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(57) Abrége/Abstract:

A fluorescent lamp has a glass tube with fluorescent material applied to its inside and is hermetically filled with a suitable amount
of rare gas, In which In the axial direction of the outside surface of the glass tube there Is at least one pair of electrodes. An
aperture Is provided for emission of the light to the outside and the lamp Is characterized in that the electrodes have at least
partially translucent regions and reflector material is located in the translucent regions.

o
SSonEeAN S f
.l.!.\‘\-c.c..--.
- h.l‘s_ .\I {\A '
\
3 & "'.

C ana da http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca OPIC ' CTIPO
OPIC - CIPO 191 ~RPRFRIEN




ANt e LW el e

Vet 3 3 Vg s el Gp i G 7 e ARG L0 it MR I - S TR AT W A PRI T 100, b T 1 A o e b w1t TIITBRANTIN L I Ve W ia A i e MR (< & ¥ AN P AR A - VT 23~ N VAN NS ST ARITAE OIS AT A AR -0 At rriv BN, AR o S

CA 02225832 2000-12-13

ABSTRACT

A fluorescent lamp has a glass tube with fluorescent material applied to its inside and is
hermetically filled with a suitable amount of rare gas, In which in the axial direction of the
outside surface of the glass tube there is at least one pair of electrodes. An aperture is
provided for emission of the light to the outside and the lamp is characterized in that the
electrodes have at least partially translucent regions and reflector material is located in the

transiucent regions.
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kluorescent Lamp of the External Electrode Type

and Irradiation Unit

Field of the Invention

The mvention relates 1o a fluorescent lamp of the external clectrode type
which is used for document scanning illumination which is used for an information
processing device such as a fax machine, image reader and the like, and for a back

light device of a liquid crystal display cell and for similar pUrposcs.
Description of Related Art

As 2 fluorescent lamp which is used for a scanning light source of an office
automation device and for back light of a liquid crystal display device and the like, 2
fluorescent lamp of the external electrode type is known in which on the outside
surface of a glass tube there is a pair of strip~like external clectrodes to which a fgh
frequency voltage is applicd for operating.

Figurc 7 is a schematic of one example of the fluorescent lamp of the exicmal
electrode type which is shown in 2 cross scction pcrpendicular to the tube axis of the
fluorcscent lamp of the external clectrode type.  As is shown in the drawing, in
fluorescent lamp 10 of the external electrode type the outside of glass tube 1 is
provided with a pair of strip-like external clectrodes 2, 2'. Glass lwbe 1 is filled with
a rarc gas or the like. Fluorcscent material 3 is applied to the insidc of glass tube 1.
An uninterrupted high frequency voltage or pulsc-like high frequency voltage is
applicd to external electrodes 2, 2" to operate the lamp.

[n fluorescent lamp 10 of the extemal clectrode tvpe a discharge is produccd

between cxternal electrodes 2 and 2 Dy the high frequency vol tagc applicd to the pair

of extemnal clectrodes 2. 2' in the discharge space within glass tubc 1. Fluorescent
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material 3 applied to the inside of glass tube 1 is caused to emit by the UV radiation
which 15 tormed by this discharge. The light formed by the discharge is radiated to
the outside from apcrture 4 and the side opposite it. The light emitted from
apcrturc 4 15 radiated onto the article to be irradiated.

[n the fluorescent lamp the light radiated to the outside from the side opposite
aperture 4 1s not cffectively used. The intensity of the light with which the article to
be irradiated is 1rradiated drops accordingly.

The applicant has thercfore proposed a technique for increasing the light
mtensity, in which reflector material is applicd to the side opposite apcrture 4 of
fluorescent lamp 10 of the extemal clectrode type (Japancse Patent Application HEI
7-3137014).

Figure & is a cross scctional view perpendicular to the tube axis of the
fluorcscent lamp of the exiemal clectrode type, in which the aforementioned reflector
matenal 1s applied. In the Figure the clectrode widsh is labeled W.

In this technique reflector material 6 is applied to the side Opposite aperture 4,
as is shown in Figure 8. During an emission bv the discharge the light emerging
from aperture 4 of fluorescent lamp 10 of the exteral electrode type is increased bV
the light reflected by reflector material 6. Thus emission by discharge can be
ctiectively used without placing a reflcctor or the like outside of fluorescent lamp 10
of the external clectrode type.

In an information processing device such as a fax machine, copier, image
rcader and the like, however, recently there has been a demand to increase the
document scanning speed.  There s accordingly a demand 1o increase the light
intensity of a fluorescent lamp of the external electrode tvpc. Furthermore, for a back
light device of a liquid crystal display cell a back light device is desirable in which
high light intensity can be obtained with low INpuUt pOWCr.

If the fluorescent lamp of the cxternal electrode type described above using

Figure 8 is uscd, emission by discharge can be cffectivelv uscd and thus the light
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intensity of a fluorescent lamp of the external clectrode tvpe can be increased. To
adequately meer this demand, it is however desirable 10 increase the light Intensity

CVCTl INOIC.

Summary of the Inveation

The invention was deviscd to climinate this disadvantage. The object of the
mvention was to devisc a fluorescent lamp of the external electrode type 1 which the
light ntensity can be increased even more, and an irradiation unit using the
fluorescent lamp.

In the tluorescent lamp of the external clectrode tvpe shown in Figure 8, on
the side opposite aperture 4 is reflector material 6. The li ght mtensity of fluorescent
lamp 10 of the cxternal clcctrode type 18 increased by adding the light reflected by
reflector material 6 to the emission light by discharee. This means that by cffectively
using the reflector material the light intensity of the fluorescent lamp of the cxternal
electrode type is increased.

To Increasc the light intensity therefore an attempt was made to more
etficiently usc the reflector material. For this reason the emittod hght was studied in
the case of an arrangement of translucent regions on one part of the clectrodes and an
arrangement of the reflector material in these translucent Tegions.

First, the emerging light emitted from the fluorcscent lamp of the external

clectrode type was studied when only translucent regions are located in the

clectrodes. This showed the following:

When the electrode width (W in Figurc 8) is reduced, the emcrging light
emitred from the fluorescen: lamp of the extemmal electrode tvpc 15 usually reduced.

[n the case of an arrangement of gaps (hereinafter called "shits”) in onc part of the

clectrodes however the emerging light emitted from the fluorescent lamp of the
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external electrode type is not greatly reduced with a suitable choice of the pOSItIOnS
and the size of these slits, even if the electrode width (electrode area) becomes
smaller according to the arangement of the slits.

It can be imagined that the reason for this is as follows:

When the clectrode width is reduced, ordinarily the electrostaric capacity of
the fluorcscent lamp of the extemal clectrode tvpe diminishes. The power supplied
10 the fluorescent lump of the extemal clectrode type decreases accordingly. In the
casc of an arrangement of slits in the electrodes however the electrode areas (rcgions
in which the electrodes spread) including the slits do not chan gc.

Therefore the slits act almost like in a state in which the electrodes would be
present in the slit arcas. [t can therefore be imagined that the clectrostatic capacity of
the fluorescent lamip of the external clectrode tvpe does not decrease significantly,
and that as a result the ecmerging light cmitted from the fluorcscent lamp of the
extcrnal clectrode type hardly drops at all. In particular it has been found that the
decrcase of light intensity is less, the ncarer the slots to the apcriure are located..

INex, light intensity in the case of an arrangement of the reflector material in
the slits was studicd. This sh‘owcd that by arranging the reflector material in the slits
the light intensity increases compared 10 the case without arrangement of the reflector
material and thar the light intensity in this case is greater than the light intensity of the
fluorescent lamp of the external clectrode type shown above in Figurc 8, as is
described below.

Furthermore, the light intensity was studicd by changing the type of reflector
material.  This showed that the incrcase of light intensity is not significantly
dependent on the reflection factor or the reflector materia| and that the light Intensity
mcreases also in the case in which the reflection factor of the reflector material is

smaller than the reflection factor of the clectrode.

Light intensitv docs decrease slightly by the arrangemecent of the translucent

regions, like the slots or the like, in the clectrodes. Bv the arrangement of the
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reflector material in these translucent regions however the light intensity of the fluorescent lamp
of the external electrode type can be increased. It can be imagined that as a result the light
intensity can be increased more strongly than in the fluorescent lamp of the external electrode
type shown above in Figure 8, in which only the side opposite the aperture is provided with
reflector material.

The reflection factor of the reflector material need not always be higher than the
reflection factor of the electrode. It was found that even in the case in which the reflection
factor of the reflector material is lower than the reflection factor of the electrode, the light
intensity of the fluorescent lamp of the external electrode type can be increased.

In the experiment, the electrodes were provided with slits and the light intensity studied.
However, it can be imagined that the same result can be obtained even if the electrodes are
provided with openings instead of with slits.

According to an aspect of the invention, there is provided a fluorescent lamp, in which
a glass tube with fluorescent material applied to its inside is hermetically filled with a suitable
amount of rare gas, in which in the axial direction of the outside surface of the glass tube there
IS at least one pair of electrodes, and in which there is an aperture for emission of the light to
the outside, characterized in that the electrodes have at least partially translucent regions and
reflector material located in the translucent regions.

According to another aspect of the invention, there is provided an irradiation unit using
a fluorescent lamp, in which a glass tube with a fluorescent material applied to its inside and
being hermetically filled with a suitable amount of rare gas, in the axial direction of the outside
surface of the glass tube at least one pair of electrodes being located, and there being one
aperture for emission of light to the outside, characterized in that the electrodes have at least
partially translucent regions, a reflector device is located at a distance from the fluorescent
lamp, and wherein the light passed by the electrodes is at least partially reflected by the
reflector device in an area which is irradiated with the radiant light from the aperture.

If the principle is used that in an arrangement of translucent regions such as slits or the
like, the intensity of the light emitted from the aperture is not decreased In the
external electrodes by means of a suitable choice of the size and the positions and

the like of these translucent regions, and even If the electrode areas decrease

Y™ . - D s a - - a3 . it " vy d
. . . .o op 0 b Lo ielod ¢ mmmmm ‘.W.M--“w.qalm.‘c-lq.w\-al.\w_Wum-!‘l NACrtbd a1 S el W s i e O o oF BRI ¢ ] Nt S s DoAY " 3
iy .,,,g....m.u,mmmnm“mwmmmmummwmmw--M-mmmmﬂuuwmw



CA 02225832 1997-12-29

‘ - cp:68 L6671 £2 J2d
€0 "3 9ccSied 68 6P+

- 6 -
according 10 the arrangement of the translucent regions, then still another
arrangement can be effected.

This means that outside of the arrangement of the reflector matenal in these
translucent regions, an increase of the usable light intensity at the same lamp input
power 1s enabled by a reflector component being located on the outside of the lamp,
by the light emitted from the translucent regions being reflected by this reflector
componcnt, and by the article to be irradiated with this light being irradiated without
its being guided back into the inside of the glass tube.

Procecding from this state of affairs, in an irradiation unit with a fluorescent
lamp of the external clectrode type, in the fluorescent lamp of the external electrode
type 2 glass tube with a fluorescent material applicd to its inside being hermetically

filled with a suitable amount of rare gas, in the axial dircction of the outside surface
of the glass tubce at lcast onc pair of clectrodes being located, and there being one
aperiure for emission of light to the outside, the object as claimed in the invention is
furthcrmore achicved by the clectrodes being at least partially translucent, by a
rctlector device being located at a disfancc from the fluorescent lamp of the external
clectrode wpe, and by the light passcd by the clectrodes being at least partiaily
reflected by this reflector device in the region which is irradiated with the radiant
Light from the apcrture.

In the following the invention is further described using several embodiments
shown in the drawings.

Figure 1 shows a schematic cross section of one embodiment of the
fluorescent lamp of the external electrode type as claimed in the invention,
perpendicular to the axial direction:

Figurc 2 shows a schematic of the arrangement of a fluorescent lamp of the
cxternal clectrode type which was used in the cxperiment as claimed in the invention;

Figurc 3 shows a schematic of the relation berween the clectrode shape and
the illuminance;
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Figure 4 shows a schematic of the electrostatic capacity when the width and
the form of the electrodes has been changed;

Figure § shows a schematic of another clectrode form in the embodiment as
claimed 1n the invention:

Figurc 6 shows a schematic of the installation of the reflector material in the
cmbodiments as claimed in the invention;

Figurc 7 shows a schematic of a example of the fluorescent lamp of the
external elcctrode type;

Figure 8 shows a schematic of a fluorescent lamp of the external electrode
type in which there is reflector marerial arranged:

Figurc 9 shows a schematic of an arrangement of a first embodiment of an
1rradiation unit as claimed in the invention:

Figurc 10 shows a cross section perpendicular to the tube axis of the
fluorcscent lamp of the external electrode type, in which the elcctrodes are provided
with translucent regions;

Figurc 11 shows a schematic of the result of a comparison cxperiment in the

- first embodiment;

Figurc 12 shows a schematic of the arrangement of a second embodiment of
the irradiation unit as claimed in the invention:

Figure 13 shows a schematic of the result of a comparison expeniment in the
sccond embodiment;

Figure 14 shows a schematic of the arrangement of a conventional imradiation
unit which was used in a cxperiment according to Figure 15; and

Figurc 15 shows a schematic of a measurement result of the distribution of

the light intensity of the imadiation units shown in Figures 12 and 13.

—_— . o
01 'S 9q2sielL 68 bb+ "N XVd GidH R} 499N £0:61 1Q 16-Z30-E¢



T DY LDD )y L JId

113904 gGesTed 68 o+ CA 02225832 1997-12-29

- 8-

Detailed Description of Preferred Embodiments

Figure 1 1s a schematic of one embodiment of the invention. It is a schematic
cross section of the fluorescent lamp of the external electrode type, the cross section
perpendicular to the tube axis. In this embodiment reference number 10 labels a
fluorescent lamp of the extemal electrode type (hereinafter called simply a "lamp)
with external clectrodes 2, 2' provided with slits as translucent regions S. Reflector
matcrial 06" 1s applicd to these slits S. In the figure fluorescent material 3 is applied to
the Inside of glass tube 1 and the inside undergocs the stipulated cvacuation and is
then filled with rare gas which has xenon gas as the main component. The two ends
of glass tubc 1 are scaled.  Fluorcscent material 3 is removed from that inner side of
the glass tube between extemal clectrode 2 and 2' which forms aperture 4 and this
rcgion acts as cffective emission surface 5.

In the axial dircction of glass tube 1 are stip-likc clectrodes 2, 2' which for
example are formed from mctal strips, such as Al, Cu and the like, or conductive
cnamel, such as silver paStc and the like. Electrodes 2, 2' are provided with slits S.
[n these slits S and on the side opposite aperture 4 is reflector matenial 6, 6. Inthe
figure a case is shown in which slits S are Jocated on the apcrtuic sides of electrodes
2, 2"and In which reflector material 6'is located in these slits S. However slits S (and
pertinent reflector material 6) can be located clsewhere on clectrodes 2, 2', as was
described below,

Reflector material 6 was uscd which was produced by adding a binder 10
aluminum oxide and applying it to the outside of glass tube 1 in a thin layer and
drying jt. Besides aluminum oxide, barium sulfatc, magncsium oxide, titanjun
oxide, calcium pyrophosphatc or the like can be used as reflector matenal 6.
Furthcrmore, without being limited to the matenal, reflector strips with a white color,

silver color or the like which consist of a material with clectncal insulation can be
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uscd. ‘The clectrical insulation of reflector material 6 has the cffect to prevent
creeping discharge of external clectrodes 2, 2' on the surface of glass tube 1.

[n the lamp with this arrangement, the electrode width and positions of slits
S were changed and the emergence of the light emitted from the lamp was studied in
the case of an arrangement of the reflector material at the locations of these slits S
and 1n the casc of no reflector material. In this experiment lamps with a tubc
diamcter of 8 mm and lamp length of 360 mm were used. The lamps were opcrated
by applying a pulse~like high frequency voltase. However it can be 1magined that
the same result is obrained cven if a high frequency AC voltage 1s applicd to the
lamps. |

Figurc 2 schematically shows the clectrode widths of the lamps usced in the
cxperiment and the positions of slits S, Figure 2A shows apcrturc 4 at the top,
clectrodes  using the thick lines and reflector material 6 using the broken line.
Furthermore, In Figure 2 the widths of clectrodes 2, 2' and slit S are labelled a 10c¢.
Other components such as fluorcscent material and the like are not shown.

Figure 2 shows (1) a casc in which clectrode width is 8 mm, in which there
1S NO slit and. In which reflector material 6 is located on the side Oppositc aperture 4.

Furthermore (2) shows a case in which clectrode width s 8 mm, and in
which slits S 0f 2 mm arc located in clectrodes 2, 2’ at sites which arc 1 mm away
trom apcrturc 4 . (Width of the remaiming clectrode parts is 5 mm, as is shown in
Figure 2).

(3) shows a casc in which clectrode width is 8 mm, and 1n which slits S of 2
mm arc [ocated in electrodes 2, 2' at sites which are 3 mm away from aperture 4 .
(Width of the remaining clectrode parts is 3 mm, as 1s shown in Figurce 2).

Furthermore  (4) shows a case in which clectrode width 15 8 mm, and in
which slits S of 2 mm are located i clectrodes 2, 2' ar sites which are 5 mm away

from aperture 4. (Width of the remaining clectrode parts is ] mm, as 1s shown in

Figure 2).
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(3) shows a casc of clectrode width of 6 mm. In (2) through (4) a casc of an
arrangement of reflector material O in slits.S and a case of no reflector material are
shown. Furthcnmore, in (2) through (4) on the side of the lamp opposite apcrture 4
there s reflector material 6, as in (1). In the lamps with elcctrodes with the
respective form as shown in Figure 2 the light intensity in the case of no reflector
matenal 1n slits S of the cleetrode parts was studied. Then the light intensity was
studicd in the case of the arrangement of the reflector fnatcrial i slits S.

Figure 3 is a schemaric of the experiment result. In the Figure the Y-axis is
the jlluminance (relative values in %) of the respective lamp, the illuminance of the
lamp with an clectrode width of 8 mm being designated 100. Furthermore, the x-
axis represents the case of the arrangement of reflector material 6 in slits S of
clectrodes 2, 2' in the lamps with the respective ¢lectrode shapc and the casc of no
reflector material. In Figure 3, (1) through (5) correspond to (1) through (5) in
Figure 2, as for example (1) shows the casc of an clectrode width of 8 mm and (2)
the casce of the clectrode form of 1-2-3 mm.

The illuminance for an clectrode width of 8 mm s shown for comparison
with the illuminance of the lamps in the embodiment as claimed in the invention.
Here the value of the illuminance is shown in the casc in WHhICh in both casecs of "no
reflector material in the electrode parts” and "reflector material in the electrode parts”
on the side opposite aperture 4 there is reflector material 6 (1n the Figurc the value of
the illuminance for an ¢lectrode width of 8 mm in the case of "no reflcctor material in
the clectrode parts™ is thercfore identical to the valye of the illuminance at an
clectrode width of 8 mm in the case of "reflector material In the clectrode parts™).

As the drawing shows, the maximum illuminance can be obtained when in an
clectrode form with of 1=2—3 mm, reflector material 6' is located in the electrode
parts. Furthermore in the case of an clectrode form with of 5~2-1 mm esscntially

the samce illuminance as the illuminance in the casc of the clectrode width of 8§ mm

can be obtained by reflector material 6 being focated in the clectrode parts.
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It can be imagined that the reason for this lies in the following:

Even 1f slits S arc located in the clectrodes, an clectrostatic capacity is
obtaincd In the shit region which comresponds roughly to the state in which the
electrodes would be present in the slit regions, as was described above. The CNCrgy
input nto the lamp therefore does not decrease greatly cven if the actual electrode
width dimmishes. Furthcrmore, the amount of light emerging can be incrcased by
the arrangement of reflector material 6. As a result thercof the vield of light emitted
from the Jamp can be increased.

At an clectrode width of 6 mm on the other hand the illuminance decreases
significantly compared to the casc of the clectrode width of 8 mm. The illuminance
also decrcases significantly in comparison to cases of an clectrode form with of 1-
2-=5mm, 3-2-3 mn and 5-2-1 mm.

It can be 1magined that the rcason for this is as follows:

In the case of slits S located in the electrodes with an clectrode width of 8
mm, a electrostatic capacity is obtained which corresponds cssentially to a state in
which the clectrodes would be cemcmcd on over a widc area, as was described
above.  Conversely, in the case of an eclectrode width of 6 mm, the elcctrostatic
capacity of the lamp decreases accordingly. As a result the cnergy input into the
lamp also decreases.

To confirm this statc of affairs, in the lamps with the clectrode form shown in
Figure 2, the clectrostatic capacity of the respective lamp in the case of no reflector
matcnal 6' was studicd.

Figure 4 shows the electrostatic capacity.  In the Figure the electrostatic
capacity (rclative values in %) is shown in the case of an electrode with 2 width of 6
mm, 1 the case of an clectrode with the form described above for (2) (1~2~5 mm),
in the case with an clectrode with the form described above for (3) (3-2-3 mim) and

in the case of an electrode with the form described above for (4) (5-2~1 mm), the
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clectrostatic capacity 1 the case of the arrangement of the elcctrode with a width of 8
mm being designated 100.

As the drawing shows, the electrostatic capacity decrcases when the clectrode
width is reduced from 8 to 6 mm. In the case of arrangement of slits S in the
clectrodes however it becomes apparent that the clectrostatic Capacity does not
decreasc significantly, cven if the electrode width decreascs according to slits S (cven
if the clectrode arca is reduced). As was described above the slits act almost 2s in a
state in which the electrodes would be present 1n the slit regions if there arc slits S in
the clectrodes.  Here the clectrostatic capacity does not significantly decrcase.
Therefore almost the same cffect can be obtained when cementing on the electrodes
over a2 wide arca.

It was possible to confirm from the result of the experiment that by the
arrangement of slis S and application of the reflector material to the slit rcglons a
higher illuminance can be achicved than in the casc of an arrangement of elcctrodes
without slits S.

[n this ecmbodiment the casc of the arrangement of the reflector material in
slits S which arc located in the clectrodes was described.  However it can be
Imagincd that the same cffect can be obtained when, in the clectrodces, other than the
slit shapc shown Figure SA, sizes, and arrangements of the openings, the lattice
distance and the like are provided in a suitable manner, as is shown in Figures 5B to
Ficure SE.

This means that clectrode 2 can be provided with openings, as is shown in
Figurc 5B, or the entire clectrode 2 can also be provided with openings with the
same distances to onc another, as is shown in Figure 5C. Furthermore, clectrode 2
can be provided with openings such that the openings become larger, the nearer they
arc located to the light exit side (aperture), as is shown in Figure SD. In addition, the

electrode can be formed from a lattice. In the respective translucent region there can

furthermore be reflector material ',
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[n this cmbodiment a casc is shown in which the fluorescent material is
applied on the inside of the glass tube which corresponds to the regions provided with
rcflector material 6,6'. But the fluorescent matcrial can also be removed in the
rcgions which arc provided with reflector material 6,6,

For the arrangement, reflector material 6,6' can be applied/cemented to the
slit which is located in the clectrode, in openings located in the electrode, and the
liKe, as 18 1llustrated for example in Figure 6(a), or can be cemented on the outside of
the slotted region, the region of an opening and the like, as is illustrated in Figurc
6(b). It can be imagined that in the two embodiments the same cffect is achicved.
Furthermore, reflector material 6 can be installed at a distance from extemal
clectrode 2, 2" and the light reflected by reflector material 6 can be guided back to the
Inside of the glass tube. Specifically, reflector material 6 as illustrated in Figure 6e
can be located on the inside of outer glass tube 1a which is located at a stipulated
distance from extecrmal clectrodes 2, 2

Figure 9 1s a schematic of the arrangement of 2 first cmbodiment of an
irradiation unit as described in claim 3 of the invention. The drawing shows the
arrangement of an arradiation unit which is used for back light device of a liquid
crystal display ccll. Figure 9 is a cross section perpendicular to the tube axis of a
fluorescent lamp of the external clectrode type of the irradiation device in this
embodiment.  Reference number 20 labels a fluorescent lamp of thc extemal
electrode type in which the extemal clectrodes are provided with translucent regions,
and reference number 11 labels a U-shaped reflector device for which aluminum was
used, the nside of the U-shape having been subjected to mirror finishing.

Figure 10 1s a cross scction perpendicular to the tube axis of a fluorescent
lamp of the external electrode type (hereinafter called “lamp") in which the external
clectrodes arc provided with translucent rcgions S, The outside of glass tube 1 is
providcd with a pair of stnp-like external clectrodes 2, 2 whiCh. have translucent

regions S such as openings, slits or the like. Glass tube 1 is filled with rarc gas or the

—_— l o
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like, and on the inside of glass tube 1 fluorescent material 3 is applied. The lamp is
operated like the lamp described above using Figure 8 by applying an unintcrrupted
high frequency voltage or pulsc~like high frequency voltage to external electrode 2,
2,

The lamp described above using Figure S can be used for lamp 20.

In the arradiation unit with the arrangement in Figurc 9, when lamp 20 is
being operated light is emitied 1o the outside from apcrturc 4 and at the same time
light ¢ emitted from translucent regions S which arc located in external clectrodes 2,
2. The light emitied from translucent regions S is reflccted by reflector device 11
and 1s radiatcd from the opening of the U-shaped reflector device.

In the Irradiation unit in this embodiment. the light emitted from translucent
regions S is reflected by reflector device 11, emitted from the opening of the U~
shaped reflector device, and used.  Therefore the light intensity can be increascd
comparcd (0 the conventional casc of using a lamp which is not provided with
translucent regions S.

10 confimm the action in this embodiment, using the irradiation unit shown in
Figuce 9 a experiment was run in which a lamp without translucent regions was
compared to a lamp with translucent ICglons.

In the experiment with the irradiation unit in Figurc 9, a lamp with a length of
370 mm and a tube diameter of 8 mm with translucent regions and a lamp without
translucent regions  were located art a site 30 mn away from the opening of U-
shaped reflector device 11 (distance 2 in Figure 9 = 30 min). Herc light detection
device 12 located in the opening of U-shaped reflector device 11 was moved 1n the
direction of the amrow in the drawing and the light intensity distribution was
mcasurcd.

A pulse~like voltage of 1600 V and 75 KHz was applied to the lamp for
opcration. The input voltage of a transformer which was used to generate the pulse~

like voltage was 24 V and the IMpUt current thereof was 0.6 A.
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Figure 11 schematically shows the measurement result. In the drawing the
thick line shows the distribution of the illuminance in the case of using a lamp with
translucent regions, while the thin line shows the distribution of illuminance in the
case Of using a lamp without translucent regions. The X-axis shows the position of
Light detection device 12 shown in Figurc 9 (the center of the optical axis as 0 mm)
and the Y-axis shows the intensity of the i ght received by light detection device 12.

As the drawing clcarly shows, the mtensity of the light emitted from the
iradiation unit in the casc of using the [amp with the translucent rcgions is increased
more strongly than in the case of using the lamp without translucent regions. This
confirms the action in this cmbodiment.

Figure 12 is a schematic of the arranecment of a second cmbodiment of the
iradiation unit. In the drawing the arrangement of an irradiation unit is shown which
1s used for document scanning illumination of an information processing device.
Figure 12 is a cross section perpendicular to the tube axis of the lamp of the
irradiation unit.  Here reference number 10 labels a2 lamp in which the exremal

- electrodes are provided with translucent regions, rcference number 21 a2 main
retlector, reference number 22 2 secondary rcflector, reference number 23 a
documcent support glass on which the document to be scanncd is placed.

Main reflector 21 is arranged such that it surrounds lamp. In the drawing,
regions a arc made roughly oval or in the form of a circular curve in order to be able
to focus the light. Furthermore, ends b of main reflector 21 are bent o that the light
cmitted from lamp 10 is not chreetly incident on an image pick-up clement which is
0t shown in the drawing. Sccondary reflector 22 is made roughly oval or in the
form of a circular cunve and focusses the Light emitted from lamp 10.

In the irradiation unit with the arrangement in Figure 12 the light emitted
from aperture 4 and translucent regions S of lamp 10 is radjated directly onto
document support glass 23. The light is simultaneously reflected by main reflector

’) ~ ’ 7 - ’
<1 and sccondary reflector 22 and radiated onto document support glass 23. This
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light 1s rcflected from the surface of the document placed on the document support
glass and is incident via shit S located between main reflector 21 and sccondary
reflector 22 and via an optical system from a mirror, a lens and the like on an image
pick—-up element (not shown 1 the drawing) such as a CCD or the like.

In the irradiation unit in this embodiment the light emitted from aperture 4
and translucent regions S of lamp 10 1s radiated onto the document surface on
document support glass 23 after reflection from main reflector 21 and secondary
rcflector 22. Thercfore, as in the first cmbodiment, the amount of light emerging
compared to the casc of using the lamp which is not provided with translucent
regions S can be increased.

To confiim the action n this embodiment, using the irradiation unit shown in
Figure 12 a expcniment was run in which a lamp without translucent rcgions was
comparcd to a lamp with translucent regions.

In the experiment with the rradiation unit in Figure 12 a lamp with a length
of 370 mm and a tube diamcter of 8 mm which has translucent regions and a lamp
without translucent regions were used. As in the first ecmbodiment, a light detection
device was moved on the document surface and the light intensity distribution was
mcasured. The opcrating conditions arc also the same as in the first embodiment.

Figurc 13 schematically shows the measurement result. In the drawing, the
thick line shows the distribution of jlluminance in the casc of using a lamp with
translucent regions, while the solid line shows the distribution of illuminance in the
casc of usihg a lamp without translucent regions. The x~axis shows the distance
from the optical axis in the direction which orthogonally intersects the lamp tube axis
on the document support glass and the y—axis shows the light intensity at the
respective pomt. In the figure the direction of the “lamp side” arrow represents the
side on which lamp 10 is located in Figure 12.

As 1s apparent from the drawing, in this cmbodiment the intensity of the hght

emitted from the irradiation unit in the case of using a lamp with translucent reeions

SN 36¢G16L 68 67+ 'dN K9 G1°0 % 4°9°N [1:G91 14 L6-Z40-EC



22 " 309d acze1el 68 ep+ CA 02225832 1997-12-29 PT1:60 4661 £2 D3d

-17-
is incrcascd more strongly than in the case of using the lamp without the translucent
rcgions. In this way the action in this embodiment 1s confirmed.

Furthermore, the light intensity distribution was mcasured in a conventionally
uscd irradiation unit for document scanning tllumination and in the rradiation vnit in
this embodiment, the action of the irradiation unit having been confirmed in this
cmbodiment.

Figurc 14 1s a schematic of the arrangement of the conventional trradiation

unit for document scanning illumination which was used in thc comparison

cxpcriment.

In the drawing rcference number 10 labels the lamp shown above using
Figure 7, in which the cxrernal clectrodes are nor provided with translucent regions,
reference number 23 labels a document support glass, and reference number 24 2

rcflector.
In the mrradiation unit in Figure 14 the light 1s emitted from the aperturc of

lamp 10 without translucent regions and is radiated directly onto the document
surfacc on the document support glass. At the same time it is reflected from reflector
24 and radiated onto the surface of the document which is placed on document
support glass 23. The Light reflected thereby 18 mcident via slit S located between
lamp 10 and reflector 24 and via an optical system and a lens which arc not shown
onto an Image scanning means such as a CCD or the like.

In the frradiation umt shown in Figures 12 and 13 a lamp with a length of 370
mm and a tube diameter of & mm was uscd, as was described above. The lamp was
opcrated undcer the same operating conditions as in the above described cxample, a
hght deteetion device having been moved on the document surface and the light
Intensity distribution having been measured.

Figure 15 schematically shows the result of the experiment. On the left the

distribution of the illuminance of the irradiation unit in Figure 14 is shown and on
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the right the distribution of the illuminance of the irradiation unit in Figure 12 for this embodiment
IS shown.

In the drawing the x-axis shows the distance from the optical axis in the direction which
orthogonally intersects the lamp tube axis on the document support glass and the y-axis plots
the illuminance at the respective point (relative values, the peak illuminance of the conventional
irradiation unit being designated as 100 in Figure 7). In this case the direction of the “lamp side”
arrow represents the side on which the lamp in Figures 12 and 14 is located.

As Is apparent from the drawing, by using the irradiation unit in this embodiment an
lluminance on the document surface can be obtained which is roughly 1.3 times greater than
In the conventional irradiation unit shown in Figure 7. It was therefore confirmed that by using
the irradiation unit in this embodiment, the illuminance on the document surface can be

iIncreased significantly compared to the case of using the convention irradiation unit.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY OR
PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A fluorescent lamp, in which a glass tube with fluorescent material applied to its
Inside is hermetically filled with a suitable amount of rare gas, in which in the axial direction of
the outside surface of the glass tube there is at least one pair of electrodes, and in which there
Is an aperture for emission of the light to the outside, characterized in that the electrodes have

at least partially translucent regions and reflector material located in the translucent regions.

2. The lamp as claimed in claim 1, wherein the translucent regions are located in

the vicinity of the aperture.

3. Irradiation unit using a fluorescent lamp, in which a glass tube with a fluorescent
material applied to its inside and being hermetically filled with a suitable amount of rare gas, in
the axial direction of the outside surface of the glass tube at least one pair of electrodes being
located, and there being one aperture for emission of light to the outside, characterized in that
the electrodes have at least partially translucent regions, a reflector device is located at a
distance from the fluorescent lamp, and wherein the light passed by the electrodes is at least
partially reflected by the reflector device in an area which is irradiated with the radiant light from

the aperture.
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FIG. 1 Schematic cross section of one embodiment of the
fluorescent lamp of the external electrode type as
claimed in the invention perpendicular to the axial direction
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FIG. 2 Schematic of the arrangement of a fluorescent lamp
of the external electrode type, which was used in the
experiment as claimed in the invention
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FIG. 3 Schematic of the relation between the electrode shape
and the illuminance
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FIG. 4 Schematic of the electrostatic capacity when the width and
the form of electrodes has been changed
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FIG. 5 Schematic of another electrode form in the
embodiment as claimed in the invention

Electrode 2 Direction of light intensity 1 glass tube
¢ ¢ ¢ ¢ 0 Sl

A ACNGIINSIOERISBEENTuS AuARONGN T

GASSINISITIUAINASATRAASALIRILEESNEIESETENINIE 284)

Direction of light intensity 1 glass tube
¢ ¢ ¢ ¢ ¢ _~opening (anywhere)

ORI I AR B B S S AP S S SRy 4 S SR SRS S e SRt ST (e
et o T A d ISt Lol Do Do p gl Lo ol
.""k - J':.-':-A-_‘;..;‘_“" PEp A Sl 2w 4> av SV A

m_——ﬁﬂ_‘*-_

D S S syvennal
e ¥ S S Sy S S SR e -“-._-".-wll

Jr—_—s ‘."—‘_—

Electrode 2 ~

Opening essentially with the
Electrode 2 Direction of light intensity same distances to one another

IR U AR T T 1 glass tube

(23 ‘fﬁmz'flé{,m”;vlmﬂ‘%ﬂ = ]
C | r:...'-{:‘:'.-b e Thie .ef:.'.xf.’-'_-“:{ﬁs..ar.{é‘ A
S Hor o o E ST T2 E

A e s . ST y—— A S-S A — a soly'Ediar ik & .

Opening (the larger, the
Direction of light intensi nearer the light exit)

Electrode 2 ¢ ¢ ¢ ¢ i

W = oo ora oror e e ales
S SIS S S S L SIS L IS LI T
TE S S SEH O oS H S EH B GHoR!

w e gl = A R ey G A S E

1glass tube

Direction of light intensity  |attice

1 glass tube

Electrode 2

., el P A g A SN -G SRR, el codlnine. L N e et b I T T LT L T
e ol Ball ottt B R R L T L T L N L

FE I EE "LEE] “_‘-_nq—-n‘-.-"—‘—-s-"—
o % an e wh -_‘--‘--ﬂ-— ------------
e o e e o G W A e A gt a WS Eb g ve o) B G gb o wh W G AU Al P all it G e o an ki it e ol W A A W =

BC S g6es16L 68 6ht+ "UN Xvd utey g 4°9°M p1:91 14 L6-Z230-EC



ge " 398d

0E 'S

(b)

6/13

reflector 6, &'

material
~ external
external 2 electrode
electrode
glass tube 1
reflector 6, &
. material 5 external
external 2 /“’ electrode
electrode
glass tube 1
reflector external glass
material © tube 1a
external 2 2 external
electrode electrode
glass tube 1
gG¢si6L 68 6yt AN X¥i utey 3 4293y

9G2cTel, 68 60+ CA 02225832 1997-12-29 vl ibd dobl e Jad

FIG. 6 Schematic of the installation of the reflector material
in the embodiments as claimed in the invention
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FIG. 7 Schematic of an example of the fluorescent lamp
of the external electrode type
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FIG. 8 Schematic of a fluorescent lamp of the external electrode
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FIG. 9 Schematic of an arrangement of a first embodiment
of an irradiation unit as claimed in the invention
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FIG. 10 Cross section perpendicular to the tube axis of the
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FIG. 12 Schematic of the arrangement of a second embodi-
- ment of the irradiation unit as ¢laimed in the invention
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FIG. 14 Schematic of the arrangement of a conventional
irradiation unit used in an experiment according to Fig.8

- 23 document
optical axis support glass

aperiure 4 , .
external 5 (
S

- electrode | \

lamp 10 /A
<

external
electrode

9E °S 952516L 68 Bh+ N X9 utsy § 4292y 91:51 1q 16-230-€¢



LE " 398d gerCIEl 68 6p+ CA 02225832 1997-12-29 CT1:63 L6661 £2 33d

13/13

FIG. 15 Schematic of a measurement result of the
distribution of the light intensity of the
irradiation units shown in Figures 5 and 6
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Schematic cross section of one embodiment of the
fluorescent lamp of the external electrode type as
claimed in the invention perpendicular to the axial direction
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