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Stability: Capacitance on 
Inverting Input
TI Precision Labs – Op Amps

Prepared by Art Kay

Presented by Brittany Hertneky



Amplifiers with capacitance on inverting input
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Transimpedance amplifiers Large value resistors for 

low-power circuits Transient suppression
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• Capacitance on inverting input interacts with 

feedback to cause stability problems

• Let’s discuss how to solve this issue



Amplifier with large feedback resistors
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Open loop stability test 
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• 14º of phased 

margin
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Why 1/β increases at high frequency
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Some components add significant capacitance 
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Sometimes external components included 

in the design add substantial capacitance.  

The TVS in this example adds 1nF of 

capacitance across Rin.
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  LoopGain   A:(12.7k; -2.7f)
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Phase :

  LoopGain   A:(12.7k; 13.8)
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Add a pole to cancel the zero
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Zoom in and 
add a pole

• The position of the pole will determine 

stability.  

• The pole frequency must be lower than 

the intersection of 1/β and AOL
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Minimum capacitance to stabilize amp
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  LoopGain   A:(16.2k; 1.6f)
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Solving stability issues from input capacitance
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Adding a capacitance in the feedback 

cancels the zero caused by Cin.

Choose:  Rf x Cf = Rin x Cin
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Maximum feedback capacitance

10

-2.5V

+2.5V

Vout

Rf 1MEG

+

Vin

Rin 100k

-

+
+

U1 OPAx396

Cin 1n

Cf 500p

Cf(min) = 13.2pF, Cf(fp = fz) = 100pF

Choosing Cf > Cf(fp = fz) reduces 

bandwidth and noise

𝑓𝑝(500pF) =
1

2𝜋𝑅𝑓𝐶𝑓
= 318𝐻𝑧

T

fp = 318Hz
fz = 1.59kHz

G
a

in
 (

d
B

)

-80

-60

-40

-20

0

20

40

60

80

100

120

Frequency (Hz)

100m 1 10 100 1k 10k 100k 1M 10M

P
h

a
s
e

 [
d

e
g

]

-180

-90

0

90

180

fz = 1.59kHz
fp = 318Hz

Gain :

  LoopGain   A:(70.1k; -9.5f)

  aol_loaded   A:(70.1k; 9.6)

  one_over_beta   A:(70.1k; 9.6)

Phase :

  LoopGain   A:(70.1k; 42.8)



Feedback capacitor as an output load
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• Capacitors in series add like 

parallel resistors

• Total capacitance is less than 

the smallest capacitor

• For small Cin, Cf can be very 

large and Ctotal is still small.



AC and noise response for minimum capacitance
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Another example: Transimpedance amp
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• A transimpedance amplifier 

converts an input current to 

an output voltage

• Commonly used to convert 

photodiode current to voltage

• Photodiodes have significant 

capacitance that can cause 

instability in this application.

• The parasitic resistance of 

the photodiode is quite high



AC response of transimpedance example
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Open loop stability test for transimpedance amp
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Stabilizing transimpedance with minimum Cf
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Feedback capacitor for amplifier 

𝐶𝑓(𝑚𝑖𝑛) =
𝐶𝑖𝑛
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  LoopGain   A:(1.1MEG; 25.6f)

  aol_loaded   A:(1.1MEG; 31)

  one_over_beta   A:(1.1MEG; 31)

Phase :

  LoopGain   A:(1.1MEG; 51.4)

fp = 953kHz

fz = 22.7kHz

LoopGain

aol_loaded



Transimpedance AC response
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Closed loop transimpedance bandwidth 

relates to feedback capacitator 
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Thanks for your time!
Please try the quiz.
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Questions: Capacitance on inverting input
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1. What is the most likely reason the circuit below is unstable?

a. Capacitance at the output adds a pole in AOL

b. Capacitance on the inverting input adds a zero in 1/β

c. Capacitance on the inverting output adds a pole in 1/β

d. Capacitance on the inverting adds a zero in loop gain
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Vout

Rf 1MEG
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Rin 100k

-
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+

R
in
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0
0

k



Questions: Capacitance on inverting input
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2. For the transimpedance circuit below, how can stability be improved?

a. Reduce resistance of Rf and Rin proportionately while keeping gain constant 

b. Choose a photodiode with a lower junction capacitor

c. Add a feedback capacitor

d. Improve the PCB layout so that the parasitic capacitance on the inverting input is 

minimized

e. All of the above
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Vout

Rf 2MEG

+

Vin
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-

+
+



Thanks for your time!
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Derivations: Pole and zero for noninverting amp

22

This shows the derivation of 

poles and zeros for a 

noninverting (and inverting) op 

amp.
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Rin 
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Cin Cf



Derivations: Pole and zero when Rin*Cin = Rf*Cf
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This shows the derivation for Cf

that will set the pole and zero 

equal.  This is a good general 

choice for stability.



Derivations: Minimum Cf for stability: part 1
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fz 
Zero from Cin

Want Cf to put 
pole here

1/𝛽(𝑓) =  1 +  
𝑓

𝑓𝑧
 

2

≈
𝑓

𝑓𝑧
 

Equations on next slide relate 

to this figure



Derivations: Minimum Cf for stability: part 2
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Τ1 β (f) = Gdc 1 +
f

fz

2

≈ Gdc
f

fz

AOL(f) ≈
fugbw

f

Gdc
f

fz
=
fugbw

f

Closed loop gain or 1/β is the DC gain 

multiplied by the zero response

Open loop gain near the unity gain bandwidth:

Find the point where Aol and 1/β intersect

fi =
fugbwfz

Gdc

Substitute fz =
Rin+Rf

2πCinRfRin
into fi

fi =
൯fugbw(Rin + Rf

2πCinRfRinGdc

Set pole fp =
1

2πRfCf
to intercept of AOL and 1/β

1

2πRfCf
=

൯fugbw(Rin + Rf

2πCinRfRinGdc

Cf =
Cin

2πfugbwRf

Substitute Gdc =
𝑅𝑓

𝑅𝑖𝑛
+ 1 and solve for Cf

General eq for inverting non-

inverting, and transimpedance


