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TUTORIAL
Op Amp Input Impedance

VOLTAGE FEEDBACK (VFB) OP AMP INPUT IMPEDANCE
Voltage feedback (VFB) op amps normally have both differential and common-mode input
impedances specified. Current feedback (CFB) op amps normally specify the impedance to
ground at each input. Different models may be used for different voltage feedback op amps, but
in the absence of other information, it is usually safe to use the model in Figure 1 below. In this
model the bias currents flow into the inputs from infinite impedance current sources.
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 Zcm+ and Zcm– are the common-mode input impedance. The
figure on the data sheet is for one, not both, but they are
approximately equal. Zdiff is the differential input impedance.
 They are high resistance (105 - 1012Ω) in parallel with a small
shunt capacitance (sometimes as high as 25pF).
 In most practical circuits, Zcm– is swamped by negative feedback.

Figure 1: Input Impedance (Voltage Feedback Op Amp)
The common-mode input impedance data sheet specification (Zcm+ and Zcm–) is the impedance
from either input to ground (NOT from both to ground). The differential input impedance (Zdiff)
is the impedance between the two inputs. These impedances are usually resistive and high (1051012 Ω) with some shunt capacitance (generally a few pF, but sometimes as high as 20-25 pF). In
most op amp circuits, the inverting input impedance is reduced to a very low value by negative
feedback, and only Zcm+ and Zdiff are of importance.
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CURRENT FEEDBACK (CFB) OP AMP INPUT IMPEDANCE
A current feedback op amp is even more simple, as shown in Figure 2. The non-inverting input
impedance, Z+, is resistive, generally with some shunt capacitance, and high (105-109 Ω) while
Z– is reactive (L or C, depending on the device) but has a resistive component of 10-100 Ω,
varying from type to type.
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 Z+ is high resistance (105 - 109Ω) with little
shunt capacitance.
 Z- is low and may be reactive (L or C). The
resistive component is 10-100Ω.

Figure 2: Input Impedance (Current Feedback Op Amp)
OP AMP INPUT CAPACITANCE
In many applications, the input capacitance of an op amp is not a problem. However where the
source impedance is high, such as in a photodiode preamp, the diode capacitance adds to the op
amp input capacitance and may require the addition of a feedback capacitor to stabilize the op
amp. For high impedance high frequency sources, the input capacitance of the op amp should be
significantly less than the source capacitance.
There is a second-order effect due to input capacitance of FET op amps, especially when used in
the non-inverting mode. The input common-mode voltage modulates the capacitance and can
cause distortion. To minimize this effect, make sure the source impedance (resistive and
capacitive components) seen by each op amp input terminal is equal.
External stray capacitance on the inverting input of an op amp should be avoided, especially in
high speed applications. The ground plane should be removed from the area directly surrounding
the inverting input to minimize stray PC board capacitance, and all connections to this pin should
be short. As mentioned above, the inverting input capacitance forms an additional pole in the op
amp frequency response, and a feedback capacitor must be added for stabilization. The feedback
capacitor also reduces the overall closed-loop bandwidth.
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In the inverting mode, current feedback op amps are somewhat less sensitive to stray capacitance
because the inverting input impedance is low to begin with. In the non-inverting mode, however,
stray capacitance on the inverting input of a CFB op amp can cause instability and should be
avoided.
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