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that diode is reverse-biased. Just think of
it as ""transistor action."

Property 4 gives the transistor its useful-
ness: A small current flowing into the base
controlsa much larger current flowing into
the collector.

Warning: hrg is not a'good' transistor
parameter; for instance, its value can vary
from 50 to 250 for different specimensof a
given transistor type. It also depends upon
the collector current, collector-to-emitter
voltage, and temperature. A circuit that
depends on a particular value for hrg is
a bad circuit.

Note particularly the effect of property 2.
This means you can't go sticking a voltage
across the base-emitter terminals, because
an enormous current will flow if the base
is more positive than the emitter by more
than about 0.6 to 0.8 volt (forward diode
drop). This rule also implies that an op-
erating transistor has Vs ~ Vg * 0.6 volt
(Vs = Vg T Vgg). Again, polarities are
normally given for npn transistors; reverse
them for pnp.

Let us emphasize again that you should
not try to think of the collector current
as diode conduction. It isn't, because the
collector-base diode normally has voltages
applied across it in the reverse direction.
Furthermore, collector current varies very
little with collector voltage (it behaves like
a not-too-great current source), unlike for-
ward diode conduction, where the current
rises very rapidly with applied voltage.
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2.02 Transistor switch

Look at the circuit in Figure 2.3. This ap-
plication, in which a small control current
enables a much larger current toflow in an-
other circuit, is called a transistor switch.
From the preceding rules it is easy to un-
derstand. When the mechanical switch is
open, there is no base current. So, from
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Figure 2.3. Transistor switch example.

rule 4, there is no collector current. The
lamp is off.

When the switch is closed, the base
rises to 0.6 volt (base-emitter diode is in
forward conduction). The drop across
the base resistor is 9.4 volts, so the base
current is9.4mA. Blind application of rule
4 gives Ic = 940mA (for a typica beta
of 100). That is wrong. Why? Because
rule 4 holds only if rule 1 is obeyed; at a
collector current of 100mA the lamp has
10 volts across it. To get a higher current
you would have to pull the collector below
ground. A transistor can't do this, and
the result is what's called saturation - the
collector goes as close to ground as it can
(typical saturation voltagesare about 0.05-
0.2V, see Appendix G) and stays there. In
this case, the lamp goes on, with its rated
10 volts across it.

Overdriving the base (we used 9.4mA
when 1.0mA would have barely sufficed)
makes the circuit conservative; in this
particular case it is a good idea, since
a lamp draws more current when cold
(the resistance of a lamp when cold is 5
to 10 times lower than its resistance at
operating current). Also transistor beta
drops at low collector-to-base voltages, so
some extra base current is necessary to
bring a transistor into full saturation (see
Appendix G). Incidentally, in a real circuit
you would probably put a resistor from
base to ground (perhaps 10k in this case)
to make sure the base is at ground with
the switch open. It wouldn't affect the



64

TRANSISTORS
Chapter 2

""on" operation, becauseit would sink only
0.06mA from the base circuit.

There are certain cautions to be ob-
served when designing transistor switches:
1. Choose the base resistor conservatively
to get plenty of excess base current, es-
pecially when driving lamps, because of
the reduced beta at low Vgg. This is
also a good idea for high-speed switching,
because of capacitive effects and reduced
beta at very high frequencies (many mega-
hertz). A small "' speedup™ capacitor is of-
ten connected across the base resistor to
improve high-speed performance.

2. If the load swings below ground for
some reason (e.g., it is driven from ac,
or it is inductive), use a diode in series
with the collector (or adiode in the reverse
direction to ground) to prevent collector-
base conduction on negative swings.

3. For inductive loads, protect the transis-
tor with a diode across the load, as shown
in Figure 2.4. Without the diode the in-
ductor will swing the collector to a large
positive voltage when the switch isopened,
most likely exceeding the collector-emitter
breakdown voltage, as the inductor triesto
maintain its" on" current from Ve to the
collector (seethe discussion of inductorsin
Section 1.31).
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Figure 24. Always use a suppression diode
when switching an inductive load.

Transistor switchesenable you to switch
very rapidly, typically in asmall fraction of
amicrosecond. Also, you can switch many

different circuits with a single control sg-
nal. One further advantage is the possibil-
ity of remote cold switching, in which only
dc control voltages snake around through
cablesto reach front-panel switches, rather
than the electronically inferior approach
of having the signals themselves traveling
through cablesand switches(if you run lots
of signals through cables, you're likely to
get capacitive pickup as wel as some Sg-
nal degradation).

"Transistor man"

Figure 2.5 presents a cartoon that will help
you understand some limits of transistor

Figure 2.5. " Transistor man'" observes the base
current, and adjusts the output rheostat in an
attempt to maintain the output current hrg
times larger.

behavior. The little man's perpetua task
in life is to try to keep Ic = hrglp;
however, he is only alowed to turn the
knob on the variable resistor. Thus he
can go from a short circuit (saturation)
to an open circuit (transistor in the " off'
state), or anything in between, but he isn't
alowed to use batteries, current sources,
etc. One warning isin order here: Don't
think that the collector of a transistor



