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57 ABSTRACT 
The radio noise generated by a thyristor circuit is re 
duced by extending the turn-on time. A condenser is 
connected between the gate and cathode electrodes of 
the thyristor, which is so constructed that it has an 
equivalent circuit including a PNP transistor, an NPN 
transistor and three resistors, connected respectively 
between the base of the PNP transistor and the collec 
tor of the NPN transistor, the base of the NPN transis 
tor and the collector of the PNP transistor, and the 
collector of the NPN transistor and the anode terminal 
of the thyristor. The time constant of the condenser 
with the equivalent resistors establishes the turn-on 
delay. An application of the invention in a lamp dim 
ming circuit is disclosed. 

4 Claims, 7 Drawing Figures 
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THYRISTOR ELEMENT AND CIRCUIT 

BACKGROUND OF THE INVENTION 

This invention relates to the construction of a thy 
ristor and a phase control circuit employing the thy 
ristor with greatly reduced generation of radio noise. 
Recently, a phase control system employing a semi 

conductor device such as a silicon controlled rectifier 
(hereinafter referred to as SCR) or thyristor has come 
into wide use for the speed control of motors including 
the motors of domestic electric appliances, for thermal 
control and light control. However, despite the fact 
that power control systems of this type using an SCR 
cause the development of radio noise in radio transmit 
ting equipment, there has been no analysis of or action 
taken to cure this problem. 

In general, we have discovered that because the turn 
on time of the SCR is short, an abrupt or sharp build 
ing-up current flows through a distributing line as an 
electrical shock, thereby causing a high frequency 
wave to be generated across the power source imped 
ance. This high frequency wave is considered to be in 
duced directly into the input circuits of transmitting 
equipment or into the power source of the transmitting 
equipment through the power source device. To re 
move this radio noise, it has been a general practice to 
connect a high frequency choke to the filter of the 
power source so as to prevent the leakage of the noise 
wave to the distributing line. However, in view of the 
great electric power of the interference wave, the 
above practice has not been found to be satisfactory. 

SUMMARY OF THE INVENTION 
It is accordingly the principal object of the present 

invention to provide a thyristor or SCR power control 
circuit with greatly reduced generation of radio noise. 
As a result of applicants' discovery that the genera 

tion of radio noise is due to the abrupt current build-up 
on turn-on of the thyristor or SCR, according to the 
present invention the generation of radio noise is re 
duced by extending the turn-on time of the thyristor or 
SCR. It is therefore a more specific object of the inven 
tion to provide a thyristor and thyristor circuit with an 
extended turn-on time. 

Briefly, to this end, the present invention contem 
plates the provision of circuit means in the form of a 
condenser connected between the gate and cathode 
electrodes of the thyristor. The thyristor is specially 
constructed to have an equivalent circuit including a 
PNP transistor, an NPN transistor, and three resistors 
connected respectively between the base of the PNP 
transistor and the collector of the NPN transistor, the 
base of the NPN transistor and the collector of the PNP 
transistor, and the collector of the NPN transistor and 
the anode terminal of the thyristor. Upon the applica 
tion of a trigger pulse to the gate electrode terminal of 
the thyristor, a positive feedback is operative on the 
equivalent transistors to cause turn-on of the thyristor. 
However, due to the time constant established by the 
condenser and the equivalent resistors of the thyristor, 
turn-on is delayed to extend the turn-on time and thus 
avoid the generation of radio noise. 

In a particular application of the invention, the thy 
ristor is connected in series with a load, such as a light 
ing load, and a source of alternating current power. A 
control circuit including a variable control resistor and 
a capacitor are connected across the thyristor, and a 
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2 
breakdown diode couples the junction between the 
control resistor and capacitor to the gate electrode of 
the thyristor. In accordance with the present invention, 
a condenser is connected between the gate and cathode 
terminals of the thyristor to extend the turn-on time. 
The above and other objects, features, and advan 

tages of the present invention will become more readily 
apparent from the following detailed description of a 
preferred embodiment of the invention with reference 
to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram of a thyristor circuit of the 
present invention, including the equivalent circuit of 
the thyristor of the present invention; 
FIG. 2 is a circuit diagram of a light dimmer circuit 

employing the thyristor circuit of FIG. 1; 
FIGS. 3A, 3B, 3C, and 3D are waveforms comparing 

the operation of the thyristor circuit of the present in 
vention with the operation of thyristor circuits of the 
prior art; and 
FIG. 4 is the equivalent circuit diagram of a conven 

tional SCR. 

DETAILED DESCRIPTION 

Referring now to FIG. 1 in which one example of the 
present invention is shown, a thyristor of SCR 12 is so 
constructed by known semi-conductor fabrication 
techniques such as localized diffusion of impurities to 
provide high resistivity regions, that it has the equiva 
lent circuit enclosed with a dotted line. The construc 
tion thereof is such that the collector C of equivalent 
NPN transistor 2 is connected by way of an equivalent 
resistor 3 to the emitter E of equivalent PNP transistor 
1, with said collector acting as the anode A of the sub 
ject SCR 12 and the emitter E of NPN transistor 2 act 
ing as the cathode of the subject SCR 12. The collector 
C of this NPN transistor 2 is connected via equivalent 
resistor 4 to the base of PNP transistor 1, and the gate 
G of the subject SCR 12 is led out from the collector 
C of PNP transistor 1, with said collector being con 
nected by way of an equivalent resistor 5 to the base B 
of NPN transistor 2. In addition, a condenser 6 is con 
nected between the gate G of the subject SCR 12 and 
the cathode K. 
FIG. 2 shows one example of a dimming circuit ac 

cording to the present invention, wherein a light source 
load 10 and SCR 12 are connected in series relation to 
alternating current power source 11. A variable resistor 
8 and capacitor 9 are connected in series relation with 
each other and arranged in parallel relation with said 
SCR 12. A breakdown diode or DIAC 7 is interposed 
between the intermediate point of resistor 8 and capac 
itor 9 and the gate electrode G of SCR 12, and a con 
denser 6 is interposed between the gate G and cathode 
K. 

In operation of the dimming circuit of the present in 
vention, as shown in FIG. 2, when the power source 11 
is poled positive at anode A, negative at cathode K, and 
positive at gate G, capacitor 9 will be charged through 
resistor 8 at a rate determined by the value of resistor 
8. When the electric charge accumulated on capacitor 
9 reaches the breakdown voltage of breakdown diode 
or DIAC 7, capacitor 9 is discharged through DIAC 7 
to apply a trigger pulse to the gate-cathode circuit of 
SCR 12. A positive bias will be impressed through resis 
tor 5 to the base B of transistor 2, and current will flow 
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in the path from anode A of SCR 12 through resistor 
3, collector C of NPN transistor 2, emitter E of transis 
tor 2, and cathode K of SCR 12. The flow of current 
will develop a bias voltage at the base B of PNP transis 
tor which has been cut off to this time, the bias volt 
age being due to the voltage drop across resistor 3. This 
will result in a current flowing in the path from anode 
A of SCR 12 through emitter E of PNP transistor 1, col 
lector C of transistor 1, resistor 5, base B of NPN tran 
sistor 2, emitter E of transistor 2 and cathode K of SCR 
12. This means that a positive feedback is applied to 
NPN transistor 2 and PNP transistor base B because of 
the trigger pulse being introduced into the base B of 
NPN transistor 2, thereby causing current to flow be 
tween anode A and cathode K of SCR 12. When feed 
back is applied in this manner, a saturated region of the 
transistor characteristic is employed. The turn-on time 
of SCR 12 will be governed by a certain time constant 
established by condenser 6 and resistors 3, 4, and 5, 
which are connected between the gate G and cathode 
K of SCR 12. The resistance values of equivalent resis 
tors 3, 4, and 5 and the capicitance value of condenser 
6 are chosen to provide a time constant which will ex 
tend the turn-on time of thyristor 12 an amount suffi 
cient to avoid abrupt build-up of current. Accordingly, 
the turn-on time will be greatly delayed. As a result, the 
high frequency noise at the power source together with 
radio noise become greatly diminished. 
FIGS. 3A, 3B, 3C, and 3D show this condition by 

using waveforms at the time of conduction and upon 
lamp loading. The waveforms represent the voltages 
across the opposite ends of the light source load of the 
dimming circuit. In the case when the conventional 
SCR as is shown in FIG. 4 is employed, the abruptly 
built-up waveform is obtained as shown in FIG. 3A. 
When the SCR and circuit of the present invention are 
used, dv/dt gives somewhat rounded waves as are 
shown in FIGS. 3B and 3D. Particularly when the in 
pedance component on the distributing line is great, as 
shown in FIG. 3C, an abrupt pulse develops simulta 
neously with the onset of conduction; whereas, in the 
case of the device of the present invention, there is no 
pulse development as shown in FIG. 3D. 
As is apparent from the foregoing, the present inven 

tion provides a phase control device employing a thy 
ristor which generates very little radio noise by pre 
venting the abrupt current flow to the distributing line. 
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4 
We claim. 
1. A semi-conductor circuit comprising: a thyristor 

having a gate electrode, an anode electrode, and a 
Cathode electrode, and circuit means comprising a con 
denser connected between said gate electrode and said 
Cathode electrode for preventing abrupt build-up of 
current flow through said thyristor and thereby reduc 
ing the generation of radio noise upon turn-on of said 
thyristor by extending the turn-on time of said thy 
ristor, said thyristor being so constructed that it has an 
equivalent circuit including an NPN transistor and a 
PNP transistor, the collector of said NPN transistor 
being connected to the emitter of said PNP transistor 
through a first equivalent resistor, the collector of said 
NPN transistor being connected through a second 
equivalent resistor to the base electrode of said PNP 
transistor, the collector of said PNP transistor being 
connected to the base of said NPN transistor through 
a third equivalent resistor, said emitter of said PNP 
transistor serving as said anode electrode, said collec 
tor of said PNP transistor serving as said gate electrode, 
and said emitter of said NPN transistor serving as said 
cathode electrode, and said condenser and said first, 
Second, and third equivalent resistors establishing a 
time constant which causes substantial delay in the 
turn-on time of said thyristor. 

2. A semi-conductor circuit as recited in claim 1, fur 
ther comprising a source of alternating current power, 
a load, said load being connected between one side of 
said source and said anode electrode, the other side of 
said source being connected to said cathode electrode, 
and a control circuit for said thyristor including a vari 
able resistor and a capacitor connected in series be 
tween said anode and cathode electrodes and a break 
down element connected between the junction be 
tween said variable resistor and said capacitor and said 
gate electrode, whereby a trigger pulse is applied to 
said gate electrode when the charge on said capacitor 
reaches the breakdown voltage of said breakdown ele 
et. 

3. A semi-conductor circuit as recited in claim 2, 
wherein said breakdown element comprises a DIAC. 

4. A semi-conductor circuit as recited in claim 2, 
wherein said load is a lighting load and said circuit is a 
dimming circuit for said lighting load. 
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