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(57) ABSTRACT 

A display device includes a backlight having a discharge 
tube and a reflector. A heat conduction member is attached 
to the reflector in contact with the discharge tube, so that a 
part of the discharge tube is locally cooled by the heat 
conduction member. Liquid mercury is collected at a first 
position in the discharge tube, and the backlight is 
assembled so that the heat conduction member or other 
cooling device is located at the first position. Also, the 
display device includes an optical sheet having a diffusion 
portion having projections containing scattering material 
particles. 
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BACKLIGHT HAVING DISCHARGE TUBE, 
REFLECTOR AND HEAT CONDUCTION MEMBER 

CONTACTING DSCHARGE TUBE 

0001) This is a Divisional of application Ser. No. 1 1/100, 
136, filed Apr. 6, 2005, which is a Divisional of application 
Ser. No. 10/005,259, filed Dec. 4, 2001, now U.S. Pat. No. 
7,164,224. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. This invention relates to a backlight, of a display 
device, having a discharge tube emitting light during dis 
charge in a lean gas and to a method of manufacturing a 
backlight, and a display device. 
0004 2. Description of the Related Art 
0005. A backlight, of a display device such as a liquid 
crystal display device, uses a light source device comprising 
one or a plurality of discharge tubes and a reflector. The 
discharge tube is a cold cathode tube, in which mercury and 
argon (Ar) gas or neon (Ne) gas are sealed and a fluorescent 
material is coated on the tube wall. Mercury gas generates 
ultraviolet light during discharge, and the ultraviolet light 
impinges against the fluorescent material and generates 
visible light. 
0006 The backlight of most of liquid crystal display 
devices includes a light guide plate. In one example, two 
light Source devices are disposed on opposite sides of the 
light guide plate in Such a manner as to face each other. Each 
light source device comprises two discharge tubes and a 
reflector. In this arrangement, two discharge tubes having a 
diameter of several millimeters are disposed in a narrow 
region of not greater than 10 mm. Therefore, the ambient 
temperature around the discharge tubes often reaches 70° C. 
O. O. 

0007. The light intensity-temperature characteristics of a 
discharge tube have a tendency Such that the light intensity 
drops in a high temperature region for the following reason. 
First, considering the amount of ultraviolet light generated 
by the mercury gas, the amount is Substantially proportional 
to the mercury gas concentration and the current. On the 
other hand, mercury gas has the property of absorbing 
ultraviolet light, and the absorption factor changes exponen 
tially, with the product of the mercury gas concentration, 
over the distance the ultraviolet light must travel (the 
transmission factor changes as the concentration and the 
distance of transmission become greater). The ultraviolet 
light is converted into visible light by the fluorescent mate 
rial coated on the tube wall. The product of the diameter of 
the discharge tube and the concentration of the mercury gas 
determines the probability of the incidence of one UV 
photon on the fluorescent material. From the explanation 
given above, the light intensity I of the visible light can be 
expressed as follows, wherein 'd' is the tube diameter, “n” 
is the mercury gas concentration (a function of the tempera 
ture of discharge tube) and “J” is the current. 

I-k(Jxn)xexp(-bxnxd) (1) 

0008 (where k and b are proportional constants.) 
0009 Equation (1) shows that I is likely to assume the 
maximum value for a predetermined mercury gas concen 
tration n, and when the mercury gas concentration becomes 
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higher than this predetermined concentration n, the intensity 
of the visible light drops. The mercury gas concentration 
changes exponentially with the temperature of the mercury 
gas and, therefore, the brightness becomes lower in a high 
temperature region as the tube temperature becomes higher. 
Since the tube temperature becomes higher as the current 
increases, the intensity of the visible ray decreases when the 
current is increased at a predetermined ambient temperature. 
These decreases cause a problem when the brightness of the 
backlight is to be increased. 
0010 Japanese Unexamined Patent Publication (Kokai) 
No. 5-225819 discloses control of the brightness of a dis 
charge tube by fitting a cooling metal device to the discharge 
tube to cool the whole discharge tube. 

00.11 Japanese Unexamined Patent Publication (Kokai) 
No. 60-16813 discloses a light source for a copying 
machine. This light Source comprises a fluorescent lamp, a 
lamp heater encompassing the fluorescent lamp and a heat 
pump disposed at a notched portion of the lamp heater. The 
heat pump absorbs heat from the tube wall of the fluorescent 
lamp and controls the light intensity of the fluorescent lamp 
by controlling the mercury vapor pressure in the fluorescent 
lamp tube. 

0012 However, it is difficult to apply the technology of 
fitting the cooling metal device for the discharge tube to the 
light source device of the backlight of the display device. 
That is, as the tube diameter is small in the backlight of the 
display device and a reflector exists around the discharge 
tube, a large cooling metal device cannot be fitted to the 
discharge tube. Also, leakage of current through the cooling 
metal device becomes large and, as the backlight of the 
display device has Smaller power consumption than the 
fluorescent lamp for ordinary illumination, the discharge 
tube is likely to be excessively cooled. For these reasons, 
this technology is not practical. 

0013 The light source device having a lamp heater that 
encompasses the fluorescent lamp cannot be used for the 
backlight of the liquid crystal display device. 

0014 Japanese Unexamined Patent Publication (Kokai) 
No. 2000-323.099 discloses a method of fabricating a fluo 
rescent lamp in which liquid mercury gathers at the central 
portion of a fluorescent lamp to prevent the central portion 
of the fluorescent lamp from becoming dark for several 
seconds of its use after the lamp is left standing for a long 
time in a cold environment, because liquid mercy gathers at 
the ends of the fluorescent lamp. This prior art discloses that 
when the fluorescent lamp is cooled and the temperature of 
its central portion becomes lower, by about 10°C., than the 
temperature at the ends thereof, liquid mercury gathers at the 
central portion of the fluorescent lamp. In practice, however, 
almost all the liquid mercury in the fluorescent lamp does 
not gather at one position in the fluorescent lamp. 
0015. A study of small diameter discharge tubes, for use 
in the backlight, conducted by the inventors has revealed 
that almost all the liquid mercury does not gather at a 
position remote from the end portions of a discharge tube 
having the inner diameter of 5 mm or below even when the 
discharge tube is assembled into a backlight. When electric 
current is applied to activate the discharge tube, liquid 
mercury generally gathers at one of the end portions because 
of the asymmetry of the waveform. 
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0016 Even when the waveform is symmetric, liquid 
mercury that is arbitrarily distributed in the discharge tube 
does not gather easily at one position in the discharge tube 
of a backlight using a thin glass tube of 5 mm or less, 
because the tube is thin and contains an amount of liquid 
mercury considerably greater than the amount of the gaseous 
mercury necessary for discharge. According to experiments 
conducted by the inventors, a time of 200 to 1,000 hours is 
necessary to collect the liquid mercury at one position in the 
discharge tube. During the process in which liquid mercury 
gathers at one position, degradation of the fluorescent lamp 
proceeds and the brightness drops. 

0017 According to one aspect, the present invention 
provides a backlight capable of improving brightness by 
forming a most-cooled portion at a predetermined position 
in a discharge tube. However, it has been found that, in such 
a backlight, the desired improvement of brightness cannot 
be achieved unless liquid mercury is collected at the prede 
termined position. In another aspect, therefore, the present 
invention provides a backlight in which liquid mercury is 
collected at a predetermined position of a discharge tube, 
and this predetermined position is the most cooled portion. 
0018. The display device having the backlight containing 
the discharge tube involves another problem in that, even 
when the current Supplied to the discharge tube is increased, 
the brightness does not increase much. 
0019. In the case of the liquid crystal display device using 
linearly polarized light, only a half of light of a non 
polarized light source is utilized, hence, the utilization 
efficiency of light is low. A proposal is therefore made to 
dispose a polarization separating element in the backlight of 
the display device to improve utilization efficiency of light. 
The polarization separating element comprises a reflection 
type polarization plate (polarization separating sheet) sand 
wiched between a light guide plate and a liquid crystal panel. 
The reflection type polarization plate allows first linearly 
polarized light of the ray of light traveling from the light 
guide plate to the reflection type polarization plate to trans 
mit therethrough but reflects second linearly polarized light 
having a plane of polarization crossing orthogonally the 
plane of polarization of first linearly polarized light. The 
plane of polarization of second linearly polarized light, that 
is again made incident to the light guide plate, is converted 
by means for converting the second linearly polarized light 
to first linearly polarized light. Therefore, the second lin 
early polarized light travels again as first linearly polarized 
light from the light guide plate to the reflection type polar 
ization plate and is transmitted through the latter. In this way, 
the utilization efficiency of the light can be improved, and a 
display device having higher brightness can be achieved. 

0020. In the conventional backlight, a diffusion reflection 
plate is disposed as first means for converting second 
linearly polarized light to first linearly polarized light below 
the light guide plate. Second linearly polarized light that is 
reflected by the reflection type polarization plate and is again 
made incident to the light guide plate is scattered and 
reflected by the diffusion reflection plate to non-polarized 
light. As the non-polarized light is thus made incident to the 
reflection type polarization plate, at least a part of the second 
linearly polarized light can be utilized, and utilization effi 
ciency of light can be improved in comparison with the case 
where second linearly polarized light is not at all utilized. 
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However, a part of second linearly polarized light is scat 
tered and reflected by the diffusion reflection plate, is 
scattered in the periphery of the light guide plate without 
traveling from the light guide plate to the reflection type 
polarization plate, and is absorbed by the light source and 
the casing. Therefore, the utilization efficiency of light is still 
limited. 

0021. In another example, a W4 plate is disposed as 
second means for converting second linearly polarized light 
into first linearly polarized light below the reflection type 
polarization plate, and an isotropic metal mirror is disposed 
below the light guide plate. Second linearly polarized light 
reflected by the reflection type polarization plate passes 
through the W4 plate, changes to left (right) circularly 
polarized light, is reflected by the isotropic metal mirror, 
changes to right (left) circularly polarized light, again passes 
through the W4 plate and changes to first linearly polarized 
light. Since first linearly polarized light transmits through 
the reflection type polarization plate, utilization efficiency of 
light is improved. In this case, however, the isotropic metal 
mirror absorbs the rays of light, so that utilization efficiency 
of light is limited, too. 
0022. In addition, backlights of the liquid crystal display 
device include a “side light type' backlights and a “direct 
illumination type' backlights. The side light type backlight 
includes a light guide plate and a light source disposed on 
the side of the light guide plate, and has the advantage that 
a thin liquid crystal display device can be provided. The 
direct illumination type backlight includes a light source 
radiating the ray of light to the liquid crystal display device, 
and has the advantage that a high brightness of the liquid 
crystal display device can be accomplished. However, the 
direct illumination type backlight cannot easily provide a 
liquid crystal display device that is thin and has low power 
consumption, and involves the problem that non-uniformity 
of brightness is likely to occur. Therefore, the side light type 
backlight has gained a wider application in recent years. 
0023 Besides the light guide plate and the light source 
described above, the side light type backlight includes a 
reflection mirror (reflection film) disposed below the light 
guide plate (on the far side from the liquid crystal panel) and 
an optical sheet disposed above the light guide plate (on the 
near side to the liquid crystal panel). The light outgoing from 
the light source is made incident to the light guide plate. 
While the light propagates in the light guide plate, the 
reflection mirror reflects a part of the light, and the reflected 
light goes from the light guide plate and is made incident to 
the liquid crystal panel through the optical sheet. 
0024. The optical sheet regulates the brightness distribu 
tion of light outgoing from the light guide plate. In other 
words, since the light going from the light guide plate 
contains a large quantity of the light that describes a large 
angle to the normal to the light guide plate, the optical sheet 
mainly converts the light describing a large angle to the 
normal to the light guide plate into the light describing a 
Small angle to the normal to the light guide plate. 

0.025 FIG. 123 illustrates a prism sheet as one of the 
optical sheets. The prism sheet 1 is a transparent sheet 
having a large number of prisms 2 formed thereon. The light 
X made incident to the prism sheet 1 with a large angle to 
the normal of the prism sheet 1 goes from the prism sheet 1 
with a small angle to the normal of the prism sheet 1. 
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Therefore, an observer of a liquid crystal panel behind the 
prism sheet 1 can easily view the liquid crystal panel from 
the front surface. On the other hand, the prism 2 reflects the 
light Y that is made incident to the prism sheet 1 along the 
normal of the prism sheet 1. Therefore, this ray Y returns. 
0026 Incidentally, Japanese Unexamined Patent Publi 
cations (Kokai) No. 6-273762, No. 8-146207, No. 9-15404, 
No. 10-97199, No. 10-246805 and No. 2000-56105 disclose 
examples of the prism sheets and the scatter sheets. Japanese 
Unexamined Patent Publication (Kokai) No. 11-329042 
describes an example of the planar light source. 
0027. As described above, the prism sheet 1 has fine 
prisms 2 formed on the sheet surface in order to allow the 
light, that is made incident to the prism sheet 1 at an angle 
in an oblique direction, to enter in the front surface direction 
or at an angle approximate to the front Surface. In this prism 
sheet 1, the quantity of the outgoing light within the outgo 
ing angle range determined by the shape of the prisms 2 is 
large, and the quantity of the outgoing light outside the 
outgoing angle range drops drastically. In other words, the 
brightness distribution of the light made incident to the 
liquid crystal panel changes drastically. Therefore, the con 
ventional technology combines the prism sheet 1 with the 
scatter sheet containing scattering material particles to 
achieve a wide brightness distribution Such that the quantity 
of the light at an angle in the normal direction becomes 
maximum and becomes progressively smaller as the angle 
becomes greater, from the normal direction. The light Y 
made incident to the prism sheet 1 along the normal to the 
prism sheet 1 is returned to the light guide plate side, and 
utilization efficiency of light drops. Further, the light X that 
is inclined to one side leaves from near one of the ends of 
the light guide plate, and the light Z inclined to the other side 
outgoes from near the other end of light guide plate. This 
tendency remains even after the light is transmitted through 
the prism sheet. 
0028. The production cost of the prism sheet 1 is high 
because the fine prisms 2 must be fabricated accurately in 
the prism sheet 1. The prism sheet 1 itself does not have a 
light absorbing property, but the ray of light returned 
towards the light guide plate is absorbed by the reflecting 
mirror, the light Source, the casing frame, etc., with a drop in 
utilization efficiency. When the prism sheet and the scatter 
sheet containing the scattering material particles are used in 
combination, the production cost increases due to an 
increase in the cost of the sheet itself and an increase in the 
cost and the number of assembly steps. Further, a problem 
of a drop in the yield occurs because dust appears between 
the prism sheet and the scatter sheet. 
0029. As the thickness of the liquid crystal display device 

is required to be smaller and Smaller, the light guide plate 
becomes Smaller and smaller, too. When the thickness of the 
light guide plate is reduced, however, the quantity of incom 
ing light from the sides of the light guide plate becomes 
small. Therefore, a reduction of thickness of the side edge 
type backlight is limited. 

0030 To cope with a reduction in the thickness of the 
light guide plate, a method has been proposed to input the 
rays of light from the upper or lower surface of the light 
guide plate (e.g. Japanese Unexamined Patent Publication 
(Kokai) No. 11-329042). This proposal employs a structure 
in which a part of a flexible film is curved to form a 
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cylindrical portion and the light source is positioned in this 
cylindrical portion so as to guide the light received from the 
cylindrical portion to other portions of the flexible film. 
However, according to this construction, a part of the light 
irradiated from the light source onto a part of the cylindrical 
portion is guided to other portions, but another part of the 
light travels to the other side of the flexible film. Further 
more, the scatter-reflection layer reflects still another part of 
the light irradiated from the light source to the cylindrical 
portion, and the light returns to the light source lowering, 
thereby, the utilization efficiency of light. 

SUMMARY OF THE INVENTION 

0031. It is an object of the present invention to provide a 
backlight capable of improving brightness by forming the 
most cooled portion at a predetermined position of a dis 
charge tube, a display device and a production method 
thereof. 

0032. It is another object of the present invention to 
provide a backlight of a display device that has high utili 
Zation efficiency of light and can be used in a liquid crystal 
display device, for example. 
0033. It is still another object of the present invention to 
provide a display device capable of greatly changing bright 
CSS. 

0034. It is still another object of the present invention to 
provide an optical sheet having a suitable brightness distri 
bution and capable of being economically produced, and an 
illumination apparatus. 
0035) It is still another object of the present invention to 
provide an optical member capable of inputting large quan 
tities of light even when it assumes the form of a thin 
sheet-like optical member. 
0036. It is a further object of the present invention to 
provide a light source device having a long operating life. 
0037. A backlight, according to the present invention, 
includes a discharge tube, a reflector for reflecting a ray of 
light emitted from the discharge tube, and a heat conduction 
member attached to the reflector in contact with a part of the 
discharge tube, so that a part of the discharge tube is locally 
cooled by the heat conduction member. In this construction, 
there is an optimum value for a concentration of a light 
emitting Substance charged in the discharge tube, such as a 
mercury gas, to make the light emission quantity maximum. 
The optimum value is Substantially constant irrespective of 
a current. On the basis of this result, the inventors have 
devised a method for maintaining the concentration of the 
mercury gas irrespective of the gas temperature. 
0038 Assuming that the optimum concentration of the 
mercury gas is “n” and the inner capacity of the discharge 
tube is “V”, the concentration is below “n” irrespective of 
the temperature if mercury is charged only to nV or below 
in the discharge tube. At present, however, mercury in the 
mount 1,000 times the necessary amount is charged to 
secure life of the discharge tube. 
0039. Of the amount of mercury described above, when 
the excessive amount with respect to nV is concentrated on 
a portion of the discharge tube whose temperature can be 
controlled, the mercury gas pressure in the discharge tube is 
equal to the Saturation vapor pressure of mercury at the 
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temperature of liquid crystal at the controlled portion of the 
discharge tube. Micro regions having an equal temperature 
are defined when the temperature distribution in the dis 
charge tube reaches an equilibrium under the condition 
where the temperature of the portions of the discharge tube 
other than the temperature controlled portion is higher. Since 
input/output of the mercury atoms is equal among these 
micro regions, the mercury gas pressure is equal throughout 
the whole region. As to the equation of a state of the mercury 
gas, on the other hand, the concentration of the mercury gas 
(atomic concentration) of each micro region is inversely 
proportional to the temperature of the mercury gas because 
the temperature follows the equation in the respective micro 
regions. It can be therefore said that the mercury gas 
concentration (atomic concentration) becomes lower in a 
higher temperature range. When the temperature inside the 
discharge tube is elevated to a level higher than that of the 
temperature controlled portion, the concentration of the 
mercury gas reaches maximum at the temperature controlled 
portion and is lower at the other portions because the 
pressure reaches a maximum at each point and the pressure 
is constant at each point. 
0040. When the temperature of the portion of the dis 
charge tube, the temperature of which is to be controlled, is 
set to the temperature that gives the optimum mercury gas 
concentration, the discharge tube can be brought, as a whole, 
into a condition of maximum light emission quantity. To 
accomplish this temperature condition, the following means 
can be employed. 
0041 Aheat conduction member for releasing heat from 
the discharge tube is brought into the temperature-controlled 
portion and is fitted to the reflector. The heat conductivity of 
this heat conduction member is set to the range that can be 
controlled to the temperature described above. When the 
heat conduction member is at an ordinary room temperature 
(20° C.), heat generated by the discharge tube must be 
escaped to provide a temperature difference of 50° C. in 
order to keep the surface temperature of the discharge tube 
that gives maximum brightness. Heat conduction in the 
transverse direction is Small inside the discharge tube. 
Therefore, it is necessary to discharge only heat generated in 
the contact area with the heat conduction member. Assuming 
that the proportion of energy converted into heat is m, from 
the energy inputted to the discharge tube, and that this heat 
is uniformly discharged on the entire surface of the dis 
charge tube, the calories per unit length is approximated to 
mxW/L. Heat of mixaxW/L is generated in the length a in 
which the heat conduction member keeps contact. There 
fore, this heat must be escaped to provide the temperature 
difference of 50° C. In other words, the heat resistance of the 
heat conduction member must be at least 0.02xmxaxW/L 
(W/K). 
0042. The heat conduction member is a solid article. It is 
preferably a nonmetal. Further, the heat conduction member 
is made of at least one of heat conductive resin, heat 
conductive rubber and heat conductive adhesive. The upper 
limit of energy consumption of the discharge tube is deter 
mined so that heat radiation by using a silicone rubber can 
attain an optimum temperature. A hole Smaller than the tube 
diameter is bored in the solid article, and the discharge tube 
is fixed to the hole. The heat conduction member is bonded 
to the reflector or to the discharge tube in a boding state 
equal to or stronger than a hydrogen bond. Alternatively, the 
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heat conduction member uses a viscous material. The por 
tion at which the heat conduction capacity drops most 
greatly is the interface between Substances. It is known that 
heat conductivity of the interface is the highest on the 
bonded interface, next on the adhering interface and the 
lowest on the interface merely keeping contact. To lower the 
temperature of the discharge tube, therefore, the heat con 
duction member is more preferably bonded to both dis 
charge tube and reflector. Heat conductivity is better in the 
structure in which the heat conduction member itself is fixed 
to the discharge tube (or the reflector) than the structure in 
which the heat conduction member and the discharge tube 
(or the reflector) are bonded through an adhesive material 
disposed separately. The former is preferred to the latter. 
Preferably, the heat conduction member is in a stronger 
bonding state with at least one of the discharge tube and the 
reflector than a hydrogen bond. (This tendency is particu 
larly remarkable when a silicone type heat conduction 
member is used). 
0043. The present invention employs the construction for 
evaporating an operating material for heat conduction in the 
proximity of the discharge tube. Therefore, this construction 
can deprive the discharge tube of heat and can speed up heat 
radiation. The present invention uses a heat siphon for heat 
conduction, condenses the operation material at the upper 
part and refluxes it by gravity. The present invention can also 
use a heat pipe for heat conduction. 
0044) Heat conductivity is increased in a high tempera 
ture Zone with a temperature near the temperature at the time 
of turn-on as the boundary. A predetermined temperature at 
this time is brought close to the optimum temperature 
described above so that the mercury concentration of the 
whole discharge tube can be substantially optimized. To 
obtain a desired heat conduction performance, the present 
invention uses a material the boiling point of which is close 
to the predetermined temperature described above. 
0045. The heat discharge source is a reflector disposed 
around the discharge tube. It is also possible to dispose a 
heat radiation sheet that comes into contact with the heat 
conduction member or the reflector. The heat radiation plate 
can be arranged in Such a fashion as not to come into contact 
with the heat conduction member below the predetermined 
temperature. The heat conduction member and/or a member 
in the proximity of the heat conduction member has a white 
color or is transparent to Suppress light absorption. Bright 
ness is maintained as a leaking current from the discharge 
tube is decreased. 

0046) A backlight of a display device according to 
another aspect of the present invention uses an interference 
type mirror having a multi-layered structure of a plurality of 
transparent film layers devoid of light absorption that is 
disposed below the heat conduction plate. A part, or the 
whole, of the plurality of film layers have birefringence. In 
the film layers having birefringence, two linearly polarized 
lights having the same wavelength substantially interfere 
with each other, or are reflected by different layers, so that 
a predetermined phase difference occurs in the reflected rays 
of light. The angle between the direction of the phase 
advance axis or the phase delay axis of the layer of the 
interference type mirror having birefringence and the direc 
tion of polarized light reflected by the polarization isolation 
device is set to about 45 degrees (within an angular range of 
23 to 67 degrees). 
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0047 As a result, it is possible to obtain a liquid crystal 
display device having high brightness in which the absorp 
tion loss and the scattering loss in the interference type 
mirror do not exist, the reflection factor can be brought to 
100% (without the transmission loss), and the reflected light 
can more easily pass through the polarization isolation 
device. 

0.048. The present invention further provides a backlight 
comprising a discharge tube which contains mercury and in 
which almost all liquid mercury other than the amount of 
gaseous mercury at the time of discharge is gathered at a first 
position spaced apart from the end portions of the discharge 
tube, and a cooling device for cooling the first position of the 
discharge tube. This backlight can be used without a change 
of light emission performance even when time passes. 
0049. The present invention further provides a method of 
producing a backlight having a discharge tube containing 
mercury, comprising the steps of collecting almost all liquid 
mercury other than the amount of gaseous mercury at the 
time of discharge to a first position of the discharge tube 
spaced apart from the end portions of the discharge tube, and 
then disposing a cooling device for cooling the first position 
of the discharge tube. The backlight produced by this 
production method can be used without a change of light 
emission performance even when time passes. 
0050 Preferably, the mercury comprises a plurality of 
mercury particles having a size of not greater than 0.2 mm 
or soaks into the fluorescent material applied to the inner 
wall of the discharge tube. According to this feature, liquid 
mercury collected at the first position does not move but is 
held at this first position, and light emission performance 
does not change. 
0051 Preferably, the cooling device includes a cooling 
capacity varying mechanism. According to this feature, light 
emission performance does not change even when the 
backlight is used in an environment having a large tempera 
ture change. 

0.052 Preferably, the cooling device includes a movable 
heat conduction member. According to this feature, the 
backlight can be used without the change of light emission 
performance even when it is used in an environment having 
a large temperature change. 

0053. Further, the present invention provides a display 
device equipped with the backlight described above. 
0054 The present invention further provides a display 
device including a light source device comprising a dis 
charge tube which contains mercury and in which liquid 
mercury is collected at a first position and a light Source 
device capable of cooling the first position of the discharge 
tube and having a variable cooling capacity, and a display 
device illuminated by the light source device. According to 
this display device, brightness can be greatly changed by 
changing the current Supplied to the discharge tube and 
changing the cooling capacity of the cooling device. 

0.055 An optical sheet according to the present invention 
includes a diffusion portion having a plurality of spaced 
apart projections, facing to one side and having scattering 
property, and Valley portions positioned between the pro 
jections, wherein a part of the light from the valley portion 
travels without coming into contact with the adjacent pro 
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jections, another part of the light from the valley portion is 
made incident to the adjacent projections and is scattered by 
the projections, and the light passing through the projections 
is scattered by the projections and leaves the projections. 
0056. According to this construction, a part of the light 
from the valley portion travels at an angle within a prede 
termined range to the direction of the normal without 
coming into contact with adjacent projections. Another part 
of the light from the valley portion and incident into the 
adjacent projections enters the projections, is scattered by 
the projections or the Surface of the projections, and leaves 
the projections as the scattered light. A part of the scattered 
light from the projections travels at an angle within a 
predetermined range to the normal direction without coming 
into contact with the adjacent projections, and another part 
of the scattered light from the projections is further incident 
into other projections and is scattered. Therefore, among the 
rays of light incident to the projections and scattered by the 
projections, the component of the light describing a large 
angle to the normal direction becomes the component of the 
light describing a small angle to the normal direction, and 
the outgoing light is gradually imparted with directivity. 
Therefore, a broad brightness distribution such that the 
quantity of the light at the angle of the normal direction is 
the greatest and the quantity of outgoing rays of light 
becomes progressively smaller as the angle to the normal 
direction becomes greater, can be obtained. 
0057 According to the present invention, such features 
can be accomplished by the following constructions. 
0058 An optical sheet including a diffusion portion hav 
ing a plurality of spaced apart projections, facing one side 
and Valley portions positioned between the projections, 
wherein a layer having a scattering property is disposed on 
the Surface of the projections. 
0059 An optical sheet including a diffusion portion hav 
ing a plurality of spaced apart projections, facing one side 
and having a scattering property and Valley portions posi 
tioned between the projections, wherein each of the projec 
tions comprises a group of a plurality of Small scattering 
material particles gathered together. 

0060 An optical sheet including diffusion portion having 
a plurality of spaced apart portions and having portions of 
non-uniform refractive index and portions positioned 
between the portions of non-uniform refractive index and 
having a uniform refractive index. 
0061 An optical sheet including a diffusion portion, the 
diffusion portion having a plurality of spaced apart wall 
members and having scattering property and openings 
formed between the wall members, wherein the wall mem 
ber has first and second side Surfaces opposing one another, 
and the wall member is constituted so that the ray of light is 
substantially scatter-reflected by the first and second side 
Surfaces. 

0062 An optical sheet comprising a diffusion portion, the 
diffusion portion having a plurality of spaced apart projec 
tions, facing one side and having scattering property and 
Valley portions positioned between the projections, and a 
reflecting mirror. 
0063 An optical sheet including a diffusion portion hav 
ing a plurality of spaced apart portions having non-uniform 
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refractive index and portions having a uniform refractive 
index and interposed between the portions having non 
refractive index, wherein the diffusion portion comprises a 
mesh having filaments and an ink containing a resin, and the 
mesh is buried in said ink. 

0064. Further, the present invention provides an illumi 
nation device comprising a light source, a light guide plate 
into which the light of the light source is made incident, and 
an optical sheet disposed on one of the sides of the light 
conduction plate and having the features described above. 
0065. The present invention provides further a liquid 
crystal display device comprising a light source, a light 
guide plate into which the light of said light Source is made 
incident, an optical sheet having the features described 
above, and a liquid crystal panel. 
0.066 The present invention provides a production 
method of an optical sheet including a diffusion portion 
having a plurality of spaced apart projections, facing one 
side and having scattering property, and valley portions 
positioned between the projections, the method comprising 
the steps of screen-printing ink by using a mesh containing 
linear members crossing one another, and forming the 
diffusion portion having the projections and the valley 
portions positioned between the projections. 
0067. The present invention provides an optical member 
comprising a sheet-like body having a light turning region 
and a light guide region continuing the light turning region, 
wherein the light turning region has a plurality of spaced 
apart portions having a non-uniform refractive index and 
portions having a uniform refractive index and positioned 
between the portions having non-uniform refractive index, 
and the light guide region is a Substantially transparent 
region. 

0068 The present invention also provides a light source 
device comprising a discharge tube, a reflector for reflecting 
a ray of light radiated from the discharge tube, and Support 
members supporting the discharge tube on the reflector. The 
Support members is formed of a heat insulating structure so 
as to prevent a temperature drop of a portion of the discharge 
tube near electrodes of the discharge tube. Or, the discharge 
tube is partially formed of a heat insulating structure so as 
to prevent a temperature drop of a portion of the discharge 
tube near electrodes of the discharge tube. Or, the support 
members are arranged at inward positions from ends of 
electrodes of the discharge tube so as to prevent a tempera 
ture drop of a portion of the discharge tube near the 
electrodes of the discharge tube. Or, a heat conduction 
member contacting a central portion of the discharge tube is 
provided, in addition to the Support members. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0069. The present invention will become more apparent 
from the following description of the preferred embodi 
ments, with reference to the accompanying drawings, in 
which: 

0070 FIG. 1 is a schematic view showing a liquid crystal 
display device including a backlight according to the present 
invention; 
0071 FIG. 2 is a plan view of the backlight shown in 
FIG. 1; 
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0072 FIG. 3 is a schematic sectional view showing the 
light source device for explaining the principle of the present 
invention; 

0073 FIG. 4 is a sectional view showing the light source 
device according to a modified embodiment; 
0074 FIG. 5 is a sectional view showing the light source 
device, passing through the heat conduction member shown 
in FIG. 4; 

0075 FIG. 6 is a rear view showing the reflector shown 
in FIGS. 4 and 5; 

0076 FIG. 7 is a sectional view showing the light source 
device according to a modified embodiment; 
0.077 FIG. 8 is a sectional view of the light source device 
of FIG. 7, passing through the heat conduction member; 
0078 FIG. 9 is a perspective view showing the reflector 
of FIGS. 7 and 8: 

0079 FIG. 10 is a plan view of the backlight including 
the light source device of a modified embodiment of the 
present invention; 

0080 FIG. 11 is a sectional view of the light source 
device, passing through the upper discharge tubes in FIG. 
10: 

0081 FIG. 12 is a view showing the cooling device 
including the container into which a material for executing 
a cooling function by phase transition is loaded; 
0082 FIG. 13 is a plan view of the light source device 
passing, through the lower discharge tubes in FIG. 10; 

0083 FIG. 14 is a sectional view of the light source 
device, passing through the lower discharge tube, in FIG. 13; 

0084 FIG. 15 is a sectional view showing the cooling 
device including the container in which a material for 
executing a cooling function by phase transition is loaded; 
0085 FIG. 16 is a view showing the cooling device 
including the container in which a material for executing a 
cooling function by phase transition is loaded according to 
a modified example of the device of FIGS. 12 and 15; 
0086 FIG. 17 is a sectional view showing the light source 
device of a modified embodiment of the present invention; 
0087 FIG. 18 is a sectional view showing the light source 
device of a modified embodiment of the present invention; 
0088 FIG. 19 is a side view of the light source device 
shown in FIG. 18; 

0089 FIG. 20 is a block diagram showing the control of 
the fan in FIGS. 18 and 19; 

0090 FIG. 21 is a sectional view showing a light source 
device of a modified embodiment of the present invention; 
0091 FIG.22 is a sectional view showing the light source 
device in FIG. 21; 

0092 FIG. 23 is a perspective view showing the heat 
conduction member in FIGS. 21 and 22. 

0093 FIG. 24 is a sectional view showing a light source 
device of a modified embodiment of the present invention; 
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0094 FIG. 25 is a partial enlarged view of the light 
source device in FIG. 24; 

0.095 FIG. 26 is a view showing the light source device 
in FIG. 25 during operation; 

0.096 FIG. 27 is a sectional view showing the light source 
device of a modified embodiment of the present invention; 
0097 FIG. 28 is a sectional view showing the light source 
device in FIG. 27: 

0098 FIG.29 is a view showing the reflector of FIGS. 27 
and 28 when an adhesive is dropped; 
0099 FIG.30 is a sectional view showing the light source 
device of a modified embodiment of the present invention; 
0100 FIG.31 is a sectional view showing the light source 
device in FIG. 30: 

0101 FIG.32 is a sectional view showing the light source 
device of a modified embodiment of the present invention; 
0102 FIG.33 is a sectional view showing the light source 
device of a modified embodiment of the present invention; 
0103 FIG. 34 is a schematic perspective view showing 
the liquid crystal display device including the light Source 
device in FIG. 33: 

0104 FIG. 35 is a diagram showing the relation between 
an external temperature of the light source device in FIG.33 
and a current of a Peltier device; 

0105 FIG. 36 is a diagram showing an example of a 
driving circuit of the Peltier device; 
0106 FIG. 37 is a view showing a modified embodiment 
of the controller in FIG. 36: 

0107 FIG. 38 is a diagram showing the relation between 
an ambient temperature and a discharge tube Voltage; 

0108 FIG. 39 is a sectional view showing the light source 
device of a modified embodiment of the present invention; 
0109 FIG. 40 is a sectional view showing the light source 
device in FIG. 39: 

0110 FIG. 41 is an explanatory view explaining the 
operation of the light source device in FIGS. 39 and 40; 

0111 FIG. 42 is a sectional view showing the light source 
device according to the second embodiment of the present 
invention; 

0112 FIG. 43 is a sectional view showing the light source 
device in FIG. 42: 

0113 FIG. 44 is a block diagram showing the control of 
the fan in FIGS. 42 and 43: 

0114 FIG. 45 is an explanatory view explaining the 
operation of the light source device in FIGS. 42 and 43: 
0115 FIG. 46 is a view showing the backlight of a liquid 
crystal display device according to the third embodiment of 
the present invention; 

0116 FIG. 47 is a diagram showing the relation between 
the linear polarization separating device and the interference 
type mirror; 
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0.117 FIG. 48 is a diagram showing the relation between 
the linear polarization separating device and the interference 
type mirror of the backlight of a modified embodiment of the 
present invention; 

0118 FIG. 49 is a view showing a construction of the 
interference type mirror; 

0119 FIG. 50 is a view explaining the function of the 
interference type mirror; 
0120 FIG. 51 is a diagram showing the relation between 
a wavelength and a phase difference for explaining the 
characteristic example 1 of the interference type mirror; 

0121 FIG. 52 is a diagram showing the relation between 
a wavelength and a light quantity ratio for explaining the 
characteristic example 1 of the interference type mirror; 

0.122 FIG. 53 is a diagram showing the relation between 
a wavelength and a phase difference for explaining the 
characteristic example 2 of the interference type mirror; 

0123 FIG. 54 is a diagram showing the relation between 
a wavelength and a light quantity ratio for explaining the 
characteristic example 2 of the interference type mirror; 

0.124 FIG.55 is a diagram showing the relation between 
a wavelength and a phase difference for explaining the 
characteristic example 3 of the interference type mirror; 

0125 FIG. 56 is a diagram showing the relation between 
a wavelength and a light quantity ratio for explaining the 
characteristic example 3 of the interference type mirror; 

0.126 FIG. 57 is a view showing the light source device 
of a backlight according to the fourth embodiment of the 
present invention; 

0127 FIGS. 58A to 58C are views explaining the phe 
nomenon where the characteristics of the light source device 
changes; 

0.128 FIG. 58D is a diagram showing the relation 
between the brightness and the room temperature; 

0.129 FIG. 59 is a view showing a production apparatus 
for the light source device and its production method; 

0.130 FIG. 60 is a view explaining the operation of the 
production apparatus of the light source device shown in 
FIG. 59; 

0131 FIG. 61 is a view showing a modified example of 
the production apparatus for the light source device in FIG. 
59; 

0.132 FIG. 62 is a diagram showing a mercury concen 
tration completion time when the temperature of the first 
position of the discharge tube is changed while the tempera 
ture of the discharge tube is kept constant; 

0.133 FIG. 63 is a view showing a modified example of 
the production apparatus for the light source device in FIG. 
59; 

0.134 FIG. 64 is a diagram showing a mercury concen 
tration completion time when the temperature of the dis 
charge tube is changed while the temperature of the first 
position of the discharge tube is kept constant; 
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0135 FIG. 65 is a view showing a modified example of 
the production apparatus of the light source device in FIG. 
59; 

0136 FIG. 66 is a view showing a modified example of 
the production apparatus for the light source device in FIG. 
59; 

0137 FIG. 67 is a view showing a modified example of 
the production apparatus for the light source device in FIG. 
59; 

0138 FIG. 68 is a view showing a modified example of 
the production apparatus for the light source device in FIG. 
59; 

0139 FIGS. 69A to 69C show examples of the cooling 
metal device shown in FIG. 68: 

0140 FIGS. 70A to 70C show examples of the range of 
the liquid mercury concentration portion formed at the first 
position of the discharge tube when the cooling metal device 
shown in FIGS. 69A to 69C are used; 

0141 FIGS. 71A and 71B show a modified example of 
the production apparatus for the light source device in FIG. 
59; 

0142 FIG. 72 is a view showing an example where the 
concentration position of liquid mercury and the position of 
a heat conduction member are arranged substantially at the 
central portion of the discharge tube; 

0143 FIG. 73 is a diagram showing the relation between 
the turn-on time of the discharge tube and chromaticity of 
light emission; 
014.4 FIG. 74 is a diagram showing the relation between 
the turn-on time of the discharge tube and brightness; 
0145 FIG. 75 is a view showing a modified example of 
the light source device; 
0146 FIG. 76 is a partial enlarged view showing a part of 
the discharge tube of FIGS. 57 to 75: 
0147 FIG. 77 is a view showing the light source device 
similar to the one shown in FIG. 3 when an impact test is 
conducted; 

0148 FIG. 78 is a diagram showing the relation between 
the brightness and the room temperatures, before and after 
the impact test; 
014.9 FIG. 79 is a diagram showing an examination 
result of moving ratios of mercury particles, before and after 
the impact test is conducted; 
0150 FIG.80 is a view explaining the formation of liquid 
mercury particles soaking into the fluorescent material in the 
discharge tube; 
0151 FIG. 81 is a view showing the backlight according 
to the fifth embodiment of the present invention; 
0152 FIG. 82 is a diagram showing temperature charac 

teristics and the distribution of liquid mercury of a prior art 
backlight; 

0153 FIG. 83 is a diagram showing temperature charac 
teristic and a distribution of liquid mercury of the backlight 
of FIG. 81; 
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0154 FIG. 84 is a diagram showing temperature charac 
teristics and a distribution of liquid mercury of the backlight 
of the modified example of FIG. 81; 
0.155 FIG. 85 is a view showing the backlight according 
to the sixth embodiment of the present invention; 
0156 FIG. 86 is a diagram showing the relation between 
the gap of second and third heat conduction members and 
the tube temperature; 
O157 FIG. 87 is a view showing a modified example of 
the optical device shown in FIG. 85: 
0158 FIG. 88 is a view showing a modified example of 
the optical device shown in FIG. 85: 
0159 FIG. 89 is a diagram showing the relation between 
a duty ratio of the tube current and the feed power to a 
nichrome wire in the light source device shown in FIG. 88; 
0.160 FIG. 90 is a block diagram showing the power 
supply to the nichrome wire of the light source device shown 
in FIG. 88; 
0.161 FIG. 91 is a view showing a modified example of 
the light source device in FIG. 85: 
0162 FIG. 92 is a view showing the display device 
according to the fifth embodiment of the present invention; 
0.163 FIG. 93 is a perspective view showing the light 
source device of the display device in FIG. 92; 
0.164 FIG. 94 is a transverse sectional view of the light 
source device in FIG. 93: 

0.165 FIG.95 is a side view of the discharge tube and the 
cooling device, as viewed from arrow Q in FIG. 94; 
0166 FIG. 96 is a transverse sectional view of the light 
source device similar to the one shown in FIG. 94 when the 
bimetal extends; 

0167 FIG.97 is a side view of the discharge tube and the 
cooling device, as viewed from arrow Q in FIG. 96; 
0168 FIG. 98 is a diagram showing the relation between 
the tube current and the brightness of a conventional display 
device; 

0.169 FIG. 99 is a diagram showing the relation between 
the temperature at the first position of the discharge tube and 
brightness; 

0170 FIG. 100 is a view showing an example of the use 
of the shape memory alloy as the cooling device of the light 
source device of the display device; 
0171 FIG. 101 is a view showing the state where the 
shape memory alloy in FIG. 100 is separated from the 
reflector; 

0172 FIG. 102 is a view showing the state where the 
shape memory alloy in FIG. 100 keeps contact with the 
reflector; 

0173 FIG. 103 is a view showing an example of the use 
of the shape memory alloy and the resin as the cooling 
device of the light source device of the display device; 
0.174 FIG. 104 is a view showing the state where the 
resin in FIG. 103 is separated from the reflector; 
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0175 FIG. 105 is a view showing the state where the 
resin in FIG. 103 keeps contact with the reflector; 
0176 FIGS. 106A to 106D are views showing various 
examples of the tube of resin encompassing the shape 
memory alloy; 
0177 FIG. 107 is a view showing an example of the use 
of the spring and the magnet as the cooling device of the 
light source device of the display device; 
0178 FIG. 108 is a view showing the state where the 
magnetic substance in FIG. 107 is separated from the 
electromagnet; 

0179 FIG. 109 is a view showing the state where the 
magnetic substance in FIG. 107 is attracted to the electro 
magnet, 

0180 FIG. 110 is a view showing an example of the use 
of the ball member including the metal rod as the cooling 
device of the light source device of the display device; 
0181 FIG. 111 is a view showing the state where the end 
face of the metal rod of the ball member in FIG. 110 is 
separated from the electromagnet; 
0182 FIG. 112 is a view showing the state where the end 
face of the metal rod of the ball member in FIG. 110 is 
attracted to the electromagnet; 
0183 FIG. 113 is a view showing an example of the use 
of a phase transition member as the cooling device of the 
light source device of the display device; 
0184 FIG. 114 is a view showing the state where the 
liquid in FIG. 113 moves to the low position in each capsule: 
0185 FIG. 115 is a view showing the state where the 
liquid in FIG. 113 changes to a gas, and the gas spreads in 
each capsule; 
0186 FIG. 116 is a view showing the liquid crystal 
display device including an optical sheet and an illumination 
device according to the seventh embodiment of the present 
invention; 
0187 FIGS. 117A to 117C are sectional views showing 
various examples of the optical sheet shown in FIG. 116; 
0188 FIGS. 118A to 118C are plan views showing 
arrangement examples of projections of the optical sheet; 
0189 FIG. 119 is a view explaining the construction and 
operation of the optical sheet; 
0.190 FIG. 120 is a view explaining projections and 
valley portions of the optical sheet; 
0191 FIG. 121 is a diagram showing a brightness distri 
bution of the light from the optical sheet; 
0192 FIG. 122 is a diagram showing a brightness distri 
bution of the light from the projections of the optical sheet; 
0193 FIG. 123 is a view showing a prism sheet; 
0194 FIG. 124 is a view showing the optical sheet 
according to another example: 
0.195 FIG. 125 is a diagram showing the brightness gain 
of the light of the optical sheet in FIG. 124; 
0196. FIGS. 126A to 126C are views explaining the 
operation of the optical sheet in FIG. 124; 
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0.197 FIGS. 127A to 127E are views explaining the 
operation of the optical sheet in FIG. 124, and showing the 
light from several points of side Surfaces of projections and 
Valley portions without coming into contact with adjacent 
projections; 

0198 FIGS. 128A and 128B are views showing examples 
of fabrication of the optical sheet by screen-printing using a 
mesh; 

0199 FIG. 129 is a view showing an example of the mesh 
used in FIG. 128; 

0200 FIGS. 130A to 130C are views showing another 
example of fabrication of the optical sheet using the mesh; 
0201 FIGS. 131A to 131C are views showing still 
another example of fabrication of the optical sheet using the 
mesh; 
0202 FIG. 132 is a diagram showing the brightness 
distribution of the optical sheet produced by the method 
shown in FIGS. 131A to 131C: 
0203 FIG. 133 is a view showing still another example 
of fabrication of the optical sheet using the mesh: 
0204 FIG. 134 is a view showing an example of the mask 
when producing the optical sheet using the mask: 
0205 FIG. 135 is a view showing another example of the 
mask: 
0206 FIG. 136 is a view showing the projections formed 
by the method of FIG. 134; 
0207 FIGS. 137A and 137B are views showing the 
engraving roll; 
0208 FIG. 137C is a view showing an example of 
fabrication of the optical sheet using the engraving roll; 
0209 FIG. 138 is a view showing an application example 
of the optical sheet in FIG. 124; 
0210 FIG. 139 is a view showing another application 
example of the optical sheet in FIG. 124; 
0211 FIG. 140 is a view showing still another application 
example of optical sheet in FIG. 124; 
0212 FIG. 141 is a view showing an example of use as 
a reflection type optical sheet; 
0213 FIG. 142 is a view showing an example of the 
liquid crystal display device in which the reflection type 
optical sheet is disposed below the light guide plate: 

0214 FIGS. 143A and 143B are views showing a modi 
fied example of the liquid crystal display device shown in 
FIG. 142: 

0215 FIGS. 144A and 144B are views showing a modi 
fied example of the light conduction plate shown in FIGS. 
143A and 143B; 
0216 FIG. 145 is a view showing an application example 
of the optical sheet in FIG. 141: 
0217 FIG. 146 is a view showing another application 
example of the reflection type optical sheet in FIG. 141; 
0218 FIG. 147 is a view showing still another applica 
tion example of the reflection type optical sheet in FIG. 141: 
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0219 FIGS. 148A to 148D are views showing various 
examples of the optical sheet; 

0220 FIGS. 149A to 149E are views showing various 
examples of the optical sheet; 

0221 FIGS. 150A to 150E are views showing various 
examples of the optical sheet; 
0222 FIG. 151 is a view showing an example of the 
optical sheet produced using a mesh; 

0223 FIGS. 152A and 152B are views showing a further 
example of the optical sheet; 

0224 FIGS. 153A to 153C are views showing further 
examples of the optical sheet; 

0225 FIG. 154 is a view showing an optical sheet accord 
ing to the eighth embodiment of the present invention; 
0226 FIG. 155 is a partial enlarged sectional view of the 
optical sheet in FIG. 154; 
0227 FIG. 156 is a top perspective view showing a 
modified example of the optical sheet in FIG. 154; 
0228 FIGS. 157A to 157D are views showing still 
another example of the optical sheet in FIG. 154; 
0229 FIG. 158 is a sectional view showing the backlight 
according to the ninth embodiment of the present invention; 
0230 FIG. 159 is a view showing a modified example of 
the backlight shown in FIG. 158: 
0231 FIG. 160 is a view showing a modified example of 
the backlight shown in FIG. 158: 
0232 FIG. 161 is a view showing a modified example of 
the backlight shown in FIG. 158: 
0233 FIG. 162 is a view showing a modified example of 
the backlight shown in FIG. 158: 
0234 FIG. 163 is a view showing a modified example of 
the backlight shown in FIG. 158: 
0235 FIG. 164 is a perspective view showing the note 
book type personal computer including the light Source 
device according to the tenth embodiment of the present 
invention; 

0236 FIG. 165 is a perspective view showing the moni 
tor including the light source device; 
0237 FIG. 166 is a plan view of the light guide plate and 
the light source device of the display device of FIG. 164: 
0238 FIG. 167 is a sectional view of the light guide plate 
and the light source device of FIG. 166: 
0239 FIG.168 is a sectional view showing the discharge 
tube: 

0240 FIG. 169 is a sectional view of the light source 
device including the discharge tube and the reflector; 

0241 FIG. 170 is a sectional view of the light source 
device, taken along the line VII-VII in FIG. 169; 
0242 FIG. 171 is a sectional view of the light source 
device including the discharge tube and the reflector accord 
ing to another example: 
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0243 FIG. 172 is a sectional view of the support member 
of FIG. 171; 

0244 FIG. 173 is a sectional view of the light source 
device including the discharge tube and the reflector accord 
ing to a further example: 
0245 FIG. 174 is a sectional view of the light source 
device including the discharge tube and the reflector accord 
ing to a further example; and 
0246 FIG. 175 is a sectional view of the light source 
device including the discharge tube and the reflector accord 
ing to a further example. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0247 Embodiments of the present invention will be 
explained hereinafter with reference to the accompanying 
drawings. FIG. 1 illustrates a liquid crystal display device 
including a backlight according to the present invention, and 
FIG. 2 is a plan view of the backlight shown in FIG. 1. 
Referring to FIGS. 1 and 2, the liquid crystal display device 
10 includes a liquid crystal panel 12 and a backlight 14. The 
backlight 14 includes a light guide plate 16, light Source 
devices 18 disposed on either side of the light guide plate 16, 
a scatter reflection plate 20 disposed below the light guide 
plate 16 and a scatter plate 22 disposed above the light guide 
plate 16. 
0248. Each light source device 18 comprises two dis 
charge tubes 24 and a reflector 26. A part of the light from 
the discharge tube 24 is made directly incident to the light 
guide plate 16 and another part is reflected by the reflector 
26 and is made incident to the light guide plate 16. The light 
travels in the light guide plate 16, is reflected by the scatter 
reflection plate 20, leaves the light guide plate 16 towards 
the liquid crystal panel 12, is scattered by the scatter plate 22 
and is then made incident to the liquid crystal panel 12. The 
liquid crystal panel 12 forms an image. The ray of light 
supplied from the backlight 14 illuminates the image formed 
by the liquid crystal panel 12. Consequently, an observer can 
view a bright image. 
0249 FIG. 3 is a schematic sectional view showing the 
light source device 18 for explaining the principle of the 
present invention. In this embodiment, each discharge tube 
24 is a cold cathode-ray tube called a “fluorescent lamp'. 
The discharge tube 24 has an inner diameter of 2.0 mm, an 
outer diameter of 2.6 mm and a full length of 316 mm 
(power consumption: 3.5 W). Mercury 28 is contained and 
sealed in the discharge tube 24, and a fluorescent material 30 
is coated on the inner wall of the discharge tube 24. The 
reflector 26 is an aluminum mirror and has a height (height 
in the direction of the thickness of the light guide plate 16) 
of 8.5 cm so as to cover the two discharge tubes 24. 
0250) A heat conduction member 32 is attached to the 
reflector 26 so as to contact a part of the discharge tube 24. 
Therefore, a part of the discharge tube 24 is locally cooled 
by the heat conduction member 32. The reflector 26 is made 
of metal and has high heat conductivity and high heat 
radiation property, so heat of the discharge tube 24 is 
transferred to the reflector 26 through the heat conduction 
member 32 and is discharged from the reflector 26. 
0251. In this way, in the present invention, a portion 
having a low temperature in the discharge tube 24 is created, 
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and mercury 28 remains mainly in the liquid state at the low 
temperature portion. Mercury 28 mainly evaporates at the 
low temperature portion, and the evaporated mercury gas 
28G is diffused to the entire portion in the discharge tube 24. 
The mercury gas 2.8G thus diffused returns also to the low 
temperature portion. In this way, the mercury gas 2.8G is 
distributed almost uniformly in the entire discharge 24 and 
the pressure of the mercury gas 2.8G is substantially uniform 
in the entire portion of the discharge tube 24. In other words, 
the concentration of the mercury gas 28G can be controlled 
by creating the low temperature portion in the discharge tube 
24. 

0252) The mercury gas 28G emits ultraviolet light, upon 
discharge, inside the discharge tube 24. When the ultraviolet 
light impinges against the fluorescent material 30, the visible 
light leaves the discharge tube 24. The quantity of the visible 
ray from the discharge tube 24 is substantially proportional 
to the current. The mercury gas also has a property of 
absorbing the ultraviolet rays, and the quantity of the visible 
ray of light outgoing from the discharge tube 24 becomes 
maximum at an optimal mercury gas concentration and an 
optimal internal temperature of the tube corresponding to the 
former. The quantity of the visible light from the discharge 
tube 24 decreases from the maximum value both when the 
mercury gas concentration is higher or lower than the 
optimal value and when the internal temperature of the tube 
is higher or lower than the optimal value. The present 
invention creates the low temperature portion in the dis 
charge tube 24 so that the internal temperature of the tube is 
identical to, or approximately identical to, the optimal value 
and the brightness of the ray of light outgoing from the 
discharge tube 24 becomes a maximum. 
0253). By constructing the backlight so that the heat 
conduction member 32 is coupled to the discharge tube 24 
and the reflector 26, the heat conduction member 32 can be 
arranged in a limited space within the reflector 26 covering 
the discharge tube 24, and heat of a part of the discharge tube 
24 can be efficiently released. The heat conduction member 
32 is preferably made of a nonmetal, and is made of at least 
one of a heat conductive resin, a heat conductive rubber, and 
a heat conductive adhesive. 

0254 FIG. 4 is a sectional view showing the light source 
device of a modified embodiment. FIG. 5 is a sectional view 
of the light source device of FIG.4, passing through the heat 
conduction member. FIG. 6 is a rear view of the reflector 
shown in FIGS. 4 and 5. Referring to FIGS. 4 to 6, the light 
source device 18 includes two discharge tubes 24, a reflector 
26 covering two discharge tubes 24 and a heat conduction 
member 32 keeping contact with a part of the discharge 
tubes 24 and attached to the reflector 26. The discharge tubes 
24 and the reflector 26 are the same as those explained with 
reference to FIG. 3. 

0255 The heat conduction member 32 is made of a heat 
radiating silicone (SE4450 of Dow Corning Toray Silicone 
Corporation, heat conductivity: 2.5 W/m/K) disposed at the 
center of the discharge tubes 24 and having a width D (for 
example, about 2.0 mm). The heat conduction member 32 is 
filled in the reflection 26, with such a height from the bottom 
of the reflection 26 that the half of the discharge tubes 24 are 
buried. A heat sink 34 is fitted to the portion of the back of 
the reflector 26 corresponding to the arrangement position of 
the heat conduction member 32. In this instance, a heat 
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conductive adhesive transferring tape (9822, a product of 
Sumitomo 3M Corporation, heat conductivity: 0.61 W/m/K) 
36 is employed. 
0256 As a result, heat conductivity can be improved by 
6.1 times in comparison with the case where the heat 
conduction member 32 and the heat sink34 are not disposed. 
In the conventional constructions, the temperature of the 
discharge tubes 24 is higher than the room temperature by 
45° C. when rated power is supplied to the discharge tubes 
24, and is around the optimal temperature (65° C.) of the 
discharge tubes (cold-cathode tubes) 24 having the inner 
diameter of 2.0 mm. In other words, when a power greater 
than rated power is Supplied to the discharge tubes 24, the 
light emission quantity is likely to drop. In contrast, this 
embodiment can bring the temperature of the most cooled 
point of the tube surface to the optimal temperature at power 
of 6 W. As a result, the maximum value of brightness of the 
light source can be increased 1.7 times. 
0257 FIG. 7 is a sectional view showing the light source 
device of a modified embodiment of the present invention. 
FIG. 8 is a sectional view of the light source device of FIG. 
7, passing through the heat conduction member. FIG. 9 is a 
perspective view showing the reflector of FIGS. 7 and 8. In 
FIGS. 7 to 9, the light source device 18 includes two 
discharge tubes 24, a reflector 26 covering two discharge 
tubes 24 and a heat conduction member 32 keeping contact 
with a part of the discharge tubes 24 and fitted to the reflector 
26. The discharge tubes 24 and the reflector 26 are the same 
as those explained with reference to FIG. 3. A heat sink 34 
is fitted to the back of the reflector 26 using a heat conduc 
tive adhesive transfer tape 36. 
0258. The heat conduction member 32 is a heat conduc 
tive pad (4470CV, a product of Sumitomo 3M Corporation, 
heat conductivity: 2.0 W/m/K). The heat conduction mem 
ber 32 has a width D (e.g. about 1.5 mm) at the center of the 
discharge tubes 24 and the reflector 26. Two through-holes 
having a diameter of 2.0 mm are formed in the heat 
conduction member 32 so that the discharge tubes 24 can be 
inserted in these through-holes. Both surfaces (front and 
back) to which the through-holes open are coated with a 
white pigment. This coating is directed to reduce the amount 
of light absorbed by the heat-conductive pad (dark gray 
color) and to reduce heat input/output from the Surface. 
0259 Each discharge tube 24 is fitted into the through 
hole of the heat conduction member 32 and is set so that the 
heat conduction member 32 is positioned at the center of the 
discharge tube 24. Since each through-hole of the heat 
conduction member 32 is a little smaller than the outer 
diameter of the discharge tube 24, the flexible heat conduc 
tion member 32 undergoes deformation and comes into 
close contact with the discharge tube 24. Thereafter the 
reflector 26 and the discharge tubes 24 are combined with 
one another. In this instance, a silicone type adhesive is 
applied to eliminate the gap between the reflector 26 and the 
discharge tubes 24. As a result, heat conduction can be 
improved 4.5 times in comparison with the prior art, and the 
power for achieving the optimal temperature of the dis 
charge tubes 24 is 5.5 W. Further, the maximum light 
quantity becomes 1.6 times of the prior art. 
0260 FIG. 10 is a plan view showing a backlight includ 
ing the light source device of the modified embodiment of 
the present invention. FIG. 11 is a sectional view of the light 
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Source device, passing through the upper discharge tubes of 
FIG. 10. FIG. 12 is a sectional view showing a cooling 
device of FIG. 11, including a container in which a material 
exhibiting a cooling function by phase transition is inserted. 
FIG. 13 is a sectional view of the light source device, 
passing through the lower discharge tubes in FIG. 10. FIG. 
14 is a sectional view of the light source device, passing 
through the lower discharge tubes in FIG. 13. FIG. 15 is a 
sectional view of a cooling device of FIG. 14, including a 
container in which a material exhibiting a cooling function 
by phase transition is inserted. 

0261). In FIGS. 10 to 15, the backlight 14 includes a light 
guide plate 16 and two light source devices 18 disposed on 
either side of the light guide plate 16. In this case, the liquid 
crystal display device is used as a monitor and the backlight 
14 is vertically disposed. Therefore, the two light source 
devices 18 are the light source device 18 positioned above 
and the light source device 18 positioned below, as viewed 
in FIG. 10. 

0262 Each light source device 18 includes two discharge 
tubes 24, a reflector 26 covering two discharge tubes 26 and 
a heat conduction member keeping contact with a part of the 
discharge tubes 24 and fitted to the reflector 26. The dis 
charge tubes 24 and the reflector 26 are the same as those 
explained with reference to FIG. 3. Further, a cooling device 
(or a heat siphon device) exhibiting a cooling function by 
phase transition is interposed between the heat conduction 
member 32 and the reflector 26. 

0263. The cooling device 38 of the light source device 18 
positioned at the upper position shown in FIGS. 11 and 12. 
comprises a container 38a made of a 0.05 mm-thick stainless 
steel sheet and having a height of 2.5 mm, and a material 38b 
exhibiting the cooling function by phase transition. After the 
container 38a is exhausted, the material 38b (methyl alco 
hol) exhibiting the cooling function is inserted and sealed in 
the container 38a. The discharge tubes 24 are positioned 
below the cooling device 38 and heat the material (methyl 
alcohol) 38b exhibiting the cooling function that stays at the 
lower side in the container 38a. When the temperature of the 
discharge tubes 24 reaches the optimal temperature (65° C.) 
described above, methyl alcohol boils and drastically evapo 
rates upward. The upper surface of the container 38a keeps 
contact with the reflector 26. Upon coming into contact with 
this surface, methyl alcohol vapor condenses. The resulting 
droplets of methyl alcohol return to the lower surface 
owning to gravity. A heat cycle is formed in this way, and 
heat is transferred from the discharge tubes 24 to the 
reflector 26. 

0264. The cooling device 38 of the light source device 18 
positioned at the lower position, as shown in FIGS. 13 and 
15, comprises a container 38a made of a stainless steel sheet 
and a material 38b (methyl alcohol) exhibiting the cooling 
function by phase transition. The cooling device 38 of the 
light source device 18 positioned at the lower position has 
Substantially the same construction and operation as the 
cooling device 38 of the upper light source device 18. In the 
case of the cooling device 38 of the lower light source device 
18, however, the reflector 26 is positioned below the cooling 
device 38. Therefore, the upper wall of the container 38a 
does not come into contact with the reflector 26. Hence the 
upper wall 38c of the container 38a is formed to a greater 
size than the height (in the direction of height of the light 
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conduction plate) of the reflector 26 so that the upper wall 
38c of the container 38a can be brought into contact with the 
sidewall of the reflector 26. 

0265 FIG. 16 is a sectional view showing a modified 
embodiment of the cooling device as shown in FIGS. 12 and 
15 including the container in which the material exhibiting 
the cooling function by phase transition is fitted. The cooling 
device 38 of the light source device 18 includes a container 
38a made of a stainless steel sheet, a material (methyl 
alcohol) 38b exhibiting the cooling function and a stainless 
steel mesh 38d. In this modified embodiment, the steel mesh 
38d returns the material (methyl alcohol) 38b exhibiting the 
cooling function to the evaporation side owing to capillary 
action. Therefore, it is not necessary to constitute the upper 
and lower light Source devices into separate constructions as 
in FIGS. 12 and 15. This has a structure similar to that of a 
heat pipe in place of the heat siphon device in FIGS. 12 and 
15. 

0266 FIG. 17 is a sectional view showing a light source 
device of another modified embodiment of the present 
invention. The light source device 18 of this modified 
embodiment includes discharge tubes 24 and a reflector 26 
in the same way as the embodiment described above. Each 
discharge tube 24 is covered with a heat conductive pad 
(ring) 32A. An acrylic container 40 is interposed between 
the heat conductive pad 32A and the reflector 26. The 
container 40 has a shape corresponding to the internal shape 
of the reflector 26 and to the shape of the heat conductive 
pad 32A. Glycerol 42 is fully charged into the container 40. 
The container 40 has a width of 10 mm. Since the heat 
conduction member comprising the heat conductive pad 
32A, the container 40 and the glycerol 42 is disposed, heat 
conductivity can be improved 2.5 times that of the prior art 
and, eventually, the maximum brightness of the light source 
becomes 1.2 times that of the prior art. 

0267 FIG. 18 is a sectional view showing the light source 
device of a further embodiment of the present invention. 
FIG. 19 is a side view of FIG. 18, and FIG. 20 is a block 
diagram showing the control of the fan shown in FIGS. 18 
and 19. The light source device 18 of this embodiment 
includes discharge tubes 24 and a reflector 26 in the same 
way as the modified embodiment described above. A heat 
conductive member 32B is made of heat radiating com 
pound or a heat radiating silicone that is filled between the 
discharge tubes 24 and the reflector 26 to the height of the 
half of the discharge tubes 24. The heat conduction member 
32B is 10 mm wide. ADC fan 44 having blades of a 40 mm 
in diameter is fitted using a heat conductive adhesive trans 
fer tape 36 to the arrangement position of the heat conduc 
tion member 32B spaced apart by 10 mm from the back of 
the reflector 26. 

0268. In FIG. 20, the fan 44 is shown connected to a DC 
power source 46. A potential difference detection circuit and 
a fan control circuit 50 that receive the output of a thermo 
couple 48 control the fan 44. Rotation control of the fan 44 
is clone according to temperature as tabulated below in 
accordance with the output of the thermocouple 48. The 
distal ends of the thermocouple 48 are arranged in touch 
with the surface of the discharge tubes 24 at the positions at 
which the discharge tubes 24 keep contact with the heat 



US 2008/0062700 A1 

conductive compound and in a lower direction as to the 
rotating direction of the discharge tubes 24 due to the 
gravitational operation. 

Temperature of Thermocouple (C.) Speed of Fan (rpm) 

~45 O 
46-65 3,000 
65- 4,000 

0269 FIG. 21 is a sectional view showing the light source 
device of still further embodiment of the present invention. 
FIG. 22 is a sectional view of the light source device in FIG. 
21. FIG. 23 is a perspective view showing a heat conduction 
member in FIGS. 21 and 22. The light source device 18 of 
this embodiment includes discharge tubes 24, a reflector 26 
and a heat conduction member 32 in the same way as in the 
embodiment described above. A heat sink is fitted to a part 
of the back of the reflector 26. The heat conduction member 
32 is made of a heat conductive rubber having a large heat 
expansion coefficient. Through-holes having a diameter of 
2.4 mm are bored in the heat conductive rubber. The 
discharge tubes 24 pass through the respective through-holes 
and are positioned in Such a manner that the heat conductive 
rubber exists at the center of each discharge tube 24. The 
width D of the heat conduction member 32 is 1.5 mm. A 0.5 
mm-thick smoked acrylic plate (white color) 52 is bonded to 
the surface of the heat conduction member 32 that is out of 
contact from the reflector 26. The smoked acrylic plate 52 
operates as a restriction plate, so that the heat conduction 
member 32 made of the heat conductive rubber can expand 
only in the direction facing the reflector Surface (at room 
temperature). When the discharge tubes 24 are turned on and 
the heat conduction member 32 is heated to 60° C., the heat 
conduction member 32 comes into contact with the reflector 
26. As a result, heat conductivity is at least twice, at a 
temperature of 60° C. or more, of the heat conductivity in 
air, and maximum brightness of the light source is 1.1 times 
that of the prior art. 

0270 FIG. 24 is a sectional view showing the light source 
device of a still further modified embodiment of the present 
invention. FIG. 25 is a partial enlarged view of the light 
source device. FIG. 26 shows the light source device of FIG. 
25 in operation. The light source device 18 of this embodi 
ment includes discharge tubes 24, a reflector 26 and a heat 
conduction member 32 in the same way as in the foregoing 
embodiments. A heat sink is fitted to a part of the back of the 
reflector 26. The heat conduction member 32 uses a heat 
conductive pad (4470CV, a product of Sumitomo 3M Cor 
poration, heat conductivity: 2.0 W/m/K). This heat conduc 
tion member 32 is shaped into a thickness of 1.5 mm so that 
the heat conduction member 32 comes into contact with both 
discharge tubes 24 and reflector 26. Abimetal 54 is fitted to 
the reflector 26 on both sides of the heat conduction member 
32. When the temperature of the discharge tubes 24 is lower 
than a predetermined value, deformation of the bimetal is 
small and the heat conduction member 32 substantially does 
not come into contact with the discharge tubes 24. When the 
temperature of the discharge tubes 24 becomes higher than 
the predetermined value, deformation of the bimetal 
becomes so great that the heat conduction member Substan 
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tially comes into contact with the discharge tubes 24 and 
cools a part of the discharge tubes 24. 

0271 FIG. 27 is a sectional view showing the light source 
device of a still further embodiment of the present invention. 
FIG. 28 is a sectional view of the light source device shown 
in FIG. 27. FIG. 29 shows a reflector when an adhesive is 
dropped. The light source device 18 in this embodiment 
includes discharge tubes 24, a reflector 26 and a heat 
conduction member 32 in the same way as in the foregoing 
embodiment. The heat conduction member 32 uses a heat 
conductive adhesive (SE4486, a product of Dow Corning 
Toray Silicone Corporation). As shown in FIG. 29, the 
adhesive is dropped and applied onto the inner Surface of the 
reflector 26 to form a ball of the adhesive having a width of 
5.8 mm and a height of 0.9 mm. Each discharge tube 24 is 
urged, toward the adhesive ball, by a distance of 0.8 mm 
from the inner surface of the reflector 26. 

0272 FIG. 30 is a sectional view showing the light source 
device of a still further modified embodiment of the present 
invention. FIG. 31 is a sectional view of the light source 
device shown in FIG. 30. The light source device 18 in this 
embodiment includes discharge tubes 24, a reflector 26 and 
a heat conduction member 32 made of a heat conductive 
adhesive in the same way as the foregoing embodiment. The 
heat conduction member 32 is sandwiched by a translucent 
silicone rubbers (TSE221-5U, a product of GE-Toshiba 
Silicone Corporation) 52a. The silicone rubber 52a has holes 
through which the discharge tubes 24 are passed. The 
discharge tubes 24 are passed through a pair of holes of the 
silicone rubber 52a, and 0.02 ml of the adhesive is charged 
into a space between the pair of silicone rubbers 52a while 
this space is maintained. As a result, the heat conduction 
member 32 covers /3 of the surface (circumference) of the 
discharge tubes 24 and is fitted to the reflector 26. In this 
embodiment, the heat radiation property to the reflector 26 
is improved 1.8 times the prior art device. When the current 
to the discharge tubes 24 is set to 10 mA, the temperature 
rise of the discharge tubes 24 can be limited to about 20° C. 
with respect to room temperature. 

0273 FIG. 32 is a sectional view showing the light source 
device of a yet further embodiment of the present invention. 
The light source device 18 in this embodiment includes 
discharge tubes 24, a reflector 26 and a heat conduction 
member 32 made of a heat conductive adhesive in the same 
way as the foregoing embodiment. The heat conduction 
member 32 comprises a heat conductive rubber 32C and a 
heat conductive adhesive. To form the heat conductive 
rubber 32C, a 0.5 mm-thick silicone type heat conductive 
rubber (HT-50, a product of Nittoh Shinko Corporation) is 
cut to 5.5 mmx5.0 mm and is bonded to the discharge tubes 
24 and the reflector 26 by using the heat conductive adhesive 
32D. The heat conductive adhesive 32D is applied to a wire 
having a diameter of 0.5 mm and is added drop-wise onto the 
heat conductive rubber 32C. After the heat conductive 
rubber 32C is spread on the entire surface the heat conduc 
tive rubber 32C, the heat conductive rubber 32C is bonded 
to the discharge tubes 24 and the reflector 26. As a result, 
heat radiation efficiency to the reflector can be improved 1.9 
times in comparison with the conventional structure. When 
the current to the discharge tubes 24 is 10 mA, the tempera 
ture rise of the discharge tubes 24 is about 18°C. with 
respect to the room temperature. 
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0274 FIG.33 is a sectional view showing the light source 
device of a yet further embodiment of the present invention. 
FIG. 34 is a schematic perspective view showing a liquid 
crystal display device including the light source device of 
FIG. 33. FIG. 35 is a graph showing the relation between the 
external temperature of the light source device of FIG. 33 
and the current of the Peltier element. FIG. 36 is a block 
diagram showing an example of a driving circuit for the 
Peltier element. The light source device 18 in this embodi 
ment includes discharge tubes 24, a reflector 26 and a heat 
conduction member 32 made of a heat conductive adhesive 
in the same way as the foregoing embodiment. The heat 
conduction member 32 comprises a heat conductive rubber 
32C and a heat conductive adhesive. 

0275 A hole having a size of 5.5 mmx5.5 mm is bored 
in the bottom of the reflector 26. A heat conduction member 
32 made of a heat conductive rubber (Thercon GR-D, a 
product of Fuji Polymer Corporation, 1.0 mm thick, heat 
conductivity: 1.5 W/m/K) is brought into contact with the 
discharge tubes 24 on one hand and is passed through the 
hole of the reflector 26, on the other. A Peltier element 56 
having a size of 6.0 mmx6.0 mm is fitted to the outer surface 
of the heat conduction member 32 through bonding power of 
the heat conductive rubber. While the Peltier element 56 and 
the heat conduction member 32 are pushed onto the dis 
charge tubes 24 at a pressure of 100 kPa, the Peltier element 
56 and the heat conduction member 32 are fixed to the 
reflector 26. Further, a heat sink 58 is fitted to the outside of 
the Peltier element 56. The Peltier element 56 keeps contact 
with, or is bonded to, the reflector 26 in the proximity of the 
point where the reflector 26 keeps contact with, or is bonded 
to, the heat conduction member 32. 

0276 A controller 57 controls the Peltier element 56. A 
DC current is supplied, by a lead wire 56a, to the Peltier 
device 56. The controller 57 includes a DC power source 
57a and a converting circuit 57b, and the output of a 
thermocouple 48 is supplied to the converting circuit 57b. 
The supply of the DC current to the Peltier element 56 is 
controlled with respect to the external temperature of the 
backlight unit. Temperature measuring terminals of the 
thermocouple 48 are arranged at positions spaced apart by 
10 mm from the back (the surface not permitting the light to 
leave therefrom) inside the casing of the liquid crystal 
display device. Inversion of polarity at the external tempera 
ture of 20° C. is inhibited, and 1.2 KW is supplied at an 
external temperature of 35° C. or more. As the Peltier 
element 56 is disposed, the temperature of the discharge 
tubes 24 can be reduced by maximum 35° C. Incidentally, 
the temperature measuring terminals of the thermocouple 48 
are arranged inside the casing of the liquid crystal display 
device in this embodiment. When any correlation exists 
between the temperature of air encompassing the discharge 
tubes and that of open air, the temperature measuring 
terminals of the thermocouple 48 may well be disposed at 
any position (outside the casing of the liquid crystal display 
device, for example). 
0277 FIG.37 shows a modified example of the controller 
shown in FIG. 36. FIG. 38 is a graph showing the relation 
between the ambient temperature and the discharge tube 
voltage. Referring to FIG. 37, the light source device 18 in 
this embodiment includes discharge tubes 24, a reflector 26 
and a heat conduction member 32 in the same way as the 
foregoing embodiment. A Peltier element 56 is fitted to the 
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outer surface of the heat conduction member 32, and a heat 
sink 58 is fitted to the outside of the Peltier element 56. A 
controller 60 controls the Peltier element 56. 

0278. The controller 60 includes a discharge tube inverter 
60A for supplying the current to the discharge tubes 24. The 
inverter 60A is connected to a power source circuit 60B and 
a switch 60C. A timer 60D is connected to the switch 60C. 
The Peltier element 56 is connected to a constant voltage 
power source 60E. A voltage meter 60F is connected to the 
constant Voltage power Source 60E to detect a Voltage across 
both terminals (A-A voltage) of the discharge tube 24. A 
switch 60G is disposed in the circuit of the voltage meter 
6OF. 

0279. The inverter 60A and the DC power source circuit 
60B supply a constant current to the discharge tubes 24 to 
keep the light quantity of the discharge tubes 24 Substan 
tially constant. Since the temperature of the discharge tube 
24 and its resistance have a negative correlation, the Voltage 
of the discharge tube 24 monotonously decreases when the 
current of the discharge tube 24 is kept constant. When the 
current of the discharge tube 24 is 10 mA, its voltage 
becomes 550 V under the temperature condition in which the 
light quantity becomes maximal (see FIG. 38). 
0280. Therefore, the controller 60 of the Peltier element 
56 includes a mechanism for reflecting the voltage of the 
discharge tube 24 and optimizes the temperature of the 
discharge tube 24. The Peltier element 56 controls the 
temperature of the discharge tube 24. The voltage meter 60F 
measures the Voltage drop of the discharge tube 24, and the 
timer 60D controls the timing at which the voltage meter 
60F measures the voltage. The output of the voltage meter 
60F is sent to the constant voltage source 60E to reflect the 
voltage to the Peltier element 56. After the discharge tubes 
24 are turned ON for 1 minute, the timer 60D cuts the circuit 
between the HI side electrode (driving electrode) of the 
discharge tube 24 and the terminal of the voltage meter 60F. 
In this way, the initial voltage (>1,000 V) at the ON time is 
prevented from being applied to the voltage meter 60F. 
0281 FIG. 39 is a sectional view showing the light source 
device of a still further embodiment of the present invention. 
FIG. 40 is a sectional view of the light source device shown 
in FIG. 39. FIG. 41 explains the operation of the light source 
device shown in FIGS. 39 and 40. The light source device 
18 of this embodiment includes discharge tubes 24, a 
reflector 26, a heat conduction member 32 made of a 
heat-conductive rubber and a Peltier element 56 in the same 
way as in the foregoing embodiment. The heat conduction 
member 32 comprises a heat-conductive rubber 32C and a 
heat conductive adhesive 32D. A 0.5 mm-thick bakelite plate 
62 is bonded to the periphery of the heat conduction member 
32. 

0282) Referring to FIG. 41, the curve TO represents the 
temperature of the heat conduction member 32. The curve 
T1 represents the ambient air temperature. The curve T2 
represents the difference between the curve TO and the 
curve T1. The position PO represents the surface of the 
discharge tube 24. The position P1 represents the surface of 
the Peltier element 56 on the side of the discharge tube 24. 
The position P2 represents the surface of the Peltier element 
56 on the heat discharge side. When the Peltier element 56 
absorbs much heat from the heat conduction member 32, it 
takes away heat from around the heat conduction member 32 
























































