
EP 0 342 607 31 Description The present invention relates to a color Image
input unit having a rare gas cold cathode discharge tube. Image input units
are used for reading images such as photographs and the like and generating
corre- 5   sponding data which can be input into a computer. Known image
Input units may be classified into mainly three types depending on their
reading system. The first type is a camera type image input unit using a
two-dimensional array of photoelectric transducer elements onto which the
image to be read is projected. An image is read during 20 ms or less. This
camera type image input unit is mainly used for reading images changing
with time. Since an optical path length for 10  imaging must be secured in
construction, a large space will be required for the unit. Furthermore,
since all of a picture image to be read must be irradiated at once and
since It is difficult to irradiate a greater area by a uniform brightness,
a high accuracy In reading the densityvalues of the picture is hardly
achieved. Still further, since the photoelectric transducer elements are
arrayed two-dimensionally, a high precision technique is re- quired for
manufacturing, leading to high manufacturing costs. 15     The second type
of Image input unit is a drum scanner using an imaging system and a
photoelectric trans- ducerelementforreading an image point by point. While
a picture Image is rotating on a drum, the photoelectric transducer element
Is shifted into the axial direction of the drum. By controlling the
rotational speed of the drum and the moving rate of the photoelectric
transducer, the reading resolution may be readily selected, and a rel-
atively high resolution may be obtained. However, since the-resolution
depends on the mechanical precision 20  of the component parts, high cost
may result and a large-sized construction will be quite unavoidable with
this type of image Input unit. The third type of image input unit uses a
one-dimensional array of photoelectric transducer elements con- sisting of
CCD (charge coupled devices) or the like. Synchronized with data reading,
the photoelectric trans- ducer elements are shifted relative to a picture
image in a direction perpendicular to the extension of the array, 25
thereby scanning the image line by line. This third type of image input
unit may be regarded as a system In- termediate of the aforementioned two
types and enjoying the advantages of those two other types. The reading
rate of this third type of image Input unit is higher than that of the drum
scanner and the space required for the unit is the minimum among the three
types. As described above, It can be said that the image scanner type image
input unit using a one-dimensional 30  array of photoelectric transducer
elements is optimum as it is cheap, small-sized and allows a high
resolution. A lighting apparatus used in such an image scanner has to
irradiate a picture image in the direction where the photoelectric
transducer elements are arrayed. An LED array, a fluorescent lamp, a linear
halogen lamp and the like are employed forthis purpose. Asufficient tone
representation capacity is required for the image input unit, and unless
the densityvalues ofthe picture image are quantized intoforexample 8 to 256
gradations, 35  a picture image such as a photograph or the like with a
fine change in Intermediate density cannot be loaded accurately Into a
computer. It Is necessary therefore thatthe picture image be irradiated
uniformly by a constant brightness, and hence a lighting apparatus emitting
a stabilized quantity of light is necessary. With a rare gas cold cathode
discharge tube filled with xenon or neon gas, the quantity of light is
almost constant regardless of the working environmental temperature as
compared to a general mercury discharge 40  lamp, as to be taken from Fig.
16. Accordingly, when a conventional mercury discharge lamp is used, It
must be warmed up by a heating apparatus like an electric heater. This
requires a time of I to 2 minutes before such a lamp can actually be used.
Instead, the rare gas cold cathode discharge tube is ready for use as soon
as the power is switched on. Since a heating for the electrodes is not
necessary, a rare gas cold cathode dis- charge tube can be made small in
shape and miniaturized In overall size to, for example, a diameter of I to
6 45  mm. The power consumption Is low, for example 4 to 10 watts. The
luminous color can be arbitrarily selected depending on a fluorescent
material applied to the inside of the tube wall. Therefore, a rare gas cold
cathode discharge tube is appropriate not only for facsimile machines but
also as a light source of an Image scanner for reading color picture
Images. However, if a picture Image read by the color Image scanner is
printed straightly by a color printer, the 50  printed picture image will
be dark, different in hue and inferior in saturation with respect to the
original picture image. The reason is that the reflective spectral
characteristic of the existing color ink is not Ideal. Therefore, a color
data translation work will be necessary in order to correct an unbalanced
color due to the spectral char- acteristic of the ink used in a printer.
This Is called color correction and is a usual practice for obtaining a
printed matter having colors actually corresponding to those of the
original picture Image. 55      For the color correction, density values of
the three primary colors such as green, red and blue will be necessary per
picture element, the number of picture elements depending on the reading
resolution. The vol- ume of data of the three primary colors to be loaded
by means of the color image scanner becomes extraor- dinarily high, an
apparatus for realizing the color correction becomes expensive and the
calculating time nec- 



2    EP 0 342 607 B1 essary for the color correction becomes long. This is
one of the stumbling blocks not allowing a printed matter bright in color
to be realized on general computers. Now, therefore, what Is contrived as
available for attaining correction swiftly and cheaply is a reading sys-
tem In line sequence. In the conventional system which is called a page
sequential system, the whole color 5   picture is separately read for each
primary color by reciprocating three times in the order of green, red and
blue. Instead, in the line sequential system, data of the three primary
colors green, red and blue are loaded at every scanning line, finishing the
reading of the full picture image by scanning it only one time. In the line
sequential reading system, a data volume necessary for the color correction
may be minimized to one per sev- eral thousands (in the case of A4 size),
which is advantageous as compared with the page sequential system. 10
Using a semiconductor memory (RAM) capable of writing and reading as a
storage device for color correction and providing an integrated circuit for
exclusive use.on color correction in the image scanner, the color cor-
rection can be carried out in real time in keeping pace with reading, and
data after the color correction may be sent to a host computer. A color
image input unit operating according to the above explained line sequential
reading system and 15  employing mercury discharge lamps, namely one for
generating a green light with an afterglow characteristics, one for
generating a red light with no afterglow characteristics and a further one
for generating a blue light with no afterglow characteristics is disclosed
In the document EP-A-0 165 550. As described above, the rare gas cold
cathode discharge tube is advantageous with respect to the stability of the
quantity of lIght against environmental temperature change, space
occupation and so on as compared 2o  with a general mercury discharge lamp.
It is defective, however, insofar as a light source for reading picture
images Is concerned. That is, the quantity of light in intermittent
lighting which Is necessary for a line sequential reading is not
stabilized. The rare gas cold cathode discharge tube has been used so far
under the condition that It was kept lighting continuously for several
seconds or longer each time it was energized. In the case of a rare gas
cold cathode discharge tube, the gas pressure is 7 to 27 kPa (50 to 200
mmHg) high, while it is a 25  few kPa (10 mmHg) with general mercury
discharge lamps. Therefore, a straight bright line called positive col- umn
is observed along the discharge tube at the time of lighting. For locating
the positive column stably at a specified portion In the circumferential
direction of the rare gas cold cathode discharge tube, an auxiliary elec-
trode is provided along the wall of the tube (DE-A-37 18 216). However, in
the aforementioned prior art, when repeating the intermittent lighting at a
period of several 30  millise conds or so, the positive column is not
stably drawn toward the auxiliary electrode. Therefore, the quan- tity of
light of the rare gas cold cathode discharge tube is not fixed and the
brightness of the read image changes. Specifically, while the positive
column exists at all times, the light emitting position fluctuates within
the discharge tube to come, near or to go away from the picture image, and
thus the quantity of light irradiating the picture image fluctuates by 1 to
10 percent. In a high performance image scanner for reading a picture 35
image of fine density values at gradations of 32 to 256, even such several
percent fluctuation of the quantity of light may exert an influence on the
reproduced picture, and a stripe is produced even if a uniform density
picture Is read. The present Invention is intended to remedy the above
mentioned problems of the prior art and to provide an image input unit
having a rare gas cold cathode discharge tube emitting a stabilized
quantity of light even 40  if it is intermittently lit at a period of
several milliseconds or so, and which is moderate In cost and high In per-
formance. This object is achieved with a color Image input unit as claimed.
Specific embodiments of the Invention will be described below with
reference to the drawings, In which: Fig. 1           shows a first
embodiment of a rare gas discharge tube according to the present invention,
45   Fig. 2           is a perspective view for illustrating the discharge
process nearby a main electrode 13- aof Fig. 1, Fig. 3           is a
perspective view of an image input unit embodying the present invention,
Fig. 4           is a sectional view taken along line A-A' in Fig. 3, Figs.
5 to 10    are enlarged views of a main electrode and its neighborhood of
other embodiments of 50                   the rare gas cold cathode
discharge tube according to the invention, Figs. 11 to 13   are
diagrammatic views of different embodiments of an image reading unit of an
image input unit according to the invention, Fig. 14          is a timing
chart for explaining the line sequential reading, 



Fig. 15          is an electric circuit diagram of a driver circuit and a
discharge tube, 55   Fig. 16          is a graphic representation of the
temperature dependency of the quantity of light emitted by a mercury
discharge tube and a rare gas cold cathode discharge tube, respectively,
Fig. 17          is a simplified drawing showing the positional relation
between a rare gas cold cathode discharge tube and a picture image, and 3
EP 0 342 607 B1 Fig. 18         Is a drawing representing the photoelectric
conversion characteristic of a storage type photoelectric transducer
element Referring first to the reading process of the image input unit,
Fig. 3 is a perspective view of an image input unit according to a first
embodiment of the invention. In the image Input unit an image reading unit
10 is shifted 5   successively in the direction indicated by an arrow, by a
driving device such as a stepping motor or the like through a timing belt,
a wire or the like which is not shown. Fig. 4 is a sectional view taken on
line A-A' in Fig. 3 of the image reading unit 10. In Fig. 4, three cold
cathode discharge tubes 1-R, 1-B, 1-G filled with rare gas, which
constitute a lighting apparatus, are used for reading the picture image 7
placed on a glass bed 6 and emit red, blue and green light, 10
respectively. The red tube 1-R Is filled with a neon gas under a pressure
of 1,3 to 6,7 kPa (10 to 50 Torr), pro- ferably 2,7 kPa (20 Torr). A red
color Is obtained by the luminescence of the gas itself. However, an
aperture formed inside or outside of the tube wall by a white film of
titanium oxide powder or the like will be effective in directing the light
efficiently for irradiation. The blue and green discharge tubes 1-B and 1-G
are filled with xenon gas under a pressure of 8 to 20 kPa (60 to 150 Torr),
preferably 10.7 kPa (80 Torr). The higher the charg- 15  ing pressure is,
the more quantity of light may be expected. However, the tube voltage to be
impressed on the discharge tube rises proportionally to the pressure. Since
a high voltage requires an expensive driver circuit, the pressure values
specified above will be appropriate. A color picture reading method will be
described next with reference to Fig. 4 and the timing chart of Fig. 14. In
the case of a line sequential reading, the image reading unit 10 shown in
Fig. 4 is firstshifted to an image 20  reading start position by a driving
signal shown under (f) In Fig. 14. Then, light of the three primary colors
is successively irradiated onto the picture image 7 under the control of
lighting signals shown as (a), (c) and (d), respectively, In Fig. 14. The
reflected light is respectively Imaged on a photoelectric transducer 3 by
an imaging system 2. The output signal ((e) in Fig. 14) of the
photoelectric transducer 3 is properly amplified, processed and sent to a
host computer (not shown) as a one-dimensional Image information of red,
blue and green of 25  the picture Image. The above operation is repeated to
store on the host computer side one-dimensional color image data shifted
little by little in the direction perpendicularto the array of
photoelectric transducerelements in the photoelectric transducer 3, thus
reading a two-dimensional color image by means of the one-dimensional
photoelectric transducer. The rare gas cold cathode discharge tubes are
lighted for 5 ms each, and the pho- toelectric transducer operates for 5 ms
for reading, thus finishing the basic reading operation in about 30 ms. 30
The lighting time and period are representative in value, and a signal
precision and a read rate can be further enhanced by properly selecting the
disposition of the rare gas cold cathode discharge tubes and the
sensitivity of the photoelectric transducer elements. In the case of a
green rare gas cold cathode discharge tube, an afterglow Is produced due to
the physical property of the fluorescent substance used to convert
ultraviolet rays of the xenon gas Into visible light. Con- 35  sequently,
when MOS type photoelectric transducer elements are used in which a light
storage timing varies at every picture elements, an afterglow removing time
Trm, shown in Fig. 14, must be set. Unless It is set, the irradiation of
red light following that of green light will be mixed with the green light
due to the afterglow and, thus, the reproducibility of the red picture
image is deteriorated. Trn should be as short as possible since it directly
influences the read rate. Depending on the capacity of the used phosphor, a
value of I to 20 ms, pre- 40  ferably 5 ms, is appropriate. In orderto
achieve a betterlighting stability and durabilitycharacteristicof the cold
cathode discharge tube, a preliminary lighting (intermittent or normally
light-on) will be effected for 10 to 100 ms before the start of read- ing,
and the light is switched off when the image reading unit 10 is resetto a
reference position after the reading has been completed. For correcting any
disuniformity of the light along the longitudinal direction of the dis- 45
charge tubes, a white reference picture image uniform in reflection factor
Is read to obtain reference data. Data read from a real picture image are
then corrected by means of the reference data, thereby obtaining data cor-
rectly representing the density distribution of the read image. In case the
excitation wave length of the currently used fluorescent substance is
adjusted to 254 nm of 



the ultraviolet rays of mercury, xenon is the proper rare gas to be charged
into the cold cathode discharge tube. 50  However, rare gas other than
xenon may be used if a fluorescent substance Is developed having its
excitation wave length adjusted to the wave length of the light emitted by
said other rare gas. For example, if a fluorescent substance having an
excitation wave length of 389 nm is used, helium will be appropriate as the
rare gas. Rare gases such as argon, krypton, radon and the like are usable
likewise. As shown in Fig. 4, the image reading unit 10 can be constructed
compactly by using a platelike or rodlike 55   glass of a proper refractive
index distribution as the imaging system 2. The light emitted by the
discharge tubes 1-B, 1-G, 1-R and reflected by the picture image 7 Is
condensed by the imaging system 2 and irradiated on the photoelectric
transducer 3. A reflector 4 consists of a white resin such as polycarbonate
or the like and functions to condense and reflect the light from the
lighting apparatus in the direction of the picture Image 7. 4    EP 0
342607 B1 The lighting apparatus of the image input unit according to the
invention will be described in detail next. Designated as I in Fig. 1 Is
one of the three rare gas cold cathode discharge tubes 1-G 1-B and 1-R in
Fig. 4. Discharge tube 1 is controlled for lighting and fed with electric
power by a driver circuit 12 to which two main electrodes 13-a and 13-b and
an auxiliary electrode 14 of the discharge tube are electrically connected.
5      Fig. 15 is a circuit diagram representing one example of the driver
circuit 12. A battery E Is shown as a power source providing 12V or 24V DC
power. Upon input of a lighting signal S1, a transistor TR3 is switched on,
energizing an inverter circuit including transistors TRI and TR2 and a
boosting transformer T. Upon self- oscillation of the inverter, a
high-voltage, high-frequency alternating current of 500 to 2000V and 10 to
50 kHz is induced in the secondary winding of the boosting transformerT and
applied to the discharge tube 1. Thereby, 10  discharge tube I is
controlled for lighting. Capacitors C1, C2 and C3 function to limit the
current flowing through the discharge tube and their ca- pacitance is 50 to
200 pF, preferably 120 pF. Capacitors C4 and C5 function to stabilize the
positive column or bright line formed by the current flowing through the
discharge tube. Their capacitance is 5 to 30 pF or so. The potential of the
main electrodes 13-a, 13-b is stabilized by providing the capacitors, and a
stable discharge 15  state can be maintained even at the time of
intermittent lighting in which the discharge tube is switched on and off
repeatedly at milliseconds. It is preferable that one of the terminals of
the capacitors C4 and C5 be grounded. The auxiliary electrode 14 may be a
strip of a hardened, conductive adhesive containing carbon for ex- ample,
the width of the strip being 0,1 to 2 mm, preferably 0,8mm and its
resistance value 1 to 20 [err] preferably 20  3 to 6 [err]  per centimeter
length. Fig. 2 is a perspective enlarged partial view of the discharge tube
of Fig. 1, for Illustrating the discharge process at the main electrode
13-a and its neighborhood. Aring-shaped conductive member 15 of a
conductive adhesive containing a powder such as for example copper, carbon
or the like Is formed on the discharge tube wall around the Inner end of
the main electrode 13-a (actually, the conductive member 15 Is displaced
with 25  respect to the inner axial end of the main electrode 13-a in the
axial direction for reasons stated later). The electrode 13-a has the same
electrical potential as that of the auxiliary electrode 14, whereas the
electrode 13-b has the reverse electrical potential of that of the
auxiliary electrode 14. The conductive member 15 Is electrically connected
with the auxiliary electrode 14. When the high-voltage, high-frequency AC
voltage is applied to the main electrodes 13-a, 13-b by the driv- 30  er
circuit 12, an electron beam Is generated between the main electrodes 13-a
and 13-b through the rare gas, for example xenon gas. The electron beam
brings the rare gas into a plasma state, and excites it to emit ul-
traviolet rays, visible light and infrared rays, as is characteristic for
the gas. This develops to a bright line which is observed as a positive
column 17. The ultraviolet rays excite the fluorescent substance applied to
the inner wall of the discharge tube. A luminescence of arbitrary visible
light as blue, green, red, white and so on may 35  be obtained by selecting
the kind of fluorescent substance. Avoltage Is impressed on the auxiliary
electrode 14 by the driver circuit 12 in order to establish a potential
difference between the main electrode 13-b and the auxiliary electrode 14.
Due to this potential difference, the positive column 17 generated between
the main electrodes is drawn to the discharge tube inner wall along the
auxiliary electrode 14 and stabilized firmly. 40      However, if for
example a piece of metal 16 is disposed nearby the main electrode 13-a of
the discharge tube when the discharge tube is Intermittently lightened, the
positive column generated from the main esoe- trode 13-a at the time of
lighting start is drawn to the side of the piece of metal (indicated as
17-a in Fig. 2) and its path will not be stabilized along the auxiliary
electrode 14 (the same effect will occur with any material 



other than a piece of metal, provided that it establishes a capacitance to
the positive column of discharge and 45  exerts an Influence on the
formation of the positive column. This corresponds for Instance to the case
where the discharge tubes and the image reading unit are fixed on a support
member of the image scanner and are shifted along the surface of a picture
Image for reading.) The conductive member 15 functions to supress a
deflection of the positive column The above mentioned problems occur when
the piece of metal 16 is disposed in a region surrounding the nose or inner
end of the main electrode 13-a. When the positive column is drawn 50
thereto, since the conductive member 15 and the auxiliary electrode 14 are
of the same potential, the positive column is caught on the conductive
member 15 and a path 17-b Is formed immediately along the auxiliary elec-
trode 14. Once the positive column Is caught on the auxiliary electrode 14,
the position of the positive column is stabilized since it never comes
outside of the position of the auxiliary electrode 14, even if a piece of
metal 16 or any equivalent member is disposed nearby. 55      Accordingly,
the conductive member 15 will preferably be positioned ahead (towards the
opposite main electrode) of a discharge position of the main electrode.
Concretely, it may preferably by displaced by I to 5 mm or so from the
axial inner end of the main electrode. Fig. 17 is a diagrammatic view
showing the positional relation between the discharge tube I and the
picture 5    EP 0 342 607 B1 Image 7. The total length of the discharge
tube must be long enough such that the length of a portion of the discharge
tube emitting a substantially uniform quantity of light covers the width of
the picture image 7 to be read. Unless the conductive member 15 is made of
a transparent material like tin oxide, It Is required to be positioned 3 to
10 mm outside of the adjacent edge of the picture image in order to ensure
a uniform quantity 5   of light over the whole width of the picture image.
Figs. 5 to 10 are diagrammatic partial views of alternative embodiments of
the rare gas cold cathode dis- charge tube according to the invention.
According to the embodiment shown in Fig. 5, the conductive member 15
consists of a spring piano wire which is fixed on the discharge tube wall
by the spring force and which is electrically connected to the auxiliary 10
electrode 14 formed of a conductive adhesive. Compared to the first
embodiment of Fig.2, this embodiment is simplified not needing the
application of the conductive adhesive for forming the conductive member
15, and thus is moderate in cost. In the embodiment of Fig. 6, a lead wire
for connecting the auxiliary electrode 14 to the driver circuit 12 (Fig. 1)
is wound on the discharge tube wall, thus forming a conductive member 15 at
the same time. 15     In the embodiment shown in Fig. 7, the conductive
member 15 is formed by dipping the end of the discharge tube into a liquid
conductive adhesive which is then hardened. In this case, care must be
taken to ensure the necessary insulation between the conductive member 15
and the main electrode. In the embodiment shown In Fig. 8, the conductive
member 15 consists of a metallic box-like member or the like, serving as
fixing means for the discharge tubeat the same time and, hence simplifying
the construc- 20  tion. As shown in Fig. 9, the conductive member 15 does
not necessarily need to form a dosed ring around the discharge tube wall
and still may be effective enough to stabilize the positive column. In the
embodiment shown in Fig. 10, a sheet metal of phosphor bronze having spring
characteristics and a thickness of about 0.2 mm is curved cylindrically and
fixed on the discharge tube wall. Provided with a pro- 25  jection 16, this
conductive member 15 is capable of functioning as a positioning member in
the circumferential direction when the discharge tube is fixed. In the
image reading unit 10 described hereinabove with reference to Figs. 3 and
4, the color separation is carried out by switching a tricolor light source
1-G, 1-B, 1-R. Shown diagrammatically in Fig. 11 is an alter- native
embodiment of the image reading unit wherein the color separation is
realized by a filter. In this case, 30  a white rare gas cold cathode
discharge tube I is used for irradiating the picture image 7. The white
discharge tube, called a three-wavelength type discharge tube, is
obtainable by using as a fluorescent substance a mix- ture of green, red
and blue emitting substances. The image is formed on a CCD photoelectric
transducer 3 via a mirror 20 and an imaging system 2. More than one mirror
may be used in order to minimize the general volume of the unit. For color
separation, a tricolor filter 21 including green, red and blue filter
portions is dis- 35  posed in the imaging optical path. A driving device 22
is used to shift the green, red and blue filter portions successively into
the imaging optical path. Since the filter portions of the filter 21 must
be changed within a short time of several milliseconds, the filter 21
advantageously is formed as a circular plate segmented into three 1200
portions corresponding to the green, red and blue filter portions. In this
case, driving device 22 could 



be a motor switching from one filter portion to another by a rotation of
120 of the filter plate. 40      The three-wavelength typewhite cold
cathode dischargetube I is intermittently driven chieflyforadjusting the
quantity of light inputted tothe photoelectrictransducer(MOS type
transducer, CCD transducerorthe like). The reason for that will be
described below. Fig. 18 represents a conversion characteristic of a MOS
type photoelectric transducer element consisting of amorphous silicon (the
situation with a CCD transducer element is similar). In the photoelectric
transducer 45  element, generally called a storage type transducer, an
output is obtainable in proportion to the integrated quan- tity of light
Irradiated within the reading period (domain B in Fig. 18). However, even
without any light there exists a background output called noise (domain C
in the drawing). This is called a dark output. The SIN ratio indicating the
precision of the read signals is expressed as the ratio of a signal output
to the dark output. Of course, the larger the S/N ratio, the better it is.
The Integrated quantity of light to the photoelectric transducer 50
element has a saturation threshold (domain A in the drawing), I.e. the
output voltage of the transducer element becomes constant even iffurther
light is applied. If saturation is reached, a density change in the picture
image can no longer be read correctly. Accordingly, for better precision of
an outgoing signal to be extracted, an ir- radiation lot of the light to
use will come In the domain B in Fig. 18. For best results, the amount of
light will be just below the saturation point. 55      Therefore, the
lighting time of the rare gas cold cathode discharge tube should be set to
an optimum value. However, the quantity of light emitted by the discharge
tube varies from tube to tube in a mass production according to a
statistical dispersion. If the output signal is saturated (domain A In Fig.
18), then the output be- comes constant, not reflecting the image density.
Therefore, the lighting time at the time of shipment is set 6
EP0342607B1 somewhat short as compared with the time at which the output is
saturated. Further, the quantity of light de- creases gradually from a
continuous service and thus the S/N ratio drops. Therefore, the capacity
inherent In the photoelectric transducer element cannot be made full use
of. Thus, a precise signal output will be obtained if the lighting time of
the light source Is adjusted to set an optimum quantity of light for the
photoelectric trans- 5   ducer elements whenever the image input unit is
used. To make the lighting time variable, an intermittent light- ing is
carried out as mentioned before. In this case, the quantity of light may be
stabilized by using the con- ductive member 15 on the tube wall due to the
reasons mentioned above. Fig. 12 diagrammatically shows a further
embodiment of the image reading unitaccording to the invention. In this
case, separate color signals are obtained at a time by providing the
transducer elements themselves 10  with a filter at the state of
manufacturing. Since mechanically operating parts are not required for
color sepa- ration, problems like a vibration generated from such operating
parts or the like will not occur. Chiefly for ad- justing the quantity of
light inputted to the photoelectric transducer elements, the
three-wavelength type white cold cathode discharge tube I is intermittently
lighted in this embodiment, too. Also, the conductive member 15 is
preferably used with the discharge tube 1 in this embodiment. 15      Fig.
13 is a diagrammatic view of still another embodiment of the Image reading
unit according to the in- vention. While the embodiment of Fig. 4 uses a
magnifying Imaging optical system, the optical system 2 of the embodiment
shown in Fig. 13 is of the reducing type, reducing to one-fifth to
one-tenth or so. Like the embodiment shown In Fig. 4, the color separation
is achieved by using three discharge tubes 1-R, 1-B and 1- G. 20      As
described above, the intermittent lighting is a discharge tube lighting
method required particularly for light adjustment and line sequential
reading for color correction. Further, a noise of a high frequency of 20 to
30 kHz produced at the time of discharge tube lighting during the normal
reading is capable of affecting the output of the photoelectric transducer.
It is therefore effective to carry out an intermittent lighting of the dis-
charge tube including the three-wavelength type tube and also to generate
an output of the photoelectric trans- 25  ducer when putting out the light.
As described above, according to the Invention, a rare gas cold cathode
discharge tube is provided, al- lowing to stabilize the quantity of emitted
light even when an intermittent lighting with a period of several mil-
liseconds is carried out. The use of such rare gas cold cathode discharge
tube as lighting apparatus allows an image input unit to be realized which
is moderate in cost and less space-consuming, still ensuring a color 30
correction function to enhance the color reproducibility of a printing
output of the read Image and a light ad- justing function of the lighting
apparatus to enhance the S/N ratio of the read image. Claims 35 



1. A color image input unit comprising an intermittently powered light
source (1, I-G, 1-B, 1-R) for Irradiating a picture Image, and a storage
type photoelectric transducer (3) for reading said irradiated picture
image, wherein said light source comprises a discharge tube having a pair
of main electrodes (13-a, 13- 40      b) In a linear tube, said main
electrodes (13-a, 13-b) spaced apart from each other In the longitudinal
di- rection of the tube, characterized In that said discharge tube is a
rare gas cold cathode discharge tube which has an auxiliary electrode (14)
formed along the wall of the tube in the longitudinal direction therof and
a con- ductive member (15) provided on the wall of the tube In the vicinity
of one (1 3-a) of said main electrodes, 45      said conductive member
extending around at least part of the circumference of the tube and being
elec- trically connected to said auxiliary electrode (14), wherein said
Intermittent lighting is selected such that the output of the photoelectric
transducer elements has a value between a dark output when no light Is
irradiated on the photoelectric transducer elements and a saturation
output. 50 2.  The image input unit according to claim 1, wherein said
discharge tube (1) emits light of two or more dif- ferent colors. 3.  The
image input unit according to claim 1, wherein said light source comprises
a plurality of said discharge 55      tubes (1-G, 1-B, 1-R) each emitting
light of a different color and said picture Image is successively irra-
diated by said different color discharge tubes. 4.  The image input unit
according to claim 3, wherein said plurality of discharge tubes (1-G, 1-B,
1-R) com- 7    EP 0 342 607 B1 somewhat short as compared with the time at
which the output is saturated. Further, the quantity of light de- creases
gradually from a continuous service and thus the S/N ratio drops.
Therefore, the capacity inherent in the photoelectric transducer element
cannot be made full use of. Thus, a precise signal output will be obtained
If the lighting time of the light source Is adjusted to set an optimum
quantity of light for the photoelectric trans- 5   ducer elements whenever
the image input unit is used. To make the lighting time variable, an
intermittent light- Ing is carried out as mentioned before. In this case,
the quantity of light may be stabilized by using the con- ductive member 15
on the tube wall due to the reasons mentioned above. Fig. 12
diagrammatically shows a furtherembodimentof the image reading unit
according to the invention. In this case, separate color signals are
obtained at a time by providing the transducer elements themselves 10  with
a filter at the state of manufacturing. Since mechanically operating parts
are not required for color sepa- ration, problems like a vibration
generated from such operating parts or the like will not occur. Chiefly for
ad- justing the quantity of light inputted to the photoelectric transducer
elements, the three-wavelength type white cold cathode discharge tube 1 is
intermittently lighted in this embodiment, too. Also, the conductive member
15 Is preferably used with the discharge tube I in this embodiment. 15
Fig. 13 is a diagrammatic view of still another embodiment of the Image
reading unit according to the in- vention. While the embodiment of Fig. 4
uses a magnifying imaging optical system, the optical system 2 of the
embodiment shown in Fig. 13 is of the reducing type, reducing to one-fifth
to one-tenth or so. Like the embodiment shown in Fig. 4, the color
separation is achieved by using three discharge tubes 1-R, 1-B and 1- G. 20
As described above, the intermittent lighting is a discharge tube lighting
method required particularly for light adjustment and line sequential
reading for color correction. Further, a noise of a high frequency of 20 to
30 kHz produced at the time of discharge tube lighting during the normal
reading Is capable of affecting the output of the photoelectric transducer.
It is therefore effective to carry out an Intermittent lighting of the dis-
charge tube including the three-wavelength type tube and also to generate
an outputof the photoelectric trans- 25  ducer when putting out the light.
As described above, according to the invention, a rare gas cold cathode
discharge tube is provided, al- lowing to stabilize the quantity of emitted
light even when an intermittent lighting with a period of several mil-
liseconds is carried out. The use of such rare gas cold cathode discharge
tube as lighting apparatus allows an image input unit to be realized which
is moderate in cost and less space-consuming, still ensuring a color 30
correction function to enhance the color reproducibility of a printing
output of the read image and a light ad- justing function of the lighting
apparatus to enhance the S/N ratio of the read image. Claims 



35 1. A color image input unit comprising an Intermittently powered light
source (1, 1-G, 1-B, 1-R) for irradiating a picture image, and a storage
type photoelectric transducer (3) for reading said irradiated picture
image, wherein said light source comprises a discharge tube having a pair
of main electrodes (13-a, 13- 40      b) in a linear tube, said main
electrodes (13-a, 13-b) spaced apart from each other in the longitudinal
di- rection of the tube, characterized In that said discharge tube Is a
rare gas cold cathode discharge tube which has an auxillary electrode (14)
formed along the wall of the tube in the longitudinal direction therof and
a con- ductive member (15) provided on the wall of the tube in the vicinity
of one (1 3-a) of said main electrodes, 45      said conductive member
extending around at least part of the circumference of the tube and being
elec- trically connected to said auxiliary electrode (14), wherein said
intermittent lighting is selected such that the output of the photoelectric
transducer elements has a value between a dark output when no light Is
irradiated on the photoelectric transducer elements and a saturation
output. 50 2.  The image input unit according to claim 1, wherein said
discharge tube (1) emits light of two or more dif- ferent colors. 3.  The
image input unit according to claim 1, wherein said light source comprises
a plurality of said discharge 55      tubes (1 -G, 1-B, 1-R) each emitting
light of a different color and said picture image is successively irra-
diated by said different color discharge tubes. 4.  The image input unit
according to claim 3, wherein said plurality of discharge tubes (1-G, 1-B,
1-R) com- 7    EP 0 342 607 B1 prises a first discharge tube (1-R) filled
with neon gas and emitting red light by the luminance of the gas itself and
second and third discharge tubes (1-B, 1-G) each filled with xenon gas or
another ultraviolet rays emitting rare gas and having a fluorescent
substance emitting blue and green light, respectively, in response to
stimulation by said ultraviolet rays. 5 5. The image input unit according
to claim 4, wherein the gas pressure of said neon gas is in the range of
from 1.3 to 6.7 kPa, preferably 2.7 kPa. 6. The image input unit according
to claim 4 or 5, wherein the gas pressure of said xenon gas is in the range
10      of from 8 to 20 kPa, preferably 10.7 kPa. PatentansprOche 15  1.
Farbbildeingabeeinheit mit einer Intermittierend angetriebenen Lichtquelle
(1, 1-G, 1-B, 1-R) zum Bestrahlen einer Bildvorla- ge, und einem
lichtelektrischen Wandler (3) des Speichertyps zum Lesen der bestrahilen
Bildvoriage, worin die Lichtquelle eine Entladungsr~hre aufweist, die ein
Paar Hauptelektroden (13-a, 13-b) in 20      elnerlinearen Rohre enthalt,
wobei die Hauptelektroden (13-a, 13-b) in der LAngsrichtung derR8hre einen
Abstand voneinander haben, dadurch gekennzeichnet, daM die Entladungsrohre
eine Edelgasentladungsr8hre mit kalter Katho- de ist, bel derentlang
derWand der Rhre in Langsrichtungderselben eine Hilfselektrode (14)
ausgebildet ist und sin leitfahiges Glied (15) an der Wand der Rohre in der
Nachbarschaft einer (13-a) der Hauptelek- 25      troden vorgesehen ist,
wobel sich das leitfahige Glied um mindestens elnen Tell des Umfangs der
RMhre erstrecdt und mit der Hilfselektrode (14) elektrisch verbunden ist,
wobei das intermittierende Beleuchten so gewahit ist, dal das
Ausgangssignal der lichtelektri- schen Wandlerelemente elnen Wert zwischen
einem Dunkelausgangssignal, wenn kein Licht auf die licht- diektrischen
Wandlerelemente gestrahit wird, und elnem Sattigungsausgangssignal hat. 30
2. Bildeingabeeinhelt nach Anspruch 1, be! der die Entladungsr~hre (1)
Licht von zwei oder mehr verschie- denen Farben abgibt. 3.
Bildeingabeeinheit nach Anspruch 1, be! der die Uchtquelle elne Vieizahl
der Entladungsr8hren (1-G, 1- 35      B, 1-R) aufweist, die Jeweils Licht
einer unterschiedlichen Farbe abgeben, und die Bildvorlage der Reihe nach
von den Entladungsr6hren unterschledlicher Farbe bestrahit wird. 



4.  Bildeingabeeinheit nach Anspruch 3, bei derdleVielzahl Entladungsrohren
(1-G, 1-B, 1-R) eine erste Ent- ladungsr8hre (1-R), die mit Neon geffillt
ist und durch Luminanz des Gases selbst rotes Ucht abglbt, sowie 40
eine zwelte und eine dritte Entladungsrohre (1-B, 1-G) aufweist, die
jeweils mit Xenon oder einem anderen ultraviolette Strahlen abgebenden
Edelgas gefallt sind und einen fluoreszierenden Stoff haben, der in Ab-
hAngigkeit von einer Anregung durch die Ultraviolettstrahlen biaues bzw.
grflnes Licht abgibt. 5.  Bildeingabeeinhelt nach Anspruch 4, bei der der
Gasdruck des Neons im Bereich von 1,3 bis 6,7 kPa, 45      vorzugsweise 2,7
kPa ist. 6.  Bildeingabeeinheit nach Anspruch 4 oder 5, be! der der
Gasdruck des Xenons im Bereich von 8 bis 20 kPa, vorzugsweise 10,7 kPa ist;
50 Revendicatlons 1.  Une unite de sabs d'images en couleurs comprenant une
source lumineuse activ~e par Intermittence (1, 1-G, 1-B, 1-R) pour
illuminer une image, et 55            un transducteur photoelectrique du
type A stockage (3) pour lire 'llmage illuminde, dans laquelle la source
lumineuse comprend un tube A d6charge ayant une paire d'6lectrodes prin-
cipales (13-a, 13-b) dans un tube lln6aire, lea 6leAtrodes principales
(13-a, 13-b) 6tant A distance l'une de I'autre dans la direction
longitudinale du tube, 8 |~ ~~Hl Hil I~lI ||| || || 11 II    EP 0 342 607
B1 caract6ris6e en ce quo le tube A decharge eat un tube a d6charge A
cathode froide A gaz rare comportant une electrode auxiliaire (14) formee
le long de la parol du tube dans la direction longitudinale et un element
conducteur (15) dispos6 sur la paroi du tube au voisinage de l'une (13-a)
des 6lectrodes principales, I'6l6ment conducteur entourant au moins une
partie de la circonference du tube et etant 61eo- 5       triquement
connecte aux electrodes auxillaires (14), i 6clairoment intermittent etant
s6lectionn6 de telle facon quo la sortie des 6l6ments transductsurs
photoelectriques ait une valeur comprise entre une sortie d'obscurite
lorsque aucune lumibre n'illumine les 6l6ments transducteurs
photo6lectriques, et une sortie de saturation. 10  2. L'unit6 de saisie
d'images selon la revendication 1, dane laquelle le tube A d6charge (1)
6met une lumibre de deux ou plusleurs couleurs diff6rentes. 3.  L'unlt6 de
saisie d'images selon la revendication 1, dans laquelle la source lumineuse
comprend un en- semble de tubes A decharge (1-G, 1-B, 1-R) 6mettant chacun
une lumiere de couleur diff6rentb et dane 15     laquelle l'image eat
successivement illumin6e par ces diff6rents tubes A d6charge color6s. 4.
L'unit6 de saisie d'images selon la revendicatlon 3, dans laquelle
l'onsemble de tubes A decharge (1-G, 1-B, 1-R) comprend un premier tube a
decharge (1-R) rempli de n6on et emettant de la lumiAre rouge sous l'effet
de la luminescence du gaz lul-meme et des second et troisibme tubes A
decharge (1-B, 1-G) 20      chacun rempli de x6non ou d'un autre gaz rare
emettant des rayons ultraviolets et ayant une substance fluorascente
emettant respectivement de la lumlAre bleue et verte, en reponse A la
stimulation produ iR par les rayons ultraviolets. 5.  L'unite de salsie
d'images selon Ia revendication 4, dans laquelle la pression gazeuse du
neon so situe 25      dana l'intervalle de 1,3 A 6,7 kPa, et oet de
pr~ference de 2,7 kPa. 6.  L'unit6 de saisie d'images selon la
revendication 4 ou 5, dans laquelle la presslon gazeuse du x6non se situe
dane l'intervalle de 8 A 20 kPa, et est de preference de 10,7 kPa. 30 35 40
45 50 55 9    


