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ILLUMINATION UNIT AND IMAGE READING APPARATUS

TECENICAL 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 computer, 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 -prior art image reading
apparatus disclosed in this documenﬁ, and Fig. 24 is a
15 cross-sectional view showing the carriage thereof, taken
along the 1line B-B' in Fig. 23. In Fig. 24, an
illumination unit 36 is composed 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 spectral 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 sequeénce to illuminate
an object 28 to be image read. The light reflected by
the object 28 is image-formed on a 1line sensor 34
composed of a plurality of light-electricity transducing
. -elements, through a reduction lens 33, in order to read
30 the image by detecting Shrominance signals, in sequence.
In the péior art fluorescent 1amps, since the

evaporation ' pressure of the mercury enclosed inside
fluctuates according to ambient'temperature, there exists
a problem in that the quantity of 1light fluctuates-
35 according to the ambient. temperature. In addition, in
the case of the fluorescent 13mp, the quantity of light
obtainable is inevitably 1limited and further an
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each having appf QdetRaRifede the luminous efficiency. Therefore, the
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 an 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 deteriorated
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 red 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
so -that the llne 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 sufficient at point A, the red color
35 gignal output of the line sensor 34 is low, with the
result thét the color at point A is reproduced in a

" purplish blue color.
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di stribution of—spectra-radi-ant—energy and three voltage sources (not
&shomn) for turni §ﬂ@ e ecégve | anps.  These three red, green and bl ue
mer cury quoresé@ﬁﬂ BE iﬁfdand 39 age turned on periodically and
i ndependently in H _ um nate an object 28 to be inmage read. The
light reflected b ] Is image-forned on a |ine sensor 34
conposed of a plurality of light-electricity transducing el enents, through
a reduction lens 33, in order to read the image by detecting chrom nance
signals, in sequence. In the prigr art fluorescent | s, .since the
evaporation pressie Rthee nEPEdey eﬁ&%sép?Y%T‘H%nEEBEFGatB eI ™hg to
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 b§ 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. 1In addition, since the carriage 35 is moved by
the distance corresponding to the image-reading dimension
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 1ight without .being susceptible to change in ambient
temperature. ‘

Another object af the present invention is to
provide an illumination unit cdmpact in size and large in
light emission capability.

35 Further, the dbject of the present invention is to
provide a color image reading apparatus compact in size.



anmbi ent tenperature, there exists a problemin that the quantity of I|ight
fluctuates according to the anbi ent tenperature. In addition, in the case
of the f 1 uor esgesHeet A Bren ROBcQUANL T LY ofll4ﬂn obtainable is inevitably
limted and fu ppropriate tube dianeter of the lanp is as

| arge as 40 MHMMMMH'! e lum nous efficiency. Therefore, the vol une
of the three fl s which constitute

Another object of the present invention 1is to
provide a color image reading apparatus provided with .an
illumination unit high in color réproducibility, 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
invention provides an illumination unit which comprises
within aﬁ.air—tightly closed wvacuum 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 1light 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 dlrected to any one of a plurality of the
fluorescent substances.

Further, the present invention provides an image
reading apparatus provided with the above-mentioned
illumination unit.

35 BRIEF DESCRIPTION OF THE DRAWINGS
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reduce the size of the illumnation unit. In addition to the
above- nent i oned problem the prior art nmethgd invol ves anoth Gﬁkuﬂ{ laced
t he case where an object having sloped portions as with the c
opened book is inmage read. In more detail, with reference t
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embodiment of the illumination unit according to the

present invention;
Fig. 2 is a cross-sectional view taken along the
5 1line A-A' shown in Fig. 1; '
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 6f 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. 10 is a  cross-sectional view showing an
essential portion of a fourth embodiment of the
illumination unit according to the present invention;

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

Fig. 12 1is a cross-sectional view showing an

- essential portion of a fifth embodiment of the .

30 illumination unlt according to the present invention;

Fig. 13 1s a perspectlve 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 1ine C-C' shown in Fig. 13; |

Fig. 15 is a front view showing a. grid 18 shown in
Fig. 13;



narkédfy. The causes of the above-nentioned probl em are descri-bed—+n-
further details wth reference to Fig. 25. Wen taking into_account .a point

A at which the object 28. is not parallel to ghe tébF heptas t at
point Ais illumnated sufficiently by the light em r‘m green and
bl ue nercury fluorescent |anps 38 and 39, but not il ' i ci.ently
by the light emtted fromthe red nercury fluorescent. lanp 37. This s

because the angle of incidence of light emtted fromthe red mercury

fluorescent |a 37 upon the object is small _at point A
P B:?g 16 ?.Js a graprtrx%cal representation showing the

brightness distribution on the 1light generating surface

obtained when electrons are controlled by use of a grid

19 formed with three openings of the same opening areas
5 83, S, and S3;

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

Pig. 18 is a perspective view showing a grid 24 of
an eightﬁ 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 Fig. 18;

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

j Fig. 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

: Fig. 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. ~

BEST M'ODES FOR_EMBODYING THE INVENTION
Fig; 1 is a 'pérspective 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 Fig. 1. The detailed
construction of the illumination unit will be  described
hereinbelow with reference to Fig. 1.



Theref-ere;—mThe case where the col or of the object at point Ais white,

in spi € g {4 filA@eéoReplatehat the quantity of light reflected fromthe object
at poi al to each other in the three colors of red, green
and blu e respective nercury fluorescent |anps so that the

line se gener?te the red, green and bl ue col or output signals at
the sanme level, since the red light emtted fromthe red nercury
fluorescent lanp 37 is not sufficient at point A the red color signal
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a diameter from 5 to 50 um. 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 1lb 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 gcreen printing method, for instance. The fluorescent
substances are of materials able to generate cathode
luminescence such as ¥,0,S:Eu, Sm for red color, 2ZnS:Cu,
Al for green color, and 2ZnS:Aq, 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 afterglow time of the fluorescent
substances. The afterglow time of the cathode
25 1luminescence is short; that is, in the case of the green
fluorescent material 4G and the blue fluorescent material
4B, the afterglow time is 0.1 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
mg/cm?, and an' anode 3 made of aluminum and having a
thickness of 0.1 and 0.4 pm 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



purpllsh bl ue col or= 3—tn urne1 words, the above-nenti oned phenonenon
occurs due to the f t th as shre d angle a of nercury fluorescent |anp
relative to an obje ‘,S ngleg)etween the red nercury
fluorescent |anp 37 nmercury fluorescent |anp 39 obtained
when seen from any g n the object to be read is as |arge

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 1is possible to decrease the

respective voltages applied to the respective back
5 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 105
to 10°% rorr 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 di:ect current voltage V; of 5 to
30 kv, most preferably of 10 kV is applied through a lead
terminal 3a as shown in Fig. 1. On the other hand, to
the cathode 1, a voltage V, is 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 V.

When the green light is emitted, a control signal.ié
applied to a terminal CTL-G from a control means (not

30 shown) to turn on. a tranmsistor Tr-G. The transistor Tr-G
is connected to the green 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 connected to each

35 other via the lead terminal la shown in Fig. 1. The
thermoelectrons emitted from the cathode 1 are
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aé 100 to 120 degrees in the case of the prior art—i

mat romunit .

1
above- nenti oned probl em may be sol ved by coIIectEpgﬁgq§h§ﬁ& fury
fl'uorescent lanps 10 at the sane position tg re angle a to
the object. In the case of the prior art |Ilun1n ver, since
the opti num di aneter of the fluorescent lanp is a |t has
been difficult to arrange the three fl uorescent Ianps at the sane position.
15 Further, in the prior art illumnnation unit, since the three

: ﬁpﬁg:SI g[g tzungz%ﬁ}grat%%r ! ggl (i:%lel yanggg |3n'deg§3defn‘}rl%elrn Saeggg Cth::lotuglhS
the anode 3 to excite the fluorescent substance 4G. .

Further, the light emission area on the fluorescent

substance can be roughly determined by the U-shaped

5 opening width W of the greén back electrode 2G shown in
Fig. 2. PFor instance, when the green back electrode 2G
having a 2 mm wide opening is used, the light emission
area of the green fluorescent substance 4G is also 2 mm
in width:

10 Further, it is possible to make uniform the 1light
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 1light
emigssion 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 V; is applied to the green back
electrode 2CG via a resistor R. As a result, the flow of
the thermoelectrons from the cathode 1, that 1is, the
anode current is influenced. Namely, when an aﬁpropriate
negative wvoltage V; is selected, the anode current .

30 becomes.Zero,'p$rfectly: In an experiment, the distance
€, between the cathode 1 and the anode 3 shown in Fig. 2
was 30 mm; the anode-voltage Vyr 10 kV; and the green
back electrode voltage V5 was =40 V. The shorter a
distance ¢, shown in Fig. 2 is, by the lower voltage will

35  be controlled this back electrode voltage Vj.

' The back electrode voltage required to cut off the
anode current can be obtained on the basis of the



sané”single | anp activating power source, in commbn for the three lanmps.———
As a result, when the prior art 20 illumnation unit is nounted on the

carriage.35 of the i mge reading apparatus, g |l arge space is |ﬂb$|h B“mR-lmﬂ
required. In addition, since the carriage 35 is noved by the dIS “ll‘
corresponding to the inage-reading di rensi on of the object, ther

problemin that the size of 25 the inmmge reading apparatus itself |s

i nevitably increased to that extent. DI SCLOSURE OF THE | NVENTI ON An obj ect
f th i n t 0 e.an

of the present E I%ﬁ&éso Er V%Qelﬁ strength in accordance with the

follow1ng equation:
Vy=~8, /¢ -V
In the same way as described above, it is possible
5 to control the 1light emission of the three kinds of
fluorescent substances, independently.

Pig. 4 is a perspective view showing a second
embodlment of the illumination unit according to the
present 1nventlon. . 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
back electrode 9. In the same way as in the f£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 ¢,

30 mm; the distance between the cathode 1 and the back
electrode 9 is ¢, = 0.5 mm; the distance between the

20 cathode 1 and the'opening of the back electrode 9 is ¢,
= 9,5 mm; 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 1lla and 1llb are
disposed between the grid 10 and the anode 3. The grid
10 is formed of a conductive and non-magnetic material .

30 such as stainless steel; brass, aluminum, etc. and formed
into ‘a net-shaﬁe 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 V;, is applied to the grid 10, the
grid 10 can control the flow of thermoelectrons, so that
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the present invention is to provide an iljfjumn in size
and large in light em ssion capability. 35 object of the
present invention is to provide a color inage us conpact in
Si ze.

it is possible to switch the light emissions of the red
fluorescent substance 4R, the green fluorescent substance
4G and the blue fluorescent substance 4B, respectively.
In other words, it is possible to control the 1light

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

A voltage V3, higher than that V, applied to the

cathode é.is applied to the back electrode 9. Further, a

10 negative 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 reaches a cut—-off condition under
which no current flows between the cathode 8 and the

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

The deflection electrodes 1lla and 1llb 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 required to be activated
simultaneously, appropriate positive voltages V;, and Vi,

25 are applied to the deflection electrodes 1lla and 1lb
through switches SW, and SW,, respectively. Then the
thermoelectrons emitted from the cathode 8 are attracted-
by the positive electric field formed by the deflection
electrodes 1lla and 1llb, and diffused beyond the opening .

30 width W of the back electrode 9 as shown in Fig. 5 to
excite the fluorescent substances. In other words, all
the three kinds of the fluorescent substances can be
excited to emit all the ‘colors simultaneously.
Accordingly, since three fluorescent substances emit

35 1light simultaneously, the emitted light is white.

When only the green fluorescent substance 4G is
required to be excited, appropriate negative voltages V,



4 Another object of the—p#eseﬂ%~Fﬂ¥eﬁ%+fﬁkiS to provide a col or inmage

readi ng appar at us prOV|ded with an il natlon unit high in color

reprodu0|b|I|ty,

wi t houth
when an i mage havi ng ste
I mage read. To achieve t

i n »lor i mage readi ng, even
S mnth t he case of an opened book is
ned object, the present invention

provides an illum nation unit mhlch conprises the features of claim1l.
Further features of the illumnation unit according to the present

'nvention are defgggi&;né@g ggBi@%S”%égw'éHithe ground and the deflection

10

15

20

25

30

35

electrodes 1lla and 11lb through the switches SW,, SW,,
SW;, and SW,, respectively. Then, an electrostatic lens
can be formed in front of the cathode 8, so that the
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
substance 4R, appropriate negative voltages V, and Vs are
applied to the deflection electrodes 1la and 1lb,
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 positive voltage V,
is applied to the deflection electrode lla through the
switch SW; and further a negative voltage Vg is applied
to the deflection electrode 1l1lb through the switch SW, in
such a way that the voltages V, an V,; are superposed upon
the voltages V, and Vg, respectively for electrostatic
deflection. Therefore, the converged thermoelectrons are
bent toward the direction L2 to. excite only the red
fluorescent substance 4R. '

When only the blue €£luorescent substance 4B is
required to be excited, in the way opposite to the case
with the red f£luorescent substance 4R, an appfopriate
negative voltage V, is applied to the deflection
electrode lla through the switch SW; and an appropriate
positive voltage Vy is applied to the deflection
electrode 1l1lb through the switch SW, so as to be
superposed upon the voltages V, and Vg, respectively for
electrostatic deflection. Therefore, the converged.
t:hermoe],ec’_crons.'i are bent toward the direction L3 to
excite only the blue fluorescent substance 4B.

As described aboée, it is possible to control the
light emission of the fluorescent substances of three
kinds, independently by use of a single cathode, by

. controlling the 1light emission operations of the

fluorescent substances with the use of the back electrode
9, the grid 10 and the deflection electrodes lla and 1lb.



Fur'ther, the present imvention provides an inage'feading appar atus provi ded
mﬁtr1jﬂgghépg%ﬁk gged illumnation unit. BRI EF DESCRI PTI ON OF TEE

DRAW N ' persepct|ve vi ew showiymg a first embodi ment of an
i umi HHJ l!n ving no grid electrode; Fig. 2 is a cross-sectional

view t line A-A" shown in Fig.1; Fig. 3 is a diagram show ng
acircuit for activating the first enbodinent of the illumnation unit; Fig.
4 is a perspective view showi ng a second enbodi nent of the illum nation

unit, having aFgr geelec %%Fﬁgég}§¥gmkoogonépgl 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.

Further, in the light emission of the present invention,

since - the light is emitted by the cathode luminescence

10 1light, the quantity of 1light 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 balance. '

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 ]unctlon ~surface with the upper plate 5 of
transparent glass. In more detail, it is possible to
realize a color d:_.spléy unit by illuminating the back
surface of a single monochromatic liquid crystal panel
with the illumination unit of the present invention, and

35 by exciting the three primary color fluorescent
substances and switching three - primary color 1liquid



portions; Fig. 5 is a cross-sectional view taken along the line A-A" shown
in Fig. 4, Fig. 6 is a diagramshowing a circuit for activating the second
enbodi ment of the illumnation unit; 5 Figg. 7 is a perspective view
showing a third enbodi nent of the illumnation unit;

crystal panels at high speed in time series fashion in
synchronism with respect to each other.
Further, it is effective to form a thin £ilm 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.
Flg. 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 1line
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 waj 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 111um1natlon unit activating circuit. S
When voltage V;g is applled 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 V;, is applied to the
grid 13 through a switch SW;, the thermoelectrons are
accelerated and emitted toward the grid 13 and further .

30  some thermoelegtrons are accelerated, being passed
through openings of the grid 13, toward the anode 3 by an
electric field generatéd by the anode 3 to which a high
tension V, 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 wvisible light can be emitted.
This Sheet Has Been Replaced

L




F|g 8 is a cross-sectional view taken along the line A-A—showrin—FfFrg—7F—
Fig.. 9is a diagramshowing a circuit for activating the mghgaﬁmgmﬁgced _
‘of the illumination unit; Fig. 10 is a crggs-sectional view ﬂ

essential porti-on of a fourth enbodi ment of the illunmi natloL ﬂ”’lm a“]l

Is a front view show ng a back el ectrode of netal vapour

used .in the fourth enbodinent; Fig. 12 is a cross-sectional view show ng an

essential portion of a fifth enbodiment of the illumnation unit; Fig. 13

i r ive vj howi n i Xt h i ment | of
S a perspective Here, > Vonl ¥ e &I BNt e green fluorescent

substance 4G will be described hereinbelow by way of
example, with reference to Fig. 9. Under the condition
that a voltage V,; is applied to the cathode 8 and a
5 voltage V, is applied to the anode 3, a positive voltage
V3 is appiied to the grid 13 via a switch SW5; negative
voltages V;q and V,, are applied to metallic back
electrodes 12R and 12B via switches SW, and SWg via,
respectlvely, and a potential the same as that of the
10 cathode 8 or a positive voltage V,, is applied to a
metallic back electrode 12G via a switch SW,. 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 V,, and V,; are applied to the metallic back electrodes
126 and 12B via switches SW; and SW;; and further a -
potential the same as that of the cathode 8 or a positive
voltage V;g is applied to a metallic back electrode 12R
via a switch SW,. Further, when the blue fluorescent

25 substance 4B is required to emit light, negative voltages
V;;, and V,o are applied to the metallic back electrodes
126 and 12R via switches SWg and SW,; and further a
potential the same as that of the cathode 8 or a positive
voltage V,; is applied to a. metallic back electrode 12B .

30 wvia a switch SWa. - -

Further, the quant:.ty of the electrons emitted from
the cathode 8 becomes the maximum when the positive
voltages V;4, Vyg, and V,, applied to the back electrodes
of the fluorescent substances required to emit 1light

35 become a voltage the same as that applied to the cathode
8 (in the same potential as that of the cathode 8).



the illumnation unit according to the present_invention;._Fig.—14 is
cross-sectional view taken along the line GC shown in Fig.13; Fig. 15 is

a front view showing a grid 18 shown in Fi gq.g 13ThisSheet HigBepnReplagpdaphi cal
representati on showi ng the brightness distributi I generati ng
surface obtained when el ectrons are controlled b 19 forned

with three openings of the sanme opening areas S1, S2 and S3; Fig. 17 is a
front view showing a grid 23 of a seventh enbodi nent of the illum nation

unit; Fig. 18 s a perspect]ye AW Sha¥dd Al 9550 eA0s8L0 e the
fluorescent substances is controlled by use of only the
back electrodes, 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
€, = 21.5 mm; the distance between the back electrode and
the cathode is ¢, = 0.25 mm; and the voltage applied to .
the cathode 8 has been adjusted so that the anode current
is 50 pi} in order to reduce the anode current down to
10 zero volts, the negative voltage of about -300 VvV 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 V,; of 2 to 3 V is
applied to the grid 13, it is possible to reduce the back
electrode wvoltage for controlling thé light emission of
the fluorescent substances to such an extent as loﬁ as
-50 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 onlyu the relationship in voltage level
25 between the back electrodes 12G, 1l2R and 12B, without
being subjected to the influence of the voltage of the
anode 3.
Further, when no color 1light is required to be
emitted, negative voltages'vl7, V;9 and V,; are applied to -
30 the metallic . back electrodes 112G, 12R and 12B,
respectively, o£ alterpatively a negative voltage V,, is
applied to the grid 13.
As described above, the electrons emitted from the
cathode 8 can be controlled by use only the Back
35 electrodes 112G, 12R and 12B or only the grid 13.
However, it is possible to control the electron emission



énbbdngnL_0L~Lhe—+++uﬂfﬂation unit; 6 Fig. 19 is a diagramshowi ng a

circuit for activating fhe e ght h enbodi ment of the illumination unit,

t'oget hefni Has 4 tical cross-secti Q?al vi ew taken along the |ine

E-E sho “ Fig. 20 is a perspetClive view show ng an enbodi nent
Iehp

of the i aratus using the illumnation unit according to

by a lower voltage when controlled by use of both the
back electrodes 12G, 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 of 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
leakagé of the electrons effectively. Therefore, it is
possible to control the emission of 1light 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 Iluminescence 1light is
emitted, the light emission efficiency is high. For
instance, in the case of the green fluorescent substance
of ZnS:Cu, Al, when the anode voltage is V; = 8 kV; and
the current density of the electrons emitted onto the
25 Ffluorescent substance is 50 uA/cm?; 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
light emission !area, as compared with the case of the
conventional fluorescent lamp, when the same quantity of
light is required to be emitted.
~Pig. 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



t he - present inventLgnT‘ELg_QZL_Lg_g_Q_oss section view show ng a carri age
26 shown in Fig. 20; 22 .i's a perspective view show ng anot her

enbodi nent of the I?ﬂiﬁ\ Bagr R &l at us §ng the illum nation unit
according to the pre Fig. 2 IS a perspective view show ng a
prior art inmage read Fig. 24 is a cross-section view show ng
the carriage 35, taken al ong the Ine B-B' shown in Fig. 23;and Fig. 25 is
an illustration for assistance in explaining the
electrode 14G of wvapor depositidn type} a red back
electrode 14R of vapor deposition type and a blue back
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 bottom glass plate 7 and the side glass
plates 6a and 6b; that is, the back electrodes can be

10 formed easily within the wvacuum 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.

Flg. 12 is a cross-sectional view showing a fifth
embodiment of the present invention. 1In 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 11ne C—C' in Fig. 13, and Fig. 15 is a
front view showing a grzd electrode 18 shown in Fig. 13.

30 In 'Fig.- 13, the ™ fluorescent substances 15 are
applied onto the inner surface of the upper plate 5 being
arranged in the x-axls direction in the order of a green
fluorescent substance 15G, a Tred fluorescent substance
15R, and a blue fluorescent substance 15B. In the same

35 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



case ﬁhere an image having sloped portions such as—an—opened_hook is read
I n accordance with the prior art nethod. BEST MODES FOR EMBODYI NG THE

| NVENTION Fig. 1 is a perspective view ShOV\ng a memﬂﬁm%f an
illumnation unit having the grid el ectrode7”and Fi
cross-sectional view taken along the line AaA' sho The
detailed construction of the illumnation unit will be described
her ei nbel ow with reference to Fig. 1
green back electrode 16G, the red back electrode 16R and
the blue back electrode 16B being arranged in the x-axis
direction. Further, the cathode 17 is stretched one for
each '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 as that 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 S,, S,, and S; 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 distribution of the brightness on the light emission
surface of the fluorescent substance 15G electronically
controlled by use of a grid electrode 19 formed with the

20 openings of the same opening areas S;, S,, and S;. When
the cathode 17 is heated, although the thermoelectrons 22
are generated, since the vicinities of both end portions
Pg 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 P, and low at both end portions Pg, so
that there exists a difference in temperature between the
central portion P, and both the end portions Pg;. As a
result, the quantity of the thermoelectrons 22 emitted -

30 from the’ cathode 17 is large at the central portion P,
and small at both the end portions Pg. Therefore, under
these conditions, when thermoelectrons 22 are irradiated
upon the fluorescent substances by electronically
controlling the light emission by use of the grid 19

35 formed with the same opening areas 8,, S,, and 8;, the
brightness L, at the central portion Pc is higher than
the brightness Lg at the end portions Pg. As a result,



7 A'cathode 1 is.

to 50 [err]m

e tting substance such as barium oxide (n

a fine wwre nmade of tungsten and having a dianeter from5

The surface of the cathode is covered with an el ectron

stretching a single cathode wire into S-shape with cathode ret
| b di sposed on two cat hode fixing nenbers | a. In the above-ne
t he cathode can be stretched in a single process, fixed by a

0 shown)
t her moel ectron enission efficiency. Thi cathode 1 mmmﬂ mell
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constructi on,
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of electrodes, and formed easily even when a narrow
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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
Fig. 13 has been explained by way of example. However,
the same brightness irregularity occurs in the x-axis
direction in Fig. 13.

Therefore, in this embodiment, as shown in Fig. 15,
the openihg area S, at the end of the opening portion 18a
is made larger; and the more the opening aréas S, and S,
of the opening portion l18a 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
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
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
thermoelectrons 22 to be passed through the grid 18 over
the grid, by adjusting the opening area of the opening
portion 18a of the grid 18, as shown in Fig. 15. As a
result, the current density- of the thermoelectrons
irradiated upon the £luorescent substance can be made
uniform, so that it is possible not only to eliminate
the irregular brightness on the light emission surface
both in the x- and y—-axis directions in Fig. 15, but also
to prevent the partlal 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 h, at the central
portion is smaller than the width h, at both the end

to i ncr earms $Hea Has Been Re;ilaced




fightlenitting width is needed.. Further, the ftuorescent—stbstances of

three different Iight colors 4R 4G and 4B are A& Lopdhe | ower
surface of an upper plate 5 nmade of t ranspaygent i t angul ar
shape, by screen printing nethod, for. instance. t ﬂﬂﬁ’ _ﬂ nt

substances are of materials able to generate cat ce such as
Y[err](Jerr]S:Eu, Smfor red color, ZnS:Cu, A for green color, and ZnS: Ag,
Al for blue color, in practice. A color linear |light source of three
primary colors can be conposed by using these fluorescent substances. The
swi t chi ng speeposttiins endndecfuithgn the opening area of the opening

portions 23a are formed so as to become smaller in the
same shape in arrangement toward the central line D-D' 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 iarge number of small opening portions as shown
10 in Fig. 15 are to be formed. 1In 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' 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 V; is applied
to the anode 3; a positive voltage V,g is applied to the

25 back electrode 14R; and further a positive voltage V,; 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 V, is QPplied,'hnd pass through the anode 3 to
excite the fluorescent substance 4R, so that red light is
emitted. At this time, negative voltages V,; and V,, 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 1light
emission on the fluorescent substance 4R is about I = 2.
4 mm, under the condition that V, = 8 kV; V;3 = 5 V; V4



cotorsTof This i1lTumnation unit can be determ ned on the basis of the

af t %IQQQWHagB&ER ced the fluorescent substances. The afterglow tine
@ m nescence i s short; thaé is, in the case of the green

fI uor MMI 4G and the blue fl uorescent material 4B, the aftergl ow

tlne Iess and in the case of the red fluorescent materia

the afterglowtinme is about 1 nsec. The powders of these fl uorescent
substances are. applied uniformy at a rate of 1 to 10 ng/cn[err] and an

anode 3 made of al um num and having a thickness of 0.1 and 0.4 [err]n1|s
formed on the &HRA2V: Vg = 5V; Vi = -10 V; Vyy = -10 V; the distance

between the fluorescent substance 4R and the grid 24 is 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 mnm.

The above-mentioned experiment indicates that since

the opening portion 25 of the grid 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 (= 0.8 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 area 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 image 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’ operatlon of reading an image will be described
hereinbelow w1th reference to Figs. 20 and 21.

Within the carr;age 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 1light is
reflected from the object 28 and the reflected scattered



'f1u6rescent substances through the process of vapor deposition. Three back
el ectrodes 2G 2R and 28 are forned and arranged by bending into a U shape

*a conductive and ndm qed i al sy h as brass or al um num The
gap 8 di stance 12 “" espectlve back el ectrodes 2G 2R and 28

and the cathode 1 is By reduci ng

light is image—-formed onto the CCD 34 of the 1light-

electricity 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, fi;st the green
fluorescent substance 4G is excited, and the component of
the greeﬁ 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 1light 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

l5 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 1llum1natlon unit shown in Fig. 1 is adopted, it
is of course p0531b1e 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



the gap distance, it is possible to decrease the respective vol t'ages
applied to the respective back electrodes 2 @fﬂﬂ%egﬁk gshown in
‘Fig. 2, a vacuumvessel 20 is forned by ar241pper Ich the three
fluorescent substances 4R, 4G and 43 are applied ates 6a and
6b, a bottomplate 7, and other side plates 6¢c a Fig. 1, and
evacuated down to a vacuumof 1,33 x 10[err] to 1,33 X 10[err] Pa (l10[err]
to I0[err] Torr) through an exhaust pipe 6e. Further, the material of the

upper plate Sis |ead or glass, for instance. ) .
emission width for each color is 1.5 mm; the 1light

emission width for three colors is 6 mm; and the distance
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 1is about one-sixth of the
conventional spread angle of about 120 degrees as already
explained with reference to Fig. 25, and thereby it is
possible.fo prevent a shear in color image reading.

10 Here, the case is taken into account where the
illumination unit shown in Pig. 13 is mounted on the
imaée reading apparatus in the same way as with the case
shown in Fig. 22. 1In 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,‘lt has become possible to reduce

the volume of the 1mage reading apparatus using the
illumination unit accordlng 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.



'Thé 6peration of the illumnnation unit as described above W I
to Fig. 3 which shows a circuit. T&,grg,h@gms\@;ﬂﬂ laced

the illumnation unit. Here, only the IngE em ssi on control
fluorescent substance 4G will be descri bed herei nbel ow by way mm’m

her ei nbel ow, with reference.

To the anode 3, a direct current voltage of 5 to 30 KW nost p

10 kV-is applied through a lead termnal 3a as showmn in Fig. 1. On the
ot her hand,
Ia shown in Fig. 1. Thernoel ectrons generated ,

t er m nal

10

15

20

25

30

35

to the cathode 1, a voltage V2 is applied through a | ead

In the present image reading apparatus, in general there
is now being adopted a_llne sensor of integration type
which can generate a sensor output proportional to the
integrated value of the quantity of light irradiated upon
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 1llum1nat10n unit to the object to be image read, in .

the 111um1natzon unit of the present invention, it is
possible to shorten the accumulation time of the 1line
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
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
closed vacuum vessel, electrons are emitted therefrom.
The emitted electrons are further accelerated by a high
tension applied to the anode and brought into collision

against the fluorescent substances for emitting cathode .

luminescence light.

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. fluorescent substances.

Further, in the present invention, the quantity of -

electrons emltted from the cathode can be controlled by
the control electrodes. In addition, the emission area

-0f the electrons -emltted from the cathode c¢an be

controlled by the control electrodes.

As described above, in the present invention, since
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

be described-



from the cathode by Joule heat are attracted and accelerated

toward the anode 3 by an electric field generated by the anode voltage
V1. Wen the green light is emtted, a contrgg signal is applied to a
termnal CTL-G froma control neans (not shown) to turn on a transistor
Tr-G The transistor Tr-Gis connected to the green back electrode 2G by
a lead termnal 2G a showmn in Fig. 1. Therefore, the electric potential of
the green back electrode 2Gis the sane as that of the cathode 1, because

both are connected to each other via,the |ead,terninal ihown in Fig. 1
The quantity of light, without being susceptlb e to change in

the ambient temperature. Further, it 1is possible .to
provide an illumination unit compact in size and large in
light output.

5 Further, it is possible to provide a compact
illuminétion unit for emitting three-primary color light
by a single cathode so as to be controllable
independently.

Furéher, 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.
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t hernoel ectrons emtted from the cathode 1 are

the anode 3, and further passed through the anode 3 to eXC|tqm

fl uorescent substance 4G Further, the lig b em ssion area on HasBeﬁmRelaced
fl uorescent substance can be roughly determ ned by the U—shap

wi dth Wof the green back el ectrode 2G shown in Fig. 2. For

the green back el ectrode 2G .

CLAIMS:
1. An illumination unit which comprises:
a cathode for emitting electrons by appllcatlon
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
lumlnescence 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 for 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 wvoltage 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 disposéd within an air-tightly closed

vacuum vessel.

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



havfng a 2 nmw de opening is used, the light entssion area of the green

fluorescent substance 4Gis also 2 mmin width. 10 Further, it is
possi ble to make uniformthe |ight enissiogﬁpn the fluorescent surface by
provi di ng the back el ectrode. This is ecause the density of

current applied to the fluorescent substance can be averaged. A |l arge
ef fect can be obtained by making the current 15 density uniform because it
is possible to elimnate the |ocal deterioration of the fluorescent

substance and further to retain the original perfornmance of the .
4. The illumination unit of claim 1 or 2, which

further comprises a control electrode for controlling an
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.

' This Sheet Has Been Reﬂlaced
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substance for

many hours. Further, where the |light emssionis

uniformall over the fluorescent substance, 20 it is possible to obtain an
il{um nation unit of uniformlight em ssion.gyhen the illumnnation unit is
not activated, a control signal is applied fromthe control neans to the
terminal CTL-G so that the transistor Tr-Gis turned off 25 and therefore
a voltage V3 is applied to the green back electrode 2G via a resistor R As
aresult, the flow of the thernoelectrons fromthe cathode 1, that is, the
anode current is influenced. hbnely, wheqmﬂhﬁﬁﬁ%oprlate

10

15

20

25

30

35

An illumination unit large in the quantity of
light, compact in size and simple in construction without
being susceptible to change in ambient temperature is
disclosed. In the unit, a cathode 1 for emitting
electrons, an anode 3 for accelerating the emitted
electrons, £fluorescent substances 4G, 4R and 4B for
emitting luminescence due to collision of the electrons
thereagai"nst are provided within an air-tightly closed
vaéuum vessel 20. PFurther, back electrodes 2G, 2R and 2B
for controlling the electron emission area are arranged
in the vicinity of the cathode 1.

is Sheet Has Been Reﬂlaced '
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negative voltage V3 is sel ected,
experi nment,

perfectly.

In an

" the anode 3 shown in Fig. 2 was 30 nm the anode vol tage V., 10kV:—and-t

green back el ectrode voltage V[err] was -40 V.
shown in Fig. 2 is,

[err]

by the l.o

back el ectrode voltage V3 The back
t he anode current can be obtained on the basis of the
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10 cal cul ation of the field strength in accordance with the foll ow ng
equation: [err]=- [err]2 / [err]l VI In the sane way as descri bed above,
it is possible to control the light em ssion of the three kimds—eof—-—

fluorescent substances, independently. Fig. 4 is a perspectipg ie oW nP
a second enbodi nent of the illum natio%w% having a grid el g aced
equal opening portions. Fig. Sis ac -Sectional ﬂm,m ” I"I B
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view taken along the line A-A' shown in Fig. 4. In this enbodinent, a
cathode 8 fornmed by a single fine wire is so disposed as to be encl osed by
a U-shaped back el ectrode 9. In the same way as in the first enbodi nent,
t he fluorescent substance having the wdth the same as the opening width W
of the back el ectrode 9 can be exciteda%o f%” light. In nore practical,
when the di stance between the anode 3 & ffe cathode 8 is 4 = 30 mm the
di stance between the cathode 1 and the back electrode 9 is [err]2 =0.5 mm

t he di stance between the .cathode 1 and the openig of the back el ectrode 9
is [err]3
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='9.5 mm the opening wdth of the back electrode is W= - 5 mm and the

t hi ckess of the back electrode ist = 0.5 M the wdth at which the
‘fluorescent substance emits light is roughly 5mm In this enbodi nent, a
grid 10 is disposed between the opening portion of the back el ectrode 9 and
the anode 3,and further deflection electrodes 11la and 11b are di sposed
between the grid 10 and the anode 3. 4ﬂh¥4§rid 10 is farned of a conductive
and non-magnetic material such as stainless.steel, brass, alumnum etc.
and formed into a net-shape or a plurality of slit-shaped openings
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t he

Fig. 6
When a

the grid 10 can control
ssible to switch the Iight
the green fl uorescent

be descri bed herei nbel ow.
it
Slhr

is applied to the grid 10,
so t hat

so that the electrons can be passed therethrongh. The operation of this

enbodi nent of the illumnation unit wll
i's a diagramof a circuit for activating the illumnation unit.

negative voltage V
enm ssions of the red fluorescent subst

fl ow of thernoel ectrons,
subst ance
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4G and the blue fluorescent substance 4B, respectively. In other words, it
is possible to control the light 5 emssions of the fluorescent
substances under the condition that the voltages are kept applied to the
cat hode 8 and the anode 3. A voltage V3a higher than that V2 applied to the
cathode 8 is applied to the back electro é} Further, a 10 negative

vol tage can be applied to the back el ect G/ When a negative voltage is
applied to the back el ectrode 9, the em ssion of the thernoel ectrons
decrease gradually, and finally reaches a cut-off condition under
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which no current flows between the cathode 8 and the 15 anode 3. As
descri bed above, it is possible to control the flow of thernoel ectrons. The
defl ection el ectrodes 1l1a and 11b di sposed between the grid 10 and the
anode 3 serve to deflect the thernoel ectrons emtted fromthe cathode 8 and
20 accelerated toward the anode Z/Z%] hori zontal direction on
the paper. To explain this by a practlc npl e, when tge three of the
fl uorescent substances 4R, 4G and44B aréRal | rqu-B ed to/b acti vat ed

si mul t aneously, appropriate Innqifi(}ve \/nl(;ragpc VJLp(Jrrjl and4V[ egr]
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25 are applied to the deflection electrodes 1la and 11b through switches
SWerr] and SWerr], respectively. Then the thernoelectrons emtted from
‘the cathode 8.are attracted by the positive electric field forned by the
defl ection electrodes Ila and |l b, and diffused beyond the opening 30

wi dth Wof the back el ectrode 9 as sh%}% Fig. 5 to excite the

fl uorescent substances. I n other wo J<all the three kinds of the
fluorescent substances can be excited to emt all the colors

si mul t aneously. Accordingly, since three fluorescent substances emt 35

| i ght simultaneously, the emtted light is white.
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When only the green fluorescent substance 4Gis required to be excited,
appropriate negative voltages V4 12 and V. are applied between the
ground and the deflection electrodes 1la and |l b through the switches SW,
SS2, SWB, and SWA, respectively. Then, an electrostatic |ens can be forned
in front of the cathode 8, so that the é)??f noel ectrons converge in the
direction LI to excite
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only the green fluorescent substance 4G In the same way, in. order to
excite only the red fluorescent substance 4R, appropriate negative voltages
V4 and V[err] are applied to the deflection electrodes Ila and I1b,
10 respectively to forman electrostatic lens in front of the cathode 8 and
t hereby to converge the thernDeIectronsébg/z direction L2. In addition, a
positive voltage V7 is applied to the d ion electrode Ila through the
switch SWB and further a negative voltage V8 is applied 15 to the

defl ection electrode |l b through the swwtch SW in such a way that the

vol tages V7 an V8 are supgerposed upon
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the voltages V4 and V5, respectively for electrostatic deflection.
Therefore, the converged thernoel ectrons are bent toward the direction L2
to excite only the red 20 fluorescent substance 4R Wen only the bl ue

fl uorescent substance 4B is required to be excited, in the way opposite to
the case with the red fluorescent substgpiedﬁg, an appropriate negative
voltage V6 is applied to the defléc Yolff25 electrode |1a t hrough the
switch SWB and an appropriate positive voltage Vg is applied to the
deflection electrode |lb through the switch SW so as to be
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super posed upon the voltages V4 and V5, respectively for electrostatic
~defl ection. Therefore, the converged 30 thernoel ectrons. are bent
toward the direction L3 to excite only the blue fluorescent substance 4B.
As described above, it is possible to control the |light em ssion of the
fluorescent substances of three kinds,égggegindently by use of a single

cat hode, by 35 controlling the |ight e i operations of the fluorescent
substances with the use of the back electrode 9, the grid 10 and the

defl ection electrodes |Ila and I1b.
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Further, it is possible to control the light enissions 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-nentioned
structure, since 5 the light em ssions of the fluorescent substances can be
swi tched on the order of nanosecond unit, it is possible to inprove the
switching speed of the light emission. Fufyhgg, in the Iight em ssion of
the present invention, since the light is emtted by the cathode

| um nescence '
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10 light, the quantity of light hardly fluctuates according to change in
the anbi ent tenperature, and additionally the starting characteristics of
the light em ssion are excellent. Further, since the quantity of light can
be adjusted easily, it is possible to construct various 15 illum nation
apparatus of a broad range froma |large oufput to a small output. In the
enbodi nent as descri bed above, althoﬁ%h/? fluorescent substances for high
tensi on application such as zinc sulfide or rare earth el ement based
substance has 20 been used, the sane results can be obtained by
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Sheet Has Been Tla“ ILLUMINATION UNIT AND IMAGE READING APPARATUS

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 computer, mainly. '
) BACKGROUND ART
10 An exampie of prior art image reading apparatus is
disclosed in Japanese Published Unexamined (Kokai) Patent
Application No. 54-81715, for instance. " Pig. 23 is a
perspective view showing the prior art image reading
apparatus disclosed in this document, and Fig. 24 is a
15 cross—sectional view showing the carriage thereof, taken
along the 1line B-B' in Fig. 23. In Fig. 24, an
illumination unit 36 is composed 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 spectral 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 sequence to illuminate
an object 28 to be image read. The light reflected by
the object 28 is image-formed on a 1line sensor 34
composed of a plurality of light-electricity transducing
elements, through a reduction lens 33, in order to read

30 the image by detecting chrominance signals, in sequence.

In the pgiot art fluorescent lamps, since the
evaporation pressure of the mercury enclosed .inside
fluctuates according to ambient' temperature, there exists
a problem in that the quantity of llght fluctuates

35 according to the amb:.ent temperature. ~ In addition, in
the case of the fluorescent lamp, the quantity of light
obtainable is inevitably 1limited and further an

' ' ;P'_r;his__.____;‘o ih_o replacemert sheet
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realize a color display unit by illum nating the back surfaee—of—-a—single_
nmonochromatic liquid crystal- panel with the iIIuninatio u f the

t
present invention, and 35 by exciting the three prinary
substances and switching three prinmary col or21 i qui d - F at
hi gh speed in tinme series fashlon In synchronismwth res

ot her .

appropriate tube diameter of the lamp is as large as 40

mm to maximize the luminous efficiency. Therefore, the

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 an object hav1ng 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 deteriorated

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 red 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
so -that the line sensor 34 can generate the red, green
and blue color output 31gnals at the same level, since
the red light emitted from the red mercury fluorescent
lamp 37 is not sufficient 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. This is ihe replacement sheet
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Further, it is effective to forma thin filmon the inner surface of the
vacuum vessel 20 by vapor deposition, so that the inner surface is kept at
a “constant potential to elimnate the-influence of external nagnetic
field.. Fig. 7 is a perspective view showi ng3a third enbodi nent of the
illumnation unit 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 elenent is disposed between three cathodes 8 and an anode 3, and

fi xed between a bottomglass plate 7

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
jllumination unit. . The above-mentioned problem may -be
solved b§ collecting the three mercury fluorescent lamps

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

object. 1In 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

720 illumination unit is mounted on the cdrriage 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 dimension

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 1light without :Peing susceptible to change in ambient
temperature.

Another object of the present invention 1is to
provide an illumination unit compact 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.

This is the replacemert sheet
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and both end surfaces of two side glass plates 6a and 6b. In the sane way
as shown in Fig. 1, the cathode is fornmed by stretching a single cathode
e into S—ShapeThMSlhetHaiBHBﬁlRepllaeédur ning poles. Fig. 9 is a circuit

Wi 1
di’agram showi ng t |nent of t4malllun1nat|on unit activating
circuit. Wen voIt ppdled to the three cathodes 8, the.
cat hodes 8 are[err] eate oul e heat and therefore the el ectron

em ssi on substances applled to the wvicinity thereof are also heated up
to 400 to 800[err]C, into a status where thernoel ectrons are enitted

easily.  Under thesfiother object of the present invention is. to
' provide a color image reading apparatus-proﬁided with an
~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

invention provides an illumination unit which comprises

. within aﬂ'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 f£irst voltage; and a
fluorescent substance for emitting cathode luminescence

15 1ight 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 dlrected to any one of a plurality of the
fluorescent substances.

Further, the present invention provides an image
reading apparatus provided with the above-mentioned
illumination unit.

35 BRIEF DESCRIPTION OF THE DRAWINGS
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condi ti-ons, when a positive voltage V13 is applied to the grid 13 through a
switch SWb, the thernoel ectrons are accelerated and emtted toward the grid
13 and further some  thernoel ectrons are agcel ergfi€sheet HaEBéf Regiras ed

t hrough openings of the grid 13, toward the &hode 3 uaﬂm m iﬁ field
generated by the anode 3 to which a high tension V1 nost
preferably 10 kV is applied. Then, the thernoelectr netrate through
the anode 3 to excite the fluorescent substances 4G - 4R and 48, so that
visible light can be enitted.

Fig. 1 1is a perspective view showing a first
embodiment of the illumination unit according to the
present invention;

Fig. 2 is a cross-—sectlonal view taken along the

5 1line A-A' shown in Fig. 1; .

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 6f the illumination unit;

15 . Fig. 7 is a perspective wview showing a third
embodiment of the illumination unit according to the
present 1nventlon-

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 circait for activating
the third embodiment of the illumination unit;

Fig. 10 is a cross-sectional view showing an
essential portion of a fourth embodiment of the
illumination unit according to the present invention;

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~sectlonal view showing an
essential portion of a fifth embodiment of the
30 illumination unlt according to the present invention;
Fig. 13 ls a perspectlve view showing a sixth
embodiment of the illumination unit according to the
present invention;
_ Fig. 14 is a cross-sectlonal view taken along the
35 1line C-C' shown in Pig. 13;
Fig. 15 is a front view showing a grid 18 shown in

Fig. 13; This is the replacement sheet
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15 Here, only the case of the green fluorescent substance 4G will be

descri bed herei nbel ow by way of exanple, with reference to Fig. 9. Under
the condition that a voltage VI5 is applied o0 the cathode 8 angspeea{asBeenReﬂlaced

voltage V1 is applied to the anode 3, a posi?ive voltage is app
grid 13 via.a switch SW; negative voltages V19 and V21 ar

to netallic back electrodes 12R and 12B via switches SW and

Fig. 16 is a graphical representation showing the
brightness distribution on the light generating surface
obtained when electrons are controlled by use of a grid
19 formed with three openings of the same opening areas

5 8,, S, and [ '

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

Fig. 18 is a perspective view showing a grid 24 of
an eightﬁ 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 Fig. 18;

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

Fig. 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 '

Fig. 25 1is an illustration for assistance in
explaining the case where an image having sloped pbrtions
such as an opened book is read in accordance with the

30 prior art method.

BEST MODES FOR EMBODYING THE INVENTION
Fig. 1 is a pérspective 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 Fig. 1. The detailed
construction of the illumination unit will be described
hereinbelow with reference to Fig. 1. N _
This is the replacemert sheet
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respectively; and a potential the same as that -of the 10 cathode 8 or a
positive voltage VI6 is apptied to a netallic back electrode 12Gvia a

swi tch S%.missﬁgetggigge,mﬁcedsi nce the negative voltage is kept applied to

the netallic s 12R and 12B, t hér noel ectrons are not enitted
fromthe cat HE& E
| i ght and bl

nding to these 15 electrodes, so that red
t emtted. Accordingly, only the green
fluorescent substance 4G is excited and therefore emts green light. In the
same way, when only the red fluorescent substance 4R is required to emt
| i ght, negative voltageathode 1 is fine wire made of tungsten and having
a diameter from 5 to 50 um. 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 1b disposed on two cathode fixing
members 1la. 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 rectahgular shape, by
15 sgcreen printing method, for instance. The fluorescent
substances are of materials able to generate cathode
luminescence such as Y¥Y,0,S:Eu, Sm for red color, ZnS:Cu,
Al for green color, and 2ZnS: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 afterglow 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 0.1 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-
mg/cm?, and an' anode 3 made of aluminum and having a
thickness of 0.1 and 0.4 pum 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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20 - V[err] and V21 are applied to the netallic back eIecLLgdes_LZGLand—izB—
via swtches SWo and SW8; and further a potential the sane as that of

tathode 8 or a positive voltage V18 is applied to a met alih ﬁﬂe
12R via a switch SW. Further, when the bl ue fluorescent
Is required to emt |ight, negatlve vol tages V17 and VI9 a
netallic back el ectrodes 12G and 12R.via switches SW and SVW, and further
a potential the sanme as that of the cathode 8 or a positive voltage V20 is
applied to a netallic back electrode 12B 30 via a switch SW. " -
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
5 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 64

10 shown in Fig. 1, and evacuated down to a vacuum of 1073
to 10°%8 Torr 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 vdltage V, of 5 to
30 kv, most preferably of 10 kV is applied through a lead
terminal 3a as shown in Fig. 1. On the other hand, to
the cathode 1, a voltage V, is 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 V,.

When the green light is emitted, a control signal is
applied to a terminal CTL-G from a control means (not

30 shown) to turn ?n a transistor Tr-G. The transistor Tr-G
is connected to the green back electrode 2G by a lead
terminal 2G-a shown in Fig. 1. Therefore, the electric
potential of the green back eléectrode 2G is the- same as
that of the cathode 1, because both are connected to each

35 other via the lead terminal la shown in Fig. 1. The
thermoelectrons emitted from the cathode 1 are
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Further, the quantity of the electrons emtted fromthe cathode 8 becones
t he maxi mum when the positive voltages V16, V18, and V20 applied to the
back el ectrodes of the fluorescent substances,required to emt |ight 35
becone a voltage the sane as that applied to ?he cathode 8 (in the sane
potential as that of the cathode 8). 16 Here, the case where t he

| i ght enission of the '

accelerated to the anode 3, and further passed through

the anode 3 to excite the fluorescent substance 4G. .
Further, the 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 of the 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 1light
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 1is selected, the anode current

30 becomesjzero,'p$rfectly} In an experiment, the distance
¢, between the cathode 1 and the anode 3 shown in Fig. 2
was 30 mm; the anode~voltage V;, 10 kV; and the green
back electrode voltage V3 was -—40 V. The shorter a
distance £, shown in Fig. 2 is, by the lower voltage will

35  be controlled this back electrode voltage Vj.

The back electrode voltage required to cut off the
anode current can bé obtained on the basis of the
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fl uorescent substances i's controlled by use of only the back el ectrodes,
wi t hout use of the grid 13 is taken into account. Under the conditions that
t hie anode voltage is 5 10 kV; the distance tweemhkhmaﬁahhﬁaﬁR gkdt he

anode is [err] = 21.5 mm the distance betwetn the and the
cathode is [err] = 0.25 mm and the voltage applied ﬂgwgﬂe 8 has
been adjusted so that the anode current is 50 pA in uce the
anode current down to 10 zero volts, the negative voltage of about -300 V
S reqU|red to be applied to the back el ectrodes 126, 12R and 12B.

calculation of the fzeld strength in accordance with the
follow;ng equation:

Va==48€y/ &8 -V,

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 1is a perspective view showing a second
embodlment 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
bBack 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 ¢,
= 30 mm; the distance between the cathode 1 and the back
electrode 9 is ¢, = 0.5 mm; the distance between the

20 cathode 1 and the opening of the back electrode 9 is ¢,
= 9.5 mm; 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 1lla and 1lb are
disposed between the grid 10 and the anode 3. The grid
10 is formed -of a conductive and non-magnetic material

30 such as stalnless steel, brass, aluminum, etc. and formed
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 V,, is applied to the grid 10, the
grid 10 can control the flow of thermoelectrons, so that
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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 2to 3V is applied to the grid 13, it 4 possible to reduce the back
el ectrode voltage for controlling the |ight “em ssion of the fluorescent
substances to such an extent as |ow as -50 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 mssion rate of the thermal

el ectrons fromithdsgpbedibie &o switch the light emissions of the red

fluorescent substance 4R, the green fluorescent_substange
4G and the blue fluorescent substance 4B, respectively.
In other words, it is possible to control the 1light

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

A voltage V,, higher than that V, applied to the

cathode é'is applied to the back electrode 9. Further, a

10 negative 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 reaches 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 1lla and 1llb 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 required to be activated
simultaneously, appropriate positive voltages V,;; and V,,

25 are applied to the deflection electrodes lla and 1lb
through switches SW, and SW,, respectively. Then the
thermoelectrons emitted from the cathode 8 are attracted
by the positive electric field formed by the deflection
electrodes lla and 1lb, and diffused beyond the opening

30 width W of the back electrode 9 as shown in Fig. 5 to
excite the fluorescent substances. In other words, all
the three kinds of the fluorescent substances can be
excited to emit all the -colors simultaneously.
Accordingly, since three fluorescent substances emit

35 light simultaneously, the emitted light is white.

When only the green fluorescent substance 4G is
required to be excited, appropriate negative voltages V,
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dependent upon only the relationship in voltage |evel 25 between the

back el ectrodes 12G 12R and 12B, w thout being subjected to the influence
of- the voltage of the anode 3. Further, whe o color light is required to
be em tted, negative voltages V17, V19 and are applied to 30 the
metallic back electrodes 12G 12R and 12B, respectively, or alternatively
a negative voltage V14 is applied to the grid 13. As described above, the
el ectrons enitted fromthe cathode 8 can be controlled by use only the back

and Vg are applied betweén the ground and the deflection
electrodes 1lla and 1lb through the switches SW,;, SW,,
SW3, and SW,, respectively. Then, an electrostatic lens
can be formed ‘in front of the cathode 8, so that the
5 thermoelectrons converge in the direction L1 to excite
only the green fluorescent substance 4G. In the same
way, in order to excite only the red fluorescent
substance 4R, appropriate negative voltages V, and V,; are
. applied to the deflection electrodes 1la and 11b,
10 respectively to form an electrostatic lens in front of
the cathode 8 and thereby to converge the thermoelectrons
in the direction L2. 1In addition, a positive voltage V,
is applied to the deflection electrode lla through the
switch SW; and further a negative voltage Vg is applied
15 to the deflection electrode 1llb through the switch SW, in
such a way that the voltages V, an Vg are superposed upon
the voltages V, and Vg, 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 Vg is applied to the deflection

25 electrode 1lla through the switch SW; and an appropriate

- positive voltage Vg is applied to the deflection

electrode 1llb through the switch SW, so as to be

' superposed upon the voltages V, and V5, respectively for

electrostatic deflection. Therefore, the converged

30 thermoelectrons. are bent toward the direction L3 to
excite only the blue fluorescent substance 4B.

As described 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 1light emission operations of the
fluorescent substances with the use of the back electrode
9, the grid 10 and the deflection electrodes lla and 1lb.
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35 electrodes 12G 12R and 12B or only the grid 13. However, it is possible
to control the electron em ssion 17 by a | ower voltage when controlled
by use of both the back el ectrodes 12G 12R.and 123 and the grid 13.
Further, in this enbodinent, since the grid™I3 is constructed by a single
common el enent, the supporting structure of the grid 13 can be sinplified.
Furt her, : |

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.
Further, in the light emission of the present invention, -
since - the light is emitted by the cathode luminescence
10 1light, 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 balance. '

Further, the illumination unit of the present
invention can be used as a light source for a 1liquid
crystal television projector by disposing a 1liquid

30 crystal at the junction surface with the upper plate 5 of
transparent glaés. In more detail, it is possible to
realize a color displ;y unit by illuminating the back
surface of a single monochromatic liquid crystal panel
with the illumination unit of the present invention, and

35 by exciting the three primary color £luorescent
substances and switching three primary color 1liquid
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m the cathode 8 cannot feach the anode 3 by
ns ot her than openings of the grid 13, it is possible

\ ﬁﬂiﬁﬂ“ﬁjorescent subsfg@nces to enit required |ight,

since the e _
|

passi ng through . .poy
to allow onlﬁﬂﬁi{a
[

W thout emtti equired, thus preventing the | eakage of the
el ectrons effe refore, it is possible to control the
emssion of light of the fluorescent substances 4G 4R and 43 by the
netal lic back el ectrodes 12G 12R and 12B and the grid 13, under the

I ti I's _kept appljed to the cathode 8 and the anode 3.
Zgngl.';ggll]lthait F\ég,I?ta esg!)%ﬁigfgoagfnpq:{gh 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. .
Figﬂ 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 V;; 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 Vi3 is applied to the
grid 13 through a switch SW5;, the thermoelectrons are
accelerated and emitted toward the grid 13 and further

30 some thermoelegtrons are accelerated, being passed
through openings of the grid 13, toward the anode 3 by an
electric field generatéd by the anode 3 to which a high
tension V; 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 be emitted.
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light of three primary colors independently fromthe light emtting

sections of a single illumnnation unit. Further, in the illumnation unit
of the present invention, since the cat hq_h%e | um nescence light s
emtted, the light em ssion efficiency is™high. For instance, in the

case of the green fluorescent substance of ZnS:Cu, A, when the anode
voltage is VL = 8 kV; and the current density of the electrons emtted onto
the fluorescent substance is 50 [err]A/cnferr]; the brightness is 47, 420
cd/mferr]. Further, when a lLarge _quantity of light is required, it is
possi bl e to obtain HREereq@PA¥d didkhti¢§seé of the green fluorescent

substance 4G will be described hereinbelow by way of
example, with reference to Fig. 9. Under the condition
that a voltage V;; is applied to the cathode 8 and a
5 voltage V; is applied to the anode 3, a positive voltage
V3 is applied to the grid 13 via a switch SWg; negative
voltages V;q and V,, are applied to metallic back
electrodes 12R and 12B via switches SW, and SWy via,
respectix;ely; and a potential the same as that of the
10 cathode 8 or a positive voltage V,, is applied to a
metallic back electrode 12G via a switch SW;. 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 enits gréen light.

In the same way, when only the red £luorescent
substance 4R is required to emit light, negative voltages

20 V,, and V,; are applied to the metallic back electrodes
126 and 12B via switches SW; and SWg; and further a
potential the same as that of the cathode 8 or a positive
voltage V,g is applied to a metallic back electrode 12R
via a switch SW,. Further, when the blue fluorescent

25 substance 4B is required to emit light, negative voltages
V7 and V;o are applied to the metallic back electrodes
126 and 12R via switches SWy and SW,; and further a
potential the same as that of the cathode 8 or a positive
voltage V,, is applied to a metallic back electrode 12B

30 wvia a switch SWa‘.

Further, the quantity of the electrons emitted from
the cathode 8 becomes the maximum when the positive
voltages Vg, Vg, and V,, applied to the back electrodes
of the fluorescent substances required to emit 1light

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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of light by increasing the anode voltage and the current density of the
electrons emtted onto the fluorescent substance. As. aresult, it is
possi ble to reduce the light em ssion area, @é conpared with the case of
t hé conventional fluorescent |anp, when the sane quantity of light is
required to be emtted; Fig. 10 is a cross-sectional unit view showi ng a
fourth enbodi nent of the illumnation unit and Fig. 11 is a front view
showi ng the netallic back el ectrodes of vapor deposition type of the fourth
enbodi nent. A green back

Here, the case where the light emission of the

fluorescent substances is controlled by use of only the
back electrodes, 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
£, = 21.5 mm; the distance between the back electrode and
the cathode is ¢, = 0.25 mm; and the voltage applied to
the cathode 8 has been adjusted so that the anode current
is 50 pA, 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 V;, 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 Ffluorescent substances to such an extent as low as
-50 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 £rom the cathode 8 is
dependent upon only the relationship in voltage 1level
25 between the Dback electrodes 12G, 12R and 12B, without
being subjected to the influence of the voltage of the
anode 3.
Further, when no color 1light is required to be
emitted, negative voltages V,,, V,4 and V,; are applied to .
30 the metallic . back electrodes 12G, 12R and 12B,
respectively, or alternatlvely a negative voltage Vi, is
applied to the grid 13.
As described above, the electrons emitted from the
cathode 8 can be controlled by use only the back
35 electrodes 12G, 12R and 1l2B or only the grid 13.
However, it is possible to control the electron emission
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18 el ectrode 14G of vapor deposition type, a red back el ectrode 14R of
vapor deposition type and a blue back electrode 14B of vapor deposition

type are direct|y fouirtiibestispeivel y depositing a metal such as
al um numon a glass p strip s pe by vapor deposition
mnu HMN IJbIe to elimnate the manufacturing '
es between the bottomglass plate 7 and

t echni que. Ther ef or
process of fixing the
t he side gl ass
by a lower voltage when controlled by use of both the
back electrodes 12G, 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 of the grid 13, it is possible to allow only the
required.fluorescent substances to emit required 1light,
16 without emitting light not required, thus preventing the
leakage of the electrons effectively. Therefore, it is
possible to control the emission of 1light 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 1light is
emitted, the 1light emission efficiency is high. " For
instance, in the case of the green fluorescent substance
of 2nS:Cu, Al, when the anode voltage is V; = 8 kV; and
the current density of the electrons emitted onto the
25 fluorescent substance is 50 yA/cng 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

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 Pig. 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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pl ates 6a and 6b; that is, the back el ectrodes can be fornmed easily within
t he vacuum vessel 20. Further, since the distance between the cathode 8

"and the back el ectrodes 14G  14R and 14B carécbe mai th}ﬁHSh&!dH%Q?ebH RpRbed, it

is possible to reduce the dispersion of th

' ' [ [ ontrol to t he
back el ectrodes 14G 14R and 14B in order to excite a e t he
fluorescent substances. Fig. 12 is a cross-sectional fifth

enbodi nent of the illum ncation unit. In this enbodlnent a flat plate grid
14 i's fornmed between the cathode 8 and the
- electrode 14G of vapor deposition type, a red back

electrode 1l4R of vapor deposition type and a blue back
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 bottom 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 1is 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 Fig." 13, the fluorescent substances 15 are
applied onto thé 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
15R, and a blue fluorescent substance 15B. 1In the same

35 '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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anode 3, and the grid 14 is fixed between the two divided glass plates 6a
and -6b. Therefore, it is possible to elimnate the nmanufacturing process
"of bending the grid, and to reduce the material required to formthe grid.
Fig. 13 is a perspective view showing a s¥&th enmbodi nent of the _

i llumnation unit according to the present invention. Further, Fig. 14 is a
cross-sectional view taken along the line CGC in Fig. 13, and Fig. 15 is a
front view showing a grid electrode 18 shown in Fig. 13. In Fig. 13, the
fluorescent substances 15 are applied onto the inner surface of the upper
plate 5 bei nggreen back electrode 16G, the red back electrode 16R and

the blue back electrode 16B being arranged in the x-axis
direction. Further, the cathode 17 is stretched one for
each 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 as that of the fluorescent substances, as shown in
Fig. 15. |

10 Here, when the 1light emission is electronically
controlled by use of the grid formed with the same
opening areas S;, S,, and S; 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 distribution of the brightness on the light emission
surface of the fluorescent substance 15G electronically
controlled by use of a grid electrode 19 formed with the

20 openings of the same opening areas S;, 8§,, and S;. When
the cathode 17 is heated, although the thermoelectrons 22
are generated, since the vicinities of both end portions
Pg 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 P, and low at both end portions Pg, so
that there exists a difference in temperature between the
central portion P, and both the end portions Pg. As a
result, the quantity of the thermoelectrons 22 emitted

30 from the cathode 17 is large at the central portion Pg
and small at both the end portions Pg. Therefore, under
these conditions, when thermoelectrons 22 are irradiated
upon the fluorescent substances by electronically
controlling the 1light emission by use of the grid 19

35 formed with the same opening areas S;r Sy, and S3,. the
brightness L, at the central portion P. is higher than
the brightness Lg at the end portions Pg. As a result,
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arranged in the x-axis direction in the order of a green fluorescent
substance 15G a red fluorescent substance |5R, and a blue fluorescent
substance 15B. In the sane way, the back el ectrodes 16 of the number sane
as that of the fluorescent substances are &% nmed on the side of the cathode
17 opposite fromthe anode 3 in the order of the 19 green back el ectrode
16G the red back el ectrode 16R and '

the brightness is not wuniform, so that the central

portion of the fluorescent substance deteriorates

earlier as compared with the other portions. 1In 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 PFig. 13. | '

Theggfore, in this embodiment, as shown in Fig. 15,

the opening area S, at the end of the opening portion 18a

10 is made larger; and the more the opening areas S, and S5,

of 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

thermoelectrons 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 both in the x- and y-axis directions in Fig. 15, but also

to prevent the part1a1 deterloratlon of the fluorescent

substance.

- Fig. 17 is a front view showing a seventh embodiment

of a grid 23 of the present invention. The opening

35 portion 23a of the grid 23 is formed into such a

hexagonal bow-tie-shape that the width h, at the central

portion is smaller than the width h; at both the end
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t he bl ue back el ectrode 16B being arranged in the x-axis direction
Further, the cathode 17 is stretched one for each pair of the quorescent
substance and the back 5 electrode, in't - axi SThitiShecH as@venResiliL

18 is formed integrally by etching a plategéo as. to

plurality of opening portions 18a of the nunber sane

fl uorescent substances, as shown in Fig. 15 when

light emission is electronlcally controlled by use of the grid forned

with the sane opening areas S1, S2, and S3 in the opening portions 18a
portions, and further the opening area of the opening

portions 23a are formed so as to become smaller in the
same shape in arrangement toward the central line D-D' 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 1is «circuit diagram for activating the
illumination unit, together with a cross-sectional view
taken along the line E-E' 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 V; is applied
to the anode 3; a positive voltage V,g is applied to the

25 back electrode 14R; and further a positive voltage V,, 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 V, is applied, and pass through the anode 3 to

excite the fluofescent substance 4R, so that red light is
emitted. At this time; negative voltages V,, and V,, 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 V, = 8 kV; V;3 =5 V; V;;
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shown in.Fig. 15, the brightness is not uniformover the |ight em ssion
surface. 15 The reason why the irregularity occurs in brightness wll
be described in details hereinbelow Fig. 16 _shows the distribution of the
brightness on the light enission surface of 4%he fluorescent substance 15G
el ectronically controlled by use of a grid electrode 19 forned with the 20
~ openi ngs of the sane opening areas S1, b2 and S3. Wen the cathode 17 is
heat ed, al though the thernoel ectrons 22 are generated, since the vicinities
of both end portions P5 of the cathode 17 are in contact w th cathode

fixing = 3.3 V; Vg =5V; Vy, =-10 V; V,, = =10 V; the distance
between the fluorescent substance 4R and the grid 24 is J
= 5.4 mm; the distance between the gfid 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 opening portion 25 of the grid 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 (= 0.8 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 area 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 image reading apparatus of the present invention,
and Fig. 21 is a cross-sectional view showing a carriage
26 shown in Pig. 20, taken along the line B-B' in Fig.

30 20. The operation of reading an image will be described
hereinbelow witﬁ reference to Figs. 20 and 21.

Within  the carriaée 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 1light is
reflected from the object 28 and the reflected scattered
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menbers 21, the generated heat is easily conducted 25 outside. |n other
words, the tenperature is high at the central portion PC and | ow at both
'end portions PS, so that there exists a dg%{erence i n tenperature between
the central. portion PC and both the end p i ons Ps As a result, the
gquantity of the thernoel ectrons 22 emtted 30 fromthe cathode 17 is |large
at the central portion Pc and snmall at both the end portions Ps Therefore,
under these conditions, when thernoel ectrons 22 are irradi ated upon the
fluorescent substances by electronically controlling the |light em ssion by
use of the gridght is image-formed onto the CCD 34 of the 1light-

electricity 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
fluorescgnt substance 4G is excited, and the component of
the greeﬁ 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 1linear
sequence mode.

Further, in Fig. 21, although the first embodiment

30 of the illumin;tion unit shown in Fig. 1 is adopted, it
is of course poésible 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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35 formed with the sane opening areas S1, S21 and S3,. the brightness LC

at the central portlon Pc is hlgher than the brlghtness Ls at the end

portions Ps. As aThieShaétiHas Been Réplac ess is not uniform so that the

central portion scent su stance deteriorates earlier as

conpared with the od ti" Hl“l In Fig. 16, the brightness irregularity
the y-axis direction

emission width for each color is 1.5 mm; the light
emission width for three colors is 6 mm; and the distance
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
explalned 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 mounted on the
image reading apparatus in the same way as with the case
shown in Fig. 22. 1In 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 ecircuit. As-a. result, it has become possible to reduce
the volume of the 1mage reading apparatus using the
illumination unit accordlng to the present invention.

In addition, 1In 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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5 Fig. 13 has been expl ained by way of exanple. However, the sane
brightness irregularity occurs in the x-axis direction in Fig. 13.
Therefore, in this enbodiment, as shown in Fig. 15, the opening area Sl at
the end of the opening portion 18a 10 is n#® larger; and the nore the
opening areas S2 and S3 of the opening portion 18a reach the central
position of the opening portion 18a, the smaller will be nmade the opening
area of the opening portion 18a. Wien this grid 18 is electronically
controlled, instead of the grid 19 15 forned with the opening portions: of

the sanme openi i 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. 1In other words,

since the quantity of light sensed by the line sensor

increases with increasing quantity of light emitted from

the 111um1nat10n unit to the object to be image read, in

the :Lllum:l.natlon unit of the present invention, it is

10 possible to shorten the accumulation time of the 1line
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 accelerated 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 fluorescent substances. '

Further, in the present invention, the quantity of

30 electrons emltted from the cathode can be controlled by
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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areas as shown in Fig. 16, it is possible to pass a small amount of the
t hernoel ectrons 22 through the grid at the central portion where the

guantity of the thernoelectrons is |arge, to pass a large anount of
t hernoel ectrons 20 22 through the grid at h the end portions where the
gquantity of the thernoelectrons is small. In other words, it is

possibl e to make uniformthe quantity of the thernoel ectrons 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 cuE@mtidangif \1ight hovithowbebeingosusceptible 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 p0551b1e to provide a compact
illumination unit for emitting three-primary color light
by a single cathode so as to be controllable
independently.

Furéher, 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 1light of three-primary colors
independently by the light emitting portion of a single
illumination wunit, 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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|rrad|ated upon the fluorescent substance can be nade uniform so that it

i's possible not only to elimnate the irregular br|gthess_gn_Lhe—LpghL——

em ssion surface 30 both in the x- and y-axis directions |n F| . 15, but
al so to prevent the partial deterioration 7 t he fluores 'm”d
Fig. 17 is a front view showing a seventh enbodi nent of a

present invention. The opening 35 portion 23a of t

formed into such a hexagonal bowtie-shape that the mndth h2 at the
central portion is smaller than the width h[err] at both t he end
CLAIMS:

1. An illumination unit which comprises: .

a cathode for emitting electrons by application
of a flrst predetermined voltage;

an anode for acceleraﬁing 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 for emitting electrons by application
of a first predetermined voltage;

an anode for accelerating the emitted electrons
by appllcatlon of a second predetermlned 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 diéposéd within an air-tightly closed
vacuum vessél. -

3. The ilfumination 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.
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21 portions, and further the opening area of the opening portitons—23a—are
formed so as to becone smaller in the sane shape in risagﬁgeqﬁi;aﬁwﬁﬁ 14 t he
it

central line DD of the grid 23. Oasng to the struc Iu IWE F
bot h

above, it is possible not only to prevent tB8 irregul a

the x- and y-axis directions in Fig. 15 but also to si

manuf act uri.ng processi ng of . _ '
4. The illumination unit of c¢laim 1 or 2, which
further comprises a control electrode for controlling an
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.

* c L M S *
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form ng the opening portions as conpared with the case where a |arge

nunber of small opening.portions as shown in Fig. 15 are to be forned. In
addition, there exists another efflect such that the quantity of the

t her noel ectrons bl ocked by the grid 23 can be reduced, as conpared with the
case of the grid 18 shown in Fig. 15. Fig. 18 is a perspective view show ng
an ei ghth enbodiment of the grid 24 and Fig. 19 is a circuit diagram for
activating the ilbum nation unit, together y.th a cross- sectional view
taken along the line EFE shown in Fig. 18.“fn this enbodiment, the grid 24
is formed into a seni - _ '

TLLUMINATION UNIT AND IMAGE READING APPARATUS

. ABSTRACT
An illumination unit large in the quantity of
light, compact in size and simple in construction without
being susceptible to change in ambient temperature is
5 disclosed. In the unit, a cathode 1 for emitting
electrons, an anode 3 for accelerating the emitted
electrons, fluorescent substances 4G, 4R and 4B for
‘emitting luminescence due to collision of  the electrons
thereaga:fnst are provided within an air-tightly closed
10 vacuum vessel 20. Further, back electrodes 2G, 2R and 2B
for. controlling the electron emission area are arranged
in the vicinity of the cathode 1.

15
" FIGURE 1
20
25 -
30
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cylindrical shape expanded toward the anode 3.. The case where only the red

fl uorescent substance 4R is activated is taken i nto account,
Under the condition that a positive voltage VI is applied to the

exanpl e.

by way of

anode 3; a positive voltage V18 is applied to the back el ectrode 14R
is applied to the grid 24,

and-lurther a positive volt

thernoel ectrons are enitted toward thé grid 24 and reach the grid 24.

age V[err]

Some

of them pass through the opening portion 25 of the grid 24, accel erated

toward the anode 3 to which a positive voltage VI

t hrough the anode 3 to
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excite the fluorescent substance 4R 'so that red light is emtted. At this
time, negative voltages V17 and V21 are applied to the back el ectrodes 14G
"and 14B in order not to excite the fluorescent substances 4G and 4B. In an
experinment, the width I of the red |.ight em ssion on the fluorescent
substance 4R is about | = 2. 4 mm un%er the condition that Vi1 =8 KkV; V13
=5 V; V[err] 22
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=3.3V, V18 =51V, V17 = -10 V, V21 = -10 V, the distance between the
fluorescent substance 4R and the grid 24 is. J = 5.4 nmm 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 14Ris M= 1.2 nm and the radius r of
the sem -cylindrical portion of the opening portion-25is r = 0.4 nm The
above- menti oned experinment indicates thd since the opening portion 25 of
the grid 24 is formed into a 10 sem -cylindrical shape, the thernoel ectrons
are attracted in the x- and y-axis directions in Fig. 18, with the -
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result that it is possible to irradiate el ectrons upon the fluorescent
substance 14R uniformy over a wwdth (2.4 mm w der than the opening w dth
2r (= 0.8 mm of the 15 opening portion 25 of the grid 24, thus preventing
the irregular brightness. In addition, the above-nenti oned nethod .is
effective in that it is possible to prevent the electron | eakage to the

adj acent light em ssion area and furthg .to secure a 20 sufficient |ight
em ssion.width. Further, when the shapée of the opening area of the opening
portion 25 is fornmed into a bowtie shape as with
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I S possi-ble to prevent the

it

t he case of the seventh enbodi nent,

si mul t aneousl y.

and y-axis 25 directions,
Fi.g. 20 is a perspective view show ng an enbodi nent of the image readi ng

brightness in the x-

I rregul ar

Vi ew
in Fig.

be descri bed her ei nbel ow
an illum nation

taken along the line B-B
unit 31 the sane in construction as the enbodi ment of the present

ge Wll
20 and 21. Wthin the carriage 26,

| D

and Fig. 21 is a cross-sectional
reading an i

i nventi on,

showi ng a carriage 26 shown in Fig. 20,
The operation of

apparatus of the present
with reference to Figs.
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I nvention shown in"Fig. 1 is nounted to emt |ight upon a 35 part of the
row L of an object 28 to be inmage-read and placed on a glass base 27.
The emtted Ilight is reflected fromthe object 28 and the reflected
scattered - 23 light is imge-forned onto the CCD 34 of the |ight-
electricity transducing elenent through a mrror 32 and a reductlon | ens
33.. The CCD 34 is of linear inage sensog
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type, and i-mage data corresponding to only one row can be 5 read by an
electric circuit not showmn. To read color inage, the follow ng procedure is
“taken. Wthout noving the carriage 26, first the green fluorescent
substance 4G is excited, and the conponent of the green light reflected
fromthe object 28 is r ead by 10 the CCD 34; next the red fluorescent
substance 4R is excited, and the conpod%nt of the red light reflected from

the object 28 is read by t he furth t he bl y& fl uorescent
substance 4B is excited, and th nt of t que)Pight reflected from
the object 28 ] ) I -
——20
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three primary col or conponents of the

obj ect 28 can be obtai ned. Successively,
i Flum nation unit 31

are all

so t hat

the mrror 32,
fixed is noved by a distance corresponding to 20

resol vi ng power,
timng belt 29.

By repeating the abo
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hi gh speed, it is possible to read i mage of the object 28 by noving the
carriage only once; that is, in linear sequence node. Further, in Fig. 21,

“al though the first enbodinment 30 of the illumnation unit shown in Fig. 1
is adopted, it is of course possible to nount another enbodi ment on the
carriage 26. Fig. 22 is an illustratign showi ng the case where the

illumnation unit shown in Fig. 7 is #ounted on the 35 inage reading
apparatus. As already described, since the light em ssion area required to
secure the sanme quantity ' :
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of light can be narrowed, in the case where the |ight 24 em ssion wdth

for each <color is 1.5 mMm the 1light emssion wdth for three colors
i's 6 mm and the di stance between the |light em ssion . plane and the inage is
16. mm the spread angle a obtai ned when seeing the illumnation unit from

a point on the object 28 to be inmage read is about 20 degrees which is
about one-sixth of the /0 .
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conventional spread angle of about 120 degrees as already explained with
reference to Fig. 25, and thereby it is possible to prevent a shear in
color inmage reading. Here, the case is taken into account where the
i1lumnation unit shown in Fig. 13 is nmounted on the inage reading
apparatus in the sane way as with the case shown in Fig. 22. In this case,

the illumnation unit is so arranged-thaf/the-x-axis direction shown in
Fig. 13 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

) M'f V] _]_ %
— — — 15
Lviae LTvigwan Lvsas 77

18 14R %;;YZl 14B

FIG. 19
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in Fig. 13, but in the vertical direction.
surface in Fig. 21. Therefore, in this case, the spread angle a of the
three color' lights fromthe inage is zero in Fig. 22, with the result
that there exists a promnent effect such that it is possible to perfectly
elimnate a shear in imge reading. Further, in-the illumnnation unit of

the present invention, since only a singfe high tension anode power source
of large volunme is required, it is possible to reduce the volune of the

wi th respect to the paper

carriage when the illumnation unit of the present invention is assenbl ed
wi th the inage reading
(28
1
7
27
30
]
o7
~——26
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apparatus together with the illumnnation activating circuit. As a result,
i1t has becone possible to reduce the volune of the inmage readi ng apparatus

‘'using the illumnation unit according to the present invention. In
addition, In this enbodinent, since the illumnation unit is small in size
and high in output power, when this illumnation unit is-incorporated in

the i mage readi ng apparatus, it is pos "?rbl/e_.to realize a high speed and
hi gh resol vi ng power inage reading app}'jl at us. :

27
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.25 In the present inmage readi ng apparatus, in general there is now being
_adopted a.line sensor of integration type which can generate a sensor

“out put proportional to the integrated value of the quantity of Iight

irradi ated upon 5 an object within an accunulation tinme. In other words,
since the quantity of light sensed by the |line sensor increases with

i ncreasing quantity of light emitted ffomthe illumination unit to the
object to be inage read, in the illumnation unit of the present invention,
it is = :

-~—28
N-27
a s
378 _ B 39
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10 posk *é@%"‘%ﬁ?ﬁ@%@'ﬁ% "&é@w ttion time of the |line sensor. Ret e
resul t| ®PR8C8 ife wéadimdOtia¥ed ean be reduced and therefore the inmage

readi ni gﬁe@éﬂ{&hn Hespth ek daswged iv.t He i mage reading appar §
t he il | umifrawingls)umageds...ithepagedsent| i nvention can sol ve akg?m‘e% as to

sl ow i frederstadi ng pagedd.. totpaghdi.s dne of the major problenms involved in
the cufrent inmge readi ng appar at us. Accdr di ng to the present invention,

when al voltraoer Reeppbi eghdro t he catihode placed within the air-tightly 20

cl osed vVaTuUMT VeSSe} ;T HRATION THIT AND! iﬂﬂgﬁ%fﬁn@pmms

The present invention relates to an illumination unit
according to the preamble of claim 1 and to an image reading
apparatus uszng the same illumination unit, suitable for use in

an image scanner, digital copying machine, facsimile, etc. to read
images into a computer, mainly.

The US-A-4 695 765 discloses a display unit comprising a
cathode at a first wvoltage, a screen anode at a second higher
voltage, a plurality of fluorescent substances, and a deflection

. electrode at a -third voltage higher than the first voltage but
/ lower than the second voltage.

An example of another 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 prior art lmage reading apparatus disclosed in
this document, and Fig. 24 is a cross-sectional view show1ng the
carriage thereof, taken along the line B-B’ in Fig. 23. In Flg
24, -an illumination unit 36 is composed of three image
illuminating mercurf _fluorescent lamps of a red - mercury

'.'fluorescent lamp 37, a green mercury fluorescent -lamp 38, and a

"o blue mercury fluorescent lamp - 39, ‘each having a predetermzned

fdlstrmbutlon of spectral radlant ‘energy and three voltage sources

P (not shown) for turning on respective lamps. These three red,

green and blue mercury fluqrescenp lamps 37, 38 and 39 are turned

on periodically and independently in sequence 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 the image by detecting chrominance signals,

in sequence.

In the prior art fluorescent lamps, since the evaporation
pressure of the mercury enclosed inside fluctuates according to
ambient temperature, there exists a problem in that the quantity
of light fluctuates accoxrding to the ambient temperature. In
addition, in the case of the fluorescent lamp, the quantity of
light obtainable is inevitably limited and further an
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The emitted electrons are further accelerated by a hi ghgtmgg Ewﬁyﬂgﬂ fegd to
the anode and brought into collision against the fluorescent substances for
enmtting cathode 1um nescence light. 25 Further, in the present
invention, the travel direction of the electrons emtted fromthe cathode
can be deflected by the deflection electrpdes so as to be directed to any
gi ven fluorescent substances. Further, ﬁ the present I nvention, the

gquantity of 30 eIectro s enmtte frontthe can be con roIIed by the
control el ect ARRFSPE rkFaﬁﬁ??l hangfecs f sF ﬁ gﬁ&? &

mm to maximize the luminous efficiency. Thecefore, the
volume of the three fluorescent lamps which constitute
the color image scanner is large, and thereby it has been
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 an object having sloped portions as with the case
of an opened book is image read. In more detail, with
refergnce to Fig. 25, when an object 28 havzng sloped
portions is placed on a table 27 for -image reading, the

U shade of colors which do not actually exist (referred to
as shear in color image) is produced, thus resulting in a
problem in that the color reproducibility is deteriorated
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 po;nt A is
:.llum:.nated suffic:.ently by the light emitted from the

. green and blue mercury £luorescent 'lamps 38 and 39, ‘but
not illum:.nated suff:.c:.ently by - the ‘light ‘emitted from
the red. mercury. ‘£luorescent ‘lamp 37. This is because the
angle of zncidence of lzght emitted from the red mercury
£luorescent ‘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
blue emitted by the respective mercury fluorescent lamps
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 f£luorescent
lamp 37 is not sufficient at point A, the red color
signal output of the 1line sensor 34 is low, with the
result that the color at point A is reproduced in a
purplxsh blue color.
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of the electrons.emtted fromthe cathode can be controlled by the contro
el ectrodes. As described above, in the present invention, since 35 the
itlum nation unit ‘emts light on the basis of the Iight en1SS|on é i pl e
of cathode | um nescence, it is possible to provide an i Nﬁglﬁﬁi
stable in the 26 quantity of light, w thout being susceptlble to change

in 4

Another object of the present invention is to provide a color
image reading apparatus provided with an illumination unit high
in color reproducibility, without causing any shear in color image
reading, even when an image having stepped portions as with the
case of an opened book is image read.

To achieve the above-mentioned object, the present invention
provides an illumination unit which comprises the features of

claim 1.

_Further features of the illumination unit according to the

present invention are defined in the dependant claims.
Further, the present invention provides an image reading
apparatus provided with the above-mentioned illumination unit.
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a persepctive view showing a first embodiment of
* an illumination unit, having nolg:id electrode;f
Flg 2 is a cross- sectional view taken along the line A—A’
, "'shown in Flg. 1, ST

{Fig; 3*ié;§.§iagram showing' a circuit for abtivating the
first embodiment-of the illumination unit;

Fig. 4 is a perspective view showing a second embodiment of
the illumination unit, having a grid electrode with equal opéning
portions;

Fig. 5 is a cross-sectiocnal view taken along the line A-A’
shown in Fig. &;

Fig. 6 is a diagram showing a circuit for activating the
~second embodiment of the illumination unit;
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't:IhF anbi ent’ tenperature. Further, it is possible to provide an
i1lumnation unit conpact in size and large in light outg

Further, it "is 'possible to provide a conpact |Ilunldé¥ﬁﬂﬂgﬂﬁﬁwgp7or
emtting three-primary color light by a single cathode so as to be
control | abl e i ndependently. Further, in the inmge readi ng apparatus usi ng

the 10 illum nation unit according to the present invention, since the
illumnation unit emts light on the basis of the principle of cathode
| um nescence, the |ight em ssion 5

Fig. 7 is a perspective view showing a third embodiment of
the illumination unit;

Fig. 8 is a crogs-sectional view taken along the line A-A’
shown in Fig. 7; :

Fig. 9 is a diagram'showing a circuit for activating the
third -embodiment of the illumination unit;

Fig. 10 is a cross-sectional view showing an essential
portion of a fourth embodiment of the illumination unit;

Fig. 11 is a front view showing a back electrode of metal
vapour deposition type used in the fourth embodiment;

Fig. 12 is a cross-sectional view showing an essential
portion of a fifth embodiment of the illumination unit;

~ Fig. 13 is a perspective v;ew show1ng a sixth embodlment of
__the 1llum1natlon unlt accordlng to the present inventzon,
Fig. 14 ls cross sectional view taken along the line C-C’
. shown 1n Flg. 13,. - _] . o '
\F/ . ) .. . . .l . e e e -_.,- . . . '.. . -

Fig.'ls is a froﬁt view showing a .grid 18 shown in Fig. 13;

* Fig. 16 is a'graphical representation showing the brightnees
distribution on the light generating surface obtained when
electrons are controlled by use of a grid 19 formed with three
openings of the same opening areas S;, S; and Sj;

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

Fig. 18 is a perspective view showing a grid 24 of an eighth
embodiment of the illumination unit;
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I's excellent i.n starting characteristics and stable in the quantity of

light, thus providing a high performnce 15 i mage readi ng apparat us.

: Further, according to the present invention, since the electrons for
'exciting a plurality of the fluorescent subst ances e qumeWSBEEBy a

single grid and a plurality of back el ectrodes mnthln the Iight em ssion 20

tube, it is possible to provide an Illumnation unit which can emt |ight
of three-primary colors independently 5& the light emtting portion of a
single illumnation unit, and therefore it is possible to

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 Fig. 18;

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

Fig. 21 is a cross-section view showing a carriage 26 shown
(U in Fig. 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; ' '

Fig. 24 is a cross- sectlon v1ew showzng ‘the carrzage 35,
taken along the line B~ B shown in Flg.:23 and '

s s . .'._--. e -.~_ .
. J" . '\\

Fig. 25 is an Lllustratzon for asszstance in explalnlng the
case where an image having sloped.portzons ‘such as an ‘opened book
"is read in accordance with the prior art method.

9

BEST MODES ODYIN N

Fig. 1 is a perspective view showing a first embodiment of
an illumination unit having the grid electrode; and Fig. 2 is a
cross-sectional view taken along the line A-A’ shown in Fig. 1.
The -detailed construction of the illumination unit will be
described hereinbelow with reference to Fig. 1.
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provide an inmage reading apparatus free froma shear in 25 the col or

i mage readi'ng operation and high in col or reproduci bi m:m)AcEMﬁNTS
case where object's to be image read have stepped portlons such as mhen a
book is opened. 30 35 27

7

A cathode 1 is a fine wire made of tungsten and having -
a diameter from S to S0 um. The surface of the cathode
is covered with an electron emitting substance such as
barium oxide (not shown) to increase the thermoelectron
emission efficiency. This cathode 1 is formed by
stretching a single cathode wire into S-shape with
cathode returning poles 1b disposed on two cathode fixing
members 1la. In the above-mentioned construction, the
cathode can be stretched in a single process, fixed by a
pair of electrodes, and formed easily eéeven when a narrow
. light emitting width is needed. Further, thd fluorescent
b ~ substances of three different light colors 4R, 4G and 4B
are applz.ed onto the lower surface of an upper plate 5
made of transparent glass into a rectangular shape, by
screen printz.ng method, for instance. The f£luorescent
substances are of materials able to generate cathode
luminescence such as ¥,0,S:Eu, Sm for red color, ZnS:Cu,
Al for green color, and ZnS:adg, Al for blue color, in
practice. A color linear lzght source of three primary
colors can be vcomposed by using these fluorescent
. substances. The sw:.tching speed . of the emitted light
colors ‘of this illumination unit can be determined on the.-
- basis of * the af_terglow_ time of - the ' f£luorescent
substances. The afterglow time of the cathode
" luminescence is éhor_’c; that is, in the case of the green
fluorescent material 4G and the blue fluorescent material
4B, the afterglow time is 0.1 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
substances are.. appl:.ed uniformly at a rate of 1 to 10
mog/cm2 and an anode 3 made of aluminum and having a
thickness of 0.1 and 0.4 pm is formed on the applied
fluorescent substances through the procees of wvapor
deposition. -
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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1. An illumnation unit which conprises: a cathode (17) for emtting
el ectrons by application of a first predeterm ned voltage.; a grid

el ectrode (18) having opening portions (18a) separated . éﬁﬁ%ﬁy '

di stances; an anode (3) for accelerating the electrons gé?ﬁ&. Y §§$§q

cat hode and havi ng passed through the opening portions of the grid

el ectrode by application of a second vo8tage higher than the first voltage;

and a fluorescent substance (15) for emtting cathode |um nescence
caused by collision of the accelerated

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 sides plates 6a and 6b, a bottom
plate 7, and other side plates 6c and 6d shown in Fig. 1,
and evacuated down to a vacuum of 1,33 x 10 to 1,33 x 107

o Pa (10°° to 10 Torr) through an exhaust pipe 6e. Further,
the material of the upper plate S5 is lead or glass, for
instance.

~ The operation of the illumination unit as described
above will be described hereinbelow, with reference. to
~ Fig. 3 ,ﬁhich shows a circuit for activating the
- $llumination unit. Eere, only the light em;ss;on contrel
- . of the green £luorescent suhstance 4G wzl1 be aescrxbed:
lhe:einbelow by way of examnle..n; . Yo aa o
_ ﬁ" . To the anode 3, a d;rect currentsvcltage v& of S toféﬁ'i
;1vi530 kV; most preﬂe:ahly of 10 kV'is applied ‘through a lead .=
_":te:minal 3a as shown in. Ezg. 1. ' On the other hand, to-
O . the cathode 1, a voltage 'V, is applied through a lead.
_ ..terminal la shown in Fig. 1. - Thermoelectrons generated
' from the cathode by Joule heat are attracted and
accelerated toward the anode 3 by an electric field
generated by the anode wvoltage: vl.

When the green light is emitted, a control signal is
applied to a terminal CTL-G from a control means (not
shown) to turn on a transistor Tr-G. The transistor Tr-G
is connected to the green 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 connected to each
other via the lead terminal la shown in Fig.'l. The
thermoelectrons emitted from  the cathode 1 are
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“electrons thereagainst, all the elenents being di sposed a
airtightly cl osed vacuum vessel ; characterized in that Ué@‘i’ﬁﬁ&@‘?&% S

bridged over a bottom of the vacuum vessel (20); and the opehi ng porti-ons
of said grid electrode (18) have different opening areas (St, S[err] and
S3) in a direction in which said cathode;4s bridged. 2. The illum nation
unit of claim1, which furtherwconprises a control electrode for
controlling a quantity of electrons emtted from said cat hode by
application ofabcplatdébar ithathe dield Htgéagthhdm ti\@cdzdance/otnd'getkwt

lower than thg,$p6a9g" 8qkd®ion:

Vy=-€;/ ¢ -V,

In the same way as described above, it is possible
to control the light emission of the three kinds of
fluoresceat substances, independeatly.

Fig. 4 is a perspective wview showing a second
embodiment of the illumination unit having a grid electrode
with equal opening portions. Fig. S is a cross-sectional
view 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
Back electrode 9. In the same way as in the first
embodiment, the fluorescent substance haviang the width
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 ¢y
= 30 mm; the distance between the cathode 1 and. the back -
- electrode 9 is €, = ‘0.5 mm; the. distance between the
. . cathode.l and “the. epeni.ng .of the baclc electrode $ is €3
L ‘= 9.5 mm; the openinq width oﬁ the ba.ck elect:ode is W=
o .":;,'5 mm; ‘and’the ‘thickaess of ‘the back electrode is t = 0.5
T the width at wbich “the * £1uorescent substa.nce emits
-_light is :oughly Smm., . - - :
"l . . In- this embodiment, a grid 10 is dispased between
: 'the opening portion of the back electrade 9 and the anode
3, ‘and further deflection electrodes lla and 1llb are
-d:.sposed between the grid 10 and the anode 3. The grid
< ) 10 i.s formed of a’ conductive and non-magnetic material
" such as stainless.steel, brass, aluminum, etc. and formed
 into a net-shape or a plurality of slit-shaped openings
'S0 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
of a circuit for activating the illumination unit. When
a negative voltage V,, is applied to the grid 10, the
grid 10 can conktrol the flow of thermcelectrons, so that
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" 3. The illunmipation unit of clainms 1 or 2, wherein said opening areas
becone smaller, the closer to the center of said cathode they are | ocated
-int eh direction in which said cathode is bridged. 4. RFRAGCHMENT SHEETon
unit of claims 1 or 2 or 3, wherein said grid electrode is applied with a
predet erm ned vol tage higher than the first voltage but |ower than the
second voltage, thus controlling a gqklntity of electrons to be accel erated
by. said anode. 5. An inmage reading apparatus conprising the illum nation

unit as clainmed in one of the precedin clal
crystal panels at hagh spegd txme series Eashion in

synchronism with respect to each other.

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

~ deposition, so that the inner surface is kept at a

constant potential to eliminate the influence of external
magnetic field. -

Fig. 7 1is a perspective view showing a third
embodiment of the illumination unit 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
and an ancde 3, and_fiked 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. ' : SRR

) Fig. "9 . 1s a circuit dzagram showzng ‘the thxrd”
e embodzment of the illum;nation unzt activatxng czrcuzt.*
- When voltage V;3 is applied to’ the ‘three cathodes 8, the
‘cathodes 8 are heated by Joule heat and therefore the
s electron emission substances applied to the vzcznxty
'~ 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 V,; is applied to the
grid 13 through .a-switch SWg, the thermoelectrons are
accelerated and emitted toward the grid 13 and further
some thermoelectrons are accelerated, being passed

through openxngs of the grid 13, toward the anode 3 by an -
electric field gene:ated by the anode 3 to which a high
tension VvV, of 5 to 30 kV, most preferably 10 kV is
- applied. Then, the thermoelectrons penetrate through the
anode 3 to excite the fluorescent substances 4G, 4R and

4B, so that visible light can be emitted. "
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by a lower voltage when controlled by use of both the

back electrodes 12G, 12R and 12B and the grid 13.

Further, in this embodiment, since the grid 13 is
constructed by a single common element, the supporting
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 of the grid 13, it is possible to allow only the
required ~fluoresce_nt substances to emit required 1light,
without emitting light not required, this preventing the
leakage of .the electrons effeétively. 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
.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 illum.nation unit .of the present

~ invention, since the ‘cathode luminescence -1ight is

'.emitted, the: light em.ssion efficiency is- high. For
i.nsta.nce, i.n ’che -case oE the ‘green fluorescent ‘substance

- of ZnS:Cu; " Al, when" th.e anode voltage is V; = 8 kV; -and "
~-the ‘current “density of the ‘electrons emitted onto the

.‘,"'fluarescent substance is 50 ;J:A/c'::tv.2 the brightness.is 47,

F . 420 c:d./ru2 E‘urther, when a large quantity -of light is

' _.required, it is possible to obtain the requ:.red quantity-
- of lz.ght by increasing the anode wvoltage and the current -
dens:.ty of the electrons emitted onto the fluorescent
_-'s'ubst:anqe. As. a .result, it is possible to reduce the
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 unit view showing a
fourth embodiment of the illumination unit 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 of vapor deposition type and a blue back
electrode 14B of vapor deposition type are directly
formed by selectively depositing a metal such as aluminum
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 bottom glass plate 7 and the side glass
plates 6a and 6b; that is, the back electrodes can be
formed easily within the wvacuum 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

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

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

. embodiment of the illumincation unit. .In this embodiment, a

£lat plate grid 14 is formed between the cathode 8 and 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.

Fig. 13 is a perspective view showing a sixth embodiment
of the illumination unit according to ﬁhe present inventiop.
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.

In Fig. 13, the fluorescent substances 15 are
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 115G, a 7red fluorescent substance
1SR, and a blue fluorescent substance 15B. 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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portions, and further the opening area of the opening
portions 23a are formed so as to become smaller in the
same shape in arrangement toward the central line D-D' of
the grid 23. Owing to the structure as described abaove,
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 iarge number of small opening.portions as shown
in Fig. 15 are to be formed. 1In addition, there exists
another effect such that the gquantity 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
embodiment of the grid 24 and Fig. 19 is a circuit diagram
for activating the illumination unit,'together with a cross-
sectional view taken along the line E-E’ shown in Fig. 18.
In this embodiment, the grid 24 is formed into a semi-
cyllndrlcal 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 V, is applied
to the anode 3; a positive volta;ge'v18 is applied to the
back electrode 14R; and *urther a positive voltage V,4 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
voltage V, is applied, and pass through the anode 3 to
excite the flua£escent substance 4R, so that red light is
emitted. At this time, negative voltages V,, and V,, are
applied to the back electrodes:1l4G and 14B in order not
_to excite the fluorescent substances 4G and 4B.

In an experiment, the ‘width I of the red 1light
emission on the fluorescent substance 4R is about I = 2.
4 mm, under the condition that V; = 8 kV; V,; = 5 V; W4
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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 distance
between the light emission plane and the image is 16 mm,
the spread angle a obtained when seeing the illumination
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
explained with reference to Fig. 25, and thereby it is
possible to prevent a shear in color image reading.

Here, the case is- taken into account where 'the
illumination unit shown .in Fig. 13 is mounted on the
image reading apparatus:in the same way as with the case
shown in Fig. 22. 1In this case, the illumination unit is
so arranged that the x-axis direction shown in Fig. 13
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 Flg. 21.  Therefore, in this case,
the spread angle a of the three . color” ‘lights from the

~ image is: zero in F:.g. 22,' with the result that there °
ex:.sts a prom:.nent effect such .that it is poss:.ble to
_ perfectly elzmxnate a shear 1n image read;ng.

Further, in the 1llum1natlon unit of the present
'1nventlon, 51nce-only a single high tension anode power
source of large'volume is required, it is possible to reduce
the volume of the carridfie when the illumination unit of the
present invention is assembled with the image reading
apparatus together with the illumination activating circuit.
As a result, it has become possible to reduce the volume of
" the image reading apparatus using the illumination unit
according to the pfesent inventieni -

In addition, In this "embodiment, since the
illumination unit is small in size and high in output
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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1. An illumination unit which comprises:
a cathode (17) for emitting electrons by application of
a first predetermined voltage; .
‘a grid electrode (18) having opening portions (18a)
separated by predetermined distances; '
an anode (3) for accelerating the electrons emitted by -
said cathode and having paésed through the opening portions
of the grid electrode by application of a second voltage
higher than the first voltage; and
a fluorescent substance (15) for emitting cathode -
luminescence caused by collision of the accelerated
electrons thereagainst, all the elements being disposed
within an airtightly closed vacuum vessel;
characterized in that the cathode (17) is bridged over a bottom
of the vacuum vessel (20); and
the opening portions of said grid electrode (18) have different
opening areas (S,, S, and S;) in a direction in which said cathode
is bridged. '

2. The illumination unit of claim 1, 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 than the second wvoltage. -

3. The illumination unit of claims 1 or 2, wherein said opening
areas become smaller, the closer to the center of said cathode
they are located int eh direction in which said cathode is
bridged.

4. The illumination unit of claims 1 or 2 or 3, wherein said
grid electrode is applied.with.a.predetermined”voltage higher than
the first wvoltage but lower than the second voltage, thus
controlling a quantity of electrons to be accelerated by said
anode.

5. An image reading apparatus comprising the illumination unit
as claimed in one of the preceding claims.
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1. An illumination unit which comprises:

a cathode (17) for emitting electrons by appl:.cat:z.on of
a firsc predeterm:.ned voltage, ,

a grid electrode {(18) having opening portions (laa)
separated by praedetermined distances; '

an anode (3) for accelerating the electrons emitted by
said cathode and having passed through the opening portions
of the grid electrode by applicat:ion of a second wvoltage
higher than the first voltage; and .

a fluorescent substance (15) for emitting cathode

luminescence caused by collision of the accelerated
electrons thereagainst, all the elements being disposed
within an airtightly closed vacuum vessel
characterized in that the cathode (1‘7) is bridged over a bottom
of the vacuum vessel (20); and '
the opening port::.ons of said grid electrode (18) have d:.fferent:
opening areas (S,, S, and S,) in a direction z.q. which said cathode
is bridged. |

2. The illumination unit of claim 1, which further-comprises a
control electrode for controlling a quantity of electrons emitted
from saz.d. cathode by appl:.cat::.cn of a predeterruned volt:age higher
than the first voltage. but lower than the second voltage. :

3. The illumination unit of élaims' 1 or 2, wherein said op'ening.
_areas become smaller, the closer to the center of said cathode

they are located int eh direction in which said cathode is

bridged.

4. The illumination unit of claims 1 or 2 or 3, wherein said
‘grid electrode is applied with a predetermined voltage higher than
‘the first voltage but lower than the second voltage, thus

controlling a quantity of electrons to be accelerated by. said
ancde.

5. An it'na.ge reading apparatus comprising the illumination unit
as claimed in one of the preceding claims.
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TLLUMINATION UNIT AND IMAGE READING APPARATUS

ABSTRACT
An illumination unit large in the quantity of
light, compact in size and simple in construction without
being susceptible to change in ambient temperature is

 disclosed. In the unit, a cathode 1 for emitting

electrons, an anode 3 for accelerating the emitted
electrons, fluorescent substances 4G, 4R .and 4B for

emitting luminescence due to collision of the electr_ons'

thereagainst are provided within an air-tightly closed
vacuum vessel 20. Further, back electrodes 2G, 2R and 2B

for controlling the electron emission area are arranged

in the vicinity of the cathode 1.

FIGURE 1
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