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DISCHARGE LAMP LIGHTINGAPPARATUS 
AND PROJECTOR 

CROSS-REFERENCES TO RELATED 
APPLICATION 

0001. The disclosure of Japanese Patent Application No. 
2007-162303, filed Jun. 20, 2007, including its specification, 
claims and drawings, is incorporated herein by reference in its 
entirety. 

TECHNICAL FIELD 

0002. Described herein is a high-pressure discharge lamp 
used in a projector, especially to a discharge lamp lighting 
apparatus for a lighting a high intensity discharge lamp. Such 
as a high-pressure mercury lamp, a metal halide lamp, or a 
Xenon lamp, and a projector using the discharge lamp lighting 
apparatus. 

BACKGROUND 

0003 For example, in a projector for an optical device 
used for image display like a liquid crystal projector or a DLP 
(Trademark) projector, a high intensity discharge lamp (HID 
lamp) is used. In Such a projector, by a dichroic prism etc., 
light is separated into the three primary colors of red, green, 
and blue, i.e., a space modulation element provided for each 
color generates an image of each of the three primary colors, 
and optical paths thereofare combined by a dichroic prism 
etc.. So as to display a color image. 
0004. In another known type of projector, light emitted 
from a light source is passed through a rotating filter (dynamic 
color filter) comprising a transmission color wheel having 
three primary color areas (R,G, and B), thereby sequentially 
generating light rays of the three primary colors. In synchro 
nization with the generated light rays, the spatial modulation 
device is controlled so as to sequentially generate an image of 
each of the three primary colors in a time dividing manner, 
thereby displaying a color image. When brightness is impor 
tant, W, that is, white may be added to the three primary colors 
of R, G and B, so that the dynamic color filter has four colors, 
whereby an color image may be displayed by sequentially 
generating these colors, one by one. Or, furthermore, a color 
image may be displayed, by providing much more color areas 
thereon, thereby reinforcing color expression capability. 
0005. In a discharge lamp lighting apparatus for lighting a 
discharge lamp as described above, while Voltage called a 
no-load open circuit Voltage is impressed to a lamp at start-up, 
high Voltage is impressed to the lamp, in order to generate 
dielectric breakdown in an electrical discharge space, so that 
the discharge state changes from glow discharge to arc dis 
charge, and finally, the discharge lamp lighting apparatus is 
operated so that stable regular lighting may be realized. Usu 
ally, Such a discharge lamp lighting apparatus has a converter 
which adjusts an output of an input power Supply to a lamp 
discharge Voltage, in order to realize a predetermined input 
power Supplied to the lamp thereby outputting the required 
lamp current. Moreover, lamp Voltage, i.e., output Voltage of 
the converter, is detected, and based on this information, 
target lamp current is determined according to a value of the 
quotient which is obtained by dividing, for example, the tar 
get electric power by the detection Voltage. 
0006 Although the lamp discharge voltage in a lighting 
steady state, i.e., lamp Voltage, (VL) becomes low as the 
distance between tips of two electric discharge electrodes, 
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i.e., the distance between electrodes, becomes short. How 
ever, since the light source becomes close to a point light 
source as the distance between electrodes becomes short, the 
use efficiency of light emitted from a lamp becomes high. On 
the other hand, when the same electric power is supplied to 
the lamp, because of decrease of the lamp Voltage (VL), since 
lamp current (IL) becomes large, there is a disadvantage that 
generation of heat of a discharge lamp lighting apparatus 
increases. On the contrary, the light use efficiency becomes 
low due to a decrease (or losing) of the nature of a point light 
Source as the distance between electrodes becomes long. On 
the other hand, when the same electric power is supplied to 
the lamp, because of an increase of the lamp Voltage (VL), 
since only small lamp current (IL) is required, there is an 
advantage that generation of heat in a discharge lamp lighting 
apparatus can be reduced. 
0007. Therefore, it is not necessarily so advantageous if 
the distance between electrodes long or it is not necessarily 
advantageous if it is short. That is, it can be understood that 
the distance between the electrodes is required to be main 
tained in a desired range between the maximum and mini 
mum which are determined from the brightness required for a 
light Source of a projector and the limit of heat generation at 
which the discharge lamp lighting apparatus can be operated. 
0008. As types of discharge lamp driving methods, there 
are a direct current driving method in which a lamp is turned 
on by a converter, and an alternating current driving method 
in which periodic polarity reversals are performed by addi 
tionally providing an inverter further in the downstream side 
of the converter. In the case of the direct current driving 
method, since the light flux from the lamp is like direct 
current, that is, it does not change with passage of time, 
basically, there is a big advantage that it can be similarly 
applied to both types of the above-described projectors. 
0009. On the other hand, while in the case of the alternat 
ing current driving method, there are disadvantages, resulting 
from existence of polarity reversals, that is, overshoot, instan 
taneous light-out at the time of polarity reversals etc. occur, 
thereby causing a bad influence on a display image etc., there 
is an advantage that growth or consumption of electrodes of 
the discharge lamp may be controlled, by using the flexibility 
of polarity-reversal frequency, which the direct current driv 
ing method does not have. 
(0010. In Japanese Laid Open Patent No. 2001-312997, the 
conventional technology is described. That is, in order to 
maintain the distance between electrodes in the desired range, 
growth or consumption of the electrode of a discharge lamp is 
controlled by controlling polarity-reversal frequency etc. 
Specifically, the laid open patent discloses that when a value 
of the distance between electrodes decreases from a regular 
value due to formation of a projection portion in the portion 
which faces the electrode tip section of a high-pressure dis 
charge lamp, the frequency is set to a first frequency. When 
the projection portion becomes Small, and the distance 
between electrodes increases from a regular value, the fre 
quency is set to a second frequency. 
0011 Moreover, for example, Japanese Laid Open Patent 
No. 2002-175890 discloses a technology in which in a lamp 
driven by an alternating current and including electrodes hav 
ing regulation withstand current, a period during which the 
frequency is 5 Hz or less is one (1) second or more, or a period 
during which lighting current becomes a rated current value 
or more is one (1) second or more, is provided. 
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0012. Furthermore, for example, Japanese Laid Open 
Patent No. 2003-133091 discloses a technology in that when 
the voltage between electrodes falls below a predetermined 
value due to a change of the distance between electrodes 
during lighting, a period during which an alternating current 
at a frequency lower than a rated frequency is applied is 
temporarily provided. 
0013 Furthermore, for example, Japanese Laid Open 
Patent No. 2003-338394 discloses a technology in that in case 
a lamp is turned on with electric power lower than rated 
power, when the voltage between electrodes falls below a 
predetermined value due to a change of the distance between 
electrodes, a period during which an alternating current at a 
frequency higher than a frequency of lighting current is pro 
vided for only a predetermined time. 
0014 Furthermore, for example, Japanese Laid Open 
Patent No. 2004-342465, discloses a technology in that for a 
certain period of time immediately after starting an electric 
discharge lamp, a polarity-reversal operation of a full bridge 
circuit is carried out at an alternation frequency which is easy 
to form a projection of an electrode, and after the certain 
period of time, a polarity-reversal operation is carried out at 
an alternation frequency which causes little change to the 
electrodes. Moreover, the Japanese Laid Open Patent dis 
closes that the alternation frequency is increased as the tube 
Voltage of an electric-discharge lamp rises, and further the 
time ratio of positive polarity and negative polarity in the 
polarity reversal operation is changed depending on the state. 
0015. Furthermore, for example, Japanese Laid Open 
Patent No. 2005-197181 discloses a technology in that polar 
ity-reversal frequency is changed to two or more levels, 
according to the magnitude relation between a lamp Voltage 
and a Switching Voltage, and a lamp is turned on at a prede 
termined fixed frequency for a predetermined period after 
start-up. 
0016 Furthermore, for example, Japanese Laid Open 
Patent No. 2006-140016 discloses a technology in that the 
frequency of alternating current is regularly or irregularly 
changed. 
0017. Furthermore, for example, Japanese Laid Open 
Patent No. 2006-156414 discloses a technology in which a 
bridge drive frequency is controlled to be switched between 
two or more frequencies at the time of lighting. 
0018. Furthermore, for example, Japanese Laid Open 
Patent No. 2006-185663 discloses a technology in which a 
polarity-reversal frequency of a bridge is changed according 
to a lamp Voltage. 
0019. Furthermore, for example, Japanese Laid Open 
Patent No. 2007-087637 discloses that when a lighting volt 
age of a discharge lamp is a first predetermined value or more, 
the lamp is turned on at a low frequency, and when the lighting 
Voltage of the discharge lamp is a second predetermined value 
or less, the lamp is turned on without inserting the low fre 
quency. 
0020. However, in such conventional technologies, suffi 
cient controllability to maintain the distance between elec 
trodes in the desired range could not be realized. Uncontrol 
lability of the distance between electrodes is remarkable in a 
lighting condition in which electric power Smaller than the 
actual lamp power capacity is applied to the lamp by lighting 
modulation. This is because the electrode temperature of the 
lamp tends to become low on Such low electric power condi 
tions, so that a projection at the tip of the electrode tends to 
grow, and in a response to the lamp Voltage drop with the 
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growth of a projection, a lamp current is increased in order to 
realize a target electric power, so that the efficiency of the 
weak feedback loop is not good until the temperature of the 
electrode comes to a rise. Therefore, when the lamp voltage 
begins to decrease after exceeding the desired range, there is 
a problem that it takes time to return to the desired range since 
the lamp Voltage cannot be immediately changed to a rise, 
depending on the conventional technology. 

SUMMARY 

0021. The subject matter to be solved is to offer a dis 
charge lamp lighting apparatus and a projector, in which it is 
possible to solve the problem that it takes time to return to a 
desired range since the lamp Voltage is not immediately 
changed to a rise when the lamp Voltage begins to decrease 
and exceed the desired range of lamp Voltage. 
0022. The discharge lamp lighting apparatus for turning 
on a discharge lamp having a lighting condition in which a 
projection is formed at a tip of an electrode for electric dis 
charge, comprises a power Supply circuit which Supplies elec 
tric power to the discharge lamp; a lamp Voltage detection unit 
which detects a lamp Voltage and generates a lamp Voltage 
detection signal; an inverter which inverts an output Voltage 
and passes an output current inform of an alternating current 
to the discharge lamp; a polarity-reversal mode control circuit 
which determines a polarity-reversal mode comprising a first 
mode and a second mode, based on the lamp Voltage detection 
signal; and an inverter control circuit which generates an 
inverter control signal which specify a polarity-reversal 
operation of the inverter based on the polarity-reversal mode, 
wherein in a period of a lighting steady state, excluding an 
initial lighting period immediately after start up of the dis 
charge lamp, when the polarity-reversal mode is the second 
mode, the inverter control circuit operates to generate the 
inverter control signal So that a DC component contained in 
the output current increases more than that in the first mode, 
when the polarity-reversal mode is the first mode, and it is 
detected that the lamp voltage is lower than a predetermined 
first Voltage, the polarity-reversal mode control circuit 
changes the polarity-reversal mode into the second mode, and 
when the polarity-reversal mode is the second mode, and it is 
detected that the lamp Voltage is higher than a predetermined 
second Voltage, the polarity-reversal mode control circuit 
changes the polarity-reversal mode into the first mode. 
0023. In the discharge lamp lighting apparatus, the output 
current may not contain an AC component in a period where 
the polarity-reversal mode is the second mode. 
0024. In the discharge lamp lighting apparatus, in a period 
where the polarity-reversal mode is the second mode, the 
inverter control circuit may perform an operation so that the 
polarity of a DC component is reversed from one polarity to 
the other polarity. 
0025. In the discharge lamp lighting apparatus, the second 
Voltage may be higher than the first Voltage, and when the 
lump Voltage reaches a value obtained by adding the first 
Voltage and the second Voltage, and then dividing a result of 
the addition by two, the polarity of the DC component con 
tained in the output current may be changed from one polarity 
to the other polarity. 
0026. In the discharge lamp lighting apparatus, when the 
lamp Voltage reaches a value obtained by adding a minimum 
value of the lamp Voltage and the second Voltage and then 
dividing a result of the addition by two, the polarity of the DC 
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component contained in the output current may be changed 
from one polarity to the other polarity. 
0027. In the discharge lamp lighting, the polarity of a DC 
component which appears when the polarity-reversal mode is 
changed into the second mode from the first mode appear, 
may be made to an opposite polarity to that of a DC compo 
nent which appears when the polarity-reversal mode is 
changed into the second mode from the first mode last time. 
0028. In the present projector which projects an image 
using light flux generated by a discharge lamp, the discharge 
lamp is started and lighted by the above mentioned discharge 
lamp lighting apparatus. 
0029. In the projector, the light flux may be converted to 
color sequential light flux by a dynamic color filter and an 
image may be projected thereby and the inverter control cir 
cuit may generate the inverter control signal, synchronizing 
with an operation of the dynamic color filter. 
0030. In the present discharge lamp lighting apparatus and 
a projector it is possible to solve the problem which a lamp 
Voltage cannot be immediately changed to a rise so that it 
takes time to return to the desired range when lamp Voltage 
begins to decrease and exceed the desired range. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0031. Other features and advantages of the present dis 
charge lamp lighting apparatus and projector will be apparent 
from the ensuing description, taken in conjunction with the 
accompanying drawings, in which: 
0032 FIG. 1 is a schematic block diagram showing an 
embodiment of a discharge lamp lighting apparatus; 
0033 FIG. 2 is a timing chart showing an operation of an 
discharge lamp lighting apparatus according to an embodi 
ment, 
0034 FIG. 3 is a timing chart showing an operation of a 
discharge lamp lighting apparatus according to an embodi 
ment, 
0035 FIG. 4 is a timing chart showing an operation of a 
discharge lamp lighting apparatus according to an embodi 
ment, 
0036 FIG. 5 is a timing chart showing an operation of a 
discharge lamp lighting apparatus according to an embodi 
ment, 
0037 FIG. 6 is a timing chart showing an operation of a 
discharge lamp lighting apparatus according to an embodi 
ment, 
0038 FIG. 7 is a timing chart showing an operation of a 
discharge lamp lighting apparatus according to an embodi 
ment, 
0039 FIG. 8 is a timing chart showing an operation of a 
discharge lamp lighting apparatus according to an embodi 
ment, 
0040 FIG. 9 is a timing chart showing an operation of a 
discharge lamp lighting apparatus according to an embodi 
ment, 
0041 FIG. 10 is a timing chart showing an operation of a 
discharge lamp lighting apparatus according to an embodi 
ment, 
0042 FIG. 11 is a timing chart showing an operation of a 
discharge lamp lighting apparatus according to an embodi 
ment, 
0043 FIG. 12 is a schematic diagram showing part of an 
embodiment of a discharge lamp lighting apparatus accord 
ing to an embodiment; 
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0044 FIG. 13 is a schematic diagram showing part of an 
embodiment of a discharge lamp lighting apparatus accord 
ing to an embodiment; 
0045 FIG. 14 is a schematic diagram showing part of an 
embodiment of a discharge lamp lighting apparatus accord 
ing to an embodiment; 
0046 FIG. 15 is a schematic block diagram of an embodi 
ment of a projector; and 
0047 FIG. 16 is a schematic view of a discharge lamp 
according to an embodiment. 

DESCRIPTION 

0048. A description will now be given, referring to 
embodiments of the present discharge lamp lighting appara 
tus and projector. While the claims are not limited to such 
embodiments, an appreciation of various aspects of the 
present discharge lamp lighting apparatus and projector is 
best gained through a discussion of various examples thereof. 
0049. The descriptions in the specification are provided 
for illustrative purposes only, and are not limiting thereto. The 
meaning of these terms will be apparent to persons skilled in 
the relevant arts based on the entirety of the teachings pro 
vided herein. 
0050 First, an embodiment is described referring FIG. 1, 
which is a schematic block diagram of a discharge lamp 
lighting apparatus. An output from a power Supply circuit 
(UX) for Supplying electric power to a discharge lamp (Ld) is 
applied to electrodes (E1, E2) for main discharge of the dis 
charge lamp (Ld), through an inverter (Uli). As the power 
Supply circuit (UX), a step down chopper circuit shown in 
FIG. 12 (described below) may be used. As the inverter (Uli), 
a full bridge circuit shown in FIG. 13 (described below) and 
the like may be used. 
0051. A starter (Us) for starting electric discharge is con 
nected to the discharge lamp (Ld). Although this figure shows 
a so-called external trigger type discharge lamp in which high 
Voltage is impressed to an auxiliary electrode (Et) provided 
outside the enclosure of the discharge lamp (Ld), the type of 
trigger of the discharge lamp is not significant to the essence 
of the embodiment. That is, it is possible to use, for example, 
a trigger system in which a high-voltage pulse generating 
circuit is provided in series to the electrodes (E1, E2) for main 
discharge, so that high-voltage pulse is impressed to the elec 
trodes, or a trigger system in which high Voltage generated by 
resonance, is impressed to the electrodes. 
0.052 Lamp voltage (VL) (accurately, an absolute value of 
the lamp voltage) generated between the electrodes (E1, E2) 
is detected as voltage of nodes (T21, T22) by a lamp voltage 
detection unit (VX). In addition, the lamp Voltage detection 
unit (VX) can be easily realized, using Voltage dividing resis 
tors. Although it is suitable that the lamp Voltage detection 
unit (Vx) is provided in an upstream side of the inverter (Uli) 
and in a portion whose Voltage is DC, the lamp Voltage detec 
tion unit (Vx) may be provided in a portion other than that. 
0053 A lamp voltage detection signal (Sv) which is an 
output signal of the lamp Voltage detection unit (VX) is input 
ted into a polarity-reversal mode control circuit (Uc). Imme 
diately after start-up, a polarity-reversal mode is set to a first 
mode in which the polarity-reversal mode control circuit (Uc) 
is operated based on the lamp Voltage detection signal (SV). 
When the polarity-reversal mode is the first mode, if it is 
detected that the lamp voltage (VL) is lower than a predeter 
mined first voltage (Vt1), the polarity-reversal mode is 
changed into a second mode. When the polarity-reversal 
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mode is the second mode, if it is detected that the lamp Voltage 
(VL) is higher than a predetermined second Voltage (Vt2), a 
polarity-reversal mode signal (Sc) is generated so that the 
polarity-reversal mode may be changed into the first mode. 
The polarity-reversal mode signal (Sc) is inputted into the 
inverter control circuit (Uf) for generating inverter control 
signals (Sfl. Sf2) which specify polarity-reversal operation 
of an inverter (Uli). 
0054 When the polarity-reversal mode is the first mode, 
usually, the inverter control circuit (Uf) generates the inverter 
control signals (Sfl. Sf2) so that a DC component is not 
contained in the output current (IL), that is, the average of the 
output current (IL') becomes substantially Zero. On the other 
hand, when the polarity-reversal mode is the second mode, 
the inverter control circuit (Uf) generates the inverter control 
signals (Sf1, Sf2) so that a DC component is contained in the 
output current (IL), that is, the average of the output current 
(IL') does not become Zero. 
0055 An operation of the discharge lamp lighting appa 
ratus according to the embodiment will be explained, refer 
ring to FIG.2 in which an example of a simplified timing chart 
is shown. In the figure, (a), (b), and (c) show the lamp Voltage 
(VL), the polarity-reversal mode signal (Sc) and a lighting 
steady State signal (SS) showing whether or not it is a lighting 
steady state, respectively. When the polarity-reversal mode 
signal (Sc) is low level, it is in the first mode, and when the 
signal (Sc) is high level, it is in the second mode. The lighting 
steady state signal (SS) is low level, it is an initial lighting 
period, and when the signal (SS) is high level, it is a lighting 
steady state period. 
0056. When it is detected that the lamp Voltage (VL) is 
lower than the predetermined first voltage (Vt1) at time (t11), 
the polarity-reversal mode signal (Sc) is changed from low 
level to high level, so that the polarity-reversal mode shifts to 
the second mode from the first mode. When the modeshifts to 
the second mode, as described above, the inverter control 
circuit (Uf) generates the inverter control signals (Sfl. Sf2) so 
that a DC component is contained in the output current (IL). 
Meaning of the DC component contained in the output cur 
rent (IL') is that, in one of the electrodes (E1, E2) which are 
polar opposites, the rate of time when it functions as an anode 
is large, and in the other electrode, the rate of time when it 
function as an anode, is Small. 
0057 Generally, in the anode of the discharge lamp in an 
arc discharge state, excessive heat is generated more than that 
generated in the cathode. That is, kinetic energy is released 
when electrons emitted from the cathode collide with the 
anode. Moreover, although the energy corresponding to the 
work function which is required in order that an electron 
escapes from the cathode to the outside, is released. On the 
other hand, in the cathode, when an electron escapes from the 
cathode, heat energy is drawn therefrom in order to carry out 
the energy corresponding to the work function. The heat 
generation of the electrodes (E1, E2) which are polar oppo 
sites is balanced under condition where a DC component is 
not contained in the output current (IL) (or a DC component 
is contained a little). However, under the condition in which a 
DC component is contained in the output current (IL), the 
heat generation is not balanced so that in an electrode in 
which the rate of time when it functions as an anode is large, 
excessive heat is generated so that the temperature thereof 
rises. For this reason, if the amount of the DC component 
contained therein is setup suitably, the melting of a projection 
at the tip of an electrode in which the rate of time when it 
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functions as an anode is larger than the other electrode, 
progresses Superfluously, and the melted range is expanded, 
whereby the distance between the electrodes becomes long, 
so that falling tendency of the lamp Voltage (VL) is Sup 
pressed, and then the lamp Voltage (VL) comes to change to a 
1S. 

0058 When it is detected that the lamp voltage (VL) is 
higher than the predetermined second voltage (Vt2) at time 
(t12) in FIG. 2, the polarity-reversal mode signal (Sc) shifts 
from high level to low level, so that the polarity-reversal mode 
returns to the first mode from the second mode. When it 
returns to the first mode, as described above, the inverter 
control circuit (Uf) generates the inverter control signals (Sfl. 
Sf2) so that a DC component is not contained in the output 
current (IL) (or a DC component is contained little). 
0059 For this reason, the condition under which the heat 
release of the electrode (E1, E2) which are polar opposites is 
balanced, is recovered, and the excessive heat of the electrode 
in which rate of time when it functions as an anode is large, 
stops being generated, so that the Superfluous melting of the 
projection at the tip of the electrode stops, so that the rising 
tendency of the lamp voltage (VL) ends. After that, if the lamp 
Voltage (VL) changes to the falling tendency, then, as shown 
at time (t13) of FIG. 2, the lamp voltage (VL) becomes lower 
than the predetermined first voltage (Vt1), whereby the 
above-mentioned operation is repeated. 
0060. In addition, as described above, although in an ini 

tial lighting period immediately after start-up the lamp Volt 
age in an arc discharge State is low, since it gradually goes up 
within a short time comparatively, towards a lighting steady 
state, in a period when it has not yet reached the lighting 
steady state, an operation of generating the inverter control 
signals (Sfl. Sf2) by setting up the polarity-reversal mode 
based on the lamp Voltage detection signal (SV) is not neces 
sarily needed. The first mode may be maintained until it 
reaches a lighting steady state from immediately after start 
up. And either when it is detected that the lamp voltage (VL) 
becomes higher than the predetermined threshold voltage, or 
when it is detected that a predetermined period elapses after 
start-up, it may be judged that it has reached the lighting 
steady state. 
0061. In FIG. 2, as an example, the predetermined thresh 
old voltage is set equally to the first voltage (Vt1). FIG. 2 
shows a state where it is detected that at time (t1s), the lamp 
voltage (VL) becomes high than the predetermined threshold 
Voltage, and it is judged that it reached the lighting steady 
state. In addition, the reason that the condition that the pre 
determined time elapses after start-up is added to the condi 
tions for determining whether or not it reaches the lighting 
steady state, is to make it possible to break away from a state 
where there is no sign that the lamp voltage (VL) reaches the 
predetermined threshold Voltage for judging that the lighting 
steady state is reached. In FIG. 2, as shown with a broken line, 
at time (t1s") when a predetermined time (ts) elapses from the 
start-up, the polarity-reversal mode is changed to the second 
mode from the first mode, so that the lamp voltage (VL) starts 
rising. 
0062. When the polarity-reversal mode is already the first 
mode, although it is described above that when the polarity 
reversal mode is the first mode, usually, the inverter control 
circuit (Uf) generates inverter control signals (Sfl. Sf2), so 
that a DC component is not contained in the output current 
(IL), that is, the average of the output current (IL) becomes 
substantially Zero, even when the polarity-reversal mode is 
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the first mode, a little DC component may be contained in the 
output current (IL). At this time, the polarity of the little DC 
component contained in the output current (IL) may be 
reversed at suitable time intervals. Even in such a case, when 
the polarity-reversal mode is the second mode, because of the 
above-described mechanism, the DC component contained in 
the output current (IL) may be more than that in the time 
when the polarity-reversal mode is the first mode, to the 
extent that the lamp Voltage (VL) changes to a rising ten 
dency. 
0063. In addition, neither the first voltage (Vt 1) nor the 
second voltage (Vt2) needs to be a fixed value peculiar to the 
discharge lamp lighting apparatus (EX). As described above, 
and described below, in a lighting condition in which electric 
power Smaller than the actual lamp power capacity is applied 
to the lamp by lighting modulation, there is a tendency that the 
projection at the tip of an electrode easily grows. Since this 
tendency is remarkable as the amount of lighting modulation 
gets large, the degree of the projection growth rate at the tip of 
the electrode, i.e., lamp Voltage fall speed, or a lamp Voltage 
fall tendency changes, along with electric power change dur 
ing a period from rated lighting to the maximum lighting 
modulation (amount). Therefore, for example, the first volt 
age (Vt 1) may be raised so that the larger the lighting modu 
lation amount is, the earlier the polarity-reversal mode goes 
into the second mode. Moreover, the second voltage (Vt2) 
may be lowered, so that the polarity-reversal mode returns to 
the first mode little early. Thus, the first voltage (Vt1) and/or 
the second Voltage (Vt2) are changed dynamically according 
to lighting conditions whereby the controllability of lamp 
Voltage can be enhanced. 
0064. In addition, in order that the distance between elec 
trodes, i.e., the lamp voltage (VL) can be controlled by the 
structure of the above described discharge lamp lighting 
apparatus (EX), it is necessary to apply it to the discharge lamp 
having the lighting conditions under which a projection is 
formed at the tip of an electrode. As to a lamp, the technology 
can be applied to all discharge lamps which are operated, 
Substantially with the melting of an electrode, at a tempera 
ture area near the melting point of electrode material, such as 
tungsten. Especially, the technology may be preferably 
applied to a discharge lamp in which the electrodes are 
arranged at intervals of 2 mm or less in an electric discharge 
container made of quartz glass, and mercury of 0.20 mg or 
more per cube millimeter and halogen of 10 to 10° micro 
molar (Lmol) per cube millimeter is enclosed. 
0065 FIG. 16 shows a schematic view of an example of 
the structure of this lamp. A discharge lamp (Ld) has an 
approximately spherical light emission section (11) which is 
formed of an electric discharge container made of quartz 
glass. A pair of electrodes (E1, E2) facing each other is 
arranged at an interval of 2 mm or less in the light emission 
section (11). Moreover, a sealing portion (12) is formed in 
each of end portions of the light emission section (11). A 
metallic foil (13) for electric conduction, which is made of 
molybdenum, is airtightly buried in each of the sealing por 
tion (12) by, for example, shrink sealing. An axis portion of 
each of the electrodes (E1, E2) is joined to one end of the 
metallic foil (13). Moreover, an external lead (14) is joined to 
the other end of the metallic foil (13), so that electric power is 
Supplied from an external power Supply apparatus. 
0.066 Mercury, rare gas, and halogen gas is enclosed in the 
light emission section (11). Mercury is used to obtain a radia 
tion light with a required visible light wavelength of, for 
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example, wavelength of 360-780 nanometer (nm). The 
amount of enclosed mercury varies depending on tempera 
ture conditions. It provides a very high vapor pressure with 
200 or more atmospheric pressure at the time of lighting. 
Moreover, by enclosing much more mercury, it is possible to 
make a discharge lamp with mercury vapor pressure of 250 or 
more atmospheric pressure at time of a lighting operation, or 
high mercury vapor pressure of 300 or more atmospheric 
pressure at time of a lighting operation, whereby as mercury 
vapor pressure becomes higher, a light source more Suitable 
for a projector can be realized. 
0067. As rare gas, argon gas of about 13 kPa is enclosed 
therein. The lighting starting nature is improved by that func 
tion. Halogen is enclosed in form of a compound of iodine, 
bromine, chlorine or the like and mercury or other metals. 
Although there is a halogen function of extending a life span, 
using the so-called halogen cycle, as in the present invention, 
in a discharge lamp in very Small size and under very high 
lighting vapor pressure, there is a function of devitrification 
prevention of an electric discharge container. In the specifi 
cation of the discharge lamp (Ld), for example, the maximum 
outer diameters of the light emission section is 9.5 mm, the 
distance between electrodes is 1.5 mm, an arc tube internal 
volume is 75 cube millimeter, rated voltage is 70 V, and rated 
power is 200 W. 
0068. At the tip of the electrodes (E1, E2) (end portion 
which faces the other electrode), a projection is formed dur 
ing a lamp lighting operation. Although it is not necessarily 
clear, the phenomenon in which a projection is formed is 
considered as set forth below. That is, the tungsten (compo 
sition material of an electrode) which is evaporated from a hot 
section near the tip of the electrode during a lamp lighting 
operation is combined with halogen and/or remaining oxygen 
which exists in an arc tube, and, for example, if the halogenis 
Br, it exists as tungsten compounds, such as WBr, WBr2, WO, 
WO2, WO2Br, and WO2Br2. These compounds are degraded 
So as to be tungsten atoms or cations in the hot section in the 
gaseous phase near the electrode tip. In addition to tempera 
ture diffusion (diffusion of the tungsten atom which goes 
toward a low temperature section, i.e., a portion around the tip 
of the electrode, from the hot section in a gaseous phase, i.e., 
in an arc), a tungsten atom is ionized in the arc, so as to 
become a cation. When an electrode functions as a cathode, 
the tungsten steamy density in the gaseous phase near the tip 
of the electrode becomes high since it is drawn in the direction 
of the cathode by electric field (namely, drift), so that precipi 
tation takes place at the tip of the electrode. Next, when this 
electrode functions as an anode, the tip of the electrode 
including the precipitated part melts so as to be shaped with 
Surface tension and a projection is formed. 
0069. Each of the electrodes (E1, E2) includes a sphere 
section (20a) and an axis portion (20b), and a projection (21) 
is formed at the tip of the sphere section (20a). Even if the 
projection 21 does not exist at start-up of a lamp lighting 
operation, it is formed spontaneously due to Subsequent light 
ing. In addition, a numerical example of the size of a projec 
tion is given, below. The greatest dimension (diameter) of the 
electrode (in direction perpendicular to the electric discharge 
direction) is p1.0-1.5 mm. When the distance between elec 
trodes is 1.0-1.5 mm, the diameter and projection length of 
the projection becomes about 0.1-0.6 mm. Since due to the 
projection, arc discharge becomes Small, so that an electric 
discharge starting point also becomes Small. While the use 
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efficiency of light is improved, there is an advantage that 
generation of a flicker is controlled. 
0070 FIG. 12 shows a schematic view of the structure of 
an example of the power Supply circuit (UX) which can be 
used with the discharge lamp lighting apparatus according to 
an embodiment. The power Supply circuit (UX) based on a 
step down chopper circuit operates in response to Supply of 
voltage from a DC power source (MX), such as PFC, so that 
the amount of electric Supply to the discharge lamp (Ld) is 
adjusted. In the power Supply circuit (UX), current from the 
DC power source (MX) is turned on and off by a switching 
element (QX) Such as FET, so that a smoothing capacitor (CX) 
is charged through a choke coil (LX). This Voltage is 
impressed to the discharge lamp (Ld), thereby passing current 
through the discharge lamp (Ld). 
0071. In addition, when the switching element (Qx) is in a 
period of an ON state, while due to current which passes 
through the Switching element (QX), current is supplied to the 
discharge lamp (Ld) which is a load and the Smoothing 
capacitor (CX) is directly charged so that energy is stored in a 
choke coil (LX) in form of magnetic flux. When the switching 
element (Qx) is in a period of an OFF state, by the energy 
stored in the choke coil (Lx) in form of magnetic flux, the 
Smoothing capacitor (CX) is charged through a flywheel diode 
(DX) and current is Supplied to the discharge lamp (Ld). 
0072. In the step down chopper type power supply circuit 
(UX), by the ratio of an ON state period of the switching 
element (QX) to the operation cycle of the Switching element 
(QX), i.e., the duty cycle ratio, the amount of electric supply to 
the discharge lamp can be adjusted. A gate driving signal (Sg) 
which has a certain duty cycle ratio is generated by the elec 
tric supply control circuit (Fx), the current from the DC power 
Supply (MX) is turned on and off by controlling the gate 
terminal of the Switching element (QX) through a gate driving 
circuit (Gx). 
0073. The lamp current (IL) (accurately, the absolute 
value of the lamp current) which flows between the electrodes 
(E1, E2) of the discharge lamp (Ld) is detected by a lamp 
current detection unit (IX). In addition, the lamp current 
detection unit (IX) can be easily realized by using a shunt 
resistor. Although it is suitable that the lamp current detection 
unit (IX) is provided in an upstream side of the inverter (Uli) 
and in a portion whose Voltage is DC, the lamp current detec 
tion unit (IX) may be provided in a portion other than that. 
Moreover, as described above, the lamp voltage (absolute 
value) generated between electrodes (E1, E2) is detected by 
the lamp Voltage detection unit (VX). 
0074 The lamp current detection signal (Si) from the lamp 
current detection unit (IX) and the lamp Voltage detection 
signal (SV) from the lamp Voltage detection unit (VX) are 
inputted into the electric supply control circuit (Fx). In a 
period when the lamp current does not flow at the time of 
start-up of a lamp lighting operation, the electric Supply con 
trol circuit (FX) generates the gate driving signal (Sg) in 
feedback manner to output a predetermined Voltage so as to 
impress a no-load open circuit Voltage to the lamp. When a 
lamp lighting operation starts and the discharge current flows, 
the gate driving signal (Sg) is generated in a feedback manner 
so that a target lamp current may be outputted. The target 
lamp current is based on a value from which the electric 
power Supplied to the discharge lamp (Ld) turns into a pre 
determined electric power, depending on the Voltage of the 
discharge lamp (Ld). However, since the Voltage of the dis 
charge lamp (Ld) is low and rated power cannot be supplied 
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immediately after start-up of a lamp lighting operation, the 
target lamp current is controlled not to exceed the fixed lim 
iting value which is called an initial restriction current. And, 
the Voltage of the discharge lamp (Ld) rises with a tempera 
ture rise, and current required for a predetermined electric 
power to be supplied turns into below the initial restriction 
current, thereby smoothly shifting to a state where the prede 
termined electric power to be supplied can be realized. 
0075. In addition, although the step down chopper circuit 

is shown as the power Supply circuit (UX), as long as the 
power Supply circuit (UX) is a converter for converting input 
electric power into Voltage/current Suitable for Supplying the 
electric power to the discharge lamp, for example, a circuit in 
which a step up chopper circuit, a transformer etc. is used, the 
form of the power Supply circuit is not essential to the present 
invention. 

0076 FIG. 13 shows a schematic diagram of an example 
of the inverter (Uli) which can be used with the discharge lamp 
lighting apparatus according to an embodiment. The inverter 
(Uli) is made up of a full bridge circuit which uses switching 
elements (Q1, Q2, Q3, Q4), such as FETs. Each switching 
element (Q1, Q2, Q3, Q4) is driven by each gate driving 
circuit (G1, G2. G3, G4), and with regard to the gate driving 
circuit (G1, G2. G3, G4), when the switching element (Q1) 
and the switching element (Q3) which are in a relationship of 
diagonal elements are in an ON State, the Switching element 
(Q2) and the switching element (Q4) which are in relation 
ship of diagonal elements are maintained in an OFF state. 
Conversely, when the switching element (Q2) and the switch 
ing element (Q4) which are in relationship of diagonal ele 
ments are in an ON state, the switching element (Q1) and 
switching element (Q3) are controlled by the inverter control 
signals (Sf1, Sf2) generated by the inverter control circuit 
(Uf) so that the switching element (Q1) and the switching 
element (Q3) are in an OFF state. When the two above 
mentioned phases are Switched, a period which is called a 
dead time is inserted. In the dead time, all the switching 
elements (Q1, Q2, Q3, and Q4) are turned off. In addition, in 
case where the switching elements (Q1, Q2, Q3, and Q4) are 
MOSFETs, a parasitism diode whose forward direction is 
from a source terminal toward a drain terminal is built in each 
element itself (not shown). However, in case where a bipolar 
transistor etc. in which a parasitism diode does not exist, is 
used therefor, since there is a possibility that the element may 
be damaged by generation of reverse Voltage at the above 
mentioned Switching time or during the dead time, when the 
induced current resulting from the inductance component 
which exists in the downstream side of the inverter (Uli) flows, 
it is desirable to connect a diode equivalent to a parasitism 
diode in reverse-parallel. In addition, a capacitor (Cpt) may 
be installed, when protecting the Switching elements (Q1, Q2. 
Q3, Q4) from Surge Voltage etc. 
0077 Next, description of an embodiment of the output 
current (IL') in which a DC component is contained, will be 
described below, referring to a schematic timing chart. An 
example of the output current (IL') is shown in (b) of FIG. 3. 
Here, (a) of the figure shows the polarity-reversal modesignal 
(Sc), and (c) shows a hypothetical output current (IL"), where 
it is assumed that the polarity-reversal mode does not turn into 
the second mode. In this case, in the discharge lamp lighting 
apparatus (EX), when the polarity-reversal modesignal (Sc) is 
low level, the inverter control circuit (Uf) generates the 
inverter control signals (Sf1, Sf2) by which a polarity-rever 
sal operation is not in fact performed at timing shown in a 
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symbol 'x' in (c). That is, for example, the polarity-reversal 
operation at two or more consecutive timing points shown in 
the symbol “x” in (c) is not performed, but the inverter control 
signals (Sfl. Sf2) are generated so that the polarity-reversal 
operation is performed at two continuous timing points 
shown in a symbol “o” in (c). When the polarity-reversal 
mode is the second mode in (b), periods of positive side 
polarity is longer and periods of negative side polarity is 
shorter. Therefore, the output current (IL') in which a DC 
component of the positive side polarity is contained as a 
whole is realized. 
0078. In addition, assuming that when the polarity-rever 
sal mode is the first mode, time intervals from a polarity 
reversal to the following polarity reversal are even, since as 
described above, the inverter control signals (Sfl. Sf2) are 
generated so that the polarity-reversal operation is performed 
at two continuous timing points shown in the symbol 'o', a 
period when the polarity-reversal mode is the second mode 
and the output current (IL), which is in a period of the nega 
tive side polarity, that is, a period (t22) of a polar opposite to 
the polarity of a DC component contained in the output cur 
rent (IL) becomes equal to a period (21) which is a half cycle 
of the polarity reversal in a period when the polarity-reversal 
mode is the first mode. 
0079 Incidentally, a set of two timing points shown in the 
symbol “o at which the polarity-reversal operation is per 
formed, is not continuously provided, as shown in FIG. 3. 
However, since between sets of two timing points at which the 
polarity-reversal operation is performed, one or more of tim 
ing point at which the polarity-reversal operation is not per 
formed, is inserted, a period of the polarity opposite to the 
polarity of the DC component contained in the output current 
(IL') can also be changed so as to be longer than the period 
(t22) (however, illustration thereof is omitted). 
0080 FIG. 14 is a schematic diagram showing the struc 
ture of the inverter control circuit (Uf). The inverter control 
circuit (Uf) has an inverter polarity register (Ufs) which holds 
an inverter polarity signal (Sfs) which is a bit signal corre 
sponding to the polar state of the inverter (Uli) and which is 
formed of a D flip-flop. The inverter control signals (Sfl. Sf2) 
shown in FIG. 1 are generated based on the inverter polarity 
signal logic inversion signal (Sfs) which is made up of the 
inverter polarity signal (Sfs) and its logic inversion signal. 
However, the inverter polarity-reversal pulse signal (So3) 
which is a clock signal of the inverter polarity register (Ufs) is 
inputted into a monostable multivibrator (A33) in order to 
insert the above-mentioned dead time period, and the 
monostable multivibrator (A33) generates the dead time sig 
nal (Sdt) having a fixed time width in response to a leading 
edge of an input signal. In a logical gate (A34, A35), the 
inverter polarity signal (Sfs) and the inverter polarity signal 
logic inversion signal (Sfs) are inputted, and since the dead 
time signal (Sdt) is inputted into each gate, the inverter con 
trol signals (Sf1, Sf2) which are separated by a dead time 
period are generated. 
0081. The inverter polarity signal logic inversion signal 
(Sfs) which is one of the output signals of the inverter polar 
ity signal (Ufs) itself is inputted into the inverter polarity 
register (Ufs). Therefore, every time the inverter polarity 
reversal pulse signal (So3) rises, the inverter polarity signal 
(Sfs) and the inverter polarity signal logic inversion signal 
(Sfs) repeat an inversion. An original inverterpolarity-rever 
sal pulse signal (So2) is a pulse signal which generates the 
polarity-reversal timing of the inverter, regardless of the State 
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of the polarity-reversal mode signal (Sc). In fact, a masking is 
performed to this signal by a AND gate (A32). Only when the 
inverter polarity-reversal validation signal (Soe) generated in 
an inverter polarity-reversal validation control circuit (Uoe) 
based on the polarity-reversal mode signal (Sc), is active, an 
original inverter polarity-reversal pulse signal (So2) can pass 
through the AND gate (A32) as the effective inverterpolarity 
reversal pulse signal (So3). 
I0082 (c) of FIG.3 which is described above, shows a state 
of the hypothetical output current (IL") which is realized 
according to the original inverter polarity-reversal pulse sig 
nal (So2), wherein it is assumed that the inverter polarity 
reversal validation signal (Soe) is active, regardless of the 
state of the polarity-reversal mode signal (Sc). And in fact, in 
a state where the polarity-reversal mode signal (Sc) corre 
sponds to the second mode, the inverter polarity-reversal 
validation signal (Soe) is generated so that the original 
inverter polarity-reversal pulse signal (So2) effectively 
passes through the AND gate (A32) at the polarity-reversal 
timing shown in the symbol 'o', and passage of the signal 
(So2) is prevented by the AND gate (A32) at the polarity 
reversal timing points shown in the symbol “x'. 
I0083. An inverter polarity-reversal validation control cir 
cuit (Uoe) operates, in a state where the polarity-reversal 
modesignal (Sc) corresponds to the second mode, so that, for 
example, after ignoring (invalidating) tentiming points of the 
original inverter polarity-reversal pulse signal (So2), genera 
tion of the inverter polarity-reversal validation signal (Soe) is 
repeated so as to invalidate two continuous timing points. 
Therefore, not only the polarity-reversal modesignal (Sc) but 
the original inverter polarity-reversal pulse signal (So2) is 
inputted into the inverter polarity-reversal validation control 
circuit (Uoe). 
I0084. The inverter control circuit (Uf) in this figure, as 
described below, has a function of receiving, for example, the 
polarity-reversal timing signal (So) which is synchronized 
with an operation of a dynamic color filter, from the outside of 
the discharge lamp lighting apparatus (EX), as the original 
inverter polarity-reversal pulse signal (So2), and generating 
the inverter control signals (Sf1, Sf2). Here, the original 
inverter polarity-reversal pulse signal (So2) is generated by 
synthesizing the polarity-reversal timing signal (So) and the 
polarity-reversal timing signal complement signal (So1) gen 
erated in the timing-signal complement circuit (Ufm) at the 
OR gate (A31). When the polarity reversal timing signal (So) 
which should be transmitted from an image processing sec 
tion of a projector is lost, since the alternating current lighting 
lamp is turned on by direct current, the lamp is damaged. 
Therefore, the timing-signal complement circuit (Ufm) 
checks continuously whether the polarity reversal timing sig 
nal (So) is inputted as a pulse signal which has proper time 
intervals. If the pulse signal is not inputted, the polarity 
reversal timing compliment signal (So1) is outputted as a 
Substitution signal, in order to avoid the direct current lighting 
of the lamp. 
I0085. In addition, the OR gate (A31) may be used as a data 
selector which chooses either the polarity reversal timing 
signal (So) or the polarity-reversals timing compliment signal 
(So1). A gate drive (dedicated) IC of switching elements for a 
halfbridge or a full bridge, which includes functions equiva 
lent to those of the monostable multivibrator (A33) and the 
logical gate (A34, A35) for inserting the dead time period can 
also be used therefor (including a case where two halfbridges 
are used). 
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I0086 Certainly, as long as the polarity-reversal timing 
signal (So) is inputted normally, since renewal of the inverter 
polarity signal (Sfs) is performed by the inverter polarity 
register (Ufs), Synchronizing with the polarity-reversal tim 
ing signal (So), a significant delay or a significant jitter from 
reception of the polarity-reversal timing signal (So) does not 
occur. Therefore, part or all of the function of the inverter 
control circuits (Uf). Such as that of the timing-signal comple 
ment circuit (Ufim), can be configured, using a microproces 
sor. Moreover, part or all of the function of the polarity 
reversal mode control circuit (Uc) can be configured by the 
same microprocessor. Thus, there is an advantage that it is 
possible to add various functions as many as desired without 
making the circuit structure complicated, when the polarity 
reversal mode control circuit (Uc), the timing-signal comple 
ment circuit (Ufm), and/or the inverter control circuit (Uf) is 
formed using a microprocessor (if needed, using a gate drive 
(dedicated) IC together). 
0087 Another example of the output current (IL') is shown 
in (b) of FIG. 4. (a) shows a polarity-reversal mode signal 
(Sc). In this case, in the discharge lamp lighting apparatus 
(Ex), when the polarity-reversal mode of the inverter control 
circuit (Uf) is the second mode, the period of positive side 
polarity is longer and the period of negative side polarity is 
shorter. Therefore, as a whole, the output current (IL') in 
which a DC component of positive side polarity is contained 
is realized, and the inverter control signals (Sf1, Sf2) are 
generated so that a period of the negative side polarity of the 
output current (IL), that is, a period (T23) of the polarity 
opposite to the polarity of the DC component contained in the 
output current (IL) may be made intentionally shorter than 
the half cycle length (21) of the polarity reversals in the 
period when the polarity reversal mode is the first mode. The 
rate of an AC component contained in the output current (IL') 
becomes small, as the period (t23) becomes short. 
0088 Still another example of the output current (IL') is 
shown in (b) of FIG. 5. (a) shows a polarity-reversal mode 
signal (Sc). In this case, in the discharge lamp lighting appa 
ratus (Ex), when the polarity-reversal mode of the inverter 
control circuit (Uf) is the second mode, the inverter control 
signals (Sf1, Sf2) are generated so that the output current (IL) 
in which a period of negative side polarity does not exist so 
that an AC component is not contained as a whole, may be 
realized. 

0089. In each of the examples of the output current (IL), 
shown in FIGS. 3-5 described above, which is the example the 
rate of the AC component contained in the output current (IL) 
is smaller in that order. When the present invention is reduced 
to practice, what mode, that is, what waveform is selected is 
basically determined depending on what rate of AC compo 
nent contained in the output current (IL') is. 
0090 When the electric power supplied to the discharge 
lamp (Ld) is the same, without respect to the mode, that is, 
whether the polarity-reversal mode is the first mode or the 
second mode, since generation of excessive heat concerning 
the projection melted at the tip of the electrode increases, the 
more DC component contained in the output current (IL) 
(i.e., as the rate of the AC component contained therein is 
Small) is, the faster melting speed of the projection becomes. 
Therefore, the lamp Voltage (VL) goes up quickly as there is 
a more DC component contained therein, and time to reach 
the second voltage (Vt2) becomes short, so that there is an 
advantage that efficiency of lamp Voltage control is improved. 
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0091. On the other hand, since in such aheat phenomenon, 
the speed of response is slow, when there is too much DC 
component contained therein so that there is too much gen 
eration of the excessive heat concerning the projection melted 
at the tip of the electrode, for example, the lamp voltage (VL) 
reaches the second voltage (Vt2), and even if polarity-rever 
sal mode returns to the first mode from the second mode, the 
projection melting tendency at the tip of the electrode does 
not stop immediately, so that there is a problem that the 
excessive projection melting occurs due to the overrun. The 
less a DC component is contained in the output current (IL), 
the easier Such an excessive projection melting is controlled. 
Therefore, since the amount of the DC component contained 
in the output current (IL') has a relation of a trade-off between 
the efficiency of the lamp Voltage control, and the easiness of 
control of the excessive projection melting, it is necessary to 
find suitable conditions experimentally. 
0092. In addition, the amount of a DC component con 
tained in the output current (IL'), during a period in which the 
polarity-reversal mode is the second mode, is not necessarily 
constant. It is possible to enhance the controllability of lamp 
Voltage by dynamical change according to lighting condi 
tions. For example, immediately after the polarity-reversal 
mode shifts to the second mode, the amount of a DC compo 
nent is increased (for example, the maximum, i.e. the condi 
tion under which an AC component is not contained), and the 
rate of increasing speed of the lamp Voltage (VL) is made into 
the maximum. And then, the amount of a DC component 
contained in the output current (IL') is gradually or continu 
ously reduced, as the lamp Voltage (VL) approaches the sec 
ond voltage (Vt2), so that it is possible to control and prevent 
the excessive projection melting due to the overrun. 
0093 Incidentally, when the gate driving circuit in the 
inverter (Uli) is formed by applying the so-called charge pump 
circuit, there may be a lower limit of the frequency of the 
polarity reversals of the inverter (Uli). Specifically, that is a 
case where a circuit generally called a high side driver is used 
as the gate driving circuit (G1, G4). In this kind of circuit, 
power Supply for the gate driving of the Switching element 
(Q1, Q4) in a side of the high side is covered by electric 
charges accumulated in a capacitor in the gate driving circuit 
(G1, G4), and this electric charges are filled up every time the 
polarity reversal of the inverter (Uli) takes place (is repeated). 
If the inverter (Uli) stops a polarity-reversal operation over a 
long period of time, since the electric charges are lost by 
electric discharge so that the gate drive of the Switching 
element (Q1, Q4) cannot be gate-driven, thereby resulting in 
a lower limitas to the frequency of the polarity reversals of the 
inverter (Uli). 
0094. In such a case, even if it is the condition under which 

it is possible to fully control an excessive projection melting 
according to the output current (IL') which does not contain 
an AC component, for example, as in FIG. 5, the inverter 
control circuit (Uf) can be operated so as to generate the 
output current (IL') shown in FIG. 4 which has the period 
(t23) in which the charge pump circuit described above at 
least operates normally. 
0095. In the explanation about the above embodiment, the 
embodiments in which the polarity of a DC component con 
tained in the output current (IL') is fixed during a period in 
which the polarity-reversal mode is in second mode, are 
described. In the case of Such an operation, the projection 
melting occurs only in one of the electrodes (E1, E2) which 
are polar opposites, thereby causing asymmetrical electrode 
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consumption, so that there is a problem that the life span is 
shortened, compared with the case where the electrode is 
consumed symmetrically. In the present invention, in a period 
where the polarity-reversal mode is the second mode, this 
problem can be avoided by reversing the polarity of a DC 
component contained in the output current (IL'). 
0096. For example, an example of the output current (IL') 

is shown in (b) of FIG. 6. (a) shows a polarity-reversal mode 
signal (Sc). In the discharge lamp lighting apparatus (EX), in 
the inverter control circuit (Uf), the polarity-reversal mode 
signal (Sc) becomes high level, after the polarity-reversal 
mode turns into the second mode, and until a time point (t21), 
the period of positive side polarity is long and the period of 
negative side polarity is short. Therefore, the DC component 
of positive side polarity contained in the output current (IL) 
as a whole is realized. The polarity-reversal modesignal (Sc) 
turns into low level after the time point (t21), and until the 
polarity-reversal mode returns to the first mode, the inverter 
control signals (Sf1, Sf2) are generated so that the negative 
side polarity is long, and the period of positive side polarity is 
short so that the DC component contained in the output cur 
rent (IL) as a whole, is realized. 
0097. Moreover, another example of the output current 
(IL') is shown in (b) of FIG. 7. (a) shows a polarity-reversal 
mode signal (Sc). In the discharge lamp lighting apparatus 
(Ex), in the inverter control circuit (Uf), the polarity-reversal 
mode signal (Sc) becomes high level, and after the polarity 
reversal mode turns into the second mode, and until a time 
point (t22), there is only the period of positive side polarity 
and there is no period of negative side polarity. Therefore, the 
output current (IL') which does not contain AC component is 
realized, and the polarity-reversal mode signal (Sc) turns into 
low level after the time point (t22), so that there is only the 
period of negative side polarity and there is no period of 
positive side polarity, until the polarity-reversal mode returns 
to the first mode. Therefore, the inverter control signals (Sfl. 
Sf2) are generated so that the output current (IL') in which an 
AC component does not contain may be realized. 
0098. As shown in FIGS. 6 and 7, in a period in which the 
polarity-reversal mode is the second mode, by reversing the 
polarity of a DC component contained in the output current 
(IL'), an electrode in which the projection melting occurs at 
the tip thereof, is switched before and after the reversal 
between the electrodes (E1, E2) which are polar opposites. 
For this reason, it is possible to avoid the problems that a 
projection melting takes place only in one side of the elec 
trodes (E1, E2) which are polar opposites, and asymmetrical 
electrode consumption occurs. 
0099. In addition, from a viewpoint of avoiding a problem 
that asymmetrical electrode consumption takes place, the 
timing of the time points (t21, t22) at which the polarity of a 
DC component contained in the output current (IL') is 
reversed in a period during which the polarity-reversal mode 
is the second mode, is Suitably set as timing at which the lamp 
voltage (VL) reaches exactly the middle voltage of the second 
voltage (Vt2) and the first voltage (Vt1), i.e., a value obtained 
by adding the second voltage (Vt2) and the first voltage (Vt1), 
and then dividing the result of the addition by two (2). That is, 
since a Voltage rise amount of the lamp Voltage (VL) gener 
ated in a period before reversal of the polarity of a DC com 
ponent contained in the output current (IL') and a Voltage rise 
amount thereafter are the same in a period during which the 
polarity-reversal mode is the second mode if the time (t21, 
t22) is set as mentioned above, it can be assumed that, during 
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the period, the electrode length reduced by the projection 
melting at the tip of the electrode is also the same. 
0100. In addition, when the polarity-reversal mode is 
changed into the second mode, the lamp Voltage (VL) does 
not start to rise immediately, and the lamp Voltage drops a 
little less than desired. After that, finally, the lamp voltage 
(VL) may start to rise. In Such a case, the time points (t21, 
t22), are Suitably set as timing at which the lamp Voltage (VL) 
reaches a value obtained by adding the minimum value of the 
lamp Voltage (VL) which is detected after changing the polar 
ity-reversal mode into the second mode and the second Volt 
age (Vt2) and by dividing the result of the addition by two (2). 
0101. In addition, in a period during which the polarity 
reversal mode is the second mode, although only the embodi 
ment in which the number of times of the polarity reversals of 
a DC component contained in the output current (IL') is one 
(1) is showed above, the polarity of a DC component con 
tained therein may be reversed twice or more (however, illus 
tration thereof is omitted). 
0102. In the explanation of the above embodiment, when 
the polarity-reversal mode is shifted to the second mode, the 
polarity of a DC component contained in the output current 
(IL'), is arbitrarily selected, that is, it may be either positive 
side polarity or negative side polarity. However, by devising 
this, the problem that the asymmetrical electrode consump 
tion takes place can be avoided. For example, an example of 
the output current (IL') is shown in (b) of FIG. 8. (a) shows a 
polarity-reversal mode signal (Sc). In this example, in the 
discharge lamp lighting apparatus (EX), the inverter control 
circuit (Uf) generates the inverter control signals (Sfl. Sf2) so 
that the polarity of a DC component which appears when the 
polarity-reversal mode is changed into the second mode at the 
time point (t32) may be negative side polarity which is oppo 
site to the polarity (positive side polarity) of a DC component 
which appeared at the time point (t31), at which the polarity 
reversal mode was changed into the second mode last time. 
0103) And every time the polarity-reversal mode is 
changed into the second mode, the polarity of a DC compo 
nent to be generated becomes alternatively repeatedly posi 
tive side polarity and negative side polarity. Thus, by using the 
technology of reversing the polarity of a DC component to be 
generated every time the polarity-reversal mode is changed 
into the second mode, a side in which the projection melting 
of the electrodes (E1, E2) which are polar opposites takes 
place can be switched by turns, so that it is possible to avoid 
the problem that a projection melting occurs only in one side 
thereof thereby causing asymmetrical electrode consump 
tion. 

0104. In a period during which the polarity-reversal mode 
is the second mode, this technology can be combined with the 
technology of reversing the polarity of a DC component con 
tained in the output current (IL'). For example, an example of 
the mode of the output current (IL') is shown in (b) of FIG.9. 
(a) shows a polarity-reversal mode signal (Sc). In this 
example, in the discharge lamp lighting apparatus (EX), the 
inverter control circuit (Uf) generates the inverter control 
signals (Sfl. Sf2) so that the polarity of a DC component 
which appears when the polarity-reversal mode is changed 
into the second mode at the time point (ta.3) may be negative 
side polarity which is opposite to the polarity (positive side 
polarity) of a DC component which appeared at the time point 
(ta1), at which the polarity-reversal mode was changed into 
the second mode last time. 
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0105 And at the time (ta4) which is after the time point 
(tA3), in the period in which the polarity-reversal mode is the 
second mode, the polarity of a DC component which is con 
tained in the output current (IL') is reversed. It is the same at 
a time point (ta2) which is after the time (ta1) during the 
period in which the polarity-reversal mode is the second 
mode. Thus, the problem is more effectively avoided by using 
together two countermeasures in order to prevent the problem 
which causes asymmetrical electrode consumption. 
0106 FIG. 15 is a schematic block diagram of an embodi 
ment of a projector. Light flux (OX1) emitted from the dis 
charge lamp (Ld) which is started and turned on by the dis 
charge lamp lighting apparatus (EX) according to the 
embodiment, becomes light flux (Ox1') which passes through 
a capacitor optical system (Oc) containing a concave mirror, 
a condenser lens, etc. provided if needed, and then is con 
verted to the color sequential light flux (OX2) by the dynamic 
color filters (Of). The color sequential light flux (OX2) is 
modulated to color sequential image flux light (OX3), by a 
space modulation element (Om) which uses a DMD (TM), 
LCD, LCOS (reflection type liquid-crystal-display panel), 
etc. and a projection image is formed on a screen (OS) pro 
vided outside the projector, or integratedly provided with the 
projector, by a projection lens (Op). 
0107 The image processing unit (Ox) of the projector 
generates a signal (Soc) corresponding to the appearing color 
information of the dynamic color filters (Of) based on a pulse 
count value from a sensor such as a rotary encoder, or an 
initial detection of the rotational angle and a time passage 
count value etc., in order to meet the operational necessity of 
the discharge lamp lighting apparatus (EX). Based on this, the 
polarity-reversal timing signal (So) is generated and transmit 
ted to the discharge lamp lightingapparatus (EX). At this time, 
in order to specify the phase in one cycle of the polarity 
reversal timing signal (So) if needed, a modulation cycle 
initialization signal (Sop) is generated and transmitted to the 
discharge lamp lighting apparatus (EX), or the polarity-rever 
sal timing signal (So) to be transmitted to the discharge lamp 
lighting apparatus (EX) is modulated. An arbitrary modula 
tion method can be used therefor as long as it is possible to 
easily recognize whether or not modulation has been carried 
out, that is, if the modulation cycle initialization signal (Sop) 
can be easily reproduced by demodulation. For example, in 
case where the polarity reversal timing signal (So) is trans 
mitted in form of a signal with a short pulse width and a long 
pulse width, when a signal with the pulse width longer than 
regular time width is received, the received signal is pro 
cessed as the polarity reversal timing signal (So), and con 
versely, when a signal with a short pulse width is received, the 
signal is recognized as a signal on which the modulation has 
been carried out so that it is possible to demodulate the 
received signal, regarding it as the modulation cycle initial 
ization signal (Sop) which is received with the polarity rever 
sal timing signal (So). 
0108 For example, in a case where a dynamic color filter 

is a color wheel which consists of four colors of R, G, B, and 
W, when the polarity reversal of the inverter (Uli) of the 
discharge lamp lighting apparatus (EX) is performed at each 
color area transition, an inverter control circuit (Uf) generates 
the inverter control signals (Sf1, Sf2) synchronizing with the 
polarity-reversal timing signal (So). The output current in this 
case (IL') is shown in (b) of FIG. 10. Here, (a) of the figure 
shows a polarity-reversal mode signal (Sc), (c) shows the 
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polarity-reversal timing signal (So), and (d) schematically 
shows color appearing in the dynamic color filter. 
0109. In this figure, when the polarity-reversal mode is the 

first mode (Sc), i.e., the polarity-reversal mode signal is low 
level, every time the transition to the high level of the polarity 
reversal timing signal (So) is received, the polarity reversal of 
the output current (IL') i.e. the inverter (Uli), is performed. 
When the polarity-reversal mode is the second mode, i.e., the 
polarity-reversal mode signal (Sc) is high-level, after invali 
dating (ignoring) two or more consecutive time points of the 
transition to the high level of the polarity-reversal timing 
signal (So), when two consecutive time points are received, 
an operation in which the polarity reversals of the inverter 
(Uli) are repeatedly performed. 
0110 Apparent from (d) of the figure, in this embodiment, 
the appearance time rate for the colors are not even, that is, 
that of R color is large, those of G and B colors are medium, 
and that of the W color is small. This reflects the size of each 
color area (occupancy angle) of the color wheel. In such a 
case, there is no problem, even if polar period lengths (31. 
t32, t33) opposite to the polarity of a DC component con 
tained in the output current (IL), that is, a period of the 
negative side polarity of the output current (IL') in a period 
during which the polarity-reversal mode is the second mode, 
becomes unequal. Thus, the present invention can be applied 
to a case where the time intervals from the polarity reversals 
of an inverter (Uli) to the following polarity reversals are 
unequal. 
0111. In addition, for example, a dynamic color filter is 
made up of a color wheel which consists of four colors of R, 
G, B, and W. in a similar manner. The present invention can be 
applied to a case where modulation for increasing or decreas 
ing the output current (IL') is performed at the ratio defined by 
the color areas in a system in which the polarity reversal of the 
inverter (Uli) of the discharge lamp lighting apparatus (EX) is 
performed at each color area transition. The mode of the 
output current at this time (IL') is shown in (b) of FIG. 11. 
Here, (a) of the figure is a polarity-reversal mode signal (Sc), 
(c) is the polarity-reversal timing signal (So), and (d) sche 
matically shows the color appearing in the dynamic color 
filter. 
0112. In this figure, when the polarity-reversal mode is the 

first mode (Sc), i.e., the polarity-reversal mode signal is low 
level, every time the transition to the high level of the polarity 
reversal timing signal (So) is received, the polarity reversal of 
the output current (IL), i.e., the inverter(Ui), is performed. 
When the polarity-reversal mode is the second mode, i.e., the 
polarity-reversal mode signal (Sc) is high-level, after invali 
dating (ignoring) two or more consecutive time points of the 
transition to the high level of the polarity-reversal timing 
signal (So), when two consecutive time points are received, 
an operation in which the polarity reversals of the inverter 
(Uli) are repeatedly performed. 
0113 Apparent from (b) and (d) of the figure, in this 
embodiment, in the modulation of the output current (IL') as 
to the Rand W colors, the output current (IL') is increased (for 
example, 125%), although the modulation by which the out 
put current (IL') is increased is not performed (100%), as to G 
and B colors, there should be no difference between a modu 
lation in a period when the polarity-reversal mode is the first 
mode, and that in a period when the mode is the second mode. 
There is no problem even if current values (i41, i42, i43) 
becomes unequal in a period of the negative side polarity of 
the output current (IL') when the polarity-reversal mode is the 
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second mode, that is, a period in which a polarity thereof is 
opposite to the polarity of a DC component contained in the 
output current (IL). Of course, the present invention can be 
applied to a case where such modulation is combined with 
that in which time intervals from polarity reversal of the 
inverter (Uli) to the following polarity reversal thereof are 
uneven as shown in FIG. 10. 

0114. In addition, as described here, in order to realize the 
power supply circuit (UX) in which the modulation for 
increasing or decreasing the output current (IL) can be per 
formed, a counter may be provided so that, for example, the 
polarity-reversal timing signal (So) is counted, and the 
counted value can be cleared by the modulation cycle initial 
ization signal (Sop), and depending on the counted value of 
the counter, a value of the target lamp current in the electric 
supply control circuit (Fx) of the power supply circuit (UX) 
can be increased by only a predetermined rate. 
0115. In addition, when the polarity-reversal mode is the 

first mode, although in the above embodiment, the inverter 
(Uli) inverts the polarity at every color transition of the 
dynamic color filter, the present invention is not limited 
thereto. For example, the present invention can be applied to 
a case in which two or more colors of the dynamic color filter 
appear between a polarity reversal and the following polarity 
reversal, or a case where a polarity reversal(s) takes place 
within a period when one color is appeared. Moreover, 
although, in the above embodiment, in which the level of the 
modulation for increasing or decreasing the output current 
(IL') is changed, synchronizing with transition of the color of 
the dynamic color filter when the polarity-reversal mode is 
the first mode, the present invention is not limited thereto. For 
example, it can be applied to a case where the level of modu 
lation changes within a period when one color of the dynamic 
color filter appears. 
0116. The technology according to the present invention 
can be used together with other technology. For example, the 
weak point of the prior art can be Supplemented by using the 
technology according to the present invention together with 
the prior art disclosed in Japanese Laid Open Patent No. 
2007-087637. In a discharge lamp lighting apparatus for 
lighting a discharge lamp according to the prior art, electrodes 
are arranged at intervals of 2 mm or less in an electric dis 
charge container made of quartz glass, and mercury of 0.20 
mg or more per cube millimeter and halogen of 10 to 10° 
micromolar (pmol) per cube millimeter is enclosed in the 
discharge lamp. In the discharge lighting apparatus according 
to the prior art, while a frequency chosen from a range of 
60-1000 Hz, is supplied to the discharge lamp as a regular 
frequency, the frequency is lower than the regular frequency 
and is chosen from the range of 5-200 Hz, and the number of 
waves to be inserted is chosen from a range of one to ten units 
when a half cycle is regard as one unit. Further, a low fre 
quency in which an interval inserted in the regular frequency 
is chosen from the range of 0.01 seconds to 120 seconds, is 
inserted when the lamp Voltage (VL) is greater than a first 
predetermined value. On the other hand, the frequency is not 
inserted, when the lamp Voltage (VL) is equal to or less than 
a second predetermined value which is (equal to or) less than 
the first predetermined value. 0099. In the technology, exist 
ence of a first projection at the tip of an electrode is premised, 
and lighting at the predetermined low frequency is inserted in 
order to prevent the unnecessary second (another) projection 
from occurring and growing. However, when the lamp Volt 
age (VL) is low, if the frequency is inserted, since a tempera 
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ture rise of the first projection becomes large beyond neces 
sity so that while the low frequency is inserted, the first 
projection deforms or disappears by melting. Therefore, as 
described above, the control condition under which the low 
frequency is not inserted is provided, and under that condi 
tion, the lamp current is increased in order to realize target 
electric power. As a result, the lamp voltage (VL) is controlled 
So as to gradually rise by the weak feedback loop to cause a 
temperature rise of the electrodes, and by a natural electrode 
consumption. 
0117. When the electrodes (E1, E2) are designed so that a 
certain rated power is, for example, 200 W, and regular fre 
quency is 360 Hz, while the lamp is lighted with alternating 
current at a low frequency of 45 Hz inserting two units at 
intervals of 0.02 second wherein a half cycle is regarded as 
one unit, if it is detected that the lighting Voltage of the 
discharge lamp drops to 65 V or less, insertion of the alter 
nating current at low frequency is stopped, whereby it is 
controlled to continuously pass the alternating current at a 
regular frequency of 360 Hz. Then, when the lighting voltage 
of the discharge lamp rises to 70 V or more, the power supply 
apparatus is controlled to performalighting operation, insert 
ing alternating current at a low frequency again. 
0118. However, as described above, under the condition in 
which electric power is subtracted from rated power by light 
modulation control, for example, under the condition of 160 
W, since electrode temperature tends to become lower than 
the case ofrated power, the projection at the tip of an electrode 
tends to grow. Therefore, there is a problem that the efficiency 
of the weak feedback loop decreases under condition where 
insertion of the alternating current at a low frequency is 
stopped, and the lamp Voltage cannot be immediately 
changed to a rise, so that it takes time to return to the desired 
range. In the discharge lamp lighting apparatus in Such con 
dition, the first voltage (Vt 1) is set to, for example, 60 V, and 
the second voltage (Vt2) is set to, for example, 65 V. and the 
present invention is used together with the discharge lamp. It 
is possible to realize the discharge lamp lighting apparatus 
capable of always controlling the lamp Voltage (VL) appro 
priately even in a rated lighting operation or in a lighting 
modulation operation. 
0119 That is, in the inverter control circuit (Uf), when the 
lamp voltage (VL) is 65 V or more, the inverter control signals 
(Sf1, Sf2) are generated so that the output current (IL'), in 
which two units of low frequency of 45 Hz is inserted at an 
interval of 0.02 second in the regular frequency 360 Hz, 
passes through the lamp by which low frequency 245 Hz unit 
was inserted in the regular frequency of 360 Hz, at intervals of 
0.02 seconds may be passed on a lamp. When it is detected 
that the lamp voltage (VL) became 65 V or less, insertion of 
the low frequency is stopped, and the inverter control signals 
(Sf1, Sf2) are generated so that the output current (IL') which 
is alternating current with the simple rectangle wave at only 
the regular frequency of 360 HZ may pass through the lamp. 
When it is detected that the lamp voltage (VL) became 60 V 
or less, the inverter control signals (Sf1, Sf2) are generated so 
that the output current (IL') which does not include AC com 
ponent may pass through the lamp. =When it is detected that 
lamp voltage (VL) exceeds 65 V, the inverter control signals 
(Sf1, Sf2) are generated so that the output current (IL') which 
is a simple alternating current rectangle wave at only the 
regular frequency of 360 HZ may pass through the lamp. 
When it is detected that the lamp voltage (VL) exceeds 70 V. 
the inverter control signals (Sfl. Sf2) are generated so that the 
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output current (IL') in which a low frequency is inserted in the 
regular frequency of 360 HZ may pass through the lamp. 
0120 In that operation, in the second mode, the amount of 
a DC component contained in the output current (IL) during 
a period of the second mode, as described above, can be 
dynamically changed according to lighting conditions. More 
over, the technology of changing dynamically the first Voltage 
(Vt1) and/or the second Voltage (Vt2) according to lighting 
conditions can be used therewith, and the controllability of 
the lamp Voltage can also be enhanced. 
0121. In order to determine the amount of a DC compo 
nent contained in the output current (IL'), for example, an 
optimal amount of a DC component, in case the polarity 
reversal mode is the first mode or the second mode, it is 
necessary to quantify the amount of a DC component by a 
definition or measurement when desk study or experimental 
examination thereof is performed. In a mathematical treat 
ment of a Fourier analysis etc., although the amount of a DC 
component is defined by the average calculated based on a 
period from the infinite past to infinite future, when working 
on an actual discharge lamp lighting apparatus as in the 
present invention, such a definition is not clearly appropriate. 
In Such a case, finite time for measuring is set so as to define 
the amount of a DC component by using the average in that 
time. However, strictly speaking, the amount of a DC com 
ponent measured depends on the length of the measuring 
time, at time when the average is computed for measurement, 
When this time is too short, since the amount of a DC com 
ponent may be dependent on when timing measurement is 
started, there is a problem that a measurement result varies 
depending on when it measured. Therefore, the measuring 
time is set so long that such variation does not occur. For 
example, as in Japanese Laid Open Patent No. 2007-087637, 
it is suitable to specify the amount of the DC component by 
taking approximately 0.2 seconds which is one cycle length 
of the minimum of the low frequency to be inserted. 
0122. In this specification, the circuit structures are 
described at minimum, in order to explain the operations and 
the functions of the light source apparatuses according to the 
embodiment. Therefore, details of the circuit structures or the 
operations are determined at time of the design thereof. That 
is, for example, determinations of the polarity of signals, or 
originality and creativity, such as selections, additions, or 
omissions of concrete circuit elements, convenience of pro 
curements of elements, or changes based on economic rea 
Sons are premised on being carried out at the time of the 
design of actual apparatus. 
0123. The mechanism for especially protecting circuit ele 
ments, such as Switching elements (for example, FET) of a 
power Supply apparatus, from breakage factors, such as an 
overvoltage, and overcurrent, or overheating, or the mecha 
nism for reducing a radiation noise or a conduction noise, 
generated with an operation of the circuit element of the 
power Supply apparatus or preventing the generated noise 
from releasing to the outside, for example, a Snubber circuit, 
and a varistor, a clamp diode, a current restriction circuit 
(including a pulse by pulse system), a noise filter choke coil of 
a common mode, or normal mode, a noise filter capacitor, etc. 
are premised on being added to each part of circuit arrange 
ment shown in the embodiments if needed. The structure of 
the discharge lamp lighting apparatus is not limited to the 
circuits disclosed in this specification, nor waveforms or tim 
ing charts described herein. 
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0.124. The preceding description has been presented only 
to illustrate and describe exemplary embodiments of the 
present discharge lamp lighting apparatus and projector. It is 
not intended to be exhaustive or to limit the invention to any 
precise form disclosed. It will be understood by those skilled 
in the art that various changes may be made and equivalents 
may be substituted for elements thereof without departing 
from the scope of the invention. In addition, many modifica 
tions may be made to adapt a particular situation or material 
to the teachings of the invention without departing from the 
essential scope. Therefore, it is intended that the invention not 
be limited to the particular embodiment disclosed as the best 
mode contemplated for carrying out this invention, but that 
the invention will include all embodiments falling within the 
Scope of the claims. The invention may be practiced other 
wise than is specifically explained and illustrated without 
departing from its spirit or scope. 
What is claimed is: 
1. A discharge lamp lighting apparatus for turning on a 

discharge lamp having a lighting condition in which a pro 
jection is formed at a tip of an electrode for electric discharge, 
comprising: 

a power Supply circuit which Supplies electric power to the 
discharge lamp; 

a lamp Voltage detection unit which detects a lamp Voltage 
and generates a lamp Voltage detection signal; 

an inverter which inverts an output Voltage and passes an 
output current in form of an alternating current to the 
discharge lamp; 

a polarity-reversal mode control circuit which determines a 
polarity-reversal mode comprising a first mode and a 
second mode, based on the lamp Voltage detection sig 
nal; and 

an inverter control circuit which generates an inverter con 
trol signal which specify a polarity-reversal operation of 
the inverter based on the polarity-reversal mode, 

wherein in a period of a lighting steady state, excluding an 
initial lighting period immediately after start up of the 
discharge lamp, when the polarity-reversal mode is the 
second mode, the inverter control circuit operates to 
generate the inverter control signal so that a DC compo 
nent contained in the output current increases more than 
that in the first mode, 

when the polarity-reversal mode is the first mode, and it is 
detected that the lamp voltage is lower than a predeter 
mined first Voltage, the polarity-reversal mode control 
circuit changes the polarity-reversal mode into the sec 
ond mode, and 

when the polarity-reversal mode is the second mode, and it 
is detected that the lamp Voltage is higher than a prede 
termined second Voltage, the polarity-reversal mode 
control circuit changes the polarity-reversal mode into 
the first mode. 

2. The discharge lamp lighting apparatus according to 
claim 1, wherein the output current does not contain an AC 
component in a period where the polarity-reversal mode is the 
second mode. 

3. The discharge lamp lighting apparatus according to 
claim 1, wherein in a period where the polarity-reversal mode 
is the second mode, the inverter control circuit performs an 
operation so that the polarity of a DC component is reversed 
from one polarity to the other polarity. 

4. The discharge lamp lighting apparatus according to 
claim 2, wherein in a period where the polarity-reversal mode 
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is the second mode, the inverter control circuit performs an 
operation so that the polarity of a DC component is reversed 
from one polarity to the other polarity. 

5. The discharge lamp lighting apparatus according to 
claim 3, wherein the second voltage is higher than the first 
Voltage, and when the lump Voltage reaches a value obtained 
by adding the first voltage and the second Voltage, and then 
dividing a result of the addition by two, the polarity of the DC 
component contained in the output current is changed from 
one polarity to the other polarity. 

6. The discharge lamp lighting apparatus according to 
claim 4, wherein the second Voltage is higher than the first 
Voltage, and when the lump Voltage reaches a value obtained 
by adding the first voltage and the second Voltage, and then 
dividing a result of the addition by two, the polarity of the DC 
component contained in the output current is changed from 
one polarity to the other polarity. 

7. The discharge lamp lighting apparatus according to 
claim 3, wherein when the lamp Voltage reaches a value 
obtained by adding a minimum value of the lamp Voltage and 
the second Voltage and then dividing a result of the addition 
by two, the polarity of the DC component contained in the 
output currentis changed from one polarity to the other polar 
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8. The discharge lamp lighting apparatus according to 
claim 4, wherein when the lamp Voltage reaches a value 
obtained by adding a minimum value of the lamp Voltage and 
the second Voltage and then dividing a result of the addition 
by two, the polarity of the DC component contained in the 
output current is changed from one polarity to the other polar 
1ty. 

9. The discharge lamp lighting apparatus according to 
claim 1 wherein the polarity of a DC component which 
appears when the polarity-reversal mode is changed into the 
second mode from the first mode appear, is made to an oppo 
site polarity to that of a DC component which appears when 
the polarity-reversal mode is changed into the second mode 
from the first mode last time. 

10. A projector which projects an image using light flux 
generated by a discharge lamp, wherein the discharge lamp is 
started and lighted by the discharge lamp lighting apparatus 
according to claim 1. 

11. The projector according to claim 10, wherein the light 
flux is converted to color sequential light flux by a dynamic 
color filter and an image is projected thereby and the inverter 
control circuit generates the inverter control signal, synchro 
nizing with an operation of the dynamic color filter. 
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