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(57) ABSTRACT 

Means 7 for Supplying an ignition Voltage to a charge lamp 
11 includes a capacitor C2 for charging a Supplied Voltage, 
a transformer T2 for Stepping-up the charged Voltage he 
capacitor C2, a Switching device Q2 for Switching whether 
not a Voltage be Supplied from the capacitor C2 to the 
transformer T2, and a thermistor R3, wherein a discharge 
lamp 11 is Supplied with an ignition Voltage of a higher 
Voltage than that of a normal temperature when the tem 
perature of the discharge lamp is high. Accordingly, it 
becomes possible to light the discharge lamp 11 when it is 
in a high temperature condition Such as when turning on the 
discharge lamp 11 again just after it was turned off, and the 
life time of the discharge lamp 11 can be lengthened. 
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DISCHARGE LAMP LIGHTING APPARATUS, 
LIGHT SOURCE APPARATUS AND PROJECTION 

TYPE DISPLAY APPARATUS 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to an discharge lamp 
lighting apparatus, a light Source apparatus, a liquid crystal 
display (LCD) projector using a discharge lamp as a light 
Source and the like, and more particularly to those where the 
lighting characteristic is much improved. 
0003 2. Description of the Related Art 
0004. In an LCD projector a discharge lamp is usually 
used as a light Source for irradiating an LCD panel. 
0005. As widely known in the art, a discharge lamp is 
formed by enclosing high pressured gas into a tube shaped 
or valve shaped glass and light emission (lighting) is per 
formed by applying a high voltage pulse (ignition voltage), 
ionizing the gas and Supplying dive current thereto Such that 
a continuous current conducts through the ionized gas. 
0006. In a discharge lamp lighting apparatus there is 
included a circuit (ignition circuit) for generating an ignition 
Voltage and Supplying it to the discharge lamp. In a con 
ventional discharge lamp lighting apparatus, a fixed voltage 
level (voltage level which fits the watt power of the dis 
charge lamp to be lighted) is generated as an ignition voltage 
and Supplied to the discharge lamp. 

0007 FIG. 1 shows a typical constitution of an ignition 
circuit in a conventional discharge lamp lighting apparatus. 
A power supply line to which approximately 300V of DC 
Voltage is Supplied is grounded by means of a resistor R11 
and a capacitor C11. 
0008. A connection midpoint between the resistor R11 
and the capacitor C11 is connected to one terminal of a 
primary coil of a step-up transformer T11 by means of a 
discharge device H11 Such as a SIDAC. The other terminal 
of the primary coil of the step-up transformer T11 is 
grounded. 

0009. One terminal of the secondary coil of the step-up 
transformer T11 is grounded and the other terminal thereof 
is connected to one terminal of a primary coil of a step-up 
transformer T12 by means of a diode D11 and a discharge 
gap H12. A connection midpoint between the diode D11 and 
the discharge gap H12 is grounded via a capacitor C12. The 
other terminal of the Secondary coil of the Step-up trans 
former T12 is grounded. 
0010) A discharge lamp 110 is attached to the lighting 
apparatus Such that one of the electrodes thereof is con 
nected to one terminal of the Secondary coil of the Step-up 
transformer T12. 

0.011) Additionally a signal line for supplying an AC 
drive current from a full-bridge circuit (not shown) to the 
discharge lamp 110 is connected to the Secondary coil of the 
Step-up transformer T12. 
0012. According to this ignition circuit, approximately 
300V of DC voltage from the power supply line is charged 
in the capacitor C11 through the resistor R11. When the 
charged Voltage of the capacitor C11 attains to a discharge 
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Stat Voltage of the discharge device H11, a Voltage is 
Supplied from the capacitor C11 to the primary Side of the 
Step-up transformer T11 and a stepped-up Voltage obtained 
at the Secondary Side of the Step-up transformer T11 is 
supplied to the capacitor C12 through the diode D11. 
0013 Then, when the charged voltage of the capacitor 
C12 attains to a discharge Stat Voltage of the discharge 
device H12, a Voltage pulse is Supplied from the capacitor 
C12 to the primary side of the step-up transformer T12 and 
a stepped-up voltage pulse obtained at the Secondary Side of 
the Step-up transformer T12 is Supplied to the discharge 
lamp 110 as an ignition Voltage. 
0014. In this way an ignition voltage having a fixed 
Voltage which is determined by the discharge Stat Voltage of 
the discharge device H12 is Supplied to the discharge lamp 
110. 

0015. However, Supplying an ignition voltage having a 
fixed voltage to the discharge lamp has inconvenience 
mentioned below. 

0016 Namely, when an LCD projector is turned off after 
it is used for long hours and then the projector is Soon or at 
once turned on again, the temperature of the discharge lamp 
is kept very high. 
0017 When the temperature of the discharge lamp is high 
in Such a condition, the pressure of the low pressured gas 
which is enclosed in the glass of the discharge lamp 
increases, So that the discharge lamp cannot be lighted or 
turned on unless an ignition voltage of a higher voltage than 
that of normal temperature is Supplied to the discharge lamp. 
0018. Accordingly, the discharge lamp cannot be lighted 
at a high temperature if the Voltage level of the ignition 
voltage is fixed to a low voltage level which is sufficient for 
lighting the discharge lamp at a normal temperature. As a 
result when the LCD projector is turned off after it is used 
for long hours and then it is Soon turned on again, the Video 
image cannot be projected, So that users are inconveniently 
forced to wait until the temperature of the discharge lamp 
decreases. 

0019. On the other hand, if the voltage level of the 
ignition Voltage is fixed to a high Voltage level which is 
necessary for lighting the discharge lamp at the high tem 
perature, a high Voltage level of the ignition voltage is 
Supplied unnecessarily at the normal temperature, So that the 
electrodes of the discharge lamp become deteriorated and it 
cases shortening of the life time of the discharge lamp. 

SUMMARY OF THE INVENTION 

0020. In view of the aforesaid problem, the purpose of the 
present invention is to provide a lighting apparatus for an 
discharge lamp, a light Source apparatus and a projection 
type display apparatus where the discharge lamp can be 
lighted or turned on also at a high temperature, the discharge 
lamp can be easily lighted regardless of the temperature and 
the life time thereof can be lengthened. 
0021. The present applicant proposes a discharge lamp 
lighting apparatus which comprises means for Supplying a 
high voltage pulse (ignition Voltage) to a discharge lamp, 
means for Supplying a drive current to the discharge lamp, 
detecting means for detecting the temperature caused by the 
heat radiation of the discharge lamp, and control means for 
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changing the Voltage level of the ignition Voltage in response 
to the detected result of the detecting means. 
0022. According to this discharge lamp lighting appara 
tus, the temperature caused by the heat radiation of the 
discharge lamp is detected by the detecting means and the 
Voltage level of the ignition Voltage is changed by the 
control means. 

0023. Accordingly, by changing the voltage level of the 
ignition Voltage according to the temperature caused by the 
heat radiation of the discharge lamp, a high Voltage level of 
the ignition Voltage which is necessary for lighting the 
discharge lamp at a high temperature can be Supplied to the 
discharge lamp when the discharge lamp is at a high 
temperature and on the other hand, a low Voltage level of the 
ignition Voltage which is Sufficient for lighting the discharge 
lamp at a normal temperature can be Supplied to the dis 
charge lamp when the discharge lamp is at a normal tem 
perature. 

0024. In this way the discharge lamp can be lighted or 
turned on when the discharge lamp is in its high temperature 
condition and at the same time it is avoided from Supplying 
unnecessary high Voltage level of the ignition Voltage to the 
discharge lamp in its normal temperature condition, So that 
the deterioration degree of the electrodes of the discharge 
lamp becomes Smaller and it causes lengthening of the life 
time of the discharge lamp. 

0.025 In more detail for an example of this discharge 
lamp lighting apparatus, the discharge pulse Supplying 
means includes a capacitor for charging a Supplied Voltage 
and a transformer for Stepping-up the charged Voltage of that 
capacitor; the control means is connected to a negative or 
positive thermistor, and a Switching device for Switching 
whether or not Supplying a Voltage from the capacitor to the 
transformer; wherein when the Switching device is Switched 
Such that a Voltage is Supplied from the capacitor to the 
transformer, the Voltage level of the charged Voltage of the 
capacitor is made to change in accordance with the resis 
tance value of the negative or positive thermistor where it is 
Suitable to design that the negative or positive thermistor is 
used both for the aforesaid detecting means and the control 
CS. 

0026. In view of the afore mentioned aspects, the voltage 
level of the ignition Voltage can be changed in response to 
the temperature cased by the heat radiation of the discharge 
lamp only by adding a simple circuit Such as a thermistor 
and a Switching device. 
0.027 Subsequently, the present applicant proposes a 
lighting apparatus which comprises a discharge lamp, means 
for Supplying an ignition Voltage to the discharge lamp, 
means for Supplying a drive current to the discharge lamp, 
detecting means for detecting the temperature caused by the 
heat radiation of the discharge lamp, and control means for 
changing the Voltage level of the ignition Voltage in response 
to the detected result of the detecting means. In this example, 
the lighting apparatus means a combined one-body appara 
tus of the discharge lamp and the discharge lamp lighting 
apparatuS. 

0028. According to this lighting apparatus, just same as 
the above mentioned discharge lamp lighting apparatus of 
the present invention, the discharge lamp can be lighted or 
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turned on when the discharge lamp is at its high temperature 
condition and the life time of the discharge lamp will be 
lengthened. 
0029. Additionally the present applicant proposes a pro 
jection type display apparatus using a discharge lamp as a 
light Source which comprises means for Supplying an igni 
tion Voltage to the discharge lamp, means for Supplying a 
drive current to the discharge lamp, detecting means for 
detecting the temperature caused by the heat radiation of the 
discharge lamp, and control means for changing the Voltage 
level of the ignition Voltage in response to the detected result 
of the detecting means. 
0030. According to this projection type display appara 
tus, just same as the above mentioned discharge lamp 
lighting apparatus of the present invention, the discharge 
lamp can be lighted or turned on even when the discharge 
lamp is at its high temperature condition. Accordingly, when 
the projection type display apparatus is turned off after it is 
used for long hours and then it is Soon turned on again, the 
Video image can be projected at once, So that it becomes easy 
for users to handle the projection type display apparatus. At 
the same time the life time of the discharge lamp will be 
lengthened. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0031 FIG. 1 is a schematic diagram showing a consti 
tutional example of a conventional ignition circuit of a 
discharge lamp lighting apparatus. 

0032 FIG. 2 is a schematic diagram showing a whole 
construction of a discharge lamp lighting apparatus and 
peripheral portions thereof for an LCD projector to which 
the present invention is applied; 
0033 FIG. 3 is a schematic diagram showing a consti 
tutional example of a controller 6 in FIG. 2; 
0034 FIGS. 4A to 4C are waveform diagrams showing 
relationship between the ignition Voltage waveform and the 
alternate current waveform of the discharge lamp lighting 
apparatus 1 in FIG. 2; 
0035 FIG. 5 is a schematic diagram showing a consti 
tutional example of the ignition circuit 7 in FIG. 2; and 
0036 FIG. 6 is a schematic diagram showing another 
exemplified embodiment of the ignition circuit 7 in FIG. 2. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0037. An example of the present invention that is applied 
to an LCD projector will be concretely described with 
reference to the drawings. 
0038 FIG. 2 shows a whole construction of a discharge 
lamp lighting apparatus and peripheral portions thereof 
provided in an LCD projector to which the present invention 
is applied. The LCD projector is a Video display apparatus 
where a light emitted from a discharge lamp 11 is irradiated 
to an LCD panel (not shown) and the video light obtained by 
modulating the LCD panel in accordance with a Video signal 
is projected by projection lens (not shown) to display a video 
image. In this discharge lamp lighting apparatus, a DC 
power source 2 formed by an active filter and the like 
supplies a DC voltage of approximately 370V to a down 
converter 3. 
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0.039 The down converter 3 is a step-down type switch 
ing power Supply and an operation of Stepping-down the 
Voltage is performed by Switching and Smoothing the input 
DC voltage in response to a frequency (frequency in the 
region of 50 to 100 kHz) determined by a controller 4. 
0040. When lighting the discharge lamp 11 (just after the 
power Supply of the LCD projector is turned on), the 
controller 4 determines the frequency Such that the Voltage 
is stepped-down to a voltage of approximately 300V (a 
Voltage necessary for an ignition circuit 7 which will be 
described later to generate a high voltage pulse). 
0041. The controller 4 also determines the frequency 
Such that the Voltage is Stepped-down to a Voltage of 
approximately 50 to 100V which is sufficient for maintain 
ing the lighting of the discharge lamp 11. 

0042. The outputted DC voltage from the down converter 
3 is supplied to a full-bridge 5. The full-bridge 5 converts the 
DC voltage from the down converter 3 to an AC current 
(drive current of the discharge lamp 11) having a frequency 
determined by a controller 6. 
0.043 FIG. 3 shows a schematic circuit configuration of 
the controller 6. A power line of a power source Vcc is 
grounded by means of a resistor R32 (100KG2) and a resistor 
R33 (100KS2). A connection midpoint of the resistor R32 
and the resistor R33 is connected to a + (plus) terminal of an 
OPamplifier 21. 

0044 An output terminal of the OP amplifier 21 is 
grounded by means of a resistor R31 (100KG2) and a 
capacitor C31 (0.1 uF). A connection midpoint of the resistor 
R31 and the capacitor C31 is connected to - (minus) 
terminal of the OPamplifier 21. The output signal of the OP 
amplifier 21 is supplied to the full-bridge 5 through an 
output terminal 22. 
004.5 The connection midpoint of the resistor R32 and 
the resistor R33 is also connected to a collector of a 
transistor Q1 by means of a resistor R34 (100KS2). The 
emitter of the transistor Q1 is grounded. 
0046. As shown in FIG. 2, the controller 6 is supplied 
with a Signal S which turns on the transistor Q1 from a timer 
circuit of a control System in the LCD projector for Some 
seconds (e.g. for 2 seconds). As shown in FIG. 3, the base 
of the transistor Q1 is Supplied with the Signal S through an 
input terminal 23 of the controller 6. 
0047. In the controller 6, the resistance value of the 
resistor R31 and the capacitance value of the capacitor C31 
form a coefficient for determining the reference frequency. 
Then, the output waveform of the OPamplifier 21 (namely 
the output waveform for the full-bridge 5) when the tran 
sistor Q1 is in an OFF state is determined by those values 
and the resistance values of the resistors R32 and R33. 

0048 FIG. 4B shows a waveform of an AC drive current 
which is outputted from the full-bridge 5 when the transistor 
Q1 is in its OFF state. The output waveform this time 
becomes a Symmetrical one (the plus period and the minus 
period are equal) having a frequency of approximately 170 
HZ. 

0049. On the other hand when the transistor Q1 is in its 
ON state, the voltage of the connection midpoint of the 
resistor R32 and the resistor R33 (namely the voltage at the 
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+ input terminal of the OPamplifier 21) changes, so that the 
output waveform of the full-bridge 5 changes, as shown in 
FIG. 4C, to an asymmetrical one where the plus period 
becomes much longer than the minus period. 

0050. In more detail of the controller 6, the circuit 
portions other than the resistor 34 and the transistor Q1 
correspond to a conventional controller which is used for 
determining the frequency of the AC drive current in a 
conventional AC drive type discharge lamp lighting appa 
ratus, and the waveform shown in FIG. 4B corresponds to 
the AC drive current of that conventional AC drive type 
discharge lamp lighting apparatus. 

0051. Accordingly the controller 6 can make the wave 
form of the AC drive current change to an asymmetrical 
waveform where the plus period becomes much longer than 
the minus period merely by adding a circuit of a resistor R34 
and a transistor Q1 to a conventional controller. 

0.052 As shown in FIG. 2, an output of the full-bridge 5 
is transmitted to an ignition circuit 7. Additionally, an output 
Voltage and an output current of the full-bridge 5 are 
respectively detected by a Voltage detector circuit 8 and a 
current detector circuit 9 where the output power of the 
full-bridge 5 is detected by a power detector 10 in response 
to the detected results therefrom. A signal showing the 
detected result of the power detector 10 is transmitted to the 
aforesaid controller 4. 

0053 FIG. 5 shows a circuit configuration of the ignition 
circuit 7 according to one exemplified embodiment of the 
present invention. A power Supply line to which a DC 
Voltage is Supplied by means of the down converter 3 
through the full-bridge 5 is grounded via a resistor R1 
(18KG2) and a capacitor C1 (0.022 uF). 
0054. A connection midpoint of the resistor R1 and the 
capacitor Cl is connected to one terminal of a primary coil 
of a step-up transformer Hi having a winding ratio 3:10 
through a discharge device H1 such as a SIDAC. The 
discharge Start Voltage of the discharge device H1 is Selected 
to be approximately 200V. The other terminal of the primary 
coil of the Step-up transformer T1 is grounded. 

0055 One terminal of the secondary coil of the step-up 
transformer T1 is grounded and the other terminal thereof is 
connected to one terminal of a primary coil of a step-up 
transformer T2 having a winding ratio 1:20 through a diode 
D1. The other terminal of the primary coil of the step-up 
transformer T2 is connected to an anode of a three terminal 
thyristor Q2. The cathode of the three terminal thyristor Q2 
is grounded. 

0056. A connection midpoint a of the diode D1 and the 
Step-up transformer T2 is grounded by means of a capacitor 
C2 (0.047.uF). Additionally a connection midpoint b of the 
diode D1 and the step-up transformer T2 (namely a connec 
tion midpoint which is nearer to the Step-up transformer T2 
than the connection midpoint which is grounded through the 
capacitor C2) is grounded by means of a resistor R2 (3002) 
and a thermistor R3. 

0057 The thermistor R3 has a resistance value of a 
negative temperature coefficient and has a resistance value 
of, for example, 20KS2 at a normal temperature while it has 
a resistance value of approximately 10KS2 at a high tem 
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perature (60 to 80° C) as a nearby temperature of the 
discharge lamp 11 just after a long time lighting thereof is 
performed. 

0.058 A connection midpoint P of the resistor R2 and the 
thermistor R3 is connected to the gate of the three terminal 
thyristor Q2 through a discharge device H3 Such as a 
SIDAC. The discharge start voltage of the discharge device 
H3 is selected such as 10 to 20V. A connection midpoint of 
the discharge device H3 and the three terminal thyristor Q2 
is grounded through a resistor R4 which is provided as a 
countermeasure relating to noises at the gate of the three 
terminal thyristor Q2. 
0059. The discharge lamp 11 is mounted to the discharge 
lamp lighting apparatuS 1 Such that one electrode out of 2 
electrodes thereof is connected to a terminal of a Secondary 
coil of the transformer T2. 

0060 Additionally a signal line for supplying an AC 
drive current from the full-bridge to the discharge lamp 11 
is connected to the Secondary coil of the transformer T2. 
0061 Speaking of several grounded portions in the igni 
tion circuit 7, the grounded portions from the Secondary coil 
of the step-up transformer T1 to the primary coil of the 
step-up transformer T2 as seen from the left side of FIG. 5 
are designed to be isolated from other grounded portions. 
0.062. In the ignition circuit 7, when the discharge lamp 
11 is lighted or turned on (just after the power Supply of the 
LCD projector is turned on), the capacitor Cl is charged 
through the resistor R1 by the approximately 300V from the 
down converter 3. Thereafter, when the charged voltage of 
the capacitor C1 reaches or attains to the discharge Start 
Voltage of the discharge device H1, a Voltage is Supplied 
from the capacitor C1 to the primary coil side of the Step-up 
transformer T1 and the 10/3 stepped-up voltage at the 
Secondary coil side of the Step-up transformer T1 is charged 
to the capacitor C2 through the diode D1. 
0.063 Subsequently, when a voltage at the connection 
midpoint P of the resistor R2 and the thermistor R3 resulted 
by the charged voltage of the capacitor C2 reaches the 
discharge Start Voltage of the discharge device H3, the three 
terminal thyristor Q2 turns on by the Voltage Supplied to the 
gate of the three terminal thyristor through the discharge 
device H3, So that a Voltage pulse is Supplied from the 
capacitor C2 to the primary Side of the Step-up transformer 
T2 and a 20 times Stepped-up Voltage pulse at the Secondary 
Side of the Step-up transformer is Supplied to the discharge 
lamp 11 as an ignition Voltage. 
0064. The frequency of the ignition voltage (namely, the 
repetitive frequency of the ignition pulse) which is Supplied 
from the ignition circuit 7 to the discharge lamp 11 becomes 
approximately 30 H. 

0065. In this case, since the ignition circuit 7 is positioned 
at a place having a relation with the change of the circum 
ference temperature which is caused by the radiated heat of 
the discharge lamp 11 Such as a place near the Side wall of 
the discharge lamp contained in a lamp holder, the Voltage 
at the connection midpoint P in a high temperature condition 
becomes half (%) of that in a normal temperature condition, 
because the resistance value of the thermistor R3 decreases 
from approximately 20KS2 to approximately 10KS2 as the 
temperature increases. 
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0066. In more detail with reference to the ignition circuit 
7, when the voltage of the connection midpoint Preaches the 
discharge Start Voltage of the discharge device H3 in a high 
temperature condition, the charged Voltage of the capacitor 
C2 becomes approximately twice of that in a normal tem 
perature condition, So that the ignition Voltage of approxi 
mately twice higher Voltage level is Supplied to the discharge 
lamp 11. 
0067. The voltage level of the ignition voltage in a 
normal temperature condition is designed to be high enough 
to turn on the discharge lamp 11 in a normal temperature 
condition. Additionally, the Voltage level of the ignition 
Voltage in a high temperature condition is designed to be 
high enough to turn on the discharge lamp 11 in a high 
temperature condition just after it was lighted for a long 
time. 

0068 Next, the lighting operation of the discharge lamp 
11 in the LCD projector will be described with respect to 
common operations of the discharge lamp 11 both in a 
normal and a high temperature conditions and thereafter 
Separately with respect to different operations of the dis 
charge lamp 11 from a normal to a high temperature con 
ditions. 

0069 First, common operations both in a normal and a 
high temperature conditions are described hereinafter. 
0070. Just after a user turns on the power supply of the 
LCD projector, the transistor Q1 (FIG. 3) of the controller 
6 is turned on in response to the Signal S of the timer circuit 
(FIG. 2), so that a drive current of an asymmetrical wave 
form where the plus period becomes much longer than the 
minus period as shown in FIG. 4C is supplied to the 
discharge lamp 11. 
0071 At the same time, just after the power supply of the 
LCD projector is turned on, the discharge lamp 11 is 
Supplied with the ignition Voltage based upon the DC 
voltage of approximately 300V which is supplied to the 
ignition circuit 7 from the down converter 3 through the 
full-bridge 5. 
0072 FIG. 4A shows a waveform of an ignition voltage 
of the discharge lamp 11 at a normal temperature with the 
same timing scale as FIGS. 4B and 4.C. 
0073. It should be noted that when the waveform of the 
ignition Voltage is made to be plus at the timing when the 
waveform of the AC drive current is in the plus state and this 
State is maintained for a longer period than a certain period 
(namely, gas in the discharge lamp is made ionized), the 
discharge lamp is lighted based on the fact that a current 
continuously flows through the ionized gas. 
0074. On the other hand, when the waveform of the 
ignition Voltage is made to be plus at the timing when the 
waveform of the AC drive current is in the minus state, the 
discharge lamp cannot be lighted. 
0075 Additionally, when the waveform of the ignition 
Voltage is made to be plus at the timing when the waveform 
of the AC drive current is in the plus state while later on it 
turns to the minus direction in a short time, the discharge 
lamp cannot be lighted. 
0076. In this way, whether or not the discharge lamp will 
be lighted is determined by the timing when the waveform 
of the ignition Voltage is made to be plus. 
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0.077 According to the discharge lamp lighting appara 
tus, as shown in FIGS. 4A to 4C, the waveform of the AC 
drive current is made in the plus direction at every timing t1 
to t5 when the waveform of the ignition voltage is made to 
be plus and further the waveform of the AC drive current is 
maintained in the plus direction for a longer period than a 
certain period. Accordingly, the probability that the wave 
form of the ignition Voltage becomes plus at the timing when 
the discharge lamp is lighted is made relatively high. 
0078. In FIG. 4A an ignition voltage in a condition of a 
normal temperature is shown, but when considering about 
an ignition Voltage in a condition of a high temperature, the 
waveform of the AC drive current becomes asymmetrical as 
shown in FIG. 4C, so that the probability that the waveform 
of the ignition Voltage becomes plus at the timing when the 
discharge lamp is lighted is made relatively high in the very 
Same way. 

0079. In the above case, when the transistor Q1 of the 
controller is in its OFF state, an AC drive current Such as 
shown in FIG. 4B is supplied to the discharge lamp 11 and 
this waveform is a similar waveform as that of the AC drive 
current in a discharge lamp lighting apparatus of conven 
tional AC drive system. 
0080 Supposing that a waveform of an AC drive current 
such as shown in FIG. 4B is supplied to the discharge lamp 
11 just after the power Supply of the LCD projector is turned 
on, the waveform of the AC drive current is in a plus 
condition and the timing t5 of FIG. 4 is only the timing 
when the waveform of the ignition voltage becomes plus 
condition and, at the same time, after when the AC drive 
current will maintain the plus condition for longer than a 
certain period. In more detail, the waveform of the AC drive 
current is in a minus condition at the timings t1 and t3 and 
the waveform of the AC drive current is in its plus condition 
at the timings t2 and tA while it changes to its minus 
condition Soon later. Accordingly, the probability that the 
waveform of the ignition voltage is made in a plus condition 
at the timing when the discharge lamp is lighted becomes 
relatively low. 
0081. When the probability for lighting the discharge 
lamp 11 is low as mentioned above, the ignition Voltage 
should be Supplied a long time until the discharge lamp 11 
is lighted, So that it will take a long time to light the 
discharge lamp 11 (making video image projected) after the 
power Supply of the LCD projector is turned on. 
0082) Additionally, if the ignition voltage is designed to 
be automatically shut-off in a period more than Several 
Seconds after, for example, the power Supply of LCD 
projector is turned on where the discharge lamp 11 cannot be 
lighted even after the ignition Voltage is continuously Sup 
plied, the user is forced to have an inconvenience whether he 
should wait for the restart of the ignition Voltage or he 
should turn on the power Supply again from the first. 
0.083. According to the present LCD projector, to avoid 
Such an inconvenience of the conventional apparatus, an AC 
drive current of a waveform not of a Symmetrical one, but 
of a converted asymmetrical one where the plus period 
becomes much longer than the minus period is Supplied to 
the discharge lamp 11, so that the probability that the 
waveform of the ignition voltage becomes in a plus condi 
tion at the timing when the discharge lamp is lighted is made 
relatively high. 
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0084. In this way, in a short time after the power supply 
is turned on (namely, approximately Securely within a time 
of a few seconds when the transistor Q1 in the controller 6 
is made on by the signal S from the timer circuit 12) the 
discharge lamp is made lighted and Video image can be 
projected. Accordingly, the LCD projector becomes easy to 
handle for a user. 

0085. Further, the life time of the discharge lamp 11 will 
be lengthened owing to the fact that the deterioration degree 
of the electrodes of the discharge lamp 11 becomes Small, 
because the time for applying the ignition Voltage to the 
discharge lamp 11 becomes shortened. Therefore, users need 
not frequently ask for the aftercare of changing the discharge 
lamp 11 and the running cost of the LCD projector becomes 
low. 

0086). Additionally, such effects can be obtained only by 
adding a simple circuit of aforesaid resistor R4 and transistor 
Q1 to the conventional controller. 

0087 Next, different operations from a normal to a high 
temperature conditions will be described hereinafter. 
0088. When the power supply of LCD projector is turned 
on after a considerably longtime from the time when the 
LCD projector was used last time, the discharge lamp 11 is 
in its normal temperature, Such that the temperature of the 
thermistor R3 of the ignition circuit 7 near the discharge 
lamp 11 becomes a normal temperature. 
0089. On the other hand, when an LCD projector is 
turned off after it is used for long hours and then the 
projector is turned on at once again (for example, just after 
the projector is used in one room and is delivered to a next 
room to be used therein), the discharge lamp is radiating heat 
and in a high temperature condition, So that the temperature 
of the thermistor R3 is also becomes high. 
0090 Therefore, when the discharge lamp 11 is in a high 
temperature condition, an ignition Voltage of approximately 
twice higher Voltage level than that in a normal temperature 
is Supplied to the discharge lamp 11. 
0091. When the temperature of the discharge lamp 11 is 
high, the pressure of the low pressured gas enclosed in the 
discharge lamp increases, So that the discharge lamp 11 
cannot be lighted or turned on unless an ignition Voltage of 
a higher Voltage than that of a normal temperature is 
Supplied to the discharge lamp 11. 
0092 According to the present discharge lamp lighting 
apparatus 1, when the temperature of the discharge lamp 11 
is high, an ignition Voltage of a higher Voltage level than that 
of a normal temperature is Supplied to the discharge lamp 11, 
so that the discharge lamp 11 will be lighted or turned on 
even when an LCD projector is turned off after it is used for 
long hours and then the projector is turned on at once again. 
0093. Additionally, when the discharge lamp 11 is in its 
normal temperature, an ignition Voltage of a relatively low 
Voltage level is Supplied to the discharge lamp 11, but the 
discharge lamp 11 can fully be lighted in response to an 
ignition Voltage of Such a low Voltage level. 
0094. In a conventional AC drive type discharge lamp 
lighting apparatus, the Voltage level of the ignition Voltage 
is fixed and in case that the fixed Voltage level is low, there 
is an inconvenience that the discharge lamp 11 cannot be 
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lighted in its high temperature condition (in other words, 
users should wait until the temperature of the discharge lamp 
decreases), and further in case that the fixed voltage level is 
high, there is an inconvenience that the life time of the 
discharge lamp 11 is uselessly shortened, because an ignition 
Voltage of an unnecessarily high Voltage level is Supplied to 
the discharge lamp when it is in a normal temperature 
condition. 

0.095 According to the present LCD projector, in order to 
avoid the aforesaid inconvenience the Voltage level of the 
ignition Voltage is changed in accordance with the tempera 
ture caused by the heat radiation of the discharge lamp 11, 
Such that when the temperature of the discharge lamp 11 is 
high, an ignition Voltage of a high Voltage level which is 
necessary for lighting the discharge lamp 11 can be Supplied 
to the discharge lamp 11 when it is in a high temperature 
condition and on the other hand, when the temperature of the 
discharge lamp 11 is normal, an ignition Voltage of a low 
Voltage level which is enough for lighting the discharge 
lamp 11 will be supplied to the discharge lamp 11. 

0096. In view of the afore mentioned aspect, the dis 
charge lamp 11 will be Soon lighted or turned on and the 
Video image can be projected even when the LCD projector 
is turned off after it is used for long hours and then the 
projector is Soon turned on again. Therefore, in this point of 
view, too, the usability of the LCD projector is improved for 
USCS. 

0097. Additionally, an ignition voltage of an unnecessar 
ily high Voltage level is not Supplied to the discharge lamp 
11 when it is in a normal temperature condition, So that 
deterioration degree of the electrodes of the discharge lamp 
11 becomes Smaller and it cases lengthening of the life time 
of the discharge lamp 11. Therefore, in this point, too, users 
need not frequently ask for the aftercare of changing the 
discharge lamp 11 and at the same time the running cost of 
the LCD projector becomes low. 

0098. It should be noted that the voltage level of the 
ignition Voltage can be changed in response to the tempera 
ture cased by the heat radiation of the discharge lamp 11 only 
by adding a simple circuit Such as the thermistor R3, the 
three terminal thyristor Q2 and the discharge device H3 
instead of a discharge gap. 

0099. In the above mentioned example, when lighting the 
discharge lamp 11, the controller 6 changes or varies the 
waveform of the AC drive current outputted from the 
full-bridge 5 to an asymmetrical waveform where the fre 
quency thereof is lowered and the plus period becomes 
much longer than the minus period as shown in FIGS. 4B 
and 4.C. 

0100 However, for another example when lighting the 
discharge lamp 11, it is possible to change or vary the 
waveform of the AC drive current outputted from the 
full-bridge 5 to an asymmetrical waveform where the fre 
quency thereof is maintained constant and the plus period 
becomes much longer than the minus period. 

0101. In the above mentioned example, when lighting the 
discharge lamp 11, probability that the waveform of the 
ignition Voltage becomes plus at the timing when the dis 
charge lamp is lighted is made high by changing the wave 
form of the AC drive current to an asymmetrical waveform. 
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0102) However, for another example when lighting the 
discharge lamp 11, the probability that the waveform of the 
ignition Voltage becomes plus at the timing when the dis 
charge lamp is lighted is made high by Synchronically 
controlling the waveform of the AC drive current relative to 
the ignition Voltage (that is, by controlling the waveform of 
the AC drive current, Such that it becomes plus and maintain 
this plus condition longer than a certain period at the timing 
when the discharge lamp is lighted). 

0103). Further, in the above mentioned example, the ther 
mistor having a resistance ratio of approximately 1:2 for 
high and normal temperatures is provided in the ignition 
circuit 7, but it is possible or allowed that another thermistor 
having a different ratio other than 1:2 will be provided. 

0104 Further, in the above mentioned example, the con 
nection midpoint of the diode D1 and the Step-up trans 
former T2 is grounded by means of the resistor R2 and the 
thermistor R3 as shown in FIG. 5. However, for another 
example it is allowed that the connection midpoint is 
grounded by means of a positive thermistor and a resistor, 
Such that a connection midpoint of the positive thermistor 
and the resistor is connected to the gate of the three terminal 
thyristor Q3 through the discharge device H3 in FIG. 5. 

0105. Further, in the above mentioned example, as shown 
in FIG. 5, the thermistor R3 is provided in the ignition 
circuit 7 where the thermistor R3 is an element having the 
both functions of detecting means for detecting the tempera 
ture caused by the heat radiation of the discharge lamp 11 
and control means for changing the Voltage level of the 
ignition Voltage in response to the detected result of the 
detecting means (that is, changing the Voltage of the con 
nection midpoint P). 
0106 However, for another example, a resistor will be 
provided instead of the thermistor R3 at its position and the 
temperature caused by the heat radiation of the discharge 
lamp 11 will be detected by a temperature sensor Such that 
another resistor will be connected in parallel with that 
resistor in order to lower the Voltage of the connection 
midpoint P when the detected temperature by the tempera 
ture Sensor is high. 

0107. In a further additional example, a variable resistor 
can be provided instead of the thermistor R3 at its position 
and the temperature caused by the heat radiation of the 
discharge lamp 11 will be detected by a temperature Sensor 
Such that the resistance value of the variable resistor will be 
lowered in order to lower the Voltage of the connection 
midpoint P when the detected temperature by the tempera 
ture Sensor is high. 

0.108 For those cases above, the temperature sensor is 
not necessary to be provided in the ignition circuit 7 or in the 
discharge lamp lighting apparatuS 1, but it can be provided, 
for example, near an air exhausting fan of the LCD projector, 
near an air exhausting exit (heat exhausting exit) of the LCD 
projector, at the inner wall of the cabinet of the LCD 
projector and the like, which is one of appropriate positions 
within the projector for detecting the temperature caused by 
the heat radiation of the discharge lamp 11. 

0109 Further, in the above mentioned example, as shown 
in FIG. 5, the ignition circuit 7 makes the voltage level of 
the ignition Voltage high when the temperature of the 
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discharge lamp 11 is high by increasing the Voltage Supplied 
from the capacitor C2 to the primary Side of the Step-up 
transformer T2. 

0110. However, for another example, it is allowed that the 
Step-up ratio of the Step-up transformer will be made larger 
when the temperature of the discharge lamp 11 is high, Such 
that the Voltage level of the ignition Voltage is made high. 
0111 FIG. 6 shows an example where the portions 
succeeding to the diode D1 of FIG. 5 is modified such that 
the Step-up ratio of the Step-up transformer T2 can be made 
larger when the temperature of the discharge lamp 11 is high 
in which the same reference numerals are used for those 
corresponding to the portions of FIG. 5. 
0112) In this modified example, a discharge gap H2 is 
inserted between the diode D1 and the primary side of the 
Step-up transformer T2 and the connection midpoint of the 
diode D1 and the discharge gap H2 is grounded through the 
capacitor C2. The discharge Start Voltage of the discharge 
gap H2 is selected as about 800V to 1 KV. 
0113. The collector of the transistor Q3 is connected to a 
certain portion of the primary coil of the transformer H2. 
The emitter of the transistor Q3 is grounded and the base of 
the transistor Q3 is connected to an output terminal of a 
comparator 31. 
0114. The temperature caused by the heat radiation of the 
discharge lamp 11 is detected by a temperature Sensor 
(designation is omitted) and a signal showing the detected 
result is inputted to one input terminal of the comparator 31. 
The other input terminal of the comparator 31 is supplied 
with a reference Signal Ref which shows a higher tempera 
ture than a normal temperature as a reference temperature. 
0115 When the detected result is higher than the refer 
ence temperature, the transistor Q3 is turned on, because an 
output signal from the comparator 31 is Supplied to the base 
of the transistor Q3. Accordingly, in this case, the Step-up 
ratio of the Step-up transformer T2 becomes a ratio of the 
primary coil number of the transformer T2 seen from the 
connection midpoint of the transistor Q3 to the primary coil 
portion at the discharge gap H2Side relative to the Secondary 
coil number of the transformer T2 (this becomes larger than 
1:20). 
0116. In this way, when the temperature of the discharge 
lamp 11 is high, the Step-up ratio of the Step-up transformer 
T2 is made larger, So that the Voltage level of the ignition 
Voltage becomes higher. 
0.117) Further, in the aforesaid example, the present 
invention is applied to a LCD projector provided with a 
discharge lamp lighting apparatus which Supplies an AC 
drive current to a discharge lamp. However, it is also 
applicable to a LCD projector provided with a discharge 
lamp lighting apparatus which Supplies a DC drive current 
to a discharge lamp. 
0118. Further, in the aforesaid example, the present 
invention is applied to LCD projectors, but it is also appli 
cable to other than LCD projectors, for example, to projec 
tion type display apparatuses which use Such as DMD 
(Digital Micro Mirror Device) other than LCD panels as 
light bulbs. 
0119). In view of the afore mentioned aspect, the present 
invention has advantages or effects that it becomes possible 

Sep. 18, 2003 

to light the discharge lamp when it is in a high temperature 
condition and the life time of the discharge lamp can be 
lengthened by changing the Voltage level of the ignition 
Voltage in accordance with the temperature caused by the 
heat radiation of the discharge lamp Such that when the 
temperature of the discharge lamp is high, an ignition 
Voltage of a high Voltage level which is necessary for 
lighting the discharge lamp can be Supplied to the discharge 
lamp when it is in a high temperature condition and on the 
other hand, when the temperature of the discharge lamp is 
normal, an ignition Voltage of a low Voltage level which is 
enough for lighting the discharge lamp will be Supplied to 
the discharge lamp. 
0120 Additionally, it has also an advantage that the 
Voltage level of the ignition Voltage can be changed in 
accordance with the temperature caused by the heat radia 
tion of the discharge lamp only by adding a simple circuit 
Such as a thermistor or a Switching device in the ignition 
circuit. 

0121 Further, especially according to a projection type 
display apparatus of the present invention, the Video image 
can be projected at once even when the LCD projector is 
turned off after it is used for long hours and then the 
projector is Soon turned on again, So that an advantage is 
obtained Such that the usability of the projection type display 
apparatus is improved for users. 
0122) Having described preferred embodiments of the 
invention with reference to the accompanying drawings, it is 
to be understood that the invention is not limited to those 
precise embodiments and that various changes and modifi 
cations could be affected therein by one skilled in the art 
without departing from the Spirit or Scope of the invention as 
defined in the appended claims. 

What is claimed is: 
1. A discharge lamp lighting apparatus comprising: 
discharge pulse Supplying means for Supplying a high 

Voltage pulse for discharge to a discharge lamp, 
drive current Supplying means for Supplying a drive 

current to Said discharge lamp, 
detecting means for detecting the temperature caused by 

the heat radiation of Said discharge lamp, and 
control means for changing the Voltage level of Said high 

Voltage pulse for discharge in response to the detected 
result of Said detecting means. 

2. A discharge lamp lighting apparatus according to claim 
1, wherein Said discharge pulse Supplying means comprises 
a capacitor for charging a Supplied Voltage, and a trans 
former for Stepping-up the charged Voltage of Said capacitor 
and for Supplying it to Said discharge lamp, and Said control 
means comprises a Switching device for Switching whether 
or not Supplying a Voltage from Said capacitor to Said 
transformer in response to an output of a negative or positive 
thermistor whose resistance value changes in accordance 
with the ambient temperature wherein when Said Switching 
device is Switched Such that a Voltage is Supplied from Said 
capacitor to Said transformer, the Voltage level of the 
charged Voltage of Said capacitor is made to change in 
accordance with the resistance value of Said negative or 
positive thermistor, and Said negative or positive thermistor 
is used both for Said detecting means and Said control means. 
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3. A discharge lamp lighting apparatus according to claim 
1, wherein Said discharge pulse Supplying means comprises 
a capacitor for charging a Supplied Voltage, and a trans 
former for Stepping-up the charged Voltage of Said capacitor 
and for Supplying it to Said discharge lamp, and Said control 
means comprises a comparator for comparing a signal 
designating the temperature detected by Said detecting 
means with a signal designating a reference temperature and 
for outputting an compared Signal based on the compared 
result, and step-up ratio changing means for changing the 
Step-up ratio of Said transformer wherein Said Step-up ratio 
changing means is controlled for changing Said high Voltage 
pulse for discharge in response to Said compared signal from 
Said comparator. 

4. A discharge lamp lighting apparatus according to claim 
1, wherein Said drive current Supplying means Supplies an 
AC drive current and is provided with a waveform conver 
Sion means for converting the waveform of Said AC drive 
current to a waveform having a plus period longer than a 
minus period. 

5. A light Source apparatus comprising: 
a discharge lamp 
discharge pulse Supplying means for Supplying a high 

Voltage pulse for discharge to Said discharge lamp, 
drive current Supplying means for Supplying a drive 

current to Said discharge lamp, 
detecting means for detecting the temperature caused by 

the heat radiation of Said discharge lamp, and 
control means for changing the Voltage level of Said high 

Voltage pulse for discharge in response to the detected 
result of Said detecting means. 
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6. A light Source apparatus according to claim 5, wherein 
Said drive current Supplying means Supplies an AC drive 
current and is provided with a waveform conversion means 
for converting the waveform of said AC drive current to a 
waveform having a plus period longer than a minus period. 

7. A projection type display apparatus comprising: 
discharge pulse Supplying means for Supplying a high 

Voltage pulse for discharge to a discharge lamp, 
drive current Supplying means for Supplying a drive 

current to Said discharge lamp, 
detecting means for detecting the temperature caused by 

the heat radiation of Said discharge lamp, and 
control means for changing the Voltage level of Said high 

Voltage pulse for discharge in response to the detected 
result of Said detecting means. 

8. A projection type display apparatus according to claim 
7, wherein Said drive current Supplying means Supplies an 
AC drive current and is provided with a waveform conver 
Sion means for converting the waveform of Said AC drive 
current to a waveform having a plus period longer than a 
minus period. 

9. A projection type display apparatus according to claim 
8 further comprising: a timer for Outputting a signal of a 
certain period to Said waveform conversion means in 
response to an operation signal from a user, wherein Said 
waveform conversion means converts the waveform of Said 
AC drive current to a waveform having a plus period longer 
than a minus period when the Signal is output from Said 
timer and converts the waveform of said AC drive current to 
a waveform having a plus period equal to a minus period 
when the Signal is output from Said timer. 

k k k k k 
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