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PULSE AND SWITCHING CIRCUITS

SECTION I. SWITCHING CHARACTERISTICS

8-1. General

a. Circuit Applications. Pulse and switching circuits are used in radar,
television, telemetering, pulse-code communication, and computer equip-
ments. The circuits operate as relaxation oscillators, amplifiers, inverters,
frequency dividers, and wave shapers to perform the functions of limiting,
triggering, gating, and signal routing. Some typical circuits are described
in this chapter; triggered circuits are covered in Section II and gating cir-
cuits are covered in Section III.

b. Nonlinear Operation. Pulse and switching circuits are normally char-
acterized by large-signal, or nonlinear, operation of the tunnel diode. These
“eircuits usually require the application of a pulse for operation (par. 8-2).
The input trigger pulses produce large and sudden changes in output voltage
or output current. Nonlinear operation of this type usually results in out-
put waveforms differing considerably from the input waveforms.

c. Umit Step Voltage. 1. Pulse waveforms widely encountered in large-
signal operation of the tunnel diode are illustrated in Fig. 8-1. The instan-
taneous changes in voltage levels represent the ideal pulse. The effect of
the tunnel diode on the ideal pulse is given in paragraph 8-4.

2. A voltage which experiences an instantaneous change in amplitude from
one constant level to another is called a wunit step voltage. When the unit
step voltage is the applied signal to a switching circuit, it is usually of suf-
ficient magnitude to cause the circuit output to change from a low-voltage
state to a high-voltage state or vice versa.

3. Figure 8-1A shows a positive unit step voltage occurring at time t1.
A positive unit step voltage increases a positive potential level to a higher
positive potential level and decreases a negative potential level to a less
negative potential level. Depending on the magnitude of the positive unit

step voltage, a negative potential level may even be changed to a positive
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potential level. Figure 8-1B shows a negative unit step voltage occurring
at time ¢2. A negative unit step voltage increases a negative potential level
to a higher negative potential level and decreases a positive potential level
to a less positive potential level or
even to a negative potential level.
Figure 8-1C shows the formation of
an ideal pulse (square or rectangu-
lar) by two unit step voltages, one
positive (time £1) and one negative
(time t2).

Note: Unit step currents occur in
the same manner as unit step volt--
ages. Current levels, rather than
voltage levels, undergo instantane-
ous positive or negative changes.
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L . F1c. 8-1. Positive and negative unit step
All pulse and switching circuits voltages, showing formation of a pulse
are classified as astable, monostable,

or bistable. These terms are discussed in detail in paragraph 7-10 as they
apply to a single tunnel diode circuit, and in paragraph 7-12 as they apply
to a coupled-pair circuit. In addition, astable (free-running) relaxation
oscillators are covered in Chapter 7. Monostable and bistable circuits are
covered in paragraphs 8-5 through 8-9. The outstanding aspect of each
circuit is as follows:

a. The astable circuit requires only the application of dc power for opera-
tion. The values of the circuit elements will determine the rate at which
the circuit will switch from a high-voltage level to a low-voltage level and
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8-2. Types of Operation

“vice versa. Trigger input pulses may be introduced into the circuit only to

synchronize the output of the circuit with another signal.

b. The monostable circuit requires de power for operation as well as an
input trigger pulse to switch it from its normally stable condition in the
high- or low-voltage state (positive-resistance regions). After the trigger
pulse initiates the change in the state of the circuit, the circuit will of its
own power switch to the nonstable state and then return to its single stable
condition. The time required for each complete action depends upon the
values of the circuit elements. The action is repeated for each input pulse.

c. The bistable circuit requires de power as well as two input trigger
pulses for a complete switching action. Depending on its previous history,
the bistable circuit may be found at rest in either the low-voltage or the
high-voltage state. One trigger pulse will initiate action to switch the
circuit from the state in which it is found to the other state; a second trigger
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pulse is required to initiate action to switch the circuit to its original state.
The speed with which the circuit switches from one state to another depends
primarily on the parameters of the particular tunnel diode used (par. 8-4).

8-3. On and Off States

The terms on and off, when used to describe electron tubes or transistors
operating as switches, are for the most part self-explanatory. The term
on with respect to these devices refers to heavy (usually saturation) current
flow and low voltage between cathode and plate or emitter and collector,
respectively. The term off refers to zero (or very low) current flow and
high voltage between cathode and
plate or emitter and collector. In
T the case of the tunnel diode (Fig.
8-2) the term off means that the
tunnel diode is in the high-voltage
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I state (biased beyond the valley-
Y current point); the term on means
| E, E, E that the tunnel diode is in the low-
Lo “ “ voltage state (biased below the
.mvlm_ k< Off > peak-current point). In a particular
state application as a switch the tunnel

diode current in the off or the on
state may very well be the same
magnitude; therefore these terms do
not necessarily imply differences in current flow. The terms are arbitrarily
chosen and used to mean just the opposite in some of the literature. The
terms on and off as defined here, however, with respect to the tunnel diode
keep the same voltage output condition consistent for all three devices (elec-
tron tube, transistor, and diode) ; i.e., on indicates low voltage and off indi-
cates high voltage across the particular device.

Fic. 82. Tunnel diode showing on and
off switching regions

8-4. Tunnel Diode Switching Speed

a. The speed with which the average tunnel diode switches from the on
to the off state or vice versa is very high. Some practical diodes switch
in less than one nanosecond (mus). The speed is determined mainly by the
diode junction capacitance and the magnitude of the trigger pulse current.
A current pulse which momentarily raises the diode current to a value
larger than the peak current (Fig. 8-2) will switch the diode from the on
state to the off state. A current pulse which momentarily lowers the diode
current to a value less than the valley current will switch the diode from
the off state to the on state. A measure of the switching speed is referred
to as the tunnel diode voltage rise time. The rise time indicates the time
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required for the pulsed tunnel diode voltage to climb from 10% of its
maximum value to 90% of its maximum value. The formula used to calcu-
late the rise time is as follows:

Lo (Ef — E,)Cp
T, - 1)10°
wherein :
t, = rise time in nanoseconds

E; = tunnel diode forward injection voltage in mv
E, = peak-current voltage in mv

Cp = junction capacitance in uuf

I, = peak current in ma

I, = valley current in ma

This formula is based on a tunnel diode fed from a constant-current load
line and triggered by a pulse having a minimum amplitude. An example
of the use of this formula is given in b below.

b. Assume that it is desired to find the rise time of a tunnel diode having
the following values:

E; = 500 mv
E, =70 mv
Cp = 40 puf
I, =10 ma
I, =1ma

Substitute these values in the formula for rise time (a above) :

(500 — 70)40
(10 — 1)10°
17,200
9 X 10

Therefore, t, = 1.9 nanoseconds.
Note: The values required to calculate ¢, for a given tunnel diode are
normally given in the manufacturer’s specifications for the tunnel diode.
















































