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Z
Thus Z, . = —Z, [1 + Bdoy 7 +7 +L z ] Q2.7)
Series voltage feedback increases input impedance to an extent determined
by the loop gain BA, .

2.2.5 Effect on inverting amplifier

The effects of finite open-loop gain, finite input impedance and non-zero
output impedance will be considered for the inverting amplifier. To analyse
the effects, each parameter will have to be considered separately. First we
must find a few general relationships for a non-inverting amplifier in terms
of the non-infinite open-loop gain, A, .

s

Figure 2.5 Shunt voltage feedback

In Figure 2.5, the externally applied input signal voltage e, and the output
voltage e, are effectively applied in parallel to the op-amp’s differential input.
The signal e,, which drives the differential input, is a superposition of the
effects of e, and e,.

R, R, + R,
es = eq + eO - (28)
"R, + R, + R, R, + R, + R,

It is assumed that Z,, >> R, + R, and that Z <<R,.

R, + R,

The feedback fraction B = ————
R, + R, +R,

Let us now examine the effect of non-zero output impedance. The output
voltage may be written as

e, = —Age,. — 1,72,

o
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Substitution for e, and rearrangement gives
_ R, Aor . Z

T TR 4R+ R L+ By, 1+ Bdg,

The closed-loop signal gain of the circuit is thus

R A R 1
e, =— 2 oL —_ 2 (2.9)
R, +R,+ R, 1+ BAy. R, + R, L4 1
Bor
For large values of 4, , the term
1
1
1+
Bdor
is very close to unity and the closed-loop gain is
RZ
R, + R,
The closed-loop output impedance is
ZO
(2.10)

Zoop = 7o
L By

The closed-loop output impedance of an op-amp in many circuits is a tiny frac-
tion of the open-loop impedance, typically less than 1 m{) at low frequencies.

Compare equations 2.9 and 2.10 with equations 2.5 and 2.6. Again, notice
the importance of the loop gain B4, . If the loop gain is sufficiently large
the closed-loop performance is determined by the value of the components
used to fix the feedback fraction B. If R, <<R, and the loop gain is large,
the closed-loop signal gain approximates to 4., = —R,/R,.

Now let us consider the input impedance. In Figure 2.5

I, =T1+1I

Now I’ = e,/Z, and I; = (e, — e,)/R,.

e, e, —e
Sol,=_°%*+—"*—-"°
" Zin R2
IfZ >Z,e,=— Aye, 1. assume that there is no voltage drop across the

internal output impedance.

1 1+4
By substitution, /., = +OL]
y substitution, [;, = e, [Z R,

in

In terms of input impedance, we have Z, and additional shunt impedance
R,/(1 + Aqp). Thus the effect of the shunt feedback is to reduce the effective
differential input impedance of the op-amp. And if 4, is very large, the input
impedance is very small (typically <1 ). The overall input impedance of the
inverting op-amp circuit then effectively equals the value of the resistor R,.
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