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Figure 7.25 Collector currents versus differential input voltage.

If we use Equations (7.44) and (7.43) to substitute for the currents in Equation (7.26),
we can eventually reduce the result to

_—
Vog = @z Re tanh ( = V: ) (7.46)

in which tanh is the hyperbolic tangent function. By definition, the hyperbolic tangent s

exp(x) — exp(—x)
exp(x) +exp(—x)

tanh(x) =

A plot of the transfer characteristic given by Equation (7.46) is illustrated in Fig-
ure 7.26. The curvature of the transfer characteristic shows that the differential amplifier
can distort a signal if the amplitude is too large. For {vi4| < Vr,the characteristic is fairly
straight, and the distortion is not excessive. Notice that if the magnitude of the input
voltage exceeds 4Vy = 100 mV. the output will be severely clipped. (Sometimes We e
the circuit as a waveshaper to convert a sinusoidal input into a square wave. It is quite
effective for this purpose if the peak input is one volt or more.)

Emitter Degeneration

Sometimes it is advantageous to add emitter degeneration resistors Rgp to the circui_fr as
shown in Figure 7.27. ( Degeneration is the term for negative feedback, which we c:{)nSl‘:—'Et
in detail in Chapter9.) We will see that these resistors have the disadvantage of reducing
the differential voltage gain of the circuit. However, two reasons for including the Fe-
sistors are to increase input impedance and to reduce distortion due to the nonlinﬂil'ﬂtY
of the BITs. (These are also the reasons for using an unbypassed emitter resistor i 2
common-emitter amplifier.)

(7.47)
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