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TECHNICAL FIELD 

The present invention relates to an illumination 

5 unit and an image reading apparatus using the same 

illumination unit, suitable for use in an image scanner, 

digital copying machine·, facsimile, etc. to read images 

into a. c~~puter, mainly. 
BACKGROUND ART 

10 An example of prior art. image reading apparatus is 

disclosed in Japanese Published Unexamined (Kokai) Patent 

Application No. 54-81715, for . instance •. · Fig. 23 is a 

perspective view showing the . pri()r art image · reading 
apparatus disclosed in this document, and Fig. 24 is a 

15 cross-sectional view showing the carriage thereof, taken 

along the line B-B' in Fig. 23. In Fig. 24, an 

illumination unit 36 is c~mposed of three image 

illuminating mercury fluorescent lamps of a red mercury 

fluorescent lamp 37, a green mercury fluorescent lamp 38, 

20 and a blue mercury fluorescent lamp 39, each having a 

predetermined distribution of sp~ctral radiant energy and 

three voltage sources (not shown) for turning on 

respective lamps. These three red, green and blue 

mercury fluorescent lamps 37, 38 and 39 are turned on 

25 periodically and independently in sequ~nce to illuminate 

an object 28 to be image read. The light reflected by 

the object 28 is image-formed on a line sensor 34 

composed of a plurality of light-electricity transducing 

·elements, through a reduction lens 33, in order to read 

30 the image py de~ecting chrominance signals, in sequence. 
f . 

35 

In the prior art fluorescent lamps, since the 
evaporation_· pressure of the mer

0

cury enclosed inside 

fluctuates according to ambient' temperature, there exists 

a problem in that the quantity of light fluctuates 

according to the ambient_ temperature. 

the case of the fluorescent lamp, the 

obtainable is inevitably limited 

In addition, in 
quantity of light 
and further an 
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appropriate tube diameter of the lamp is as large as 40 

mm to maximize the luminous efficiency. Therefore, tpe 

volume of the three fluorescent lamps which constitute 

the color image scanner is large, and thereby it has been 

5 difficult to reduce the size of the illumination unit. 

In addition to the above-mentioned problem, the 

prior art method involves another problem in the case 

where a~ object having sloped portions as with the case 

of an opened book is image read. In more detail, with 

10 reference to Fig. 25, when an object 28 having sloped 

portions is placed on a table 27 for image reading, the 

· shade of colors which are not actually exist (referred to 

as shear in color image) is produced, thus resulting in a 

problem in that the color reproducibility is deter.iorated 

15 markedly. 
The causes of the above-mentioned problem are 

described in further details with reference to Fig. 25. 

When taking into account a point A at which the object 28 

is not parallel to the table 27, the object at point A is 

20 illuminated sufficiently by the light emitted from the 

green and blue mercury fluorescent lamps 38 and 39, but 

not illuminated sufficiently by the light emitted from 

the red mercury fluorescent lamp 37. This is because the 

angle of incidence of light emitted from the r~d mercury 

25 fluorescent lamp 37 upon the.object is small at point A. 

Therefore, in the case where the color of the object at 

point A is white, in spite of the fact that the quantity 

of light reflected from the object at point A must be 

equal to each other in the three colors of red, green and 

30 blue emitted by. the respective mercury fluorescent lamps 
. : ·j 

so -that the line sensor 34 can generate the red,. green 

and blue color output -signals at the same level, since 

the red light emitted from the red mercury fluorescent 

lamp 37 is not suffic1ent at point A, the red color 

35 signal output of the line sensor 34 is low, with the 

result that the color at point A is reproduced .in a 

· purplish blue color. 
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In other words, the above-mentioned phenomenon 

occurs due to the fact that the spread angle a of mercury 

fluorescent lamp relative to an object, that is, the 

angle between the red mercury fluorescent lamp 37 and the 

5 blue mercury fluorescent lamp 39 obtained when seen from 

any given position on the object to be read is as large 

as 100 to 120 degrees in the case of the prior art 

illumination unit. The above-mentioned problem may be 

solved by collecting the three mercury fluorescent lamps 

10 at the same position to reduce the spread angle a to the 

object. In the case of the prior art illumination unit, 

however, since the optimum diameter of the fluorescent 

lamp is as large as 40 mm, it has been difficult to 

arrange the three fluorescent lamps at the same position. 

15 Further, in the prior art illumination unit, since 

the three lamps are turned on periodically and 

independently in sequence, it is impossible to use the 

same single lamp activating power source, in common for 

the three lamps. As a result, when the prior. art 

20 illumination unit is mounted on the carriage 35 of the 

image reading apparatus, a large space is inevitably 

required. In addition, since the carriage 35 is moved by 

the distance corresponding to the image-reading dimens~~n 

of the object, there exists a problem in that the size of 

25 the image reading apparatus itself is inevitably 

increased to that extent. 

DISCLOSURE OF THE INVENTION 

An object of the present_ invention is to provide an 

illumination unit stable in the quantity of illumination · 

30 light ~it}?.out .. J:>eing susceptible to change in ambient 
·1 

temperature. 

Another object of the present invention is to 

provide an illumination unit cdmpact in size and large in 

light emission capability. 

35 Further, the object of the present invention is to 

provide a color image reading apparatus compact in size. 
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Another object of the present invention is to 
provide a color image reading apparatus provided with Bn 
illumination unit high in color reproducibility, without 
causing any shear in color image reading, even when an 

5 image having stepped_ portions as with the case of an 
opened book is image read. 

To achieve the above-mentioned object, the present 

invent~o~. provides an illumination unit which comprises 
within an air-tightly closed vacuum vessel: a cathode for 

10 emitting electrons by application of a first 
_predetermined voltage; an anode for accelerating the 
electrons emitted by said cathode by application of a 
second voltage higher than the first voltage; and a 
fluorescent substance for emitting cathode luminescence 

15 light caused by collision of the accelerated electrons 
thereagainst. 

Further, the present invention provides an 
illumination unit which comprises within an air-tightly 
closed vacuum vessel: a cathode for emitting electrons by 

20 application of a first predetermined voltage; an anode 
for accelerating the emitted electrons by application of 
a second ·predetermined voltage higher that the first 
voltage; a plurality of fluorescent substances for 
emitting cathode luminescence light caused by collision 

25 of the accelerated electrons thereagainst; and a 
deflection electrode for deflecting a travel direction of 
the emitted electrons by application of a third voltage 
higher than the first voltage but lower than the second 
voltage, the third voltage being so controlled that the 

30 electrons are· directed ~o any one of a plurality of the 
. . •j 

35 

fluorescent substances. 
Further, the present invention provides an image 

reading apparatus provided with the above-mentioned 
illumination unit. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 1 is a perspective view showing a first 

embodiment of the illumination unit according to t}le 

present invention; 
Fig. 2 is a cross-sectional view taken along the 

5 line A-A' shown in Fig. l; 
Fig. 3 is a diagram showing a circuit for activating 

the first embodiment of the illumination unit;. 
Fig. 4 is a perspective view showing a second .. 

embodiment of the illumination unit according to the 

10 present invention; 
Fig. 5 is a cross-sectional view taken along the 

line A-A' shown in Fig. 4; 

Fig. 6 is a diagram showing a circuit for activating 

the second embodiment of the illumination unit; 

15 Fig. 7 is a perspective view showing a third 

embodiment of the illumination unit according to the 

present invention; 
Fig. 8 is a cross-sectional view taken along the 

line A-A' shown in Fig. 7; 
20 Fig. 9 is a diagram showing a circuit for activating 

the third embodiment of the illumination unit; 

Fig. 

essential 

10 is 
portion 

a . cross-sectional view showing 

of a fourth embodiment of 

illumination unit according to the present invention; 

an 
the 

25 Fig. 11 is a front view showing a back electrode of 
metal vapor deposition type used in the fourth 

embodiment; 
Fig. 12 is a cross-sectional view showing an 

essential portion of a fifth embodiment of the 

30 illuminati9n un~t according to the present invention; ., 
Fig. 13 is a perspective view showing a sixth 

embodiment of the illumination unit according to the 

present invention; 

Fig. 14 is a cross-sectional view taken along the 

35 line c-c• shown in Fig. 13; 

Fig. 15 is a front view showing a.grid 18 shown in 

Fig. 13; 
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Fig. 16 is a graphical representation showing the 

brightness distribution on the light -generating surface 
obtained when electrons are controlled by use of a g·rid 
19 formed with three openings of the same opening areas 

5 s1 , s2 , and s3 ; 

Fig. 17 is a front view showing a grid 23 of a 
seventh embodiment of the illumination unit; 

P~g·,. 18 is a perspective view showing a grid 24 of 
an eighth embodiment of the illumination unit according 

10 to the present invention; 
Fig. 19 is a diagram· showing a circuit for 

activating the eighth embodiment of the illumination 
unit, together with a diagrammatical cross-sectional view 
taken along the line E.;..E' shown in Pig. 18; 

15 Fig. 20 is a perspective view showing an embodiment 
of the image r.eading apparatus using the illumination 
unit according to the present invention; 

Pig. 21 is a cross-section view showing a _carriage 
26 shown in Fig. 20; 

20 Fig. 22 is a perspective view showing another 
embodiment of the image reading apparatus using the 
illumination unit according to the present invention; 

Fig. 23 is a perspective view showing a prior art 
image reading apparatus; 

25 Fig. 24 is a cross-section view showing the carriage 
35, taken along the line B-B' shown in Fig. 23; and 

Pig. 25 is an illustration for assistance in 
explaining the case where an image having sloped portions 
such as an opened book is read in accordance with the -

30 prior art method. 
. . 'i 

BEST MODES FOR EMBODYING THE INVENTION -
Fig. 1 is a perspective view showing a first 

embodiment of the illumination unit according to the 
present invention; and Fig. 2 is a cross-sectional view 

35 taken along the line A-A' shown in Pig. 1. The detailed 
construction of the illumination unit will be· described 
hereinbelow with reference to Fig. 1. 
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A cathode 1 is fine wire made of tungsten and having 
a diameter from 5 to 50 µm. The surface of the cathode 
is covered with an electron emitting substance such as 
barium oxide (not shown) to increase the thermoelectron 

5 emission efficiency. This cathode 1 is formed by 
stretching a single cathode wire into S-shape with 
cathode returning poles lb disposed on two cathode fixing 
members la. In the above-mentioned construction, the .. 
cathode can be stretched in a single process, fixed by a 

10 pair of electrodes, and formed easily even when a narrow 
light emitting width is needed. Further, the fluorescent. 
substances of three different light colors 4R, 4G and 4B 
are applied onto the lower surface of an upper plate 5 

made of transparent glass into a rectangular shape, by 
15 screen printing method, for instance. The fluorescent 

substances are of materials able to generate cathode 
luminescence such as Y2 02S:Eu, Sm for red color, ZnS:Cu, 
Al for green color, and zns: Ag, Al for blue color, in 
practice. A color linear light source of three primary 

20 colors can be composed by using these fluorescent 
substances. The switching speed of the emitted light 
colors of this illumination unit can be determined on the 
basis of the aft~rglow time of the fluorescent 
substances. The afterglow time of the cathode 

25 luminescence is short; that is, in the case of the green 
fluorescent material 4G and the blue fluorescent material 
4B, the afterglow time is O .1 msec or less and in the 
case of the red fluorescent material 4R, the afterglow 
time is about 1 msec •. The powders of these fluorescent. 

30 substances are. applied- uniformly at a rate of 1 to 10 
. . ·j 

mg/cm2 , and an anode 3 made of aluminum and having a 

thickness of 0 .1 and 0. 4 µm is formed on the applied 
fluorescent substances through the process of vapor 
deposition. 

35 Three back electrodes 2G, 2R and 2B are formed. and 
arranged by bending into a U-shape a conductive and non-
magnetic material such as brass or aluminum. The gap 
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distance 12 between the respective back electrodes 2G, 

2R and 2B and the cathode 1 is about 0.1 mm. By reducing 

the gap distance, it is possible to decrease the 
respective voltages applied to the respective back 
electrodes 2G, 2R and 2B. 

As shown in Fig. 2, a vacuum vessel 20 is formed by 

an upper plate 5 to which the three fluorescent 

substances 4R, 4G and 4B are applied, two side plates 6a 

and 6b, a bottom plate 7, and other side plates 6c and 6d 

10 shown in Fig. 1, and evacuated down to a vacuum of lo-s 

to io-8 Tori: through an exhaust pipe 6e. Further, the 

material of the upper plate 5 is lead or glass, for 

instance. 

The operation of the illumination unit as described 

15 above will be described hereinbelow, with reference to 

Fig. 3 which shows a circuit for activating the 

illumination unit. Here, only the light emission control 

of the green fluorescent substance 4G will be described 

hereinbelow by way of example. · 

20 To the anode 3, a direct current voltage v1 of 5 to 

30 kV, most preferably of 10 kV is applied through a lead 

terminal 3a as shown in Fig. l. 

the cathode 1, a voltage· v2 is 

On the other hand, to 

applied through a lead 

terminal la shown in Fig. 1. Thermoelectrons generated 
25 from the cathode by Joule heat are attracted and 

accelerated toward the anode 3 by an electric field 

generated by the anode voltage v1 • 

When the green light is emitted, a control signal is 

applied to a terminal CTL-G from a control means (not 

30 shown) to ~urn qn. a tratlsistor Tr-G. The transistor Tr-G 
. 'I 

35 

is connected to the g:een back electrode 2G by a lead 

terminal 2G-a shown in Fig. 1. Therefore, the electric 

potential of the green back electrode 2G is the·same as 

that of the cathode 1, because both are 

other via the lead terminal la shown 

thermoelectrons emitted from the 

connected to each 

in Fig. 1. The 

cathode 1 are 

I . 
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accelerated to the anode 3, and further passed through 
the anode 3 to excite the fluorescent substance 4G. 

Further, t~e light emission area on the fluorescent 
substance can be roughly determined by the U-shaped 

5 opening width W of the green back electrode 2G shown in 
Fig.· 2. For instance, when the green back electrode 2G 
having a 2 mm wide opening is used, the light emission 
area qf ~he green fluorescent substance 4G is also 2 mm 
in width. 

10 Further, it is possible to make uniform the light 
emission on the fluorescent surface by providing the back 
electrode. This is because the density of current 
applied to the fluorescent substance can be averaged. A 
large effect can be obtained by making the current 

15 density uniform, because it is possible to eliminate the 
local deterioration of the fluorescent substance and 
further to retain the original performance of the 
substance for many hours. Further, where the light 
emission is uniform all over the fluorescent substance, 

20 it is possible to obtain an illumination unit of uniform 
light emission. 

When the illumination unit is not activated, a 
control signal is applied from the control means to the 
terminal CTL-G, so that the transistor Tr-G is turned off 

25 and therefore a voltage v3 is applied to the green back 
electrode 2G via a resistor R. As a result, the flow of 
the thermoelectrons from· the cathode 1, that is, the 
anode current is influenced. Namely, when an appropriate 
negative voltage v3 is selected, the anode current 

30 becomes zero,· p~rfectly: In an experiment, the distance 
. ·1 

35 

.e1 between the cathode_l and the anode 3 shown in Fig. 2 
was 30 mm; the anode voltage Vl' 10 kV; and the green 
back electrode voltage V3 was -40 V. The shorter a 
distance t 2 shown in Fig. 2 is, by the lower voltage will 
be controlled this back electrode voltage v3 • 

The back electrode voltage required to cut off the 
anode current can be obtained on the basis of the 
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calculation of the field strength in accordance with the 
following equation: 

V3 = - .l2 I .el • Vi 

In the same way as described above, it is possible 
5 to control the light emission of the three · kinds of 

fluorescent substances, independently. 
Fig. 4 is a perspective view showing a second 

embodiment of the illumination unit according to the .. 
present invention. . Fig. 5 is a cross-sectional view 

10 taken along the line A~A' shown in Fig. 4. 
In this embodiment, a cathode 8 formed by a single 

fine wire is so disposed as to be enclosed by a u-shaped 
oack electrode 9. In the same way · as in the first 
embodiment, the fluorescent substance having the width 

15 the same as the opening width W of the back electrode 9 
can be excited to emit light. In more practical, when 
the distance between the anode 3 and the cathode 8 is .t1 
= 30 mm; the distance between the cathode 1 and the back 
electrode 9 is .t2 = 0.5 mm; the distance between the 

20 cathode 1 and the opening of the -back· electrode 9 is .e3 
= 9.5 nun; the opening width of the back electrode is W = 
5 mm; and the thickness of the back electrode is t = 0.5 
mm, the width at which the fluorescent substance emits 
light is roughly 5 mm. 

25 In this embodiment, a grid 10 is disposed between 
the opening portion of the back electrode 9 and the anode 
3, and further deflection electrodes lla and llb are 
disposed between the grid 10 and the anode 3. The g_rid 
10 is formed of a conductive and non-magnetic material 

30 such as stainless steel; brass, aluminum, etc. and formed . . 'i . 
into a net-shape or a plurality of slit-shaped openings -so that the electrons can be passed therethrough. 

The operation of this embodiment of the illumination 

unit will be described hereinbelow. Fig. 6 is a diagram 
35 of a circuit for activating the illumination unit. When 

a negative voltage v1~ is applied to the grid 10, the 
grid 10 can control the flow of ·thermoelectrons, so that 



it is possible to switch the light emissions of the red 
fluorescent substance 4R, the green fluorescent substanpe 
4'G and the blue fluorescent substance 4B, respectively. 
In other words, it is possible to control the light 

5 emissions of the fluorescent substances under the 
condition that the voltages are kept applied to the 
cathode 8 and the anode 3. 

A. V?,ltage V3a higher than that V2 applied to the 
cathode 8 is applied to the back electrode 9. Further, a 

10 neg~tive voltage can be applied to the back electrode 9. 
When a negative voltage is applied to the back electrode 
9, the emission of the thermoelectrons decrease 
gradually, and finally r~aches a cut-off condition under 
which no current flows between the cathode 8 and the 

15 anode 3. As described above, it is possible to control 
the flow of thermoelectrons. 

The deflection electrodes lla and llb disposed 
between the grid 10 and the anode 3 serve to deflect the 
thermoelectrons emitted from the cathode 8 and 

20 accelerated toward the anode 3 in the horizontal 
direction on the paper. To explain this by a practical 
example,· when the three of the fluorescent substances 4R, 
4G and 4B are all ~equired to be activated 
simultaneously, appropriate positive voltages V10 and V11 

25 are applied to the deflection electrodes lla and llb 
through switches sw1 and sw2 , respectively. Then the 
thermoelectrons emitted from the cathode .8_,are attracted· 
by the positive electric field formed by the deflection 
electrodes lla and llb, and diffused beyond the opening 

30 width W_ ·o~ the. back . el-ectrode 9 as shown in Fig. 5 to 
·1 

35 

excite the fluorescent substances. In other words, all -the three kinds of the fluorescent substances can be 
excited to emit all the ·colors 
Accordingly, since three fluorescent 
light simultaneously, the emitted light 

simultaneously. 
substances emit 

is white. 
When only the green fluorescent substance 4G is 

required to be excited, appropriate negative voltages V4 
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and v5 are applied between the ground and the deflection 
electrodes lla and llb. through the switches sw1 , S~2 , 

sw3 , and sw4 , respectively. Then, an electrostatic lens 
can be formed in front of the cathode 8, so that the 

5 thermoelectrons converge in the direction Ll to excite 
only the green fluorescent substance 4G. In the same 
way, in order to excite only the red fluorescent 
substaµc~. 4R, appropriate negative voltages V4 arid v5 are 
applied to the deflection electrodes lla and llb, 

10 respectively to form an electrostatic lens in front of 
the cathode 8 and thereby to converge the thermoelectrons 
in the direction L2. In addition, a p.ositive voltage v7 
is applied to the deflection electrode lla through the 
switch sw3 and further a negative voltage v8 is applied 

15 to the deflection electrode llb through the switch SW4 in 
such a way that the voltages v7 an v8 are superposed upon 
the voltages V4 and v5 , respectively for electrostatic 
deflection. Therefore, the converged thermoelectrons are 
bent toward the direction L2 to. excite only the red 

20 fluorescent substance 4R. 
When only the blue fluorescent substance 4B is 

required to be excited, in the way opposite to the case 
with the red fluorescent substance 4R, an appropriate 
negative voltage V6 is applied to the deflection 

25 electrode lla through the switch sw3 and an appropriate 
positive voltage v9 is applied to the deflection 
electrode llb through the switch sw4 so as to be 
superposed upon the voltages v4 and v5 , respectively for 
electrostatic deflection. Therefore, the converged. 

30 thermoelectrons. are bent toward the direction L3 to 
·1 

excite only the blue fluorescent su·bstance 4B. -
As describ.ed above, it is possible to control the 

light emission of the fluorescent substances of three 
kinds, independently by use of a single cathode, by 

35 . controlling the light emission operations of the 
fluorescent substances with the use of the back electrode 
9, the grid 10 and the deflection electrodes lla and llb. 
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Further, it is possible to control the light emissions of 
the three fluorescent substances under the condition that 
voltages are kept applied to the cathode 8 and the anode 
3. In addition, in the above-mentioned structure, since 

5 the light emissions of the fluorescent substances can be 
switched on the order of nanosecond unit, it is possible 
to improve the switching speed of the light emission. 
Furthe~, in the light emission of the present invention, 
since · the light is emitted by the cathode luminescence 

10 light, the quantity of light hardly fluctuates according 
to change in the ambient temperature, and additionally 
the starting characteristics of the light emission are 
excellent.· Further, since the quantity of light can be 
adjusted easily, it is possible to construct various 

15 illumination apparatus of a broad range from a large 
output to a small output. 

In the embodiment as described above, although the 
fluorescent substances for high tension application such 
as zinc sulfide or rare earth element based substance has 

20 been used, the same results can be obtained by 
fluorescent substance for low voltage application such as 
zinc oxide based substance which can be excited by 
application of a low voltage. Further, when white light 
is required, these fluorescent substances of red, green 

25 and blue are mixed and applied under due consideration of 
the brightness bal.ance. 

Further, the illumination unit of the present 
invention can ·be used as a light source for a liquid 
crystal television projector by disposing a liquid 

30 crystal at the junction-surface with the upper plate 5 of 
. • -·1 

35 

transparent glass. In more detail, it is possible to 
realize a color display unit by illum"inating the back 
surface of a single monochromatic liquid crystal panel 
with the illumination unit of the present invention, and 
by exciting the three primary color fluorescent 
substances and switching three ·primary color liquid 
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crystal panels at high speed in time series fashion in 
synchronism with respect to each other. 

Further, it is effective to form a thin film on the 
inner surface of the vacuum vessel 20 by vapor 

5 deposition, so that the inner surface is kept at a 
constant potential to eliminate the influence of external 
magnetic field. 

F;i.g. 7 is a perspective view showing a third 
embodiment of the illumination unit used for an image 

10 reading apparatus according to the present invention, and 
Fig. 8 is a cross-sectional view taken along the line 
A-A' in Fig. 7. 

In the drawings, a trapezoidal grid 13 constructed 
by a single element is disposed between three cathodes 8 

15 and an anode 3, and fixed between a bottom glass plate 7 
and both end surfaces of two side glass plates 6a and 6b. 
In the same way as shown in Fig. 1, the cathode is formed 
by stretching a single cathode wire into S:-shape with 
cathode returning poles. 

20 Fig. 9 is a circuit diagram showing the third 
embodiment of the illumination unit activating circuit. 
When voltage v15 is applied to the three cathodes 8, the 
cathodes 8 are heated by Joule heat and therefore the 
electron emission substances applied to the vicinity 

25 thereof are also heated up to. 400 to 800°C, into a status 
where thermoelectrons are emitted easily. Under these 
conditions, when a positive voltage v13 is applied to the 
grid 13 through a switch sw5 , the thermoelectrons are 
accelerated and emitted toward the grid 13 and further 

30 some thermoeleptrons ~re accelerated, being passed 
"f 

through openings of the grid 13, toward the anode 3 by an -
electric field generated by the anode 3 to which a high 
tension v1 of 5 to 30 kV, most preferably 10 kV is 
applied. Then, the thermoelectrons penetrate through the 

35 anode 3 to excite the fluorescent substances 4G, 4R and 
4B, so that visible light can b~ emitted. 
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Here, only the case of the green fluorescent 

substance 4G will be described hereinbelow by way pf 

example, with reference to Fig. 9. Under the condition 

that a voltage v15 is applied to the cathode 8 and a 

5 voltage v1 is applied to the anode 3, a positive voltage 

v13 is applied to the grid 13 via a switch SW5 ; negativ~ 

voltages v19 and v21 are applied to metallic back 

electrpd~~ 12R and 12B via switches sw7 and sw8 via, 

respectively: and a potential the same as that of the 

10 cathode 8 or a positive voltage V16 is applied to a 

metallic back electrode 12G via a switch sw6 • At this 

time, since the negative voltage is kept applied to the 

metallic back electrodes 12R and 12B, thermoelectrons are 

not emitted from the cathode 8 corresponding to these 

15 electrodes, so that red light and blue light are not 

emitted. Accordingly, only the green fluorescent 

substance 4G is excited and therefore emits green light. 

In the same way, when only the red fluorescent 

substance 4R is required to emit light, negative voltages 

20 v17 and v21 are applied to the metallic back electrodes 

12G and 12B via switches SW6 and SW8 ; and further a 

potential the same as that of the cathode 8 or a positive 

voltage v18. is applied to a metallic back electrode 12R 

via a switch sw7 • · Further, when the blue fluorescent 

25 substance 4B is required to emit light, negative voltages 

v17 and v19 are applied· to the metallic back electrodes 

12G and 12R via switches sw6 and SW7 ; and further a 

potential the same as that of the cathode 8 or a positive 

voltage v20 . is applied to a. metallic back electroc;le 12B 

30 via a swit9h sw8 • 
l 

Further, the quantity of the electrons emitted from 
~ 

the cathode 8 becomes the maximum when the positive 

voltages v16 , v18 , and v20 applied to the back· electrodes 

of the fluorescent substances required to emit light 

35 become a voltage the same as that applied to the cathode 

8 (in the same potential as that of the cathode 8_}. 
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Here, the case where the light emission ·of the 
fluorescent substances is controlled by use of only the 
back ~lectrodes, without use of the grid 13 is taken into 
account. Under the conditions that the anode voltage is 

5 10 kV; the distance between the cathode and the anode is 
.e1 = 21.5 mm; the distance between the back electrode and 
the cathode is .e2 = O. 25 mm; and the voltage applied to . 
the c~thode 8 has been adjusted so that the anode current 
is SO µA, in order to reduce the anode current down to 

10 zero volts, the negative voltage of about -300 V is 
required to be applied to the back electrodes 12G, 12R 
and 12B. 

In the present invention, however, since the grid 13 
is disposed between the anode 3 and the cathode 8 and 

15 further a positive grid voltage V13 of 2 to 3 V is 
applied to the grid 13, it is possible to reduce the back 
electrode voltage for controlling the light emission of 
the fluorescent substances to such an extent as low as 
-so V. This is because since the grid 13 is disposed 

20 between the cathode 8 and the anode 3, there exists an 
effect to shield the electric field generated by the high 
tension applied to the anode 3. Therefore, the mission 
rate of the thermal .electrons from the cathode 8 is 
dependent upon only the relationship in voltage level 

25 between the back electrodes 12G, 12R and 12B, without 
being subjected to the influence of the voltage of the 
anode 3. 

Further, when no color light is required to be 
emitted, negative voltages v17 , v19 and V21 are applied to 

30 the metallic . back e1ectrodes 12G, 12R and 12B, . . •j 

respectively, or. alter!latively a negative voltage v14 is 
applied to the g_rid 13. 

As described above, the e'lectrons emitted from the 
cathode 8 can be controlled by use only the back 

35 electrodes 12G, 12R and 12B or only the grid 13. 
However, it is possible to control the electron emission 



17 

by a lower voltage when controlled by use of both the 
back electrodes 12Gt 12R and 12B and the grid 13. 

Further, in this embodiment, since the grid 13 is 

·constructed by a single common element, the supporting 

5 structure of the grid 13 can be simplified. Further, 

since the electrons emitted from the cathode 8 cannot 
reach the anode 3 by passing through portions other than 

openings ?f the grid 13, it is possible to allow only the 
required fluorescent substances to emit required light, 

10 without emitting light not required, thus preventing the 
leakage of the electrons effectively. Therefore, it is 
possible to control the -emission of light of the 
fluorescent substances 4G, 4R and 4B by the metallic back 
electrodes 12G, 12R and 12B and the grid 13, under the 

15 condition that voltage is kept applied to the cathode 8 

and the anode 3. As a result, it is possible to emit 

light of three primary colors independently from the 

light emitting sections of a single illumination unit. 
Further, in the illumination unit of the present 

20 invention, since the cathode luminescence light is 
emitted, the light emission efficiency is high. For 

instance, in the ca~e of the green £luorescent substance 

of ZnS:Cu, Al, when the anode voltage is v1 = 8 kV: and 

the current density of the electrons emitted onto the 
25 fluorescent substance is 50 µA/cm2 : the brightness is 47, 

420 cd/m2 • Further, when a large quantity of light is 
required, it is possible to obtain the required quantity 
of light by increasing the anode voltage and the current 

density of the electrons emitted onto the fluorescent 
30 substance. As. a result, it is possible to reduce the 

•i 
light emission area, as compared with the case of the 
conventional fluorescent lamp, when the same quantity of 
light is required to be emitted~ 

Fig. 10 is a cross-sectional view showing a fourth 

35 embodiment of the present invention, and Fig. 11 is a 

front view showing the metallic back electrodes of vapor 

deposition type of the fourth embodiment. A green back 
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electrode 14G of vapor deposition type, a red back 

electrode 14R Qf vapor deposition type and a blue ha.ck 

electrode 14B of vapor deposition type are directly 

formed by selectively depositing a metal such as aluminum 

5 on a glass plate 7 into a strip shape by vapor deposition 

technique. Therefore, it is possible to eliminate the 

manufacturing process of fixing the back electrodes 

between the bottoi:n glass plate 7 and the side glass . ~ . . 

plates 6a and 6b; that is, the back electrodes can be 

10 formed easily within the vacuum vessel . 20. Further, 

since the distance between the cathode 8 and the back 

electrodes 14G, 14R and 14B can be maintained accurately, 

it is possible to reduce the dispersion of the control 

voltage applied to the back electrodes 14G, 14R and 14B 

15 in order to excite and. not to excite the fluorescent 

substances. 

Fig. 12 is a cross-sectional view showing a fifth 

embodiment of the present invention. In this embodiment, 

a flat plate grid 14 is formed between the cathode 8 and 

20 the anode 3, and the grid 14 is fixed between the two 

divided glass plates 6a and 6b. Therefore, it is 

possible to eliminate. the manufacturing process of 

bending the grid, and to reduce the material required to 

form the grid. 
25 Fig. 13 is a perspective view showing a sixth 

embodiment of the illumination unit of the· present 

invention. Further, Fig. 14 is a cross-sectional view 

taken along the line C-C' in Fig. 13, and Fig. 15 is a 

front view showing a grid electrode 18 shown in Fig. 13. 

30 In ·F~g.· ~3, the- fluorescent substances 15 are 

35 

·1 
applied onto the inner surface of the upper plate 5 being 

arranged in the x-axis direction in the order of a green 

fluorescent substance 15G, a ·red fluorescent substance 

lSR, and a blue fluorescent substance lSB. In the same 

way, the back electrodes 16 of the number same as that of 

the fluorescent substances are formed on the side of the 

cathode 17 opposite from the anode 3 in the order of the 
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green back electrode 16G, the red back ele~trode 16R and 
the blue back electrode 16B being arranged in the x-axis 
direction. Further, the cathode 17 is stretched one for 
~ach pair of the fluorescent substance and the back 

5 electrode, in the Y-axis direction. The grid 18 is 
formed integrally by etching a plate so as to be formed 
with a plurality of opening portions 18a of the number 

same ~s ~hat of the fluorescent substances, as shown in 

Fig. 15. 
10 Here, when the light emission is electronically 

controlled by use of the grid formed with the same 
opening areas s1 , s2 , and s3 in the opening portions 18a 
shown in Fig. 15, the brightness is not uniform over the 
light emission surface. 

15 The reason why the irregularity occurs in brightness 
will be described in details hereinbelow. Fig. 16 shows 
the dist.ribution of the brightness on the light emission 
surface of the fluorescent substance lSG electronically 
controlled by use of a grid electrode 19 formed with the 

20 openings of the same opening areas s1 , s2 , and s3 • When 
the cathode 17 is heated, although the thermoelectrons 22 
are generated, since the vicinities of both end portions 
Ps of the cathode 17 are in contact with cathode fixing 
members 21, the generated heat is easily conducted 

25 outside. In other words, the temperature is high at the 
central portion Pc and low at both end portions P8 , so 
that there exists a difference in temperature between the 

30 

central portion Pc and both the end portions P8 • As a 
result, the quantity of the thermoelectrons 22 emitted 
from th~· ~atho4~ 17 is -large at the central portion Pc 
and small at both the ~nd portions P5 • Therefore, under 
these conditions, when thermoelectrons 22 are irradiated 
upon the fluorescent substdnces by electronically 
controlling the light emission by use of the grid 19 

35 formed with the same opening areas Sl' _$ 2 , and s3 , the 
brightness Le at the central portion Pc is higher than 
the brightness L8 . at the end portions Ps· As a result, 
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the brightness is not uniform, so that the central 
portion of the fluorescent substance deteriorates 
earlier as compared with the other portions. In Fig. 16, 
the brightness irregularity in the y-axis direction in 

5 Fig. 13 has been explained by way of example. However, 
the same brightness irregularity occurs in the x-axis 

direction in Fig. 13. 
Tpe~~fore, in this embodiment, as shown in Fig. 15, 

the opening area s1 at the end of the opening portion 18a 
10 is made larger; and the more the opening areas s2 and s3 

0£ the opening portion 18a reach the central position of 
the opening portion 18a, the smaller will be made the 
opening area of the opening portion 18a. When this grid 
18 is electronically controlled, instead of the grid 19 

15 formed with the opening portions of the same opening 
areas as shown in Fig. 16, it is possible to pass a small 
amount of the thermoelectrons 22 through the grid at the 
central portion where the quantity of the thermoelectrons 
is large, and to pass a large amount of thermoelectrons 

20 22 through the grid at both the end portions where the 
quantity of the thermoelectrons is small. In other 
words, it is possible to make uniform the quantity of the 
thermoelectroris 22 to be passed through the grid 18 over 
the grid, by adjusting the opening area of the opening 

25 portion 18a of the grid 18, as shown in Fig. 15. As a 
result, the current density· of the thermoelectrons 
irradiated upon the fluorescent substance can be made 
uniform, so that it is possible not only· to eliminate 
the irregular brightness on the light emission surface 

30 

35 

both in ~h~ x- ~nd y-axis directions in Fig. 15, but also 
'I 

to prevent the partia~ deterioration of the fluorescent 
substance. 

Fig. 17 is a front view showing a seventh embodiment 

of a grid 23 of the present invention. The opening 
portion 23a of the grid 23 is formed into such a 
hexagonal bow-tie-shape that the width h2 at the central 
portion is smaller than the width h1 · at both the end 



portions, and further the opening area of the opening 

portions 23a are formed so as to become smaller in tlle 

same shape in arrangement toward the central line 0-0 1 of 

the grid 23! Owing to the structure as described above, 
5 it is possible not only to prevent the irregular 

brightness in both the x- and y-axis directions in Fig. 
15, but also to simplify the manufacturing processing of 

forming the opening portions, as compared with the case 

where a large number of small opening portions as shown 

10 in Fig. 15 are to be formed. In addition, there exists 

another effect such that the quantity of the 

thermoelectrons blocked by the grid 23 can be reduced, as 
compared with the case of the grid 18 shown in Fig. 15. 

Fig. 18 is a perspective view showing an eighth 
15 embodiment of the grid 24 of the present invention, and 

Fig. 19 is circuit diagram for activating the 
illumination unit, together with a cross-sectional view 

taken along the line E-E 1 shown in Fig. 18. In this 
embodiment, the grid 24 is formed into a semi-cylindrical 

20 shape expanded toward the anode 3. 
The case where only the red fluorescent substance 4R 

is activated is taken into account, by way of example. 

Under the condition that a positive voltage v1 is applied 

to the anode 3; a positive voltage v18 is applied to the 
25 back electrode 14R; and further a positive voltage v13 is 

applied to the grid 24, thermoelectrons are emitted 
toward the grid 24 and reach the grid 24. Some of them 
pass through the opening portion 25 of the grid 24, 

accelerated toward the anode 3 to which a positive 

30 voltage V1 . is· applied, and pass through the anode 3 to 
··1 

excite the fluorescent substance 4R, so that red light is 
-

emitted. At this time, negative voltages v17 and v21 are 
applied to the back electrodes· 14G and 14B in order not 

to excite the fluorescent substances 4G and 4B. 
35 In an experiment, the width I of the red light 

emission on the fluorescent substance 4R is about I = 2. 

4 mm, under the condition that V1 = 8 kV; V13 = 5 V; V15 
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= 3.3 V; v18 = 5 V; V17 = -10 V; V21 = -10 V; the distance 
between the fluorescent substance ~R and the grid 24 ia J 

= 5.4 mm; the distance between the grid 24 and the 
cathode is K = 2.4 mm; the distance between the cathode 8 

5 and the back electrode 14R is M = 1.2 mm; and the radius 
r of the semi-cylindrical portion of the opening portion 
25 is r = 0.4 mm. 

The above-mentioned experiment indicates that since 
the openj.ng portion 25 of the gr id 24 is formed into a 

10 semi-cylindrical shape, the thermoelectrons are attracted 
· in the x- and y-axis directions in Fig. 18, with the 
result that it is possible to irradiate electrons upon 
the fluorescent substance 14R uniformly over a width (2.4 
mm) wider than the opening width 2r (= O .8 mm) of the 

15 opening portion 25 of the grid 24, thus preventing the 
irregular brightness. 

In addition, the above-mentioned method is effective 
in that it is possible to.prevent the electron leakage to 
the adjacent light emission ar~a and further to secure a 

20 sufficient light emission width. . 
Further, when the shape of the opening area of the 

opening portion 25 is formed into a bow-tie shape as with 
the case of the seventh embodiment, it is possible to 
prevent the irregular brightness in the x- and y-axis 

25 directions, simultaneously. 
Fig. 20 is a perspective view showing an embodiment 

of the imag~ reading apparatus of the present invention, 
and Fig. 21 is a cross-sectional view showing a carriage 
26 shown in Fig. 20, taken along the line B-B' in Fig. 

30 20~ The"operat~on of reading an image will be described 
. 'I 

hereinbelow with reference to Figs. 20 and 21. 
Within the carriage 26, an illumination unit 31 the 

same in construction as the embodiment of -the present 
invention shown in Fig. 1 is mounted to emit light upon a 

35 part of the row L. of an object 28 to be image-read and 
placed on a glass base 27. The emitted light is 
reflected from the object 28 and the reflected scattered 
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light is image-formed onto. the CCD 34 of the light­

electrici ty transducing element through a mirror 32 and a 

reduction lens 33. The CCD 34 is of linear image sensor 

type, and image data corresponding to only one row can be 

5 read by an electric circuit not shown. 

To read color image, the following procedure is 

taken. Without moving the carriage 26, first the green 

fluorescent substance 4G is excited, and the component of . ;. 

the green light reflected from the object 28 is read by 

10 the CCD 34; next the red fluorescent substance 4R is 

excited, and the component of the red light reflected 

from the object 28 is read by the CCD 34; and further the 

blue fluorescent substance 4B is excited, and the 

component of the blue light reflected from the object 28 

15 is read by the CCD 34, so that three primary color 

components of the object 28 can be obtained •. 

Successively, the carriage on which the illumination 

unit 31, the mirror 32, the reduction lens 33 and the CCD 

34 are all fixed is moved by a distance corresponding to 

20 the image reading resolving power, in the arrow direction 

by a driving device 30 through a timing belt 29. By 

repeating the above-mentioned operation, the whole 

surface of .the object 28 can be image-read. 

In the illumination unit of the present invention, 

25 since the colors of the emitted light can be switched at 

high speed, it is possible to read image of the object 28 

by moving the carriage only once; that is, in linear 

sequence mode. 

Further, in Fig. 21, although the first embodiment 

30 of the illumination unit shown in Fig. 1 is adopted, it 
. ·j 

is of course possible to mount another embodiment on the 

carriage 26. 

Fig. 22 is an illustration showing the case where 

the illumination unit shown in Fig. 7 is mounted on the 

35 image reading apparatus~ As already described, since the 

light emission area required to secure the same quantity 

of light can be narrowed, in the case where the light 
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emission width for each color is 1.5 mm; the light 

emission width for three colors is 6 mm; and the dista~ce 
between the light emission plane and the image is 16 mm, 

the spread angle a obtained when seeing the illumination 
5 unit from a point on the object 28 to be image read is 

about 20 degrees, which is about one-sixth of the 

conventional spread angle of about 120 degrees as already 

explai.ne~. with reference to Fig. 25, and thereby it is 
possible to prevent a shear in color image reading. 

10 Here, the case is taken into account where the 

illumination unit shown in Fig. 13 is mountea on the 
image reading apparatus in the same way as with the case 
shown in Fig. 22. In this case, the illumination unit is 
so arranged that the x-axis direction shown in Fig. 13 

15 corresponds to the vertical direction with respect to the 
paper surface in Fig. 22. Under these conditions, the 

fluorescent substance is arranged in the x-axis direction 
in Fig. 13, but in· the vertical direction with respect to 

the paper surface in Fig. 21. Therefore, in this case, 

20 the spread angle a of the three color lights from the 

image is zero in Fig. 22, with the result that there 
exists a prominent effect such that it is possible to 
perfectly eliminate a shear in image reading. 

Further, in the illumination unit of the present 
25 invention, since only a single high tension anode power 

source of large volume is required, it is possible reduce 

the volume of the carriage when the illumination unit of 
the present invention is assembled with the image reading 

apparatus together with the illumination activating 

30 circuit~ · .As ·a ... result, -it has become possible to reduce 
I 

the volume of the image reading apparatus using the 

illumination uni.t according to the present invention. 
In addition, In this ·embodiment, since the 

illumination unit is small in size and high in output 
35 power, when this illumination unit is incorporated in the 

image reading apparatus, it is possible to realize a high 

speed and high resolving power image· reading apparatus. 
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In the present image reading apparatus, in general there 

is now being adopted a line sensor of integration type 

which can generate a sensor output proportional to the 

integrated value of the quantity of light irradiated upon 

5 an object within an accumulation time. In other words, 

since the quantity of light sensed by the line sensor 

increases with increasing quantity of light emitted from 

the il~u~~nation unit to the object to be image read, in 
the illumination unit of the present invention, it is 

10 possible to shorten the accumulation time of the line 
sensor. As a result, the image reading time can be 
reduced and therefore the image reading speed can be 

increased in the image reading apparatus. Therefore, the 

illumination unit of the present invention can solve a 

15 problem as to slow image reading speed, which is one of 

the major problems involved-in the current image reading 

apparatus. 
According to the present invention, when a voltage 

is applied to the cathode placed within the air-tightly 

20 closed vacuum vessel, electrons are emitted therefrom. 

The emitted electrons are further ~ccelerated by a high 

tension applied to the anode and brought into collision 

against the fluorescent substances for emitting cathode . 

luminescence light. . .. 
25 Further, in the. present invention, the travel 

direction of the electrons emitted from the cathode can 

be deflected by the deflection electrodes so as to be 

directed to any given.f~uorescent substances. 

Further, in the present invention, the quantity of 

30 electrons emitted from che cathode can be controlled by 
. • •j 

the control electrodes. In addition, the emission area 

·of the electrons . emitted from the cathode can be 

controlled by the control electrodes. 

As described above, in the present invention, since 

35 the illumination unit emits light on the basis of the 

light emission principle of cathode luminescence, it is 

possible to provide an illumination unit stable in the 
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quantity of light, without being susceptible to change in 

the ambient temperature. Further, it is possible . to 

provide an illumination unit compact in size and large in 

light output. 

5 Further, it is possible to provide a compact 

illumination unit for emitting three-primary color lig~t 

by a single cathode so as to be controllable 

indepe.nd~.ntly. 

Further, in the image reading apparatus using the 

10 illumination unit according to the present invention, 

since the illumination unit emits light on the basis of 

the principle of cathode luminescence, the light emission 

is excellent in starting characteristics and stable in 

the quantity of light, thus providing a high performance 

15 image reading apparatus. 

Further, according to the present invention, since 

the electrons for exciting a plurality of the fluorescent 

substances are controlled by a single grid and a 

plurality of back electrodes within the light emission 

20 tube, it is possible to provide an illumination unit 

which can emit light of three-primary colors 

independently by the light emitting portion of a single 

illumination unit, and therefore it is possible to 

provide an image reading apparatus free from a shear in 

25 the color image reading operation and high in color 

reproducibility, even in the case where objects to be 

image read have stepped portions such as when a book is 

opened. 

30 

35 
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CLAIMS: 

1. An illumination unit which comprises: 

a cathode for emitting electrons by application 

of a first predetermined voltage; 

an anode for accelerating the electrons emitted 

by said cathode by application of a second voltage higher 

than the first voltage; and 

a fluorescent substance for emitting cathode 
'· luminescence caused by collision of the accelerated 

electrons thereagainst, all the elements being disposed 

within an air-tightly closed vacuum vessel. 

2. An illumination unit which comprises: 

a cathode fo~ emitting electrons by application 

of a first predetermined voltage; 

an anode for accelerating the emitted electrons 

by application of a second predetermined voltage higher 

that the first voltage; 
a plurality of fluorescent substances for 

emitting cathode luminescence caused by collision of. the 

accelerated electrons thereagainst; and 

a deflection electrode for deflecting a travel 

direction of the emitted electrons by application of a 

third voltage higher . than the first voltage but lower 

than the second ·voltage, the third voltage being so 

controlled that the electrons are directed to any one of 

a plurality of the fluorescent substances, and all the 

elements being disposed within an air-tightly closed 

vacuum vessel. 

•j 

3. The illumination unit of claim 1 or 2, which 

further comprises a control electrode for controlling a 

quantity of electrons emitted from said cathode by 

application of a predetermined voltage higher than the 

first voltage but lower that the second voltage. 

l lllllll llllll lllll lllll ll llll 
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4. The illumination unit of claim. 1 or 2, which 

further comprises a control electrode for controlling ftn 

emission area of electrons emitted from ·said cathode by 

application of a predetermined voltage higher than the 

first voltage but lower that the second voltage. 

5. An image reading apparatus comprising the 

illumination unit as claimed in claim 1 or 2. 

I If llJ Ill~ 11,1 ~, r IJll 


