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Amplifiers with capacitance on inverting input

Transimpedance amplifiers
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« Capacitance on inverting input interacts with
feedback to cause stability problems
\° Let’s discuss how to solve this issue )
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Amplifier with large feedback rfasistors
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Open loop stability test
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Why 1/ 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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Add a pole to cancel the zero
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« The position of the pole will determine
stability.
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Minimum capacitance to stabilize amp
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Solving stability issues from input capacitance
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Maximum feedback capacitance
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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 C;,, C; can be very
\Iarge and C,, is still small. /
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AC and noise response for minimum capacitance
Rf x Cf = Rin x Cin
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Another example: Transimpedance amp
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converts an input current to Y% : IR
an output voltage N e
« Commonly used to convert
photodiode current to voltage ‘ =y Sy
« Photodiodes have significant l e
capacitance that can cause 5 R B . -
instability in this application. 5 Ql 9| ¢ > —<
. . ' R = ' Ul OPAx328
« The parasitic resistance of P (Ol GI 2s = L

\the photodiode is quite high/ o
i Photodiode

Equivalent Circuit
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AC response of transimpedance example
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Open loop stability test for transimpedance amp

N

RF 100k
AN
N -2.5V
1 aol_loaded
——
=~ 2 UL OPAX328
O et
& +2.5V
= (N 4N
-IN
(-IN) N
L2 1T
o ['L T. - . nNAN -.I_ [
[ [N I
Cem2p _ | + cl21r |
< —
= £
S8 T @ J LoopGain VGL
llll |r |r i UUUY 5 I
C32p l L31T 1
+IN

Gain (dB)

Phase [deg]

120—5
100—5
so_f
60
40—
aol_loaded
20—
=
-20—
40 | Gan:
] LoopGain A:(917.6k; -42.2f)
-60— aol_loaded A:(917.6k; 32.8)
807 one_over_beta A:(917.6k; 32.8)
4 | Phase:
-100— LoopGain A:(917.6k; 1.5)
-120—
180
90 \
0 4
-90 . : : . . . . . .
100m 1 10 100 1k 10k 100k M 10M  100M  1G

Frequency (Hz)

W3 TEXAS INSTRUMENTS
15



Stabilizing transimpedance with minimum C;

/Feedback capacitor for amplifier
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Transimpedance AC response
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Please try the qui:




Questions: Capacitance on inverting input

1. What is the most likely reason the circuit below is unstable?

oo oTp

Capacitance at the output adds a pole in Ay,
Capacitance on the inverting input adds a zero in 1/3
Capacitance on the inverting output adds a pole in 1/
Capacitance on the inverting adds a zero in loop gain
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i AAY A%Y
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Rin 100k
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Questions: Capacitance on inverting input

2. For the transimpedance circuit below, how can stability be improved?
Reduce resistance of Rf and Rin proportionately while keeping gain constant
Choose a photodiode with a lower junction capacitor

Add a feedback capacitor
Improve the PCB layout so that the parasitic capacitance on the inverting input is

minimized _
Rin IMEG Rf 2MEG

e. All of the above l AN AN
- -2.5V

oo o p

- Vout

+
+
Vin +2.5V
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Derivations: Pole and zero for noninverting amp

“Feedback impedances™
| 1

<, ——-R,
8.0, 50

1 = Ze=
Rt e !
T e s 5Oy

“Geneal Gain equation™

Z
C=—r+1
Zin

“Substitute impedances into gain™
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R
f
ER el

Rf"’;
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G= =TT +1
R,

g0,

1
R+ 5-C,

“simplify for standard trransfer function”
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R
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L R, Ry (CpeRpes+1)
-y,
1
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Cin Cf
“find the pole” I I I I
solve , s 1 . Rf
o (CreRes+1)=0 . — Rin
Rin-(Cy-By ) C,R; +—VW AV
- Vout
“pole frequency™ >»—C
+
1 +
i e = Vin
2.m.Cp- Ry

“find the zero™

solve , 5 —,!'Z“,_—.i'ZJr

C. +C AR R. «54+ R +R.=0
(Cen+Cy)+ By Ry 5+ Ry + By (Cin+Cy)+Ry=Ryy,

“zero frequency™

R, +R; This shows the derivation of
2.7 (Con+Cy) - Ry Ry, poles and zeros for a

noninverting (and inverting) op
amp.

f:=
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Derivations: Pole and zero when Rin*Cin = Rf*Cf

General pole frequency

1

fv=gm.C R,

General zero frequency

R+ Ry

f-= 27 (Cent Cj) - By Ry

This shows the derivation for Cf
that will set the pole and zero
equal. Thisis a good general
choice for stability.

eeeeeeeeeeee

into general equation

R R.
Ry, R;
. R, in
substitute , G =——+1 -.-Cf=cm'
R+ Ry Rin B 1
{Cﬁf"cf} By Ry, o | L e

1 1
f“'zmcm-ﬂm I»= 2.7.C R,

Mote from above that when Rin*Cin = Rf*Cf, then fz ={p

R
Use =0 —

to find Cf for good stability
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Gain (dB)

Derivations: Minimum Cf for stability: part 1
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Equations on next slide relate intercepts Ao bandwidth
to this figure
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Derivations: Minimum Cf for stability: part 2

Closed loop gain or 1/B is the DC gain
multiplied by the zero response

8 = £’ f
/B(f)_ Gdc 1+<€> zGdc(i)

Open loop gain near the unity gain bandwidth:

fugb
Ao () = ugfw

Find the point where Aol and 1/B intersect

f fugbw
Gqc (E) =

Rin+Rf

TmCiRoRe into f,

Substitute f, =

f = fugbw(Rin + Rf)
: 2T[CianRinGdc
1

p—— to intercept of Ay, and 1/B8

Set pole f, =

1 \/fugbw(Rin + Rf)

2mRC; | 2mCiRiRipGye

Substitute Gy = If—f + 1 and solve for Cf

C. = Cin General eq for inverting non-
£ 21tfygpwRs inverting, and transimpedance
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