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of the valves of 1 x 10-9 sec or less are small. 

The introduction of germanium transistors to electronic 
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shown that transistor action depends on the passage of 
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Some transient properties of transistors 
limitations; the circuit conditions will decide whether the 
capacitances or the transit phenomena set the more important 
limitation. 

3. T R A N S I E N T  E F F E C T S  D U E  T O  D E L A Y E D  C A R R I E R S  
I N  P O I N T  C O N T A C T  T R A N S I S T O R S  

The operating conditions of a point contact transistor with 
a resistive load are illustrated in Fig. 2.  If the emitter current, 
I,, is made zero, the collector is said to be at collector current 

-b 

Fig. 2.  The operating conditions of a point-contact 
transistor with a resistive load (R,) 

cutoff (sometimes called collector voltage saturation), though 
in fact some residual collector current (ZCJ flows. As 2, is 
increased, 2, first rises steadily, but later collector current 
saturation occurs, accompanied by low collector impedance 
(of the order of a few hundred ohms). The situation is 
similar to that in a pentode with a resistive anode load when 
the anode current 2, has been made so large that the anode 
potential, V,, has fallen below the knee of the I,, V, curves. 

At collector current saturation (sometimes termed col- 
lector voltage cutoff) very many minority carriers are present 
in the body of the germanium, so that if 2, is suddenly 
returned to zero, collector current (in excess of Zco) may con- 
tinue to flow for as long as a few microseconds. Fig. 3 shows 

Fig. 3. An effect of collector current saturation in a 
point-contact transistor 

a typical waveform of the collector current under the con- 
ditions of Fig. 2, saturation having been reached during 
the pulse. 

The slow recovery (sometimes called turnoff) after collector 
current saturation may restrict the use of the saturation region 
in high-speed switching circuits. 

An allied effect, thought to be due also to delayed carriers, 
can be observed if a pulse of current is applied to the emitter 
while the collector is unbiased. If the collector is later 
biased by a pulse of voltage, collector current flows im- 
mediately; its amplitude is greater than that obtained under 
steady collector bias, but, as would be expected, decreases as 
the delay between the emitter and collector pulses is increased. 
Thus Fig. 4, derived from oscillograms, compares (a) a super- 
position of waveforms observed for a range of delays between 
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emitter and collector pulses with (b) the waveform obtained 
for steady collector bias. The waveforms were derived from 
the base current and therefore display both emitter and 
collector currents (only that portion of the collector current 
in excess of I o  is in fact shown). Delayed carriers can be 

n 

Fig. 4. Base current waveforms 
(U)  For a pulse of emitter current followed by a pulse of 

(b) For a pulse of emitter current with steady collector bias. 
collector voltage (composite waveform). 

readily observed as long as 4 psec after the cessation of the 
emitter current. 

Fig. 5 was obtained in the same way as was Fig. 4, except 
that the collector was pulsed during the emitter pulse. The 
current available at the collector first rises very rapidly and 
then approximately exponentially; the envelope of the pulses 

Fig. 5. Base current waveforms 
(U)  For a step of emitter current followed by a pulse of 

(b) For a step of emitter current with steady collector bias. 
collector voltage (composite waveform). 

of 2, resembles the waveform of the collector current obtained 
with steady collector bias, particularly during the first 
0.5 psec. The waveforms suggest that Musion, rather than 
drift due to a field set up by the collector voltage, dominated 
the movement of the carriers in the point contact transistors 
under the test con&tions yielding Fig. 5. Ryder and Kircher,(4) 
however, have found that the frequency response of some of 
their point contact transistors varies markedly with collector 
potential, suggesting the predominance of drift. Further 
work on the variation of t, (see Section 2) with change of V, 
has suggested that diffusion predominates at low potentials 
and drift at high potentials (e.g. above 10 V) in the units tested. 
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