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Fig. 16.27. Temperature-compensated photorelay.

variant dark current is also modulated along with the light-sensitive component. The
a-c load circuit cannot distinguish between the a-c component due to illuminati;)n and
t}}e alternating current due to temperature variations. However, this example pro-~
vides an illustration of the increased flexibility obtained with a ph’ototransistor when
both the electrical and optical inputs are available. Probably the largest singl(lf
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F1a. 16.28. Gating phototransistor detector.

advantage gained is the ability to compensate for the temperature variations in dark
current and maintain the sensitivity nearly constant.

If all the photodevices described are subjected to a uniform illumination, the
response of each device will be proportional to both the active area and the sensitivity
in milliamperes per millilumen. Table 16.1 provides a summary of the properties of
photoconducting devices by comparing the total photoresponsive outbut currént, an
important: consideration to the circuit designer. Several vacuum-type photodevices

are also included to assist the comparison.

TaBLE 16.1 COMPARISON OF SENSITIVITY AND RESPONSE OF VARIOUS
PHOTODETECTORS TO INCANDESCENT LIGHT

Sensitive Net response
] Dark area of Sensitivity, | to flux of 0.1
Photodetector current, ua typical amp/lumen | lumen/in.?
units, in.2 (14.4 1t C), ua
929 vacuum phototube. ..... 0.0125 0.507 45 pa/lumen 2.28
931A photomultiplier. . . . ... 0.1 0.293 20 586,000
1P22 photomultiplier. . . .. .. 0.25 0.293 0.6 17,600
Photodiode (point contact). . 1-3 ma (0.0009) 0.1 9
Photodiode (junction)....... 1-10 (0.0009) 0.03 2.7
Hook collector photodiode
(fused junction)..........[........... Y DA 7,200
Phototransistor (NPN :
grown junction).......... 10-100 (0.0009) 3 270
Phototransistor (PNP
fused junction)........... 1-10 0.00155 2.3 360

16.6. The Inverted Transistor. The low conduction resistance and low leakage
currents of the fused-junction transistor have suggested many applications utilizing
the transistor as a controlled switch.!® When conducting, such transistor switches
may have equivalent resistances of a few ohms, and when cut off they may exhibit
impedances of a few hundred kilohms to several megohms. Where the voltages and
currents to be controlled are small in magnitude, the performance of such fused-junc-
tion transistor switches may be greatly improved by utilizing interesting and different
circuit configurations with the transistor in the inverted connection.®!® As the name
implies, the emitter and collector connections of the transistor arc inverted or inter-
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changed, so that the electrode normally labeled as the collector functions as the
emittet, and vice versa. The changes in the characteristics so obtained are of suffi-
cient importance to warrant the consideration of the inverted transistor as a separate
device., ’

Fused-junction transistors are usually manufactured with a collector of a somewhat
larger size than the emitter in order to obtain a high value of current gain «. This
construction assures that nearly all the minority carriers which diffuse through the
base region are collected even if some radial spreading occurs, thus improving the cur-
rent gain. However, either the collector or emitter is capable of emitting minority
carriers into the base region, and the remaining ele¢trode can function to collect the
carriers. Because of the different relative geometry when the collector functions as
the emitter, and vice versa, the transistor would have a different value of inverted cur-
rent gain than the normal current gain. It is possible, of course, to construct sym-
metrical transistors, such that both current gains would be equal, but this usually
involvés some compromise on maximum normal current gain. When the emitter is
biased with a reverse voltage, its leakage current with the collector open circuited, I.o,
is usually lower than I, for the same transistor, because of the smaller size of the
emitter.

In the definitions and discussions that follow it will be assumed that one rectifying
contact has been marked the emitter and the other has been marked the collector by
the manufacturer. The electrodes will be referred to by these markings rather than
by their actual circuit function. The two different ¢current gains possible, depending
on the transistor connection, are defined as:

an = transistor current gain with the emitter functioning as an emitter and the col-
lector functioning as a collector (normal alpha)

oy == transistor current gain with the collector functioning as an emitter and the
emitter functioning as a collector (inverted alpha)

Most commercial transistors have an ay between 0.9 and 0.999, while a; is only about
0.3 to 0.6. The collector leakage current I, and the corresponding emitter leakage
current I, are not independent of each other but have been shown® to be interrelated
by the expression

anlo = arly (16.3)

Thus for the ranges of ax and «; given above, I,, may vary from 0.3 to 0.67 I.,.

Sincé ay is usually higher than «;, much higher current gains and power-handling
capacities are available when using the transistor in the normal connection. The
advantages of the inverted connection are most apparent in applications where junc-
tion transistors are used to control very low power levels.

Figure 16.29 shows a family of collector-characteristic curves for a common-emitter
connection. The transistor curves usually shown for this connection appear in the
third quadrant. Note that operation with reversed polarity on the emitter and col-
lector is possible in the first quadrant and that the curves show similar transistor
action except that the current gain is much smaller. If the base conditions of this
transistor are switched from —3 ma to +1 volt, the collector-emitter characteristics
near the origin are two lines which are nearly parallel to the axes and which intersect at
a point Py(V¥, I¥) in the third quadrant. The characteristics of an ideal switch
would simply be two lines coincident with the axes, one along the current axis cor-
responding to the closed switch, the other along the voltage axis corresponding to an
open circuit. Thus the transistor is nearly equivalent to an ideal switch in series with
a battery VY and shunted by a current source I¥. The battery and current source
limit the lowest load voltage and current levels that the transistor can switch without
introducing extraneous signals comparable with the controlled load signals. If the
point P is brought closer to the origin, lower levels of load voltage and current may be
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