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Fig. 6-10. Proximity switch using a pick-up plate.

ALARM CIRCUITS

Fig. 6-10 is a proximity switch designed to detect any approach-
ing objects. The circuit uses the capacity between the object being
detected and “earth” ground as the input.

The capacity between ground and the pick-up plate form capac-
itor Cl. This and variable capacitor C2 are a capacitive divider
across the a-c line. The ratio of C1 to C2 determines the voltage
applied to the neon bulb. The sensitivity of this circuit can be set
by adjusting variable capacitor C2.

The capacity to the pick-up plate increases when the plate
approaches or is approached by another object. This increases
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Fig. 6-11. Proximity switch using a touch button or an antenna.
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the voltage on the neon bulb to a sufficient value to make it fire.
When the neon bulb fires, capacitors C1 and C2 discharge very
rapidly through the base of the transistor. A capacitance of less
than 10 picofarads will produce a pulse of current of several
hundred microamps. The current pulse, amplified by the transistor,
is used to fire the controlled rectifier. The SCR, once fired, will
remain on only until the a-c voltage reverses polarity and turns the
SCR off. However, it will continue to fire each cycle as long as the
capacitance-producing object remains near, so there will be pul-
sating direct current through the load. The 12K-ohm resistor and
the zener diode provide collector voltage for the transistor
amplifier.

Fig. 6-11 is another version of the proximity switch. The pick-up
plate is replaced by an antenna or a touch button, and the load
consists of the coil of a relay. No transistor amplifier is required
for the gate pulse in this case; the neon lamp triggers the SCR
directly.

Latching action can be achieved if desired by driving only the
SCR anode circuit with direct current. Sensitivity of the arrange-
ment is a function both of sensing distance and sensor plate size;
the plate can be made smaller in area if the sensing distance is
small. For a touch control the sensing plate need be no bigger
than a penny.

A variety of automatic alarm circuit arrangements can be made
from the basic relaxation-oscillator circuit of Fig. 6-12A. In it a
single controlied rectifier drives a speaker or earphones from a
22.5-volt battery source.

This circuit is different from some in that the increase of volt-
age on the anode and the gate instead of the gate alone is used to
fire the SCR. When switch S1 is closed, C1 charges. The voltage
on the anode of the SCR rises with that on the capacitor; a portion
of this voltage, determined by the setting of R2, is applied to the
gate. When the proper combination of anode and gate voltage is
reached, the SCR fires, discharging capacitor Cl through the
speaker. Resistor R1 limits the circuit current below the holding
current for the SCR, so the SCR turns off when the capacitor is
discharged. This cycle repeats as long as the switch is closed, pro-
ducing a low-frequency tone in the speaker.

A cadmium sulphide photoconductor is used in Fig. 6-12B.
In this example resistor R2 is adjusted at the threshold of oscilla-
tion; any slight increase in the amount of light on the photoconduc-
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Fig. 6-12. Relaxation-oscillator alarm circuit.



tor will cause an output. In Fig. 6-12C a reversed mode of opera-
tion is shown where reduction in the amount of light produces
an output.

It is also possible to use a high-resistance thermistor, one having
a value of about 100,000 ohms at ordinary room temperature. A
thermistor used in this manner can detect over-temperature with
this circuit. Similarly, a humidity sensor can be used to detect
changes in humidity, and a ceramic or crystal microphone can
detect vibrations or changes in noise level.

It is also possible to use this alarm to detect smoke, utilizing
the smoke detector shown in Fig. 6-13. The inside of the chimney,
as well as the collar and cup, should be painted black in order to
reduce the reflected light. Heat from the lamp creates flow of the
room air through the chimney. If there is smoke in the air, light
will be reflected from the smoke into the photoconductor to
activate the alarm. It is necessary that the photoconductor be
shielded both from the heat and from direct light.

—
\~\
CHIMNEY g et
6" DIA. Q_BLACK
15 WATT LAMP — ; 120 vOLTS
ABOUT 3 FEET ;?—»TO WATCH-BOX
x
PHOTOCONDUCTOR
COLLAR 10" DIA. GE-X6
CUP 8' DIA.
. AIR FLOW

Courtesy General Electric Co.
Fig. 6-13. Cross-section of a smoke detector.
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TEMPERATURE CONTROL

The SCR, when tied to a sensitive transducer, can provide a
control output as a lunction of temperature. Fig. 6-14 shows a
circuit where the SCR serves both as a current amplifier for the
mercury thermostat and as the main-load switching element. When
the thermostat is open, the SCR triggers each half-cycle, delivering
power to the heater load. When the thermostat closes, however,
the SCR can no longer trigger, and the heater shuts off. Current
through the thermostat is less than one ma rms.

This type of inverted operation—conducting when there is no
signal, cutting off when a signal is present—takes advantages of the
characteristics of the low-current SCR. When the SCR is required
to block voltage (heater off), its gate is essentially shorted to the
cathode, which is an extremely stable operating mode. When the
SCR is required to trigger, however, there is no shunting resistance
between gate and cathode to reduce the effective input sensitivity
of the device. Heat-sensitive semiconductor switching devices can
take the place of the mercury thermostat with equal efficiency if all
solid-state operation is required.

150 WATT
HEATER LOAD
MU L e

ALL DIODES
IN1693

120VRMS

AA'A's
120K

MERCURY
THERMOSTAT

Fig. 6-14. Temperature controller operated
by a mercury thermostat.
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Fig. 6-15. Solid-state temperature controller.
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Fig. 6-15 shows a precision temperature control. This circuit
will deliver approximately 5 kilowatts to a heater load, and main-
tain the temperature within 1°F of the set point. The thermistor
required should have a resistance of approximately 1000 ohms at
the desired set point. With SCR1 nonconducting, SCR2 is anode
fired each alternate half-cycle by the combination of R1, R2, and
C1. R2 and C1 ensure that SCR2 triggers early in the cycle to
minimize radio interference noise. At the end of each half-cycle
that SCR2 conducts, energy stored in choke L1 freewheels through
the gate of SCR3 for a sufficient time to ensure that SCR3 triggers
as the line voltage reverses. Because SCR3 triggers at the start of
the negative half-cycles, r-f interference is minimized. Diode CR2
prevents excessive dissipation in L1, allowing a physically small
choke to be used for L1.

The thermistor monitors the temperature of the load being
powered by SCR2 and SCR3. As the load temperature rises, the
thermistor resistance drops; there is more current in the tunnel
diode and SCR gate circuit. When this current is sufficient to
trigger TD1, SCR1 also is triggered, shorting the gate of SCR2 to
its cathode. The circuit is designed so that SCR1 always fires
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Fig. 6-16. Solid-state temperature controller—bridge operated.

before SCR2 can when the temperature reaches the maximum
desired. Power is thus removed from the load until the thermistor
resistance increases sufficiently for tunnel diode TD1 to stop trig-
gering each cycle. TD1 is reset each alternate half-cycle by the
negative line voltage.

Another circuit where a thermistor can be used to advantage for
temperature control is shown in Fig. 6-16. Transformer T1 has
two secondary windings: W1 furnishes voltage to the coil of relay
MRI1 (which controls the load) through SCR1, and W2 furnishes
a-c voltage to the trigger circuit of SCR1. Temperature-sensing
thermistor R1 is electrically connected into a bridge with R2, R3,
and adjusting potentiometer R4. When the resistance of thermistor
R1 equals the resistance setting on R4, the bridge is balanced, and
none of the a-c voltage introduced into the bridge by winding W2
is applied to the gate of SCR1. Hence, relay MR1 remains de-
energized, and its normally closed contacts apply power to the
heating elements connected to the load receptacle.

If the temperature increases, the resistance of thermistor R1 de-
creases, unbalancing the bridge in a direction such that there is
trigger current to SCR1 while its anode is positive. This turns on
SCR1 and energizes the relay, disconnecting power from the load
receptacle. Below the preset temperature setting, R1 unbalances
the bridge in the opposite direction, so a negative signal is applied
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to the gate of SCR 1 when its anode is positive. The SCR cannot
turn on, so power continues to flow to the heating elements.

In the previous circuit the bridge unbalance had to be in one
certain direction to trigger the SCR. In Fig. 6-17, however, the
circuit is designed so that the SCR triggers no matter in which
direction the bridge is unbalanced.

When positive gate voltage coincides with negative voltage at B,
for instance, load current flows through load No. 1 and diode CRI,
when positive gate voltage coincides with negative voltage at A,
load current flows through load No. 2 and diode CR2. When the
bridge is balanced, both loads will remain turned off. This circuit
is suited for temperature monitoring, warning systems, and similar
applications where the dual-load output feature can be used to
drive temperature-indicator lamps.

{(FOR INDUCTIVE LOADS)

CR2 r‘“*""‘;
IN1692 | !
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l'

IN1692

1K

Fig. 6-17. Phase-sensitive switch.



TRANSISTOR IGNITION SYSTEMS

From the first automobile ignition system the problems of
points pitting and poor voltage output at high speeds has been
recognized. The heavy current across the contacts causes wear
and surface erosion, both of which cause points to require re-
placement. At high speeds the voltage output drops sharply, caus-
ing incomplete ignition and a waste of fuel. Although electronic
ignition systems have been possible for a long time, it is only the
transistor which has made rugged, efficient systems with no warm-
up possible.

Three techniques are available for using semiconductors in
automotive ignition systems. The main requirement is a properly
timed spark of from 15 to 35 kilovolts that has a peak spark power
of about 900 watts. All three of the following systems can provide
this even with a wide variation in battery voltage.

The three systems are:

1. Primary current switching. This can be used in a conven-
tional system. A transistor instead of the breaker points
switches the large currents, giving a longer life to the system.

O
R3 T0 +12V
100 a7 (V1A IGNITION
START 1 3WATTS SWITCH)
v T2 STo—o pOIN
IN1692 % FEEDBACK 3y POIN.
»— 5 T {{oul_|CONDENSER
FINISH ca c3 jo—4—o
Q A
RRIM 1, A& 0.1mig 9 033 | 4°W| i TO COIL +
START _ START i
x 22k {SCR1 !
x Re
100mfd,{F25V FIN SEC ,_i_“ A 4 w am |
START :
10mfd 2 :
2~ FINISH 20 CR3 10 |
Qﬁ FINISH 7 x e E
[ i« |1ocoiL-
5. 6K o o+
oo U 3PDT
>t 20mh w CHANGEOVER SWITCH
IN1692 UP- ELECTRONIC
DOWN-REGULAR
1GNITION
| cHassIS GROUND

Fig. 6-18. Capacitor-discharge ignition system.
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Fig. 6-19. Eliminating auto breaker points.

2. Energy storage. A transistor switch discharges the energy
stored in a capacitor for the spark gaps.

3. Transistor oscillator. Continuous or keyed pulses for the
spark gap are produced by a transistor oscillator.

Fig. 6-18 illustrates the energy storage system. Transistors Q1
and Q2, and transformer T1 form a saturating-core square-wave
inverter that delivers over 160 d-c volts into filter capacitor Cl1.
Capacitor C2 charges to double this voltage through the resonant
charging action of C2, choke L1, and diode CR1. When the auto
breaker points open, SCR1 is triggered by current from the
battery charging C4. At this point capacitor C2 is connected
across the coil primary winding, and a high voltage is induced in
the coil secondary by transformer action. This high voltage pulse
is fed to the appropriate spark plug by the regular auto distributor.

Because capacitor C2 and the primary inductance of the ignition
coil form a second oscillatory circuit, capacitor C2 overswings in
voltage; this reverse voltage turns off the SCR. Any excess energy
remaining in C2 is then fed back to charge C2 in the forward
direction via bypass diode CR2. R2 and C3 limit the rate of for-
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Fig. 6-20. Astable multivibrator.

ward voltage across the SCR to within its dv/dt ratings. When
the breaker points close next, C4 is discharged through R4 in

readiness for the next cycle. A relatively long discharge time con-
stant is provided for C4 to lessen the possibility of the SCR retrig-
gering due to point bounce. Resistor R1 and diode CR3 further
inhibit false triggering by providing a negative gate bias to SCRI1
whenever charging current is flowing from the d-c supply to

charge C2,

LOAD #1
(R)
SCR1 —
INPUT #1 >
1K

LOAD #2
R)

SCR 2

INPT INPUT #2

1

Fig. 6-21. Free-running multivibrator.
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This circuit will deliver approximately 23-kv output from a
12.6-volt input, and will operate succeessfully down to a 7-volt
input. Qutput voltage is essentially constant up to approximately
5500 rpm with a V8 four-stroke gasoline engine.

For completely static operation, the standard auto contact points
may be replaced by the circuit of Fig. 6-19. The magnetic pickup
used to generate the SCR trigger pulses is a standard item; the
pickup output is amplified and differentiated before being applied
to the SCR gate.

MULTIVIBRATORS

Various multivibrator configurations are possible with the SCR,
one of which is shown in Fig. 6-20. To understand the operation
of the circuit, consider that SCR1 is conducting load current and
SCR2 is blocking. The anode-cathode voltage drop of SCR1 is
very low, so the supply voltage appears across load No. 1. Under
these conditions Cl charges up to full supply voltage. Since C6
in series with R2 is connected across Cl, it will also charge.
When the positive voltage developed on C6 reaches the gate volt-
age required to trigger SCR2 (plus the diode drop of CR3),
SCR2 will trigger into conduction. When SCR2 is triggered, the
positively charged plate of Cl is suddenly connected to ground
through SCR2, making the other plate of C1 negative with respect
to ground. Since the latter is tied to the anode of SCRI, this
controlled rectifier becomes reverse biased and turns off.

While SCR2 conducts, C1 charges to full supply voltage (but
the opposite polarity). C4 also charges, triggering SCR1 into
conduction as C6 did SCR2. The charge on Cl now makes the
anode of SCR2 negative and cuts it off.

The conduction period of each SCR can be varied independently
by adjustment of Rl and R2. By increasing the capacitance of
timing capacitors C4 and C6 above that shown, the circuit can be
made to operate at very low frequencies. It is then suitable for
use as a high-voltage flasher by substituting lamps for loads 1
and 2.

Fig. 6-21 shows another multivibrator. Here input No. 1 ener-
gizes load No. 1, and input No. 2 energizes load No. 2. Capacitor C
commutates the SCR’s, turning off each as the other fires.

Fig. 6-22 shows a one-shot multivibrator where the input trig-
gers the SCR and energizes the load. The load voltage in turn

105



+30V o

R

IN1692
INPUT

SC
IN1692 CR

i
I
|
FOR
INDUCTIVE &
LOADS |
I
|
I

Fig. 6-22. One-shot multivibrator.

energizes the unijunction timer. When the UJT fires, a pulse
across R2 is coupled to the SCR cathode through CR1 and C2,
lifting it momentarily above the supply voltage. This reverse bias
turns off the SCR. Thus, a trigger pulse turns on the SCR for a
length of time determined by R1. The SCR turns off by itself,
and remains off until there is another input.
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Related Switching Devices

The SCR is only one of a family of four-layer, or pnpn, semi-
conductor devices, though it is probably the one with the widest
applications at the present time. All of these units consist of n-type
and p-type silicon in alternate layers. Fig. 7-1 shows the basic
construction and terminology that is used.

One classification of pnpn semiconductors is by the number of
leads they have, which is the same as the number of layers to which
connections can be made. Under this system they can be arranged

as follows:

2 leads—4 layer diode (Shockley diode)

3 leads—silicon controlled rectifiers (SCR)
gate turn-off switch (GTO)

4 leads—silicon controlled switch (SCS)

SEMICONDUCTOR REGIONS JUNCTIONS

ANODE (ELECTRODE)

ANODE TERMINAL—«—( " [ |

CATHODE (ELECTR ODE)

i

b—' ~-CATHODE TERMINAL

| ‘
|

BASE REGIONS

LI GATE (ELECTRODE)
/ N GATE TERMINAL
COLLECTOR  JUNCTION

Fig. 7-1. Structure of pnpn devices.
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Fig. 7-2. 4-layer diode.

FOUR-LAYER DIODE

A 4-layer pnpn device with leads (connections) to only the
end layers is known as a 4-layer, or Shockley, diode. It has special
properties as a switching device. Produced from single-crystal sili-
con, the four layers are obtained by the controiled diffusion of
suitable impurities. Fig. 7-2 is a diagram of the construction of
the 4-layer diode and the schematic representation. The symbol
for the Shockley 4-layer diode is a modified 4. The slant line of
the 4 indicates the forward direction of current passing through
the device when it is in the on state.

Characteristics of the 4-layer diode can be seen from Fig. 7-3.
This device has two stable states; one is an off or open-circuit

puns

“Vrb
Fig. 7-3. Characteristic curve.
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condition in which it acts as a high value of resistance in the 10-
to 1,000-megohms range and the other is an on or low-resistance
state in which it acts almost as a short circuit. The off state is
region I, and the on state is region III as shown in Fig. 7-3.
This two-terminal device may be considered as a pnp and npn
transistor tied together in a single unit, similar to the SCR. At
the proper applied voltage the center junction breaks down, and
charged carriers flow. Thus the device may be used as a switch
to turn on the applied voltage when the voltage exceeds the
switching value.

The 4-layer diode will turn off when the current through it
is reduced below holding current, the speed of turn-off depend-
ing on circuit conditions. In a typical sawtooth oscillator, for
example, the device turns off when the current drops below the
holding current, although there is still voltage applied to it. This
will take about 1 microsecond. If, by an inductive transient or
other means, the voltage across the diode is reversed when it
switches, the turn-off time may be reduced appreciably.

In its off condition, the 4-layer diode may be considered as a
capacitance and a large resistance in parallel. This capacitance,
which is similar to the collector capacitance of a normal transistor,
has a value that depends on the actual voltage across the device.
In its on condition, the 4-layer diode has such a low resistance
that capacitive effects may be ignored. However, it is necessary
to charge this capacitor as well as to inject current carriers into
the device in the course of switching. This requires energy which
must be furnished by either the trigger pulse or circuit elements
provided for this purpose.

Because the switching properties of a 4-layer diode closely ap-
proach those of the ideal switch, it is finding applications in
many fields. In addition to its advantages as a semiconductor—
small size and no moving parts—it provides the unusual com-
bination of power handling ability and fast switching. Some of
its present applications include pulse generators and amplifiers,
oscillators, relay alarm circuits, ring counters, detonator firing
circuits, magnetron and sonar pulsing, telephone switching, and
driving magnetic cores of computers.

A load limiting resistor or some load impedance is placed in
series with the 4-layer diode to prevent it from passing excessive
current in the on state. Since the resistance of the device de-
creases with increasing current (to substantially less than 1 ohm
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Fig. 7-4. Circuits using 4-layer diodes.



at high pulse currents), it can be destroyed unless the load cur-
rent is limited.

Some circuits for the 4-layer diode are shown in Fig. 7-4.
One of the simplest applications of the diode is as the active
element in a sawtooth generator, as illustrated in Fig. 7-4A. In
addition to the diode, only two resistors and a single capacitor
are needed. Two typical pulse-generator circuits are shown in Fig.
7-4B. A simple pulse generator with low input impedance and a
triggered pulse generator with high input impedance are shown.
The flip-flop in Fig. 7-4C may be a stable, monostable, or bistable
depending on the value of the resistors and the supply voltage.

GATE TURN-OFF SWITCH

The conventional SCR is turned on by a positive current pulse
at its gate. In the usual circuit the only way it can be turned
off is by removing or reversing the anode voltage; however, it is
possible to turn off an SCR by means of a negative gate signal if
the anode-to-cathode current is very small at the time; low-
powered SCR’s have been used this way in practical circuits. They
behave like conventional SCR’s during turn-on and conduction;
then a negative charge (current pulse) introduced at the gate

Courtesy Texas Instruments Incorporated
Fig. 7-5. Gate turn-off switches.
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G (GATE)
Fig. 7-6. Symbol for GTO.

K {CATHODE)

terminal cancels the charge caused by the load current, and the
devices turn off.

The GTO (gate turn-off switch) is a new type of power device
operating like the low-power SCR’s (Fig. 7-5). Units are avail-
able that can switch 5 amps at 400 volts, using a positive gate
pulse to turn them on and a negative gate pulse to turn them off.
They also turn off when the supply voltage is removed, as does the
regular SCR. Turn-off current gain is around ten, but this low
current gain in no way limits the utility of this SCR, since con-
siderable power gain is achieved during turn-off. The turn-off
voltage has to be only 3 volts or so in order to switch 400 volts.
The turn-off signal has to exist for only a small part of a milli-
second. The usual method of turn-off is to discharge a capacitor
into the gate in order to provide the required high-current pulse.
The GTO may also be turned off by direct connection to a low-
impedance negative voltage using a transistor.

The GTO is particularly useful in d-c circuits, since SCR
turn-off is no problem using a-c power. It can switch very rapidly
——cycling up to one-hundred-thousand times a second. There is no
tendency to create radio interference with this rapid switching.

Fig. 7-7. Latching relay—push on, push off.
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The symbol for the gate turn-off switch is shown in Fig. 7-6.
Electron flow in the load circuit is from cathode to anode, and it
is controlled by positive or negative pulses applied between the
gate and the cathode terminals.

The fabrication of gate turn-off switches is more difficult than
ordinary SCR’s so they probably never can approach the price
of the economy SCR’s. However, simplification and the new cir-
cuit possibilities can reduce equipment cost in some cases when
GTO’s are used to replace SCR’s.

Fig. 7-7 shows the operation of the GTO as a latching relay.
Action is as follows:

1. When both switches are open, the GTO is off.

2. Depressing the on pushbutton applies a positive signal to
the gate, triggering the device on. Conduction continues
after the pushbutton is released.

3. Depressing the pushbutton applies a negative signal to the
gate. This turns the GTO off.

In Fig. 7-8 the GTO is on with the switch open and off with
the switch closed. With the switch open capacitor C1 charges to-
ward the supply voltage, triggering the GTO on when the voltage
across the capacitor reaches a sufficient value. Closing switch
S1 discharges the capacitor through R2, reversing the current in
the gate-cathode circuit. This turns the GTO off.

OTHER SCR’S

In addition to the conventional SCR’s described previously in
this book, there are several special-purpose units. They are

Fig. 7-8. Latching relay—single pushbutton.
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generally similar to those discussed but have some additional
properties that increase their usefulness in certain circuits. Two
of these are the light-activated SCR (LASCR) and the avalanche-
breakdown SCR.

Light-Actuated SCR

The light-actuated triode switch (SCR) is also known as the
LASCR (General Electric) and the Photran (Solid State Prod-
ucts). As with many pnpn devices there are several possible sym-
bols for this device, but the two commonly used are shown in
Fig. 7-9. This special type of SCR can be turned on by light
falling on the junction in addition to the normal triggering methods
for SCR’s. Physical construction of the LASCR can be seen in
Fig. 7-10.

GATE Lmo\mcmss TOP

HERMETIC SEAL

|____—CATHODE LEAD

/
4>—/HERMETIC SEAL

WELDED
MAIN SEAL

LIGHT
SENSITIVE AREA SILICON PELLET

Courtesy General Electric Co.
Fig. 7-10. Physical construction of a LASCR.
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The time required to turn the device on is directly related to
the light intensity used for triggering. When the light intensity is
at the minimum required level, the turn on time is typically 10
microseconds. If desired, this time can be reduced to less than one
microsecond by an increase in the light intensity. The turn-off time,
typically 30 microseconds, is primarily controlled by the recovery
time of the device.

The LLASCR is responsive to a wider range of light wavelengths
than the human eye. While it can be triggered by all visible light,
it is also sensitive to infrared radiation and, to a lesser extent,
ultraviolet.

Once light has triggered the device on, it will remain on in-
definitely—until electrically turned off by opening the anode cir-
cuit or by reducing the anode current to zero (just the same as
other SCR’s). The device can be said to remember a light pulse,
a property that can be used in many applications to provide electro-
optical control. Logic systems can be designed using light-actuated
SCR’s.

The light intensity required to trigger the unit can be set elec-
trically by changing its gate bias current. The bias-control property
allows simple electrical gating. With a high bias level the device
can be made nonresponsive to light, then by reducing the bias
it can be made to react normally. Electrical triggering can be
used in addition to optical triggering.

Consider a simple circuit (Fig. 7-11) where a negative or
positive pulse is desired as an output when light is or is not
present. In counting, sorting, timing, indexing, and programming,
a discrete pulse output for each interruption of light at the photo-
cell input is often desired. Pulse-generator circuits can also be
designed to provide a single pulse each time a light beam has
been removed and then is subsequently reapplied to the cell.

There are two modes of operation. One is for light to fall con-
tinuously on the cell; then the device conducts a small amount of
current (under 100 ua) continuously through R1 that prevents
C1 from charging. When the light is temporarily removed from
the unit, it ceases conduction; capacitor C will charge to the
supply voltage through R1. When light is subsequently applied,
the device is triggered on, and Cl discharges, giving an output
pulse.

An alternate mode of operation is by light impulse. Here light
is normally not present on the cell, so C1 is fully charged. When
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(B) Positive pulse.
Fig. 7-11. Light-triggered, pulse-output circuits.

a light impulse occurs, the LASCR conducts, discharging C1 and
putting a pulse on the output line. C1 recharges after the light
impulse terminates. In either of these modes of operation the
amplitude and width of the output pulse are set by circuit values
and are independent of light intensity.

The light-actuated SCR can be operated from a-c as well as
d-c power sources. When alternating current is used, the device
will block during the positive half-cycle if it has not been triggered
by light, and will conduct if it has been triggered by light. During
the negative half-cycle the unit acts as a blocking diode regard-
less of whether light falls on it or not. If the device has been
conducting during a positive half-cycle, it will automatically drop

116



AC
IN

|
|

f
i

f
t

(A) Triggered by light.

o AC
IN

—p———

b

A
LOA:D]

+

(B) Triggered by no light.

Courtesy Solid State Products, Inc.
Fig. 7-12. Light-triggered power switches.
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out of conduction during the negative half-cycle. It must be re-
triggered with light before it will again conduct on a positive half-
cycle. The properties of the LASCR make it desirable to use
a-c instead of d-c power, which often eliminates the need for
separate d-c power supplies. This can greatly simplify many con-
trol systems.

Where a d-c power source is used, the device acts as a light-
actuated latching switch. When light strikes the SCR, power is

! &

R2 R1
—ANVY AR

D | e @

oY

— +VDC
Ot

PT1

(A) Time delay.

4 +VDC

(B) Interval timer.

Courtesy Solid State Products, Inc.
Fig. 7-13. Light-activated SCR circuits.



applied to the load. The device will continue to conduct after the
light has been removed. Load power in this case is turned off
by a reset switch or a similar device.

In many control-systems applications it is necessary to supply
relatively large amounts of power to a load from photocell inputs.
In these cases a light-actuated SCR can be used to excite a power
relay, using a simple control circuit. Two circuits for switching
large amount of power are shown in Fig. 7-12; both the circuits
provide full-wave d-c output to the load. In Fig. 7-12A full out-
put is supplied when light is present. There is no output when
light is removed. In Fig. 7-12B the opposite action is achieved;
this circuit provides power to the load when light is removed and

+AMPS

-VOLTS ) (A) Ordinary SCR.

+AMP S

-VOLTS i (+)

(B) Controlled-avalanche SCR.

(=)
Fig. 7-14. Characteristic curves.
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no power when light is present. In both of these circuits the
light-actuated SCR is used to control the gate signal to a pair
of regular SCR’s. The light switch can supply the necessary gate
firing power to all SCR’s, including those with ratings up to 70
amperes.

Fig. 7-13 shows two circuits for the control of power to a d-c
load. Fig. 7-13A is a light-actuated time-delay circuit. When light
is applied to PT1, C1 begins charging through R1 and R2. After
a predetermined time interval, SCR1 fires, applying power to the
load. The circuit is reset by interrupting the d-c power source.

Fig. 7-13B is a light-actuated interval timer. The pulse gen-
erator incorporating PT1 is used to provide a gate firing pulse
to SCR1. This applies power to the load for the predetermined
time interval established by SCR2 and its associated circuit.
SCR2 fires at the end of this time, turning off SCR1 and removing
load power. This cycle repeats each time the light on the light-
actuated SCR is interrupted and reapplied.

Certain types of logic control functions can be performed using
the binary memory property of the light-actuated SCR such as
a light-actuated AND circuit of three devices in series. Here
light must strike all three devices simultaneously for power to be
applied to the load.

Avalanche SCR

The avalanche SCR is an improved (and more expensive) de-
vice. Protecting SCR’s against voltage transients has been a prob-
lem that becomes especially critical in high-voltage, high-current
industrial motor and process controls. Transient protection is re-
quired in reversing motor drives where a shorted SCR can de-
stroy a motor.

The problem is reverse breakdown (Fig. 7-14). A voltage
transient in the forward direction turns the SCR on. In the re-
verse direction breakdown occurs when the peak inverse voltage
of the SCR is exceeded. This can destroy the SCR and the circuit.
SCR circuits have used varistors, thyristors, and other transient-
suppression circuit devices for protection at the point.

In the new technique—controlled avalanche—the SCR is made
to have characteristics quite like the zener diode when its peak
inverse voltage is exceeded. Note that the voltage drop remains
practically constant across the SCR when avalanche breakdown
occurs. Instead of shorting and allowing unlimited voltage across
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the load, the avalanche SCR continues to have a voltage drop
across itself. A transient that could do circuit damage is absorbed
by the SCR and dissipated as heat without damage.

Temperature creates the problem at the breakdown point. If
the current density (current per square inch) gets too high, the
SCR will actually melt and, of course, cease to function. A non-
uniform junction of semiconductor materials will cause a hot
spot that carries heavy current, while the rest of the junction
carries none (or very little). The resultant high current density
will destroy the junction at this point.

The uniform junction breaks down uniformly since the same
current is now distributed over the entire surface. The resultant
current density is very low. Although the same amount of heat
is produced in both cases, the uniform junction temperature re-
mains at a safe level.

Reverse breakdown first takes place in the ordinary SCR in
one small region, damaging the device. In the controlled-ava-
lanche SCR’s, reverse breakdown is uniform across the entire
junction, preventing damaging local temperature rise. The reverse
breakdown of a regular and a controlled-avalanche SCR is shown
in Fig. 7-14.

Controlled avalanche results from careful SCR design and im-
proved control of the SCR properties during fabrication. Beveling
the silicon structure produces the desired uniform breakdown.
Passivating the silicon materials by coating with oxide or nitride
also prevents edge or surface contamination.
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Fig. 7-16. Symbols for SCS’s.
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v ON VOFF RA G C v v R
ON| OFFl A
+1 -1 100 | 470 | 10K
+1 -1 100 | 100 | 3.3K +.6 0 10K
+1 -1 100 0 1K +6 | -1 |33
+1 -3 100 0 330 +.6 | -4 1K
+2N
RARL
¢+ OUTPUT
3N81
INPUT
2.2K
(A) In-phase output. (B) Out-of-phase output.

Countesy General Electric Co.
Fig. 7-17. Bistable memeory circuits.
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SILICON CONTROLLED SWITCH

The silicon controlled switch (SCS) is a four-layer semicon-
ductor (pnpn) with leads attached to each layer. Structure of the
SCS is shown in Fig. 7-15. Two commonly used symbols are shown
in Fig. 7-16. Like an SCR the switching action takes place be-
tween the cathode and the anode. To turn the SCR on a positive
triggering signal is applied to the gate-to-cathode junction. To turn
it off a negative trigger is applied to the gate-to-anode junction.

The SCR is essentially a small-signal device. In typical opera-
tion it is able to handle currents of approximately 50 milliamperes
at about 60 volts. Applications include tone generators, pulse
generators, computer circuitry, and control indicators.

Fig. 7-17 shows the use of a single SCS as a bistable memory
element. In Fig. 7-17A the load is in the cathode and the output
is in phase with the input. Four different values of load resistance
are given, and with each associated values for R,, Rg, and the
on and off pulses are provided.

The circuit in Fig. 7-17B has a load in the anode so the output
is out of phase with the input. For different values of the load
resistor, various values of off and on voltages are shown.

+1v
i,
< RL

$—————0 QUTPUT

3N81
OR (NC)
20V INPUTB  3ygs

O—AAA~
Il T«

3N81
OR (NC)

20V INPUTA | 3yas

O—AAA—
JL7 %

!
3 BK%

O

Countesy General Electric Co.
Fig. 7-18. Pulse-coincidence detector.
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Fig. 7-19. Pulse-sequence detector,

A pulse-coincidence detector (Fig. 7-18) uses a pair of silicon
controlled switches. Although there are two gates shown in this
circuit, the cathode gate and the anode gate, only the cathode gate
is used.

The d-c supply here is 12 volts; each of the two inputs is a
2.0-volt pulse. Unless there is an input at A and an input at B
that occur at the same time, there will be no voltage across the
load resistor R;. The input pulses must be at least 2 volts in
amplitude and should be between 2 and 3 volts. Less than one
microsecond of overlap is enough to trigger the two SCR’s to
provide an output. It is possible to detect the coincidence of nega-
tive input pulses by using the anode gates (which are not con-
nected in this figure) instead of the cathode gates.

The circuit in Fig. 7-19 uses a pair of silicon controlled switches
in a pulse-sequence detector circuit. Here also the cathode gate
is used while the anode gate is not used. This circuit has a 12-volt
d-c supply. The first input pulse to B after there is an input at A
will provide a current through Ry; the output is the voltage drop
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across this resistance. A resistance divider network is connected
between the two switches Q1 and Q2 so that there is a current
supply for Q1 after a pulse input to the cathode gate of Q1 triggers
this switch into conduction. This divider network also prevents
an input from B from triggering switch Q2 until after switch Ql
conducts. Thus, this is a pulse sequence circuit.
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A

A-c gate signal, 33-34
motor control, 81-84
static switch, 44
trigger, 43
voltages, switching, 42-45
Advantages of SCR switches, 40
Alarm, darkness-triggered, 96-97
light-triggered, 96-97
relaxation-oscillator, 96-97
Alarm circuit, 94-97
Angle, conduction, 49-50, 78-80
firing, 49-50, 78-80
Applications, SCR, 8-9, 20-21,
85-106
Astable multivibrator, 105
Avalanche SCR, 120-122

B

Back emf, 70,78
Battery charger, 92-93
Bias, d-c, 31-33

forward, 11

reverse, 11
Bistable memory, 122
Blocking voltage, forward, 27
Breakdown voltage, 26
Breakover, forward, 26

C

Capacitor-SCR turn-off, 38-39
Capacitor trigger, 55-56
turn-off , 37-38
Characteristic curve, avalanche
SCR, 119
4-layer diode, 108
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Characteristic curve (cont’d)
SCR, 16, 26, 29-31
silicon diode, 12
unijunction transistor, 63
zener diode, 12
Characteristics, SCR, 8, 25-39
Charger, battery, 92-93
Circuits, 4-layer diode, 110-111
light-actuated SCR,116-118
magnetic trigger, 58-61
unijunction transistor, 66-67
Conduction angle, 49-50, 78-80
Construction, diode, 10-11
SCR, 14-15
Control, motor, 68-84

Controlled-avalanche SCR, 120-122

characteristic curve, 119
Controller, motor, 79, 82-84

temperature, 98-101
Current, forward, 27-28

D

D-c gate bias, 31-33
sensors, 43
shunt motor, 76-80
voltages, switching, 45-47

Detector, pulse-coincidence, 123
pulse-sequence, 124
smoke, 97

Dimmer, lamp, 85-86

Diode, 4-layer, 107-111
semiconductor, 10-13
Shockley, 107-111

Diode characteristic curve, 12
construction, 10-11
symbol, 11



E

Emergency lighting system, 89-90
Emf, back, 70, 78

F

Field, shunt, 77-78

Firing angle, 49-50, 78-80

Flasher, lamp, 90-92

Flip flop, 109-110

Forward bias, 11
blocking voltage, 27
breakover voltage, 26-27
current rating, 27-28

Four-layer diode, 107-111
characteristic curve, 108
circuits, 110-111
structure, 107
symbol, 107

Full-wave lighting control, 85-88
phase control, 50-51

G

Gate bias, D-¢, 31-33
Gate trigger, 29
a-c, 33-34
Gate turn-off switch, 111-113
symbol, 112
Generator, pulse, 109-110
GTO; see gate turn-off switch

H

Half-wave lighting control, 88-89
rectifier, 43

Ignition, transistor, 102-105

L

Lamp flasher, 90-92
LASCR; see light-actuated SCR
Latching relay, 112-113
Light-actuated SCR, 114-120
circuits, 116-118
structure, 114
Lighting, emergency, 89-90
Lighting control, 85-89
full-wave, 85-87
full-wave bridge, 87-88
half-wave, 88-89

M

Magnetic trigger, 56-61
circuits, 58-61

Memory, bistable, 122
Motor, d-c¢ shunt, 76-80
universal, 68-76
Motor control, 68-84
Motor controller, 79, 82-84
Motor speed control, 69-70
Multivibrator, 105-106
astable, 105
one-shot, 106

N
Neon pulse trigger, 53-55

o

One-shot multivibrator, 106

Operation, SCR, 14-18

Oscillator, relaxation, 64-65
sawtooth, 109-110

P

Phase control, full-wave, 50-51
half-wave, 49-50
Phase control theory, 48-51
Phase-sensitive switch, 101
Phase shift trigger, 52-53
Photran; see light-actuated SCR
Proximity switch, 94-96
Pulse generator, 109-110
trigger, 35
neon, 53-55
Pulse-coincidence detector, 123
Pulse-sequence detector, 124

R

Reactor, saturable, 56-58

Rectifier, half-wave, 43

Relaxation oscillator, 64-65
alarm, 96-97

Relay, latching, 112-113

Residual field, 70-73

Reverse bias, 11

RMS forward current, 27

S

Saturable reactor, 56-58
Sawtooth oscillator, 4-layer diode,
109-110

SCR, light-actuated, 114-120
switching action of, 18-20
two-transistor equivalent, 15-16

SCR applications 8-9, 85-106
characteristic curve, 16, 26, 29-31
characteristics, 8, 25-39
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SCR (cont’d) .
construction, 14-15
operation, 14-18
symbol, 7
types, 23-24
SCS; see silicon controlled switch
Semiconductor theory, 9-14
Sensors, d-c, 43
Shockley diode, 107-111
Shunt field, 77-78
motor, 76-80
Silicon controlled rectifier; see SCR
Silicon controlled switch, 121-125
structure, 121
symbols, 122
Smoke detector, 97
Speed control, motor, 69-70
Static switch, a-c, 44
Static switching, d-c, 46
Structure, 4-layer diode, 107
light-actuated SCR, 114
silicon controlled switch, 121
unijunction transistor, 62
Switch, a-c static, 44
phase sensitive, 101
proximity, 94-96
SCR, advantages, 40
silicon controlled, 121-125
Switch turn-off, 36-37
Switching, static, 40-47
d-c, 46
Switching action, 18-20
a-c voltages, 42-45
d-c voltages, 45-47
Symbol, diode, 11
4-layer diode, 107
gate turn-off switch, 112
SCR, 7
silicon controlled switch, 122
transistor, 14
unijunction transistor, 62

T

Temperature control, 98-101
Terminology, 26-29
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Theory, diode, 10-13
phase control, 48-51
saturable reactor, 56-58
semiconductor, 9-14
unijunction transistor, 62-65
Thermistor, 99-100
Thyratron, 17-18
Transfer characteristic, magnetic, 59
Transistor, 13-14
unijunction, 61-67
Transistor ignition, 102-105
symbol, 14
Trigger, a-c, 33-34, 43
capacitor, 55-56
dc, 31-33
gate, 29
magnetic, 56-61
neon pulse, 53-55
phase shift, 52-53
pulse, 35
unijunction transistor, 66-67
Trigger circuit, 51-56
unijunction transistor, 66-67
Turn-off, capacitor, 37-38
capacitor-SCR, 38-39
switch, 36-37
Turn-off methods, 35-39
Turn-on methods, 31-35
Two-transistor equivalent, 15-16
Types of SCR’s, 23-24

U

Unijunction transistor 61-67
characteristic curve, 63
structure, 62
symbol, 62
theory, 62-65
trigger, 66-67

Universal motor, 68-76

v

Voltage, forward blocking, 27
forward breakover, 26

Z
Zener diode, 12



