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(54) FEEDING DEVICE FOR DISCHARGE LAMP

(57) To provide a power-supply device for electric
discharge lamps in which lamp extinguishing is com-
pletely prevented in high-pressure mercury vapor lamps
with a comparatively large amount of mercury sealed
within.

The power-supply device for electric discharge
lamps that lights high pressure mercury vapor lamps
with a comparatively large amount of mercury sealed
within is characterized by a switchable connection from
the connection state of simulated arc discharge resistor
59 virtually equal to the arc discharge resistance of said
high-pressure mercury vapor lamp to the connection
state of simulated glow discharge resistors 59, 60 that
have virtually 1/7 of the glow discharge resistance that
is completed at the output terminal of the power-supply
device 2 for electric discharge lamps in question, said
simulated arc discharge resistor is connected to the
power-supply device for electric discharge lamps in
question, and the simulated glow discharge current in
the transient state of switch from the state of flow of sim-
ulated arc discharge current to said simulated glow dis-
charge resistor continues to be under 30% of said sim-
ulated arc discharge current for less than 10 µs and the
duration until the current recovers to at least 70% of said
simulated arc discharge current is less than 100 µs.
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Description

Technical Field of Invention

[0001] The present invention concerns a power-sup-
ply device for electric discharge lamps, for example, a
power-supply device for electric discharge lamps that
turns on a high-luminance high-pressure mercury vapor
lamp that is used as a light source for projectors.

Background Technology

[0002] Metal halide lamps and high-pressure mercury
vapor lamps have been used as a high-luminance light
source.
[0003] In recent years, high-pressure mercury vapor
lamps in which the mercury vapor pressure has been
raised to obtain desired luminance have been effective
as light sources for projectors used in luminous flux con-
trol devices such as liquid crystals. The amount of mer-
cury sealed in lamps has tended to increase.
[0004] Incidentally, the problem arises of a lamp ex-
tinguishing over the course of several seconds to doz-
ens of seconds even after successful initiation by an ig-
niter when a lamp is turned on as the amount of mercury
sealed in lamps increases.
[0005] The inventors conducted empirical observa-
tions under various conditions and discovered that mer-
cury condenses on the cathode and sticks during the
cooling period when a lamp is extinguished.
[0006] This phenomenon can be briefly explained by
stating that electrons are readily released from liquid
mercury, as is well known, with the result being that arc
release becomes possible at extremely low operation
voltage of 15 volts to 20 volts, for example, when liquid
mercury is present on a cathode.
[0007] If discharge should commence while liquid
mercury sticks to a cathode, arc discharge would appear
first, and mercury on a cathode would rapidly evaporate.
At that time, as mercury on the cathode first evaporates
at those sections opposing the cathode, the discharge
site gradually would shift toward the base of the cath-
ode. Once mercury has completely evaporated from the
cathode, including the base of the cathode, said arc dis-
charge at low operation voltage terminates and it shifts
to glow discharge.
[0008] The impedance between electrodes is low dur-
ing arc discharge, but since it rises during glow dis-
charge, comparatively high operation voltage must be
supplied to maintain glow discharge. However, if the
voltage output from a power supply device cannot ac-
commodate the operation voltage that rapidly rises, the
lamp extinguishes at the moment of shift to glow dis-
charge.
[0009] Accordingly, the temperature at the cathode tip
would rise if glow discharge can be maintained without
extinguishing, and a supply of thermions would eventu-
ally become possible, at which point the discharge

would shift to arc discharge and maintenance of a
steady lighting state by the discharge lamp would be-
come possible.
[0010] This problem of lamp extinguishing did not ma-
terialize much in the past because of the low amount of
mercury used. Accordingly, any liquid mercury on a
cathode during the period of igniter actuation could scat-
ter and powerful glow discharge could be maintained
due to the high voltage generated by the igniter after the
end of arc discharge at low operation voltage.
[0011] Accordingly, maintenance of glow discharge
by continuous actuation of the igniter even after liquid
mercury on a cathode had scattered has been consid-
ered as well, but such a method would not be practical
because the electrode would be depleted and the light
tube would blacken.
[0012] One means of resolving the problem of mercu-
ry sticking to electrodes of high pressure mercury vapor
lamps was proposed in Japanese Kokai Publication Hei-
10-116590.
[0013] In this means, the cathode cooling rate after
the lamp extinguishes is retarded in the course of grad-
ual lamp cooling by raising the heat capacity of the cath-
ode or in the vicinity thereof. By so doing, mercury con-
densation commences from the cathode or the inner
surface of the light bulb, and the condensation/sticking
of mercury to the cathode is prevented. Thus, even if
much liquid mercury should remain in the cathode when
the lamp is relit, discharge could easily shift to glow dis-
charge so long as liquid mercury does not stick to the
cathode.
[0014] However, the prevention of condensation/
sticking of mercury on the cathode becomes difficult
when the amount of mercury inclusion is increased in
the method of raising the heat capacity in the vicinity of
the cathode proposed in said gazette, and the sticking
of mercury on the cathode cannot be prevented at all,
especially if the lamp is set vertically so that the cathode
is below and the anode is above. Specifically, the termi-
nation of arc discharge at low operation voltage be-
comes impossible in this method while the igniter is op-
erating, and the operation voltage required for glow dis-
charge after mercury has been completely depleted
from the cathode increasingly rises because of the in-
clusion of large amounts of mercury. This raises the
probability of the lamp extinguishing.
[0015] In this connection, said vertical lamp arrange-
ment is useful in that it permits the location of devitrifi-
cation, which can happen within a lamp inclusion body,
to be limited to harmless sites depending on where the
light is output, and installation so that the cathode is be-
low and the anode is above is useful in that it prevents
flickering, which is important depending on the condi-
tions of lamp usage.
[0016] In light of said various problems, the matter re-
solved by the present invention involves the provision
of a power-supply device for electric discharge lamps in
which the extinguishing of a high pressure mercury va-
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por lamp with a comparatively high amount of mercury
inclusion can be completely prevented when mercury is
completely evaporated from the cathode.

Disclosure of Invention

[0017] The present invention uses the following
means for resolving said problems.
[0018] The first means provides a power-supply de-
vice for electric discharge lamps that lights high pres-
sure mercury vapor lamps in which a cathode and anode
are disposed in a discharge space enclosed by an in-
clusion body and in which noble gas as well as 0.15 mg
or more of mercury per 1 mm3 of said discharge space
are sealed, wherein a switchable connection from the
connection state of a simulated arc discharge resistor
virtually equal to the arc discharge resistance during arc
discharge of said high-pressure mercury vapor lamp to
the connection state of simulated glow discharge resis-
tors that have virtually 1/7 of the glow discharge resist-
ance during glow discharge of said high-pressure mer-
cury vapor lamp is completed at the output terminal of
the power-supply device for electric discharge lamps in
question, said simulated arc discharge resistor is con-
nected to the power-supply device for electric discharge
lamps in question, and the simulated glow discharge
current in the transient state of switch from the state of
flow of simulated arc discharge current to said simulated
glow discharge resistor continues to be under 30% of
said simulated arc discharge current for less than 10 µs
and the duration until the current recovers to at least
70% of said simulated arc discharge current is less than
100 µs.
[0019] The second means provides said power-sup-
ply device for electric discharge lamps of the first means
that has a function of controlling the lamp current so that
the lamp power reaches a predetermined rated power,
and a function of controlling the lamp current so that the
lamp current does not exceed a predetermined maxi-
mum current, wherein the function of controlling the
lamp current so that the lamp current does not exceed
said maximum current takes priority over said function
of controlling the lamp current so that the lamp power
reaches said rated power, and a control function is pro-
vided so that the duration of control so as to restore the
current to at least 70% of said simulated arc discharge
current is more than 50 ms upon switching to said sim-
ulated glow discharge resistor and so that this duration
will tolerate said rated power to be exceeded.
[0020] The third means provides a power-supply de-
vice for electric discharge lamps that lights high pres-
sure mercury vapor lamps in which a cathode and anode
are disposed in a discharge space enclosed by an in-
clusion body and in which noble gas, 0.15 mg or more
of mercury per 1 mm3 of said discharge space and 1 x
10-7 moles of halogen per 1 mm3 of said discharge
space are sealed in said discharge space, wherein a
switchable connection from the connection state of a

simulated arc discharge resistor virtually equal to the arc
discharge resistance during arc discharge of said high-
pressure mercury vapor lamps to the connection state
of simulated glow discharge resistors that are virtually
equal to the glow discharge resistance during glow dis-
charge of said high-pressure mercury vapor lamp is
completed at the output terminal of the power-supply de-
vice for electric discharge lamps in question. Vag' rep-
resents the output voltage of the power-supply device
for electric discharge lamps and Iag' represents the sim-
ulated glow discharge current upon switching to said
simulated glow discharge resistor from the state of flow
of simulated arc discharge current by connecting said
simulated arc discharge resistor to the power-supply de-
vice for electric discharge lamps in question. The device
in which the cathode surface area is represented by Sc
(mm2) has the following characteristics.

(1) The simulated glow discharge current in the
steady state is Iag' f 0.14 x Sc (A)
(2) The output voltage in the steady state is Vag' f

180 (V)
(3) The time required for the output voltage Vag' to
reach 90% of the voltage in the steady state is time
τ % 170 (µs).

[0021] The fourth means provides said power-supply
device for electric discharge lamps of any one of said
means 1 to 3 that is provided with a variable output direct
current power source that inputs direct current voltage
and then applies variably-controlled output voltage to
said high-pressure mercury vapor lamps via a smooth-
ing capacitor, wherein the capacitance of said smooth-
ing capacitor is increased during transition to arc dis-
charge following the end of glow discharge.

Brief Description of Drawings

[0022]

Figure 1 is a diagram that shows the periodic chang-
es in the discharge current during transition from in-
itial arc discharge of a high-pressure mercury vapor
lamp to glow discharge and from glow discharge to
arc discharge.
Figure 2 is a diagram that shows a test circuit to
identify the power-supply device for electric dis-
charge lamps used in the high-pressure mercury
vapor lamps in the first implementation mode.
Figure 3 is a diagram that shows simulated lamp
current I' and simulated lamp voltage V' in the test
circuit shown in Figure 2 of a power-supply device
for electric discharge lamps that satisfies pre-
scribed conditions and does not extinguish.
Figure 4 is a diagram that shows simulated lamp
current I' and simulated lamp voltage V' in the test
circuit shown in Figure 2 of a power-supply device
for electric discharge lamps that satisfies pre-
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scribed conditions and extinguishes.
Figure 5 is a diagram that shows one example of
the structure of a power-supply device for electric
discharge lamps in a first and second implementa-
tion mode.
Figure 6 is a diagram that shows one example of
the structure of power-supply device control circuit
24 shown in Figure 5.
Figure 7 is a diagram that shows the characteristics
of lamp current Ia and lamp voltage Va of a high-
pressure mercury vapor lamp.
Figure 8 is a diagram that shows the periodic course
of lamp current Ia, lamp voltage Va and lamp power
Pa of a high-pressure mercury vapor lamp.
Figure 9 is a diagram that shows the characteristics
of simulated lamp current Ia', simulated lamp volt-
age Va' of a high-pressure mercury vapor lamp pur-
suant to the second implementation mode.
Figure 10 is a diagram that shows the periodic
course of simulated lamp current Ia', lamp voltage
Va', lamp power Pa' of a high-pressure mercury va-
por lamp pursuant to the second implementation
mode.
Figure 11 is a diagram that shows the test circuit for
identifying the power-supply device for electric dis-
charge lamps used in the high-pressure mercury
vapor lamps pursuant to the third implementation
mode.
Figure 12 is a diagram that shows the characteris-
tics of simulated lamp power Ia', simulated lamp
voltage Va' in the test circuit shown in Figure 11 of
the power-supply device for electric discharge
lamps that satisfies prescribed conditions and does
not extinguish.
Figure 13 is a diagram that shows the structure of
the power-supply device for electric discharge
lamps pursuant to the fourth implementation mode.
Figure 14 is a diagram that shows the periodic de-
tails of lamp voltage Va of a high-pressure mercury
vapor lamp pursuant to the fourth implementation
mode.

Best Mode For Implementation Of The Present
Invention

[0023] The first implementation mode of the present
invention is explained using Figures 1 to 6.
[0024] Figure 1 is a diagram that shows the periodic
changes in the discharge current during transition from
initial arc discharge of a high-pressure mercury vapor
lamp to glow discharge and from glow discharge to arc
discharge.
[0025] The principle of preventing extinguishing of the
lamp pursuant to the present invention is explained first
using the diagrams.
[0026] When discharge of a high-pressure mercury
vapor lamp with a comparatively high amount of sealed
mercury commences while liquid mercury is stuck on the

cathode, arc discharge appears and mercury rapidly
evaporates from the cathode. At time tg shown in the
diagram, arc discharge ends at low operation voltage,
at which point the mercury on the cathode has been
completely depleted and discharge transits to glow dis-
charge. However, lamp current Ia rapidly decreases
since the impedance between electrodes rapidly rises
at time tg and the lamp extinguishes at that point.
[0027] The inventors were able to create a power sup-
ply device that does not extinguish as a result of various
improvements to the power supply device.
[0028] The results of studies using the test circuit dis-
cussed below revealed that prescribed conditions must
be satisfied to prevent extinguishing by the power sup-
ply device.
[0029] The test circuit is explained first. Figure 2 is a
diagram that shows a test circuit to identify the power-
supply device for electric discharge lamps used in high-
pressure mercury vapor lamps that have a comparative-
ly high amount of mercury sealed within, 0.15 mg or
more per 1 mm3 volume of the discharge space of a
high-pressure mercury vapor lamp.
[0030] Said high-pressure mercury vapor lamps used
in this implementation mode have arc discharge resist-
ance during arc discharge of 5Ω and glow discharge re-
sistance during glow discharge of 300Ω.
[0031] In the diagram, reference number 2 denotes a
power-supply device for electric discharge lamps that is
the object of evaluation to evaluate whether or not lamp
extinguishing can be effectively prevented. Reference
numbers 59, 60 denote resistors of 5Ω and 38Ω resist-
ance, respectively, that are connected in series to the
output terminal of power-supply device 2 for electric dis-
charge lamps. Reference number 57 denotes a FET that
shorts and opens resistor 60. Reference number 58 de-
notes a gate drive circuit that switches FET 57.
[0032] Here, resistor 59 is set to resistance roughly
equal to the 5Ω arc discharge resistance during said arc
discharge so that the current flowing through resistor 59
is roughly equal to the current flowing during arc dis-
charge when liquid mercury is present on the cathode
of an actual high-pressure mercury vapor lamp, and re-
sistor 59 + resistor 60 are set to resistance equal to
about 1/7 of the 300Ω glow discharge resistance during
glow discharge of said high-pressure mercury vapor
lamp. The resistance of resistor 59 + resistor 60 is set
at about 1/7 of the glow discharge resistance in order to
distinctly discriminate if the power-supply device for
electric discharge lamps that is the object of evaluation
has satisfied the prescribed conditions.
[0033] In the operation of this test circuit, arc dis-
charge when liquid mercury is present on the cathode
of a high-pressure mercury vapor lamp is simulated
when only resistor 59 is connected with FET 57 ON.
Next, gate drive circuit 58 is actuated, FET 57 is rapidly
turned OFF and the state transits to serial connection of
resistor 59 and resistor 60. As a result, mercury on the
cathode is completely depleted and transition to glow
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discharge is simulated.
By observing the response of these two states, it be-
comes possible to assess whether or not the perform-
ance of an actual power-supply device for electric dis-
charge lamps satisfies the conditions recommended in
the present invention.
[0034] The conditions that should be satisfied when a
power supply device that does not extinguish is tested
using this test circuit are explained next.
[0035] The conditions are explained using Figure 1.
Whether or not duration Td exists during which simulat-
ed glow lamp current during rapid increase of imped-
ance of a high-pressure mercury vapor lamp is under
30% of the simulated lamp current Iao' immediately pre-
ceding rapid increase, the continuous duration TD
would be under 10 µs. Furthermore, the conditions
would be controlled so that the duration Tr would be un-
der 100 µs before the simulated glow lamp current dur-
ing rapid increase of impedance of a high-pressure mer-
cury vapor lamp recovers to at least 70% of the simu-
lated lamp current Iao' immediately preceding rapid in-
crease. The empirical discovery was made that lamp ex-
tinguishing can be prevented when a power supply de-
vice satisfies these conditions. Furthermore, the fact
was clarified that lamp extinguishing could be prevented
when lighting it under such conditions even in the worst
cases in which a lamp is set vertically with the cathode
below and the anode above.
[0036] When the lamp current is cut off or reduced,
the discharge plasma decreases and is dissipated be-
fore long, but since dissipation of discharge plasma can
be avoided if the lamp current recovers to the prescribed
size before the discharge plasma is dissipated, there
must be no duration TD during which the simulated glow
lamp current during rapid increase of impedance of a
high-pressure mercury vapor lamp is under 30% of the
simulated lamp current Iao' immediately preceding rapid
increase to ensure that the lamp does not extinguish
during transition to glow discharge, or if duration TD
does exist, it must continuously be less than 10 µs.
[0037] Even if there are a plurality of durations TD dur-
ing which the simulated glow lamp current during rapid
increase of impedance of a high-pressure mercury va-
por lamp is under 30% of the simulated lamp current Iao'
immediately preceding rapid increase of the impedance,
so long as each duration is under 10 µs, their sum may
exceed that figure without any problem. Of course, the
absence of duration TD during which it is under 30%
would be ideal, but said concern could be attained with
a reserve if duration TD is under 8 µs, and a duration
under 5 µs would be still more desirable.
[0038] Furthermore, by controlling duration Tr so that
it is under 100 µs before the simulated glow lamp current
during rapid increase of impedance of a high-pressure
mercury vapor lamp recovers to at least 70% of the sim-
ulated lamp current Iao' immediately preceding rapid in-
crease, thermion release can be rapidly activated to
complete a rapid shift to arc discharge following a shift

to glow discharge.
[0039] Furthermore, it is preferable to have a short du-
ration Tr until the simulated glow lamp current during
rapid increase of impedance of a high-pressure mercury
vapor lamp recovers to at least 70% of the simulated
lamp current Iao' immediately preceding rapid increase,
and said issue could be attained with a reserve if it is
under 80 µs, and a duration under 60 µs would be still
more desirable. In addition, the issue could be attained
with a reserve if the extent of recovery of the lamp cur-
rent were to at least 85% of the simulated lamp current
Iao' immediately preceding rapid increase of the imped-
ance of a high-pressure mercury vapor lamp.
[0040] The power-supply device for electric discharge
lamps in the invention of this claim must be specified
using a test circuit because the individual elements com-
prising a power-supply device for electric discharge
lamps may be adjusted or modified to prevent extin-
guishing of a high-pressure mercury vapor lamp, and it
is important whether or not the ultimately-modified pow-
er-supply device for electric discharge lamps satisfies
said prescribed conditions.
[0041] Figure 3 is a diagram that shows simulated
lamp current Ia' and simulated lamp voltage Va' in the
test circuit shown in Figure 2 of a power-supply device
for electric discharge lamps that satisfies prescribed
conditions and does not extinguish. Here, Figure 3(a)
and Figure 3(b) show the same phenomena, but the pe-
riodic scale differs.
[0042] Figure 4 is a diagram that shows the relation
between simulated lamp current Ia' and simulated lamp
voltage Va' in the test circuit shown in Figure 2 of a pow-
er-supply device for electric discharge lamps that satis-
fies prescribed conditions and extinguishes. Here, Fig-
ure 4(a) and Figure 4(b) show the same phenomena,
but the periodic scale differs.
[0043] The oscilloscope was subjected to smoothing
processing to facilitate contrast of Figures 3 and 4 with
Figures 8 and 10 discussed below.
[0044] As stated above, by testing the power-supply
device for electric discharge lamps that is the object of
evaluation using the test circuit shown in Figure 2, a
power-supply device for electric discharge lamps that
does not extinguish the lamp could be discovered
through various modifications based on the test results
shown in Figures 3 to 4.
[0045] In this implementation mode, the arc discharge
resistance during arc discharge of an actual high-pres-
sure mercury vapor lamp is assumed to be Ra while the
glow discharge resistance during glow discharge is as-
sumed to be Rb. Lamp extinguishing could be effectively
prevented by using a power-supply device for said high-
pressure mercury vapor lamps that satisfies two condi-
tions. The first is that the duration during which the sim-
ulated glow discharge current in the transient state of
switch from the state of flow of simulated lamp current
Iao' to resistors (59 + 60) is under 30% of simulated lamp
current Iao' is continuously less than 10 µs as a result
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of connecting resistor 59 to the power-supply device for
electric discharge lamps that is the object of evaluation
when connection to the output terminal of the power-
supply device for electric discharge lamps that is the ob-
ject of evaluation has been switched from connection of
resistor 59 that is virtually equal to arc discharge resist-
ance Ra to resistors (59 + 60) that have virtually 1/7 of
glow discharge resistance Rb. The second is that the
duration would be under 100 µs before the current re-
covers to at least 70% of the simulated lamp current Iao'.
[0046] The power-supply device for electric discharge
lamps in the implementation mode of the present inven-
tion is explained next using Figures 5 and 6.
[0047] Figure 5 is a diagram that shows one example
of the structure of a power-supply device for electric dis-
charge lamps. In the figure, reference number 17 de-
notes a DC power source that provides voltage from DC
power source 17 to step-down chopper 16. Step-down
chopper 16 primarily comprises switch device 11, gate
drive circuit 12, diode 13, inductor 14 and smoothing ca-
pacitor 15. DC power source 17 is not illustrated, but a
device that converts a commercial AC power source into
direct current using rectifier diodes, diode bridges and
smoothing capacitors, a power source module that has
a function of inhibiting harmonic current or a battery can
be used.
[0048] Reference number I denotes a high-pressure
mercury vapor discharge lamp having discharge space
6 within lamp inclusion body 3 in which is sealed a com-
paratively large amount of mercury and in which cath-
ode 4 and anode 5 are disposed opposing each other.
Reference number 18 denotes a voltage detector con-
structed using differential voltage resistors that detects
applied voltage Va that is applied to high-pressure mer-
cury vapor discharge lamp 1, and reference number 19
denotes a current detector constructed using shunt re-
sistors and CT, etc., that detects current Ia flowing to
high-pressure mercury vapor discharge lamp 1.
[0049] Reference number 7 denotes an igniter insert-
ed between step-down chopper 16 and high-pressure
mercury vapor discharge lamp 1 to create discharge
breakdown of sealed gas between cathode 4 and anode
5 when high-pressure mercury vapor discharge lamp 1
commences lighting. Igniter 7 basically is constructed
by transformer 8 that has a large primary-to-secondary
winding ratio to generate a high-voltage pulse series of
several kV to several dozen kV. Reference number 9
denotes a coil that is inserted between step-down chop-
per 16 and discharge lamp 1. Reference number 24 de-
notes a power-supply device control circuit that provides
gate drive signal 23 to gate drive circuit 10 of igniter 7
and that inputs lamp voltage signal 20 that was detected
by voltage detector 18 as well as lamp current signal 21
that was detected by current detector 19. Gate drive sig-
nal 22 is supplied to gate drive circuit 12 of switch device
11 based on lamp voltage signal 20 and lamp current
signal 21 so as to control switching of switch device 11.
[0050] The diagram shows an example in which pow-

er-supply device control circuit 24 supplies gate drive
signal 23 to gate drive circuit 10, but there are cases in
which gate drive signal 23 would be rendered unneces-
sary depending on the form of igniter 7.
[0051] Figure 6 is a diagram that shows one example
of the structure of power-supply device control circuit 24
shown in Figure 5.
[0052] Lamp current signal 21 and lamp voltage sig-
nal 20 that were detected in the diagram are assumed
to have positive polarity, and are optionally input to the
power-supply device control circuit 24 in question via
buffer 25 and buffer 38, respectively.
[0053] Lamp current signal 21 is input to error integra-
tor 31 comprising operational amplifier 27 and substrate
30 via resistor 26. On the other hand, output from max-
imum current signal generator 29 assumed to have neg-
ative polarity is input to operational amplifier 27 via re-
sistor 28. The difference between the current set by
maximum current signal generator 29 and lamp current
signal 21 is integrated by capacitor 30 and output from
error integrator 31. The output from error integrator 31
is output to overcurrent signal 36 via inverter 35 com-
prising resistor 32, resistor 33, operational amplifier 34.
[0054] On the other hand, lamp current signal 21 is
combined with lamp voltage signal 20 by operator 39 to
create power signal 40 which is input via resistor 41 to
error integrator 46 comprising operational amplifier 42
and capacitor 45. In addition, the output from rated pow-
er signal generator 44 assumed to have negative polar-
ity is input to operational amplifier 42 via resistor 43, and
the difference in power between power signal 40 from
error integrator 46 and the power determined by rated
power signal generator 44 is integrated by capacitor 45
and then output.
[0055] The output from error integrator 46 is output as
overcurrent signal 51 via inverter 50 comprising resistor
47, resistor 48, and operational amplifier 49.
[0056] Overcurrent signal 36 and overcurrent signal
51 are pulled down by resistor 53 via diode 37 and diode
52, respectively, with the result that the higher signal of
either overcurrent signal 36 or overcurrent signal 51 is
output to resistor 53 as step-down chopper control sig-
nal 54.
[0057] Overcurrent signal 36 becomes the higher sig-
nal when lamp current signal 21 is greater than a power
value determined by maximum current signal generator
29, while overcurrent signal 51 becomes the higher sig-
nal when power signal 40 is greater than a power value
determined by rated power signal generator 44. Accord-
ingly, overcurrent signal 36 and the larger of the over-
current signals appears preferentially in resistor 53.
Step-down chopper control signal 54 compares the out-
put signals of saw-tooth wave generator 55 by compa-
rator 56. A high level signal when step-down chopper
control signal 54 is smaller than the output signal of saw-
tooth wave generator 55 or a low level signal when step-
down chopper control signal 54 is greater than the out-
put signal of saw-tooth wave generator 55 is output to
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gate drive circuit 12 of switch device 11 as gate drive
signal 22.
[0058] If logic of gate drive circuit 12 is designed so
that switch device 11 turns ON when gate drive signal
22 is at a high level, feedback control is instituted so that
lamp current signal 21 would match the current deter-
mined by maximum current signal generator 29 when
overcurrent signal 36 is the higher of overcurrent signal
36 or overcurrent signal 51, or conversely so that power
signal 40 would match the power determined by rated
power signal generator 44 when overcurrent signal 51
is the higher since the duration during which gate drive
signal 22 is at the high level becomes shorter as step-
down chopper control signal 54 rises.
[0059] As a result, power-supply device 2 for electric
discharge lamps with the function of controlling lamp
current Ia so that lamp power Pa would become prede-
termined rated power Pas, and with the function of con-
trolling lamp current la so that lamp current Ia would not
exceed predetermined maximum current Ias can be re-
alized in which the function of controlling lamp current
Ia so that said maximum current Ias would not be ex-
ceeded takes priority over the function of controlling
lamp current Ia so that lamp power Pa would become
said rated power Pas.
[0060] For example, resistor 26 could be set at a low
resistance value and/or capacitor 30 could be set at a
small electrostatic capacitance value while the re-
sponse of error integrator 31 in order to control maxi-
mum current Ias could be set at a high speed to imple-
ment the invention in this implementation mode. If ade-
quate results are not attained by these steps alone, the
inductance on the secondary side of transformer 8 of
igniter 7 could be increased, coil 9 could be added or
both could be completed. Of course, the operating fre-
quency of step-down chopper 16, specifically, the oscil-
lation frequency of saw-tooth wave generator 55, must
be high enough to support the high speed control re-
quired for maximum current Ias. Reducing the electro-
static capacitance of smoothing capacitor 15 in a range
such that ripples of step-down chopper 16 does not be-
come excessive would be useful.
[0061] Figure 5 and Figure 6 are presented to explain
the basic structure of the power-supply device for elec-
tric discharge lamps pursuant to the present invention,
but additional components or additional circuits such as
protective circuits or noise filters may be added to en-
sure safe circuit operation or safe unit operation as re-
quired in the actual implementation, or means such as
circuit simplification may also be necessary. In particu-
lar, inverters 35 and 50 were added to simplify the ex-
planation, but these may be omitted.
[0062] A second implementation mode of the inven-
tion of this claim is explained using Figures 5 to 10.
[0063] This implementation mode concerns a power-
supply device for electric discharge lamps with functions
added to more reliably prevent extinguishing of the pow-
er-supply device for electric discharge lamps obtained

in the first implementation mode.
[0064] Lamp current Ia is controlled so that lamp pow-
er Pa becomes predetermined rated power Pas even if
the lamp voltage Va should fluctuate accompanying
change of the impedance between electrodes in the
power-supply device for mercury vapor lamps shown in
Figure 7. At that time, very great lamp current Ia must
flow to attain rated power Pas if lamp voltage Va is very
low, but lamp current Ia is controlled so that lamp current
Ia does not exceed predetermined maximum current Ias
to prevent breakdown of the circuit elements installed in
the actual power supply device. This function takes pri-
ority over controlling lamp current Ia so that lamp power
Pa would become predetermined rated power Pas. Fur-
thermore, the same diagram shows that maximum volt-
age Vas is determined, but this is a restriction to ensure
that the required maximum limitation voltage is not ex-
ceeded to ensure safety during no-load switching.
Based on said results, the voltage current characteris-
tics of general power-supply devices for electric dis-
charge lamps basically form the hyperbola H shown in
Figure 7.
[0065] Figure 8 (a), (b), (c) are diagrams showing the
periodic courses of lamp current Ia, lamp voltage Va and
lamp power Pa during this period.
[0066] When a high-pressure mercury vapor lamp
with a comparatively large amount of mercury sealed
within is lit by a common power-supply device for electric
discharge lamps, the arc discharge when liquid mercury
is present on the cathode immediately after lighting
would be at point A in Figure 7 since the impedance be-
tween electrodes is low enough. This is a state in which
said lamp current Ia is controlled so as not to exceed
predetermined maximum current Ias. Rated power is
not reached in this state. Next, mercury is completely
evaporated from the cathode and the state transits to
glow discharge. The impedance between electrodes ris-
es and lamp voltage Va rapidly increases. Accordingly,
the state transits from point A to point B along the volt-
age-current characteristic curve H in Figure 7, but lamp
current Ia is greater than lamp current Iao immediately
before the rapid increase in impedance of the high-pres-
sure mercury vapor lamp, as shown in Figure 8 (a), and
falls, presenting the possibility of the lamp extinguishing.
[0067] Thus, to avoid such a state, it passes through
the range above voltage-current characteristic curve H
rather than along the voltage-current characteristic
curve H shown in Figure 7, specifically, through the ex-
cess power range. The conditions pertaining to the
method of passage through the excess power range can
be determined using the test circuit shown in Figure 2
just as before, specifically, a test circuit that switches
between resistance roughly equal to the lamp imped-
ance during arc discharge and resistance equal to
roughly 1/7 of the lamp impedance during glow dis-
charge.
[0068] Figure 9 is a diagram showing the intended
voltage current characteristics in the invention pursuant
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to this implementation mode.
[0069] When transiting from point A to point B, as
shown by the voltage-current characteristics in this dia-
gram, the state persists for a prescribed period in range
U in which the current is at least 70% of simulated lamp
current Iao' at point A rather than transiting along volt-
age-current characteristic curve H, followed by transit to
point B.
[0070] Figure 10 (a), (b), (c) are diagrams showing the
periodic courses of simulated lamp current Ia', simulat-
ed lamp voltage Va' and simulated lamp power Pa' dur-
ing this period.
[0071] The issue of the present invention could be
more reliably attained by adding a function to the power-
supply device for electric discharge lamps pursuant to
this implementation mode wherein the duration of resi-
dence in range U in which the current is at least 70% of
simulated lamp current Iao' at point A exceeds 50 ms.
[0072] Thermion release must be rapidly activated to
maintain discharge, but prolonging duration Tu to con-
trol the current so as to recover to at least 70% of sim-
ulated lamp current Iao' immediately preceding the rapid
increase in impedance of the high-pressure mercury va-
por lamp would be useful in preventing lamp extinguish-
ing. A duration above 70 ms would be preferable in that
it would permit the issue of the present invention to be
attained with a reserve, and a duration above 100 ms
would be still better.
[0073] Since excess power operation takes place in
range U in which the current is at least 70% of simulated
lamp current Iao' at point A, this may be implemented
by adding the function of controlling simulated lamp cur-
rent Ia' so that the power supply device reaches the orig-
inal predetermined rated power Pas only while it resides
in range U in which the current is at least 70% of simu-
lated lamp current Iao' at point A. Since this excess pow-
er operation is inappropriate for safe operation of lamps
and power supply devices, long-term continuation be-
yond the necessary duration should be avoided. In fact,
a duration of 300 ms would be adequate.
[0074] Concretely, the power-supply device for elec-
tric discharge lamps shown in Figures 5 and 6 to imple-
ment the invention in this implementation mode would
be designed so that duration Tu of control so that the
current recovers to at least 70% of simulated lamp cur-
rent Iao' immediately preceding rapid increase in the im-
pedance of high-pressure mercury vapor discharge
lamp 1 exceeds 50 ms when the impedance of high-
pressure mercury vapor discharge lamp 1 rapidly in-
creases in the operational state in which the simulated
lamp current Ia' is controlled so as not to exceed maxi-
mum current Ias. For example, it would be designed so
that resistor 41 has great resistance and/or capacitor 45
has great electrostatic capacitance, and the response
of error integrator 46 would be designed to reach a lower
speed in order to control rated power Pas.
[0075] A third implementation mode of the invention
pursuant to the invention of this claim is explained next

using Figures 11 and 12.
[0076] Figure 11 is a diagram showing a test circuit
for detecting a power-supply device for electric dis-
charge lamps in which the lamp does not extinguish.
Such a device is used in high-pressure mercury vapor
lamps with a comparatively large amount of mercury
sealed within so that 0.15 mg or more of mercury per 1
mm3 volume of discharge space and 1 x 10-7 moles of
halogen per 1 mm3 of said discharge space are sealed
within.
[0077] The inventors in the present invention discov-
ered that lamp extinguishing could be effectively pre-
vented by this power-supply device for electric dis-
charge lamps when the device satisfies the conditions
presented below through this test circuit.
[0078] The high-pressure mercury vapor lamp used
in this implementation mode is explained on the as-
sumption that arc discharge resistance Ra during arc
discharge of 5Ω and glow discharge resistance Rb dur-
ing glow discharge of 300Ω are used, just as in the first
implementation mode.
[0079] In this diagram, reference numbers 70 and 71
denote resistors of 5Ω and 300Ω resistance that are
connected in series to the output terminal of power-sup-
ply device 2 for electric discharge lamps. The other
structures are identical with those in the structure shown
in Figure 2 designated by the same notation and are
omitted.
[0080] Here, resistor 70 is set to a value equal to arc
discharge resistance Ra during arc discharge so that
roughly the same current as the current flowing during
arc discharge when liquid mercury is present on the
cathode of an actual high-pressure mercury vapor lamp
flows through resistor 70, and resistor 70 + resistor 71
are set to a value equal to glow discharge resistance Rb
so that roughly the same current as the current flowing
during glow discharge of a high-pressure mercury vapor
lamp flows through resistors 70, 71.
[0081] Figure 12 is a diagram showing the periodic
change in simulated lamp current Ia' and simulated lamp
voltage Va' when the state is switched from connection
only of resistor 70 to serial connection of resistor 70 and
resistor 71.
[0082] In this implementation mode, the discovery
was made that extinguishing could be prevented even
when power-supply device for electric discharge lamps
2 uses said high-pressure mercury vapor lamps if the
individual conditions presented below are satisfied while
simulated arc current flows through resistor 70 when on-
ly resistor 70 is connected to the output terminal of pow-
er-supply device 2 for electric discharge lamps that is
the object of evaluation wherein the cathode surface ar-
ea is Sc (mm2)

(1) The simulated glow discharge current Iag' in the
steady state following switching from resistor 70 to
resistor 70 + resistor 71 is Iag' f 0.14 x Sc (A)
(2) The output voltage of the power-supply device
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for electric discharge lamps in the steady state fol-
lowing switching from resistor 70 to resistor 70 +
resistor 71 is Vag' f 180 (V)
(3) The time required for the output voltage Vag' in
the steady state to reach 90% of the voltage in the
steady state following switching from resistor 70 to
resistor 70 + resistor 71 is time τ % 170 (µs).

[0083] This cathode surface area is the surface area
of the entire electrode having a cathode effect that is
exposed in the discharge space.
[0084] The reason that the capacity to provide simu-
lated glow discharge current Iag' in the steady state
should increase proportionally to the cathode surface
area Sc is that discharge takes place over the entire
cathode surface in glow discharge, in contrast to arc dis-
charge. If the capacity to provide current whose size is
proportional to the cathode surface area is lacking, the
electrode surface could not be heated enough to permit
transition to arc discharge due to thermion release. A
capacity to provide simulated glow discharge current of
lag' f 0.016 x Sc would be more desirable.
[0085] The reason that the capacity is required to pro-
vide more than 180 V as simulated glow voltage Vag' in
the steady state is that voltage exceeding 180 V would
be required for glow discharge, almost independently of
the gas pressure or the separation between the cathode
and anode, if the amount of halogen that is sealed ex-
ceeds 1 x 10-7 moles per 1 mm3 of discharge space in
electric discharge lamps in which are sealed noble gas-
es such as mercury or argon and halogens such as bro-
mine.
[0086] The ability to provide Vag' f 200 V as output
voltage Vag' would be more desirable.
[0087] The reason that time τ required for output volt-
age Vag' to reach 90% of the voltage in the steady state
should be under 170 µs is that glow discharge could not
be maintained and discharge would be discontinued if
the time were longer. By the time the voltage had sub-
sequently risen adequately, the electrode would already
have cooled, resulting in a high probability of the lamp
extinguishing. Time τ % 100 µs would be more desira-
ble.
[0088] Experiments of the inventors revealed that the
extinguishing rate falls completely to 0% if Iag' ≈ 0.4A in
a lamp using a cathode whose surface area is about 25
mm2 at Vag' ≈ 200 V, τ ≈ 100 µs.
[0089] Even if the performance should fall to Vag' ≈
180 V, τ ≈ 170 µs, Iag' ≈ 0.35A, the extinguishing rate
would be under 1%, which is practical enough.
[0090] The fourth implementation mode of the inven-
tion of this claim is explained next using Figures 13 and
14.
[0091] Figure 13 is a diagram that shows the structure
of the power-supply device for electric discharge lamps
pursuant to this implementation mode.
[0092] In this diagram, reference number 72 denotes
a smoothing capacitor 72 that is mounted to permit par-

allel connection with smoothing capacitor 15, 73 de-
notes a FET that switches insertion/removal of smooth-
ing capacitor 72, and 74 denotes a gate drive circuit that
switches FET 73. The other structures are identical with
those in the structure shown in Figure 5 designated by
the same notation and are omitted.
[0093] Figure 14 is a diagram that shows the periodic
details of lamp voltage of a high-pressure mercury vapor
lamp pursuant to this implementation mode when a
high-pressure mercury vapor lamps is first lit.
[0094] After the period of great impedance during
lamp glow discharge has elapsed in this implementation
mode, as shown in Figure 13, smoothing capacitor 15
and FET 73 in parallel turn ON and the capacitance of
the smoothing capacitor is increased by inserting
smoothing capacitor 72.
[0095] Reducing the electrostatic capacitance of
smoothing capacitor 15 to a range such that ripples of
smoothing capacitor 15 do not become excessive was
explained to be useful in explaining the power-supply
device for electric discharge lamps shown previously in
Figure 5, but by maintaining a small capacitance of the
smoothing capacitor until the transition to thermal arc
discharge, lamp damage could be prevented through
suppression of the charge released to the lamp from a
smoothing capacitor in sudden transition to arc dis-
charge during glow discharge. On the other hand, rip-
ples readily develop if the smoothing capacitor is small,
and that creates acoustic resonance which leads to
lamp flickering and extinguishing.
[0096] In light of said problems, the invention of this
implementation mode prevents lamp flicking and extin-
guishing due to said acoustic resonance by turning on
FET 73 after the transition to thermal arc discharge fol-
lowing elapse of a period of high impedance during glow
discharge, whereupon smoothing capacitor 15 and
smoothing capacitor 16 are connected in parallel to in-
crease the capacitance of the smoothing capacitor, as
shown in Figure 14.
[0097] In the invention stated in Claim 1, lamp extin-
guishing when mercury has completely evaporated from
the cathode at the start of lighting can be prevented
when using high-pressure mercury vapor lamps with a
comparatively large amount of mercury sealed within.
[0098] In the invention started in Claim 2, lamp extin-
guishing can be prevented more reliably by augmenting
the effects of the invention stated in Claim 1.
[0099] In the invention stated in Claim 3, lamp extin-
guishing when mercury on the cathode has completely
evaporated at the start of lamp lighting can be prevented
when using high-pressure mercury vapor lamps with a
comparatively large amount of mercury sealed within.
[0100] In the invention stated in Claim 4, lamp flicker-
ing and extinguishing due to acoustic resonance after
transition to thermal arc discharge following the elapse
of a period of high lamp impedance can be prevented
in addition to the effects of the inventions stated in
Claims 1 to 3.
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Industrial Field of Invention

[0101] The present invention can be used in a power-
supply device for electric discharge lamps to light high-
luminance high-pressure mercury vapor lamps that are
used as the light source in projectors, for example.

Claims

1. A power-supply device for electric discharge lamps
that lights high pressure mercury vapor lamps in
which a cathode and anode are disposed in a dis-
charge space enclosed by an inclusion body and in
which noble gas as well as 0.15 mg or more of mer-
cury per 1 mm3 of said discharge space are sealed,

wherein a switchable connection from the con-
nection state of a simulated arc discharge re-
sistor virtually equal to the arc discharge resist-
ance during arc discharge of said high-pres-
sure mercury vapor lamp to the connection
state of simulated glow discharge resistors that
have virtually 1/7 of the glow discharge resist-
ance during glow discharge of said high-pres-
sure mercury vapor lamp is completed at the
output terminal of the power-supply device for
electric discharge lamps in question,
said simulated arc discharge resistor is con-
nected to the power-supply device for electric
discharge lamps in question, and the simulated
glow discharge current in the transient state of
switch from the state of flow of simulated arc
discharge current to said simulated glow dis-
charge resistor continues to be under 30% of
said simulated arc discharge current for less
than 10 µs and the current recovers to at least
70% of said simulated arc discharge current in
less than 100 µs.

2. The power-supply device for electric discharge
lamps of Claim 1 that has a function of controlling
the lamp current so that the lamp power reaches a
predetermined rated power, and a function of con-
trolling the lamp current so that the lamp current
does not exceed a predetermined maximum cur-
rent, wherein the function of controlling the lamp
current so that the lamp current does not exceed
said maximum current takes priority over said func-
tion of controlling the lamp current so that the lamp
power reaches said rated power, and a control func-
tion is provided so that the duration of control so as
to recover the current to at least 70% of said simu-
lated arc discharge current is more than 50 ms upon
switching to said simulated glow discharge resistor
and so that this duration will tolerate said rated pow-
er to be exceeded.

3. A power-supply device for electric discharge lamps
that lights high pressure mercury vapor lamps in
which a cathode and anode are disposed in a dis-
charge space enclosed by an inclusion body and in
which noble gas, 0.15 mg or more of mercury per 1
mm3 of said discharge space and 1 x 10-7 moles of
halogen per 1 mm3 of said discharge space are
sealed in said discharge space,

wherein a switchable connection from the con-
nection state of a simulated arc discharge re-
sistor virtually equal to the arc discharge resist-
ance during arc discharge of said high-pres-
sure mercury vapor lamp to the connection
state of simulated glow discharge resistors that
are virtually equal to the glow discharge resist-
ance during glow discharge of said high-pres-
sure mercury vapor lamp is completed at the
output terminal of the power-supply device for
electric discharge lamps in question,
wherein Vag' represents the output voltage of
the power-supply device for electric discharge
lamps, Iag' represents the simulated glow dis-
charge current upon switching to said simulat-
ed glow discharge resistor from the state of flow
of simulated arc discharge current by connect-
ing said simulated arc discharge resistor to the
power-supply device for electric discharge
lamps in question, the cathode surface area is
represented by Sc (mm2) and the following
characteristics are found,

(1) the simulated glow discharge current in
the steady state is Iag' ≥ 0.14 x Sc (A)
(2) the output voltage in the steady state is
Vag' ≥ 180 (V)
(3) the time required for the output voltage
Vag' to reach 90% of the voltage in the
steady state is time τ ≤ 170 (µs).

4. The power-supply device for electric discharge
lamps of any of Claims 1 to 3

that is provided with a variable output direct cur-
rent power source that inputs direct current
voltage and then applies variably-controlled
output voltage to said high-pressure mercury
vapor lamps via a smoothing capacitor,
wherein the capacitance of said smoothing ca-
pacitor is increased during transition to arc dis-
charge following the end of glow discharge.
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