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ELECTRIC FLASH APPARATUS USING MOS 
CONTROLLED THYRISTOR 

This application is a Continuation of application Ser. No. 
08/502187. ?led Jul. 13. 1995 now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an apparatus for emitting 
auxiliary light. which is incorporated in or is used in 
combination with a photographing apparatus such as a 
camera and. more particularly, to an electric ?ash apparatus 
for controlling light emission using an MCI" (MOS Con— 
trolled Thyristor). 

2. Description of the Related Art 
Upon control of the light emission amount or automatic 

light control of a discharge tube. a thyristor. an insulated gate 
bipolar transistor (IGBT). and the like are used as a switch 
ing control element for forcibly stopping a current ?owing 
through the discharge tube. In particular. the IGBT can 
control light emission of the discharge tube by a simple 
circuit. and has become increasingly popular. 
As the prior arts of such an element. Jpn. Pat. Appln. 

KOKAI Publication No. 64-17033 discloses an electric ?ash 
apparatus for performing continuous light emission by con 
trolling the voltage applied to the gate of the IGBT, and Jpn. 
Pat. Appln. KOKAI Publication No. 1-124838 discloses an 
electric ?ash apparatus which can change the light emission 
duty using the IGBT and can perform FP light emission. 
As a new switching control element. a semiconductor 

switching element called an MCT (MOS Controlled 
Thyristor) utilizing the MOS (metal oxide silicon) technique 
has been proposed. When this semiconductor switching 
element is used. a larger current than the IGBT can be 
controlled per unit area of the element current path. In 
addition. since the switching speed of this element is equiva 
lent to that of the IGBT. it is expected that the MCT is used 
as a promising switching element for controlling the light 
emitting element of. e.g.. an electric ?ash apparatus. 

In the MCI‘. FIGS. 11A and 11B are views respectively 
showing symbols of P- and N-MOS type MCI‘s. FIGS. 12A 
and 12B are circuit diagrams respectively showing the 
equivalent circuits of the P- and N-MOS type MCI's. and 
FIG. 13 is a sectional view showing the sectional structure 
of the P-MOS type MCI‘. 
As shown in FIG. 13. the MCI‘ is an element formed. 

using a known thin ?lm formation technique. on a multi 
layered structure including. in turn from the cathode side. an 
n-type semiconductor layer 1. a p-type semiconductor layer 
2. an n-type semiconductor layer 3. a p-type semiconductor 
layer 4. and an n-type semiconductor layer 5. 
The surface region of the n-type semiconductor layer 3 

sandwiched between the p-type semiconductor layers 2 and 
4 serves as an ON-FET (?eld e?‘ect transistor) channel 
region. and the surface region of the p-type semiconductor 
layer 4 sandwiched between the n-type semiconductor layers 
3 and 5 serves as an OFF-FEI‘ channel region. A gate 
electrode 7 is formed on these channel regions via a gate 
oxide ?lm 6. 

Furthermore. an anode 9 is formed above the gate elec 
trode 7 via an insulating ?lm 8. The anode-cathode path 
basically has a PNPN thyristor structure. 

In this MCI". when a voltage negative with respect to the 
potential of the anode 9 is applied to the gate electrode 7. a 
current ?ows from the anode 9 to the p-type semiconductor 
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2 
layer 2. the n-type semiconductor layer 1. and a cathode l0. 
and as a result. the current ?ows through the anode-cathode 
path by a thyristor operation. 
On the contrary. when a voltage positive with respect to 

the potential of the anode 9 is applied to the gate electrode 
7. the above-mentioned OFF-FET channel is formed. and 
shunts the anode 9 from the n-type semiconductor layer 3. 
As a result. the thyristor operation is disabled. and no current 
?ows through the anode-cathode path. 

FIG. 14 shows the voltage drop characteristics (calculated 
values) to the passing current per unit chip area of each of 
a MOSFEI‘. a Darlington bipolar TR (transistor). an IGBT. 
and an MCI‘. 

As can be seen from FIG. 14. the MCI has a smaller 
voltage drop than those of the MOSFEI'. the Darlington 
bipolar TR, and the IGBT. and can ?ow a very large current 
as compared to other elements if the chip area remains the 
same. 

When light emission of a discharge tube is to be con 
trolled by utilizing the above-mentioned IGBT. since the 
capacitance of the IGBT must be increased or a plurality of 
IGBTs must be arranged in an electric ?ash apparatus with 
a large light emission amount. the electric ?ash apparatus 
becomes large in size and its cost increases in order to obtain 
a su?icient light amount. 

In general. the IGBT is turned on when a voltage of 20 to 
40 V is applied to the gate-emitter path. and is turned off 
when the gate-emitter path is set at the same potential. When 
the MCI‘ replaces the IGBT. since the MCI‘ is a kind of 
thyristor. a reverse bias voltage must be applied to turn oif 
the MCI‘. and hence. a conventional gate control circuit of 
the IGBT cannot be directly used. 
On the other hand. control of a conventional thyristor is 

similar to that of the MC!‘ in that the light emission of ‘the 
discharge tube is controlled by applying a reverse bias 
voltage. However. the control of the MCI‘ requires stricter 
conditions than those of the conventional thyristor control, 
and the voltages for turning on and oil" the MCI‘ and the time 
required for a change in voltage for changing the MCI‘ from 
the ON state to the OFF state must be suppressed to fall 
within predetermined condition ranges. 

For example. in MCI‘V75P60E1 and MCI‘A75P60E1 
(P-MOS MCI‘s; available from Harris Corp.). a gate-anode 
voltage for turning on the MCT must be set to fall within the 
range from —7 V to --20 V. and a gate-anode voltage for 
turning off the MCT must be set to fall within the range from 
+18 V to +20 V. In addition, in order to change the MCI‘ 
from the ON state to the OFF state. the gate-anode voltage 
must be switched within 200 nsec. However. the conven 
tional thyristor circuit cannot attain such control. 

SUMMARY OF THE INVENTION 

It is. therefore. an object of the present invention to 
provide a new and improved electric ?ash apparatus in 
which a large light amount (large current) can be controlled 
at high speed by executing light emission control of a 
discharge tube using a switching element comprising an 
MCT. 

According to an aspect of the present invention. there is 
provided an electric ?ash apparatus comprising: 

a power supply circuit including a booster circuit for 
boosting an output voltage from a power supply battery 
to positive and negative voltages each having a prede 
termined value; 

a main capacitor charged by one of the positive and 
negative voltages boosted by the power supply circuit; 
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a discharge tube through which a discharge current based 
on a charge built up on the main capacitor ?ows. 
thereby performing ?ash light emission; 

an MCI‘ (MOS Controlled Thyristor) inserted in a loop of 
the discharge current from the main capacitor; and 

a control circuit for ON/OFF-controlling the MCI‘ by 
selectively applying one of the positive and negative 
voltages from the power supply circuit to a gate ter 
minal of the MCI‘. 

Additional objects and advantages of the invention will be 
set forth in the description which follows. and in part will be 
obvious from the description. or may be learned by practice 
of the invention. The objects and advantages of the invention 
may be realized and obtained by means of the instrumen 
talities and combinations particularly pointed out in the 
appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings. which are incorporated in 
and constitute a part of the speci?cation. illustrate presently 
preferred embodiments of the invention and. together with 
the general description given above and the detailed descrip 
tion of the preferred embodiments given below. serve to 
explain the principles of the invention. 

FIG. 1 is a circuit diagram showing the arrangement of an 
electric ?ash apparatus according to the ?rst embodiment of 
the present invention; 

FIG. 2 is a circuit diagram showing the detailed circuit 
arrangement of a power supply circuit shown in FIG. 1; 

FIG. 3 is a waveform chart showing the signal waveforms 
used upon control of ?ash light emission of the electric ?ash 
apparatus of the ?rst embodiment; 

FIG. 4 is a waveform chart showing the signal waveforms 
used upon repetition of successive short light emission of the 
electric ?ash apparatus of the ?rst embodiment; 

FIG. 5 is a circuit diagram showing the arrangement of an 
electric ?ash apparatus according to the second embodiment 
of the present invention; 

FIG. 6 is a circuit diagram showing the detailed circuit 
arrangement of a power supply circuit shown in FIG. 5; 

FIG. 7 is a waveform chart showing the signal waveforms 
used upon control of ?ash light emission of the electric ?ash 
apparatus of the second embodiment; 

FIG. 8 is a waveform chart showing the signal waveforms 
used upon repetition of continuous short light emission of 
the electric ?ash apparatus of the second embodiment; 

FIG. 9 is a circuit diagram showing the arrangement of an 
electric ?ash apparatus according to the third embodiment of 
the present invention; 

FIG. 10 is a circuit diagram showing the detailed circuit 
arrangement of a power supply circuit shown in FIG. 9; 

FIGS. 11A and 11B are views showing the symbols of 
MCI‘s (MOS controlled thyristors); 

FIGS. 12A and 12B are circuit diagrams showing the 
equivalent circuits of the MCI‘ s; 

FIG. 13 is a sectional view showing the sectional structure 
of the MCI‘; 

FIG. 14 is a graph showing the voltage drop characteris 
tics with respect to the passing current per unit chip area of 
each of a MOSFET. a Darlington bipolar TR. an IGB'I‘. and 
the MCI‘; 

FIG. 15 is a circuit diagram showing a driver circuit of the 
MCI‘ for simultaneously controlling a light emission start 
signal STON and light emission stop signal STOFF; 
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FIG. 16 is a waveform chart showing the waveforms of 

output signals. upon ?ash light emission, of a signal gen 
eration circuit shown in FIG. 15; 

FIG. 17 is a waveform chart showing the waveforms of 
output signals. upon FP light emission. of the signal gen 
eration circuit shown in FIG. 15; 

FIG. 18 is a circuit diagram showing a modi?cation of the 
power supply circuit shown in FIG. 2. to which a charging 
stop circuit for stopping a charging operation is added; 

FIG. 19 is a circuit diagram showing a modi?cation of the 
power supply circuit shown in FIG. 6. to which a charging 
stop circuit for stopping a charging operation is added; 

FIG. 20 is a circuit diagram showing a modi?cation of the 
power supply circuit shown in FIG. 10. to which a charging 
stop circuit for stopping a charging operation is added; 

FIG. 21 is a circuit diagram showing the arrangement of 
an electric ?ash apparatus according to the fourth embodi 
ment of the present invention; 

FIG. 22 is a circuit diagram showing the detailed arrange 
ment of a power supply circuit shown in FIG. 21; 

FIG. 23 is a ?ow chart showing the operation executed 
when the signal generation circuit shown in FIGS. 1. 5. and 
9 is constituted by a CPU; and 

FIG. 24 is a ?ow chart showing the operation executed 
when the signal generation circuit shown in FIG. 15 is 
constituted by a CPU. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODINIENTS 

Reference will now be made in detail to the presently 
preferred embodiments of the invention as illustrated in the 
accompanying drawings, in which like reference characters 
designate like or corresponding parts throughout the several 
drawings. 
The preferred embodiments of the present invention will 

be described in detail hereinafter with reference to the 
accompanying drawings. 

FIG. I shows the arrangement of an electric ?ash appa 
ratus according to the ?rst embodiment of the present 
invention. and the arrangement of the apparatus will be 
described below. 
The electric ?ash apparatus comprises a power supply 

circuit 12 for generating a positive voltage VGOFF and a 
negative voltage —VMc based on the voltage from a low 
voltage power supply battery 11. a main capacitor MC 
charged by the negative voltage -VMC from the power 
supply circuit 12. a xenon light-emitting unit XE for emit 
ting light by a potential accumulated on the main capacitor 
MC. a trigger circuit unit 13 (to be described later). a P-MOS 
type MCI‘ which constitutes a discharge loop together with 
the xenon light-emitting unit XE and the capacitor MC to 
sandwich a diode D1 therebetween. an MCI‘ gate control 
circuit unit 14 for driving the MCI‘, and a signal generation 
circuit 15 for controlling output signals STON and STOFF 
upon reception of signals from electric contacts X. TI‘L. FF. 
and GND with a camera. 
The signal generation circuit 15 controls the output sig 

nals STON and SI‘OFF upon reception of signals from the 
electric contacts X. TI'L. FF. and GND with the camera. 
Note that the contact X is a terminal for receiving a light 
emission start signal from the camera. and the contact 'ITL 
is a terminal for receiving a light emission stop signal. The 
contact FP is a terminal for receiving signals for starting and 
stopping successive short light emissions ?'om the camera. 
The trigger circuit unit 13 comprises a trigger transformer 

T1. a trigger capacitor C1. a thyristor SCRl for short 
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circuiting the primary coil of the trigger transformer T1 and 
the trigger capacitor C1. resistors R1 to R7. and transistors 
TRl and TR2. which resistors and transistors are used for 
turning on the thyristor SCRl. Upon reception of a one-shot 
output of low level “L”-—>high level “H"—)low level “L” as 
the output signal STON. since the transistor TR2 is turned 
on. and the transistor TR1 is then turned on. the thyristor 
SCRl is turned on. and the charge -VMC on the trigger 
capacitor C1 instantaneously flows through the primary side 
of the transformer T1. 

As a result. a high voltage is generated at the secondary 
side of the transformer T1 and excites the light-emitting unit 
XE. 
The MCI‘ gate control circuit 14 comprises resistors R8 to 

R12. transistors TR3 and TR4. and a constant voltage diode 
ZDl. In this MCI" gate control circuit 14. when the signal 
STOFF is at low level “L”. the transistors TR4 and TR3 are 
turned off. and the gate voltage of the MCI‘ becomes equal 
to a voltage generated at the diode ZDl. For example. if the 
voltage V60”,- is +19 V and the diode ZDl generates a 
potential difference of 30 V across its two terminals, a 
voltage of —11 V is applied to the gate of the MCI‘. 

Taking MCI‘V75P6OE1 available from Harris Corp. as an 
example. the MCI‘ is turned on when an anode-gate voltage 
VGA falls within the range from —7 V to —20 V. and is ttu'ned 
off when the anode-gate voltage VGA falls within the range 
from +18 V to +20 V. For this reason. when the signal 
ST OFF is at low level “L”. the MCI‘ is turned on. On the 
other hand. when the signal STOFF changes to high level 
“H”. the transistors TR4 and TR3 are turned on. and the gate 
voltage VGA of the MCI‘ becomes +19 V. Therefore. the 
MCI is turned 011’. 

FIG. 2 shows the detailed circuit arrangement of the 
above-mentioned power supply circuit 12. 

This power supply circuit 12 comprises a self-oscillation 
type booster circuit. A current from the battery 11 flows 
through the emitter-to-base path of transistor T125 and 
resistor R14. with the result that transistorTRS is turned on. 
Since a current ?ows from the emitter-to-collector path of 
transistor TRS to resistor R13 and the base-to-emitter path of 
transistor TRS. transistor TR6 is turned on. and current ?ows 
from the primary windings of transformer T2 to the 
collector-to-emitter path of transistor TR6. 

At the time, a positive voltage and a negative voltage 
appear at the respective ends of the secondary windings of 
the transformer (the positive voltage appears at the end 
which is connected to diode D3. while the negative voltage 
appears at that end which is connected to diode D2). Hence, 
a current ?ows from the negative-potential terminal —VMC to 
the collector-to~emitter path VGOFF of transistor TR7 by 
way of inductor Ll. diode D2. and the secondary windings 
of transformer T2. The current is charged in capacitor C2 
and also in main capacitor MC shown in FIG. 1. 
At an intermediate point. the secondary winding of trans 

former T2 is connected to the base of transistor TRS. When 
a current ?ows through the primary winding of transformer 
T2. a voltage is generated at the secondary winding. and a 
positive voltage appears at the base of transistor TRS. (The 
point where the transformer is tapped is determined to 
produce such a voltage). As a result. transistor TRS is turned 
olf. and transistor TR6 is also turned o?’. Since the current 
in the primary winding of transformer T2 suddenly stops 
?owing. a voltage opposite in polarity is generated at the 
secondary winding of that transformer. 

Although a current is about to ?ow from the positive 
potential point VGOFF to negative potential point -VMC. it 
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6 
does not flow in fact. because a current is prevented from 
?owing in the cathode-to-anode direction of each of diodes 
D2 and D3. Since a negative voltage is generated at the base 
of transistor TRS. this transistor IRS is turned on. and 
transistor TR6 is also turned on. 

In this manner. transistors TRS and TR6 are repeatedly 
turned on and off. and capacitors C2 and MC are charged 
thereby. The ?nal voltage level resulting from the charged 
state. namely the voltage represented by VGOFF is deter 
mined by a constant voltage circuit made up of transistor 
TR7. resistor R15 and constant-voltage diode ZD2. In other 
words. voltage VGOFF is determined by subtracting the 
voltage drop between the base and emitter from the constant 
voltage generated in the constant voltage diode. The voltage 
appearing at MC is determined by the winding number ratio 
of the transformer T2. 

Since capacitor C2 does not have a large storage 
capacitance. its voltage reaches the value of VGOFF as soon 
as it is charged On the other hand. the main capacitor has 
a relatively large storage capacitance. and a long time is 
required before the voltage of the main capacitance reaches 
its ?nal value. Resistor R16 and neon tube NE serve to 
inform the user that the strobe is ready for use. when the 
main capacitor is charged to such a voltage level as permits 
emission of light. 

FIG. 18 shows a modi?cation in which a charging stop 
circuit for stopping the charging operation is added to the 
arrangement shown in FIG. 2. 

In this modi?cation. when the voltage -VMC is smaller 
than a predetermined voltage value. the neon tube NE is kept 
OFF. and the base voltage of a transistor TR102 assumes a 
value obtained by voltage-dividing the battery voltage by 
resistors R102 and R101. Therefore. the transistor TR102 is 
turned on. and a current ?ows through resistors R103 and 
R104 to turn on a transistor TR101. In this state. the 
operation of the above-mentioned booster circuit is per 
formed. However. when the voltage -VMC has reached the 
predetermined voltage value. the booster circuit stops its 
operation. More speci?cally. when the voltage -VMC has 
reached the predetermined voltage value. the neon tube NE 
is turned on. and a current ?ows through the resistor R101 
and a resistor R16. In this operation. since the base potential 
of the transistor TR102 becomes negative. the transistor 
TR102 is turned 01?. and a result. the transistor TR101 is 
turned off. For this reason. the operation of the booster 
circuit stops. 
The operation of the electric ?ash apparatus with the 

above-mentioned arrangement will be described below with 
reference to FIGS. 3 and 4. 
The signal waveforms shown in FIG. 3 exemplify ?ash 

light emission control in which light emission is started in 
response to a signal X for instructing light emission from a 
camera (not shown). and is stopped in response to at “P11 
light control signal. At this time. the terminal FF is held at 
high level “H" all the time. 
When the terminal X changes to low level “L”. the signal 

generation circuit 15 inverts the signal. and outputs the 
inverted signal as the signal STON. In response to this 
signal. the trigger circuit unit 13 starts its operation. and the 
light-emitting unit XE is excited and begins to discharge the 
charge built up on the main capacitor. thus starting light 
emission. 

Thereafter. when a signal of low level “L" is input from 
the terminal 'I'I'L. the signal generation circuit 15 sets the 
signal STOFF at high level “H” for a predetermined period 
of time. Then. the voltage VGA applied to the gate of MCI" 
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becomes a signal similar to STOFF. The predetermined 
period of time corresponds to a time period long enough 
until the MCI‘ is completely turned off. and thereafter. the 
excitation state of the light-emitting unit ends not to emit 
light any more even when the MCT is turned on again. Due 
to the operation mentioned above, the emitted light has such 
a waveform as is indicated by “LIGH'I‘ EMISSION WAVE 
FORM" in FIG. 3. As indicated. the emission of light starts 
when the level of the X signal changes from “H" to “L” and 
ends when the level of the TI‘L signal changes from “l-I" to 
“L". 
The signal waveforms shown in FIG. 4 exemplify a case 

wherein successive short light emission is repeated. In 
particular. these signal waveforms are associated with 
dynamic type ?ash light emission which allows to use an 
electric ?ash apparatus even in a photographing operation in 
which the focal plane shutter is not fully opened. i.e.. the 
shutter speed is selected to be higher than the synchroniza 
tion speed. 

In the operation of the camera side. the terminal FP 
changes to low level “L" simultaneously with travelling of 
the shutter front curtain (not shown). and changes to high 
level “H" simultaneously with the end of traveling of the 
shutter rear curtain. During this interval. the terminals X and 
'ITL are kept at high level “H". 

In the electric ?ash apparatus of this embodiment. when 
the terminal FP changes to low level “L”. the signal gen 
rn'ation circuit 15 changes the signal STON to high level “H” 
to excite the light-emitting unit XE. thus starting light 
emission. After an elapse of a predetermined time t1. the 
signal generation circuit 15 changes the signal STOFF to 
high level "H" to set the gate-anode voltage VCM of the MCI‘ 
to be +19 V. thereby turning off the MCI‘. After an elapse of 
a predetermined time t1. the signal generation circuit 15 
changes the signal STOFF to low level “L” to switch the 
voltage VGA to —l1 V. thereby turning on the MCI‘ again. 
Since the OFF time t2 of the MCI‘ is a very short period of 
time. the light-emitting unit XE is still in an excitation state 
and can restart light emission. In this manner. the signal 
SI‘OFF is switched between low level “L” and high level 
“H" every predetermined limes t1 and t2. thus repeating short 
light emission. 
When the terminal FF is switched from low level “L” to 

high level “H”. the signal generation circuit 15 immediately 
switches the signal STOFF to high level “H”. and maintains 
this state for a predetermined period of time. This predeter 
mined period of time corresponds to a time period long 
enough until the MCI‘ is completely turned oil‘. and 
thereafter. the excitation state of the light-emitting unit ends 
not to emit light any more even when the MCI‘ is turned on 
again. Due to the operation mentioned above. the emitted 
light has a waveform as indicated by “LIGHT EMISSION 
WAVEFORM" in FIG. 4. As indicated. light is intermittently 
emitted when the level of the FP signal is “L". 
The above-mentioned circuit arrangement is applied to a 

case wherein the gate-anode capacitance of the MCI‘ is 
relatively small. An MCI‘ with a high withstand voltage 
inevitably has a large gate-anode capacitance. For this 
reason. in this embodiment. a relatively long period of time 
is required for switching the gate voltage for turning off the 
MCI‘. thus disturbing the OFF control. 

FIG. 5 shows the arrangement of an electric ?ash appa 
ratus according to the second embodiment. which can solve 
the above-mentioned problem. and the arrangement of the 
apparatus will be described below. 
The electric ?ash apparatus comprises a power supply 

circuit 22 for generating a positive voltage VGOFF and 
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8 
negative voltages —VGON and -VMC based on a voltage from 
a low-voltage power supply battery 21. a main capacitor MC 
charged by the negative voltage —VMC from the power 
supply circuit 22. a xenon light-emitting unit XE. a trigger 
circuit unit 23 (to be described later). a P-MOS type MCT 
which constitutes a discharge loop together with the xenon 
light-emitting unit XE and the capacitor MC to sandwich a 
diode D1 therebetween. an MCT gate control circuit unit 24. 
and a signal generation circuit 25. 
The trigger circuit unit 23 comprises a trigger transformer 

T1. a trigger capacitor C1. a voltage-doubling capacitor C3. 
and resistors R17 to R2 (R18<<R17. R2). 
When the MCI‘ is turned on. the trigger circuit unit 23 

simultaneously applies a secondary high voltage generated 
in the transformer T1 to the light-emitting unit XE. and 
applies a doubled voltage from the capacitor C3 to the 
light-emitting unit XE at the beginning of light emission. 

For example. when the MCI‘ is OFF. one terminal of each 
of the capacitors C1 and C3 is set at a potential GND and the 
other terminal thereof is set at a potential —VMC. When the 
MCI‘ is turned on. a charge built up on the capacitor C1 as 
a potential difference between the potentials GND and 
—VMC is short-circuited by a closed loop de?ned by the 
MCI‘ and the primary side of the transformer T1. For this 
reason. a current instantaneously ?ows through the primary 
side. and a high voltage is generated at the secondary side of 
the transformer T1. thus exciting the light-emitting unit )G3. 
On the other hand. when the MCI‘ is turned on. one 

terminal. set at the potential —VMC so far. of the capacitor C3 
changes to the potential GND. For this reason. the GND-side 
terminal of the capacitor C3 is instantaneously pulled up to 
a potential +VMC. ‘Thus. since a potential of 2VMC is 
instantaneously applied to the light-emitting unit XE. the 
unit XE can start light emission more easily. That is. when 
the MCI‘ changes from the OFF state to the ON state. the 
light-emitting unit XE can start light emission. 
The MCI‘ gate control circuit unit 24 comprises an MCT 

ON control circuit section 240 which is constituted by 
resistors R9-R12. R20 and R21 and transistors TR4. IRS 
and 'I‘R9 and turns on the MCI‘ by setting a gate-anode 
voltage VGA of the MCI‘ to be —VGON. and an MCI‘ OFF 
control circuit section 24b which is constituted by resistors 
R2 and R4 to R8. transistors 'I‘Rl and TR2. and a thyristor 
SCRl. and turns 0E the MCI‘ by setting the voltage VGA of 
the MCT to be +VGOFF. When a signal of high level “H” is 
output as an output signal STON. the MCI‘ ON control 
circuit section 24a sets the voltage VGA to be —VG0~ since 
the transistor 'I‘R4 is turned on and the transistors TR8 and 
TR9 are turned on in turn. When a signal of high level “H” 
is output as an output signal STOFF. the MCI‘ OFF control 
circuit section 24b sets the voltage VGA to be +VGOFF since 
the transistor'I‘R2 is turned on and the transistor TRl and the 
thyristor SCR] are turned on in turn. 
When neither of output signals STON and STOFF are 

output. i.e.. in a non-operative state. the gate of the MCI‘ is 
pulled up to +VGOFF by the resistor R8 so as to set the MCT 
in the OFF state. 

FIG. 6 shows the detailed arrangement of the above 
mentioned power supply circuit 22. The arrangement of the 
circuit 22 will be described below. 
The power supply circuit 22 is substantially the same as 

the circuit shown in FIG. 2. except that a circuit which 
comprises a transistor 'I‘R10. a Zener diode ZDZA. a resistor 
R22. a diode D4. and a capacitor C4 and generates a 
negative voltage —VC0N is added. More speci?cally. the 
power supply circuit 22 has a power supply voltage genera 














