Analog Engineer's Circuit
AC-Coupled Transimpedance Amplifier Circuit

Design Goals
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Design Descriptio

n

This circuit uses an op amp configured as a transimpedance amplifier to amplify the AC signal of a photodiode
(modeled by I; and C3). The circuit rejects DC signals using a transistor to sink DC current out of the photodiode
through the use of an integrator in a servo loop. The bias voltage applied to the non-inverting input prevents the
output from saturating to the negative supply rail in the absence of input current.
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1. Use a JFET or CMOS input op amp with low-bias current to reduce DC errors.
2. A capacitor placed in parallel with the feedback resistor limits bandwidth, improves stability and helps reduce

noise.

w

of the circuit.

No ok

conditions.

The junction capacitance of the photodiode changes with reverse bias voltage, which influences the stability

Reverse-biasing the photodiode can reduce the effects of dark current.

A resistor (R3) is required on the output of the integrator amplifier.

An emitter degeneration resistor (R4) must be used to help stabilize the BJT.

Use the op amp in a linear operating region. Linear output swing is usually specified under the A, test
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Design Steps

The transfer function of the circuit is:

Vout= -IiX Rq
Calculate the value of the feedback resistor, R4, to produce the desired output swing.

VoMax = VoMin 4.5V-0.5V
liMax - liMin 10pA - (-10p4)

Calculate the feedback capacitor to limit the signal bandwidth.

_ 1 _ 1
C1=7mx R{X fp 27 x 200k x 300kHz

= 2.65pF = 2.7pF (Standard Value)

Calculate the gain bandwidth of the amplifier needed for the circuit to be stable.

Ci+C1 _ 23pF+2.7pF

GBW = 5= 5
2m X R{x €1~ 21 x 200k X(2.7pF)

= 2.97MHz

Where:
Cj = Cpq + Cp + Cq + Cem= 10pF + 5pF + 4pF + 4pF = 23pF

Given:

*+  Cpq: Junction capacitance of photodiode
e Cp: Output capacitance of BJT
» Cg: Differential input capacitance of the amplifier
Ccm: Common-mode input capacitance of the inverting input
Set the cutoff frequency of the integrator circuit, f,, to 0.1Hz to only allow signals near DC to be subtracted
from the photodiode output current. The cutoff frequency is set by R, and C,. Select R, as 1MQ.

(o C N S L
272X Ryxf]  2mx IMQ X 0.1Hz

= 1.59uF = 2.2pF (Standard Value)

Select R3 as 100Q to isolate the capacitance of the BJT from op amp and stabilize the amplifier. For more
information on stability analysis, see the Design References section (2).

Bias the output of the circuit by setting the input common mode voltage of the integrator circuit to mid-supply.
Select Rs and Rg as 100kQ).

100kQ

T00KQ + 100k < OV = 2.5V

Vcm = 6><Vcc=

Re
R +R

Calculate capacitor C, to filter the power supply and resistor noise. Set the cutoff frequency to 1Hz.

_ 1 _ 1 — ~
Co= xRy R3y X THz ~ 2 X (100K( || 00Ky x Tz ~ S-183KF ~ 4.7uF
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Design Simulations

DC Simulation Results
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Integrator Open Loop Stability

180+ Loop Gain (Aol-Beta

Gain (dB)
o
S
1

0 -
20 Phase margin: 63.90 \

-40 at frequency (Hz): 8.93MEG
-604
-1354

-1804
-2254

-2704
-3154

Phase [deg]

-3604
-405]

-450— T T T T
10m 100m 1 10 100 H?equenc)jok 100k 1MEG 10MEG 100MEG

(Hz)

4 AC-Coupled Transimpedance Amplifier Circuit SBOA324A — MAY 2021 — REVISED JANUARY 2025
Submit Document Feedback

Copyright © 2025 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SBOA324
https://www.ti.com/feedbackform/techdocfeedback?litnum=SBOA324A&partnum=OPA172

13 TEXAS
INSTRUMENTS

www.ti.com

TIA Stability Results
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Design References

1. See Analog Engineer's Circuit Cookbooks for Tl's comprehensive circuit library.
2. Tl Precision Labs

3. : SPICE Simulation File
Design Featured Op Amp

OPA172
Vee +2.25V to +18V, 4.5V to 36V
Vincm (V=) =0.1V to (V+) -2V
Vout Rail-to-rail
Vos 0.2mV
lq 1.6mA
lp 8pA
UGBW 10MHz
SR 10V/us
Number of Channels 1,2,4
www.ti.com/product/OPA172
Design Alternate Op Amps
Parametric Search
Vss 5V
Vincm Rail-to-rail
Vout Rail-to-rail
Iy CMOS architecture
UGBW > 2.97MHz
Number of Channels 2
Rating Catalog
www.ti.com parametric op amp search
Trademarks

All trademarks are the property of their respective owners.
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TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
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AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
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