
the loop gain (Reference 1). Op-
amp open-loop gain, a, has magni-
tude and phase components, so it
introduces phase shift into the
Bode (logarithmic-stability) plot.
The critical point on a Bode plot is
the point at which the gain magni-
tude equals zero (gain=1); the dif-
ference between 180� and the actu-
al phase shift is the phase margin.

The external components are
resistive, and making R

G
=R

F
de-

creases loop gain by 6 dB. This
decrease further enhances stabili-
ty; the vertical intercept on the
Bode plot drops 6 dB, but the pole
locations stay constant. Equation 2
gives the loop gain for an inverting
amplifier with real input capaci-
tances (C

F
=0), as Figure 1 shows.

The input capacitance
adds a pole to loop gain,
and when the par-
allel value of R

G

and R
F

is small, say 500�,
the pole location is at
f=16.76 MHz. The pole
introduces essentially
zero phase shift at one-
tenth of its location fre-
quency, so input capaci-
tance does not affect op
amps with a gain band-
width of less than 1.676

MHz. As the op-amp gain band-
width increases beyond 1.676
MHz, phase shift from the pole
adds to the loop-gain phase shift,
and, depending on its phase
response, the op amp overshoots,
rings, and then oscillates.

Increasing the parallel value of
R

G
and R

F 
causes the pole to

decrease in frequency (f=0.1676
MHz at R

F
||R

G
=5 k�); hence, the

phase shift occurs sooner, exacer-

bating the instability problem.
Resistors in high-frequency op-
amp circuits traditionally have
small values to minimize the effect
of stray input capacitance. An
alternative option for the input-
capacitance problem is to add a
feedback capacitor, C

F
. Equation 3

gives the loop gain when the circuit

has input and feedback capacitors.

The zero in Equation 3 always
precedes the pole; thus, its phase
shift cancels some negative phase
shift until the pole comes into play.
The circuit can be independent of
both capacitors by making
R

F
C

F
=R

G
C

G
. Normally, this option

is not the best for closed-loop
bandwidth performance, so engi-
neers use smaller values of C

F
. You

can optimize the resistor values,
capacitor values, and op-amp
bandwidth for the best high-fre-
quency performance, but 2C

F
=C

G

is an excellent starting place for lab
experiments.

Stability is the same for invert-
ing and noninverting op amps
because it’s independent of the
input. The inverting op amp acts
very much like theory predicts, but
the noninverting op amp has lower
common-mode capability because
part of the input signal feeds
through the differential capacitor

(C
D
) to the inverting

node. The reduction of
common-mode per-
formance is noticeable
only at high frequen-
cies.�
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The perils of input capacitance

I
t is impossible to build an op amp without includ-

ing some input capacitance, and the op amp’s pc board

adds even more (Figure 1). All of the capacitors except

for the feedback capacitor, C
F
, are stray capacitances, and

they influence the circuit’s stability. When you set the ca-

pacitors to zero, an artificial condition, Equation 1 gives

AN ALTERNATIVE OPTION FOR THE INPUT-CAPACITANCE

PROBLEM IS TO ADD A FEEDBACK CAPACITOR, CF.

analogangle By Ron Mancini

Stray capacitance on the op-amp-input leads causes 
a pole in the Bode plot and potential instability.
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