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where AOL(j�) is the open-loop 
gain of the amplifier over frequen-
cy; � is the system-feedback factor, 
equaling 1/(1�ZF/ZIN); ZIN is the dis-
tributed input impedance, equaling 
RPD||j�(CPD�CCM�CDIFF); and ZF 
is the distributed feedback imped-
ance, equaling RF||j�(CRF�CF).

A good tool for determining sta-
bility is a Bode plot. The appropriate 
Bode plot for this design includes the 
amplifier’s open-loop gain and the 1/� 
curve. System elements determining 
the noise-gain frequency response are 

the photodiode’s parasitics and the 
operational amplifier’s input capaci-
tance, as well as RF, CRF, and CF in the 
amplifier’s feedback loop. 

Figure 2 shows the frequency re-
sponse of the 1/� curve and the amp-
lifier’s open-loop-gain response: fP�1/
(2�(RPD||RF)(CPD�CCM�CDIFF�CF�
CRF)), and fZ�1/(2�(RF)(CF�CRF)). 
The AOL(j�) curve intersects the 1/� 
curve at an interesting point. The 
closure rate between the two curves 
suggests the system’s phase margin 
and, in turn, predicts the stability. 
For instance, the closure rate of the 
two curves is 20 dB/decade. Here, 
the amplifier contributes an approxi-

mately �90� phase shift, 
and the feedback factor 
contributes an approxi-
mately 0� phase shift. 
By adding the 1/� phase 
shift from the AOL(j�) 
phase shift, the system’s 
phase shift is �90�, and 
its margin is 90�, result-
ing in a stable system. If 
the closure rate of these 
two curves is 40 dB/de-
cade, indicating a phase 
shift of �180� and a 
phase margin of 0�, the 

circuit will oscillate or ring with a 
step-function input.

One way to correct circuit insta-
bility is to add a feedback capaci-
tor, CF, or to change the amplifier to 
have a different frequency response 
or different input capacitance. A 
conservative calculation that allows 
variation in amplifier bandwidth, in-
put capacitance, and feedback-resistor 
value places the system’s pole of 1/� 
at half the frequency where the two 
curves intersect:

where fGBW is the gain-bandwidth prod-
uct of the amplifier. In this design, the 
system’s phase margin is 65�, and the 
step function’s overshoot is 5%.EDN
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Transimpedance-amplifier 
stability is key
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 A 
variety of precision applications sense light and convert 
that information into a useful digital word. At the sys-
tem’s front end, a preamplifier converts the photodiode’s 
current-output signal to a usable voltage level. Figure 1 
shows the front-end circuit of this system, which com-
prises a photodiode, an operational amplifier, and a feed-

back network. The transfer function of this system is:

Figure 1 This transimpedance photo-
sensing circuit comprises a photodiode, 
an operational amplifier, and a feedback 
network.

PHOTODIODE

DPD

DPD = IDEAL PHOTODIODE.
ISC = CURRENT GENERATED BY LIGHT.
CPD = DEVICE CAPACITANCE.
RPD = DEVICE PARALLEL RESISTANCE.
CF = FEEDBACK CAPACITOR.
RF = FEEDBACK RESISTOR.
CRF = FEEDBACK-RESISTOR PARASITIC CAPACITANCE.
CCM = COMMON-MODE-AMPLIFIER CAPACITANCE.
CDIFF = DIFFERENTIAL-AMPLIFIER CAPACITANCE.
AOL(j�)= AMPLIFIER OPEN-LOOP GAIN.
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NOTES:
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Figure 2 The closure rate between the open-loop-gain 
frequency response and the feedback-gain response 
is 20 dB/decade.
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GAIN=1�(CD�CCM�CDIFF)/CF.
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