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Transistor Switching Terms (See Fig. 2-2)

Delay Time: The time interval between the 109 levels on
the leading edge of the input and output pulses.

Risetime: The time interval between the 10% level and 909%
level on the leading edge of the output pulse.

Turn-On Time: The time interval between the 10% level on
the leading edge of the input pulse and the 90% level on the
leading edge of the output pulse. Turn-on time is the sum
of the delay time and risetime.

Storage Time: The time between 90% levels on the trailing
edge of the input and output pulses.

Falltime: The time interval between the 90% and 10% levels
on the trailing edge of the output pulse.

Turn-Off Time: The time interval between the 90% level on
the trailing edge of the input pulse and the 10% level on
the trailing edge of the output pulse. The turn-off time
is the sum of the storage time and fall time.

Saturation Voltage: The voltage difference between transis-
tor collector voltage at saturation and zero collector voltage.

Calculating I, and 1,

I, is determined by the formula:
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where Ege, is the amplitude of the input pulse, Ve, is the
emitter-base voltage when forward biased, and Ry is the
series resistance in the base lead. (Often Vg, is neglected
when calculating Iy and lpz.) lp is closely approximated
by the formula:

by = —lp2
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where Iy, is the external base current supply (Type 292 BIAS
CURRENT supply setting), and Ve /Ry is the short term base-
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Fig. 2-3. Terms used when switch testing transistors,
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emitter depletion-layer stored charge removal at the time
the turn-on signal ends. Fig. 2-3 illustrates l,; and [p. If
Iy 1s turned off, then:
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Calculating Forced-Circuit Beta

The grounded-emitter circuit of Fig. 2-3 is sometimes
referred to as a forced-circuit; that is, when testing a high-
beta transistor, the indicated beta of the transistor is limited
to the forced-circuit beta of the tester. A transistor having
a beta lower than the forced-circuit beta of the tester can-
not be fested under forced-circuit conditions and thus will
not reach saturation and may have a slow risetime,

Maximum beta of the circuit is determined by the ratio
of the base resistances to collector resistances and the
amplitude of input pulses and the values of I, and V.
applied. In Fig. 2-3, the resistances are fixed so only the
input, base current, and collector voltages can vary the
forced-circuit beta. Forced-circuit beta of the tester is de-
termined by comparing the collector current to the base
current produced by the input pulse. The forced-circuit
beta formula for Fig. 2-3. is derived by starting with:
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where B is the forced-circuit beta, I. is collector current,
and |y, is base signal current.

The collector current (transistor saturated) is determined
by the formula:
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where V.. is the collector supply voltage and R is the col-
lector load resistance.

The base current is determined by the formula:

I — Egen —Veb —1
bl — Rb b2
as previously stated. Combining terms:
IC . Vcc (qun ’—Veb) "‘lbz
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Values for V.. and Iy, are obtained from the Type 292
control seftings. Ege, is the pulse generator output voltage
when terminated at the test fixture input.

CAUTION

V.. should not exceed transistor collector voltage
rating. Otherwise, the transistor may be damaged
when Eg, is zero.

BASIC TEST SYSTEMS

There are several test systems that can be assembled using
the Type 292 with various combinations of fast-rise pulse
generators and oscilloscopes. However, only four basic
systems are described in the following discussions, If your
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