output signal from the CCD. However, if the l.ighting 

period t. is varied in the conventional drive circuit, the off 

period T.~1 must also be. varied (assuming ~he lighting cycle 

ti.me t 0 is :ti.xed). That .is; 'Che conduc-r.ion duT.y cycle ra.us1: 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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The invention has been made in view of ~uch problems. 

Accordingly, an object of the pr~sent invention-is to provide a 

method and apparatus for driving a cathodelwninescence 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 desc_;iption 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 dev_ice 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. 

According to a further specific aspect of the invention, a 

driving circuit is provided which includes: a first control 
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section for controlling a potential of a first terminal of 

the cathode; and a second control section ~or controlling 

a potential of a second termiQal of the cathpde. 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 
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control.s the potenti.al o:t 't.he tirst:. _'t.eoninaI to a potenti.Al 

lower than a potential of the control grid durinq the lighting 

period, and controls the potential of the tirst terminal to a 

potential higher than the potential of the control qrid during . . 
the periods other than the lighting pe.riod. The second control 

section controls the potential of the second terminal to a 

potential higher than the potent~al of the control grid and 

different from the potential of the first terminal during the 

beating period, and controls the potential of the second 
. 

terminal to a potential equal-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. When 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. There£ ore, even if the lighting period 

is adjusted, the ~-~mperature of the cathode can be maintained 

within a propgr rangQ, tharaby contributing to extending the 

sorvica life of the light•cam.itting tube. 

F~gure ~ ~s A ~ectLon~~ view ehow~ng the conatructLon o~ 

a conventiona1 1ight aource utilizing cAthodclumineecence1 

Figure 2 is a timing chart of a cathode drive circuit in 
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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 showinq in block fa.rm. an exemplary 

drive circuit of the invention for ·the 1ight-emitting tube 

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

·the light-emitting tube; 

Figure S is a timing chart illustrating the operation of 

a cathode drive circuit within-the drive circuit of Figure 4; 

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 diaqram showing another example of 

the cathode drive circuit within the drive circuit of Figure 4; 

Fiqure 8 is a timing chart illustrating the operation of 

the cathode drive circuit of Figure 7; 

Figure 9 is a perspective view showing a light-emitting 

tube 110 of a lightino device for a color image input apparatus 
:'" .. 

to which a drivo circuit 0£ the inv.ention is applied~ 

Figure 10 ie ~ coctional viow taken along a line A-Ar of 

:Figure 9; 

Pigure 11 i:s c partiAlly enlarged viow showing a qrid 

elec~ode 104 and separator~.J.06-BB, l06-BR 1 10G-RQ 1 and 106-CC 

J.n rJ..gure 9; 

Figure 12 is a· partially enlarg.ed view showing the grid 
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electrode 104 and ~nver~ed c-shaped separAtors 161-B, 161-R, 

and 161-G, which can be applied to the light-enU,tting tube of 

Figure 9; 

Figure 13 is· a diagram showing in block fol:JD an example of 

a drive circuit of the invention for the light-emitting tube 

l.10 together with a partial sectional view .of the light­

em.itting tube 110; 

Figure 14 is a circuit.diagram of~ red light-emitting 

circuit 166-R within the cathode drive circuit'"l66 of Figure 

a 13; and 

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 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 tha invention is applied. A phosphor l6 for 

cathodelum.inescence is coated on the inner surface of a front 

pl~te 28 of the light-amittin9 tuba 26 in quant~ties of 0.1 to 

100 mg/cmz,-moat prefe~abl:r 4 mg/cm.2, along tha 1ongth of tha 

light-c:mJ.tting tube 26. ~he phoaphor 16 · ia covored. with an 

anode 30 made from aluminum., the anode being formed by vacuum 
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A back electrode 34 extends on the inner surface of a back 

plate ·32 of the light-emitting tube 26 along ~he leng~h of 'Che 

back plate. 32. The back electrode 34 is made from a1wunum by 

vacuum evaporation or the like. I:mmed.iately above the back 

electrode 34 is a wire-lµce cathode 36. The cathode 36 is a 

tungsten thin wire 50 to 100 µm in diameter. An emitter 

JDaterial (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 4 2 fo:cned by blanking, electro£ orming 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 

extern~lly from ~he light-emitting tube. Reference numera.l 46 

designates. an evacuating tube that evacuates the light-emitting 

tube to a pressure of about 10 0 to 0. 1 mPa. The liqht-emi tting 

tube is thereafter,~ealed by melting the evacuating tu?e 46 by 

heatino with a oas 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 1 together vi th a. •chamatic s:oetional viaw of the lioht-

-emitting tube 26. 

The drive circuit 4~ includali three de conctant voltage 

power supplies E2 to E4 and a cathode drive c·ircuit 48 for · 
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lighting con~ol. 

A high voltage on the order of 8 kV is applied to the 

anode 3 0 by the power supply E2 • A vol taqe V4 on the order of 

several volts is applied to the grid 40 by the·power supply E4. 

JUl appropriate voltage is applied to the back electrode 34 by 

the power supply E3 • Such voltages a.re applied to maximize the 

amount of thermoelectrons emitted by the ca. thode 3 6 • Both 

terminals Kl and K2 of the cathode 36 a.re 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 texminal Con and a .heating 

signal input terminal Ch, respectively. Reference characters 

Ekl and Ek2 designate drive voltage signals supplied to the 

terminals Kl and K2, respectively. 

During a period t1'. (heating period) / the cathode drive 

voltage signal Ekl is a predetermined voltage V3 (e.g., 23 V), 

and tho other .~athodQ drive voltaqe si9nal Ek2 is a 

predeterminod voltaqo Vl (e.g., S V). Then, a difference in 
I 

voltage 6V: VJ - V1 ie produced between the
0

terJninals Xl and 

K2 of the cathode 36, enabling the surface of the cathode 36 to 

easily emit thermoelectron~ 24 by·Joule heating. 
-

However 1 s 1nce tile volte.gas V3 end Vl res pee ti ve:1y applied 

to the ~erm~nals ~l and K2 of the cathode 36 ere higher than 

the potential V4 applied to ·the grid 40, no thermoelectrons 24 
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Then, during a pe;-iod toa (lighting period) , which is 

between the moment at which the lighting signal CTLon rises 

frozn O V to 5 V and the momen""t. at which the "lighting signal 

CTI.on 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 

thennoelectrons 24 are released from the cathode 36 heated by 

the remaining heat. The the:r:moelectrons 24"pass through the 

apertures 42 of the grid 40 and collide against the anode 30 to 

which a high voltage has been applied. ?urther, the 

thezmoelectrons 24 havin~ passed through the anode 30 made of 

a thin film then collide against the phosphor 16 to produce 

cathodeluminescence. 

Lastly, during a period t;i (dummy period), the lighting 

si~nal CTLon and the heatinq signal CTLh are both at 0 v. As 

a result, the voltage of both cathode drive signals Ekl and Ek2 

is Vl. Sinca th.re is no difference in voltaoe between both 

tQrminal~ of thQ cathode 36, thQ cathode 36 is not heated in a 

JnAnner similar to tho 1ighting pGriod tn. Furthar, since the 

voltage Vl applied to the texminals Kl and K2 of the cathode 36 

is higher than the volto.9e V4 Applied to the grid 40, no 

ti\ermoel.ectrons 24 are emitted from the ce.thode 36. 

In t:h.1s i:.1.ming chart:., :co variab1y Gdju~t the i.i9ht.ing 

period t., the cycle time t 0 and the heating period tll are 

- 11 
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fixed, whereas the lighting period l:.oa. 1s va.ri.ed within the 

range of t 0 - t21.. 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 s. 
This cathode drive circuit 48 has two operational. 

amplifiers OPl and OP2, to which the de voltaqe Vl is applied 

by a power supply EB as a supply voltage. ·A threshold voltage 

VO {e.g., 1.5 V) is applied to both inverting input teoninals 

0 (-}. 

l 
' i 
l 

One of the operational amplifiers OPl 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 termina~ thereof is col'liPected to the control gates .. 
~. 

of two compleme~tary transistors Trl and Tr2 through a set of 

dividinq .resistors R2 and R3 and through a set of dividing 

resistors RS and R4 , respect! vely. The output terminals of the 

complementary tra-nsistors !l'rl and r.r:r:2 are connected to the· 

cathode terminal K2. 

The other operational amplif ior OP2 hag a non-inverting 

input tel:minal ( +) connected to the signal input terminal Ch so 

~hat 'Che heating 5iqnal CTLh can be received thereby, and the 

ou~pu~ l:.enu.1.nal ti\ereo~ connect=d to the bAse of a ewitehin9 

transistor Tr4 througJ:l a. resia1:or RS. The emi ttor· of the 

switching transistor Tr4 is grounded, and the collector thereof 

liiii1ii1nr · · - 12 -
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is connected to the controi gate of. th~ ~ransisto~ Tr3 through 

a resistor R6. The voltage V3 which is a voltage combination 

of the voltage V1 of the power supply ES with a voltage of the 

power supply ES is applied _to the contrQl gate ot the 

transistor Tr3.through a resistor R7. The voltage V3 is al5o 

applied to the source of the transistor Tr3. The drain ot the 

transistor Tr3 is connected to the· other 9athode te:rminal Kl. 

The operation of the circuit will be described below •. An 

operation during the heating period th will be described first. 

When the heating signal· CTLh has risen to 5 V from 0 V, 

the output voltage of the operational amplifier OP2 rises to Vl 

from O 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 Kl of the cathode 36. 

During this heating period tk, the output voltage of the 

operationil.l ampli~ier OPl ir: O v. As ·a x-as:ult, the transistor 

Trl tu.rn::s off 1 whereas the tranr:iii:tor 'l'r2 turns on, which 

cau:u::::s the power :supply E9 to apply the voltaqe Vl to the 

tenninal K2 of the cathode 36. 

As 't.he vol -cages V3 and v1· a.re then applied to the 

-teDnJ.nals ~l and ~2 ot ~e ca~hode 36, the cathode 36 is heated 

with current passing ~here't.hrough. 

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 S.V from 0 V, 

the output voltage of the operational amplifier.OP! becomes Vl. 

Since this causes the transfitor Trl to turn on and the 

transistor Tr2 to turn·otf, the voltage at the terminal ~2 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 amplifie~ OP2 is 0 V, 

leaving the transistor Tr4 turne~ off. As a result, the 

o transistor Tr3 is turned of£, which opens the current loop 

flowing through the cathode 36. Consequently, the terminal Kl 

of the cathode 36 is at 0 V, which is equal to the potential at 

the terminal K2. 

I 

The operation of the circuit during the dunuay period (t,) 

wi11 be described. 

When tha lighting signal CTLon bas dropped to 0 V from 5 

V, the output voltage of the operational amplifier OPl drops to 

0 v. Then, th~··- tranaistor Trl · i.s turned off,. a.nd the 

tr~n8ietor !l'r2 turns on, cauci.ng the vol.tage at thA tcu:mina1 K2 

of the cathode 3 6 to become the voltage Vl of the powor •upply 

ES. 

Since ~he hea'Cing signal CTLh is at 0 v at this t~me, 

similar to the ligh"Cing per~od ~e, the current loop £lowing 

throuqh the cathode 36 is open. As a resul'C, 'Che potential. at 

the terminal Xl of the cathode 36 is Vl, which is equal to the 
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potential at the terminal K2. 

In the drive circuit shown in Figures S and 6, the beating 

duty cycle of the cathode 36 is th/t0 • Thus, if the liqhting 

cycle t 0 and the heating period th are kept constant at all 

times, then the heating duty cycle is constant, thereby keeping 

the surface temperature ot the cathode within a predeterm.in~d 

range. The lighting period t_ can be variably adjusted 

indepen.dently of the heatinq period ta. 'by u&ing the dummy 

P.eriod t". 
The variable range of the lighting period t= is between 

0 and t 0 - th. Therefore, the variable range of the lighting 

p~riod ton can ha increased by increasing the voltaqe V3 of the 

cathode driv;e signal Ekl during the heating period th shown in 

F~gure ~ a5 much A5 po~~ible, 50 that the heating duty cycla 

can be decreased, i.e~, the period th can be 5hortened as much 

as the voltage V3 1s increased. 

Figure 7 shows another exemplary circuit that can be used 

as the cathode dr{~e circuit 48 of Figure 4, and F~gure 8 ~s a 

timing chart showing an operation thereof. 

The circuit shown in Figure 7 is advantageous in that the 

construction thereof :is simpler than the 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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tCl'll. More spec1t1.ce.ll.y / the lighting s.i..gn~l CTLon iSt 9aneratQd 

at an independent timinq, whereas the heating signal CTLh is 

generated at a timinq dependent on ~he 11ght~ng slqnal CTLon. 

O?e of the advantages in this sy$tem is that when the lighc1nq 

device is used as a liqht so~rce of an image input apparatus, 

the imaqe reading period can be eas~ly 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 i~qe input ~pparatus and synchronized with 

·the reading period. In contrast thereto / in the operation 

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

timing dependent on the heating signal CTLh causing the 

lighting signal CTLon to rise upon droppin~. of the heating 

sign~~ CTLh. Therefore, the lighting signal CTLon cannot be 

generated in direct synchronism with the pulse signal from the 

image input apparatus. 

The circuit il.lustrated in Figure 7 will bf: described 

below. :'" . 

A transistor Trll receives the lighting signal CTLon on 

the base thereof through a res·istor Rll. '!'he emiti:er thereof 

is grounded, and the collector thereof is connected to a de 

constant voltage supply {e.g., 24 V ± 10\) through a resistor 

Rl2 and to the base of a transistor Trl2. The transistor Trl2 

i.a connacted to the above-mentioned de constant voltage.supply; 

the emitter thereof is connected to the terminal K2 of the 
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of the trensistor Trl2 and ground is connected a· :ener diode 

ZDl whose zener voltage is, e.g., 25.8 V And whose function ia 

to clamp variations in the de vol~age supply on the high side 

of the nominal voltage. 

A transistor Trl3 receives the heating signal CTLh on the 

base thereof through a resistor Rl4. The emitter ~hereot ls 

grounded, and the collector· is connected·· to the base ot a 

transistor Tri4 through a zener diode ZD2 whose zener voltage~ 

is, e.g., 7.4 v and which is connected in the forward 

direction. The transistor Trl4 has a resistor RlS interposed 

between the emitter and the base thereof I With the emitter 
. 

connected to the terminal Xl of the .cathode and the collector 

grounded. 

The operation of the circuit will be described wi. th 

reference.to Figures 7 and 8. 

As shown in Figure 8, upon initiation of. the lightinq 

cycle t 0 , the liqh~ing signal CT!aon rises to S V from 0 V and 
. . 

drops to 0 V after a predetermined lighting period t_. In 

o response to the drop of the lighting signal CTLon, the hentinq 

siqnal CTLh rises to.s v from O V and drops to 0 v after a 

prodater:minad heatinq period t~. 
-

Reforrinq to Fiqura 11 upon risinq of the liohting signal 

CTLon at tho start of thQ liqhtino period t_, the transistor 

Trll turns on and the transistor Trl2 turns off. As a result, 
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the terminal K2 o! l:.he ca-r.hode 36 is grounded to ·be at O v, ae 

shown in Figure 8. 

Since the heating signal CTLh is at o v a~ 'thi& time, the 

transistor 'l'r13 is turned off, which means thae ~he transiseor 

'l'rl4 is "turned off as well. There£ ore, 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 ~f each of the terminals Kl and 

K2 of the cathode 36 is 0 v, that is, lower than the grid 

voltage V4 during the li9htin9 period ton, 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 stares. 

At the end of the_ lighting period t 0n, the lighting signal 

CTLon drops,·and simultaneously therewith the heating signal 

CTLh rises. When the lighting signal CTLon drops, the 

transistor Trll turns off, which causes the transistor Trl2 to 

turn on . As a result, the potential of the cathode te:cminal K2 

connected to the emitter of the transistor Tr12 becomes almost 

23 V (V3), which is obtained by subtracting the vol ta.ge drop of 

the tr~nsistor Trll from the power supply voltaoe(24 V) 6 

Further, e.i.nc:a thQ transistor Trl3 turns on. and the 

tranei•tor ·~r14 turns on at the rising of the heatinq aiqnal 

CTLh, the potential of the cathode terminal Kl becomes a~most 
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8 V (Vl), which is obeained by adding~ base-emitter voltagQ of 

the transistor Trl3 to the zener voltage 7.4 V. 

In this way, the voltage of one terminal 1C2 _ot the ca't.hode 

36 is 23 V (V3) and that of 't.h.e other tenninal Kl 1• 8 v (Vl) 

during the heating period t 11 , which causes current to tiow 

through the cathode 36 to heat the cathode 36. However, since 

the potential V3 of the cathode 36 ~s higher than the potential 

V4 of the grid, no electrons are emitted. 

At the end of the ·heatinq_period th, the heating signal 

CTLh drops. As a result, both transistors Tr13 and Tr14 turn 

off, which in turn opens ~he current loop passing through the 

cathode 36. Since the voltage of the cathode te:cminal K2 is 23 

V (V3) at this time, which is equal to that during the heating 

period, the voltage of the terminal Kl becomes 23 V (V3) as 

well. Th~refore, 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 tne .. qrid, there is no emission of light. 

The above describes the e?nbodiments applied to the 

1ighting dQvice shown in Figure 3 for the emission of light of 

a·single color. 

EmbodimQnt• of the invontion to be applied to a liqh~inq 

device for the amia•ion of l~ght·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 liqht-

111i111~r · - 19 -
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eiaitting tube 1~0 used ~s a lighting device for a color imago 

input apparatus to which the invention· can be applied. 

Figure 10 is a sectional view ~aken a1onq a l~ne A-A' in 

Figure 9, and Fiqure 11 is a partially enlarged v~ew show1nq 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 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 µm in diameter. The surface 

of each cathode is coated with an el~ctron emitting substance 

{not shown) such as bariwn oxiqe_or the like. The function of 

the coatinq is to improve electron emittinq efficiency. 

The grid electrode 104 is located between the cathodes 

101-R, 101-G, 101:-B and an anode io2· by bending a plate in 
. . 

trapezoidal form, the plate beinq electrically conductive such 

as stainless steel, brass, or alum!nwn, as well as nonmagnetic. 

As shown in Figure l_O, the grid electrode 104 is fixed by 

clamping W"ith glass side plates 1"71, 172 and a bottom plate 

173. As ahown Ln Fioure 11, the qrid electrode 104 has four 

aeparatora 106-BB, 106-BR, 106-RG, 106-GG for partitioning the 

ca~hodes. The sep4rators are fixed at a plurality of fixing 
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points 160. These separaeors are clect~ically conductive v~th 

the grid· electrode 104. Further, on a aide .of the grid 

electrode 104 which is opposite to the anode are a plural! t:y or 

net-like o:r slit-shaped apertures 145-R, 14-S~G, l4.5-B :tor 

allowing electrons to pass therethrough, the electrons bel.ng 

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. frOJI! the cathode. 

This causes· an inconsistent amount of light. It .. is desiraple 
.. 

10 to increase the number ~f 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 ~n L form so that the separator 106 liecomes 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-emittinq 

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 alass plate 107 by means of screen 

printing or "'thQ like. The phosphors used here are those 

capa.blo of omitt.ing liqht by ca-thodelwninescenee, such as 

yttriwn oxysulfide {Yi02S) 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 (ZnS) with silver (Ag) ~nd chlorine (Ci) as the blue­
emitting phosphor, and the like. 

The anode 102 is formed by depositing a 1 to 10 µm thick layer. 
of aluminum on the inner surf ace of the phosphor-coated 
transparent glass plate 107 by means of v~cuurn evaporation or 
the like. 

Lastly, the surfaces of the glass parts in contact and the 
interface of the leads externally extending from the light­
emi tting 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 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 
reproduction free from color mismatching can be obtained. 

Figure 13 shows in block form a drive circuit of the 
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1nven~ion tor independently producing emis•iona of _l~ght from 

the phosphors 103-R, 103-G, and 103-B for the respective colors 

of such light-em1t~1ng ~ube 110. 

A drive circuit 167 shown-in Figure 13 1n~ludes three de 

constant voltaqe power supplies and a cathode drive c1rcu1~ 

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

connected to the cathode drive circuit 166 at both terminals 

Kl-R, K2-R,.Kl-G, K2-G, Kl-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 arranqed 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 

i.s independently by these.three circuits. 

The circuit shown 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- signal input termlnal Con-R and ~ heating 

signal input terminal Ch-R receive a lighting signal CTL-R and 

a heating signal CTL-Rh for red (see Figure 15), respectively. 

The cathode terminals I<l-R and K2-R are connected to the 

cathode 101-R for red. 

Figure 15 is a timing chart showinq ~he opera~ion of ~he 

cathoda drive circuit 166. 

As shown in Fiqure 15, the drive signals CTL-Rh, CTL-R .for 
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~he red color, the drive signal~ C~L-Gh, CTL-G for the grean 

color, and the drive signals CTL-Bh, CTL-B for the blue color 

a.re generated 120° out of phase with one another. The 

operation of each color ~s the same as ~he operat~on 5hown in 

s Figure 5. 

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

driven by the three circuits, the construction o:r each ot wh.1ch . 

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

operation shown in Figure 8 is performed per . color. The 

io operations of the three colors are 120° out of phase with one 

15 

another. 

While the pref erred embodiments ot the inven't.ion have been 

described above, the invention is not limited to them1 but may 

be embodied in various other modes. 

As described i~ the foregoing, the invention according to a specific 

aspe~t is charact~rized as arranging a dummy period in which no heating 

or lighting is effected during a lighting cycle and makinq the 

dummy period and the lighting period variable. 'l'heref ore, even 

if the lighting period is variably adjusted, the heating duty 

20 cycle can be maintained constant, thereby allowing the life of 

the lighting device to be increased. 
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CLAIMS 

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, 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. 

2 . The method acco~ding to . claim 1, wherein a ratio of a 

25 period of said heating step to the lighting cycle is 

maintained constant. 

3. The method according to claim 1 or 2, further comprising 

30 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 

35 

heating step and of said reposing step and the timin~s of 

said heating step and of said reposing step dependent on 

the timing of said light-emitting step. 
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4 · An apparatus, especially for carrying out the method of 

any .one of the preceding claims, for driving a 

5 cathodeluminescence type l.:i:ghting device f26;110) having 

a control grid (40;104) arranged between a cathode 

(36;101) and an anode (30;102), said apparatus 

comprising: 

10 

15 

20 

25 

30 

35 

a first control section for controlling a potential of a 

first terminal of said cathode (36;101) and 

a second control section for cont~olling a potential of a 

second terminal of said cathode (36;101); 

said first control section and said second control 

section 

heating 

operating 

period 

during a 

(th), and 

lighting period (ton), a 

a dummy period {td), 

respectively, 

period, and 

predetermined 

generated; 

wherein said lighting period, said heating 

saiq dummy period are repeated at 

lighting eye les and are successively 

said first conf;i;~l section controlling the potential of 

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 

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 potential of the 

11111111111111 11111 1111111 1111 E:•TI:.'-TIEUROPAIS6216CLDOC 
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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. 

6. The apparatus according to claim 4 or 5, wherein said 

second control section controls the potential of the 

15 second terminal to a potential higher than the potential 

of the first terminal during said heating period (th)· 

7. The apparatus according to any one of claims 4 to 6, 

20 wherein said second control section controls the 

potenti.al of the second terminal to a potential lower 

than the potential of the first terminal during said 

heating period (th)· 

25 

30 

35 

8. The apparatus according to any one of claims 4 to 7, 

wherein 

said first control s·ection 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: 

1111111111111111111 11111111111 ! 
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4 

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 sai-Ei heating signai and a timing 

for generating said heating signal dependent on said 

lighting signal. 
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