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Automating circuit designs for 
photodiode amplifiers

Introduction
A wide variety of circuits use photodiodes to sense the 
intensity and characteristics of light. In these systems, a 
silicon sensor converts light into charge, which is an elec-
trical current in the time domain. These silicon sensors 
are one example of “eyes” in the electronic world  that can 
be used to analyze blood, non-invasively detect tumors, 
detect smoke, position equipment or perform chromatog-
raphy, to name a few. The phenomenon of converting light 
into charge is well understood. The real challenge put 
before the system designer is how to convert the low-level 
currents from the photodiode into a useful voltage. 

There are several analog front-end circuits that effec-
tively capture the small signal level that is generated from 
the photodiode in these applications. The classical design 
topologies shown in Figure 1 are discrete solutions that 
use an operational amplifier (op amp) with a resistor in 
parallel with a capacitor in the feedback loop.[1] These 
circuit designs use resistance to provide a real-time linear 
representation of the light source and capacitance to 
stabilize the output signal. 

Photodiode amplifier topologies are the latest addition 
to the WEBENCH® Amplifier Designer suite. In a previous 
article in the Analog Applications Journal (AAJ), 
Automating amplifier circuit design,[2] I provided an 
overview of the basic operation of the Amplifier Designer 
online design tool. As with the previous releases, an 
expert flow for automating photodiode amplifier designs 
calls for a combination of hard-specification requirements 
and judgement margins. This kind of tool uses these 
 techniques to show the most appropriate op amps and 
external components that are suitable for the specifica-
tions provided. 

Photodiode amplifier topologies
Figure 1 shows three standard topologies for a photodiode 
amplifier: zero reverse bias, negative reverse bias, and 
positive reverse bias. 

In the zero reverse-bias topology (Figure 1a), the anode 
of the photodiode connects to the non-inverting amplifier 
input (IN+) and the cathode connects to the inverting 
amplifier input (IN–). In this manner, there is a theoretical 
zero bias voltage across the photodiode because the anode 
voltage approximately equals the cathode voltage.

As light impinges on the photodiode, the photodiode 
current (IPD) flows from the cathode to the anode. As the 
luminance becomes brighter on the photodiode, there is 
an increase in the photodiode current (IPD). Therefore, 
the amplifier output (VOUT) increases in voltage.  
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Figure 1. Photodiode amplifier topologies from 
WEBENCH® Amplifier Designer
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In the negative reverse-bias topology (Figure 1b), the 
anode of the photodiode connects to the negative bias 
voltage (VBIAS) and the cathode connects to the inverting 
amplifier input (IN–). In this manner, there is a negative 
voltage across the photodiode (anode-to-cathode). The 
application of the negative VBIAS voltage causes the photo-
diode’s junction capacitance to decrease.

As light impinges on the photodiode, the photodiode 
current (IPD) flows from the cathode to the anode. With 
increased brightness on the photodiode, there is an 
increase in the IPD current. With this occurrence, the 
amplifier output (VOUT) increases in voltage.  

In the positive reverse-bias topology (Figure 1c), the 
photodiode anode connects to the inverting amplifier 
input (IN–) and the cathode connects to the positive bias 
voltage (VBIAS). In this manner, there is a positive voltage 
across the photodiode (cathode-to-anode).

The application of the VBIAS voltage (reverse bias) 
causes the photodiode’s junction capacitance to decrease. 
As light impinging on the photodiode becomes brighter, 
the photodiode current (IPD) flows from the cathode to 
the anode. As the luminance increases on the photodiode, 
the IPD current also increases. With this occurrence, the 
amplifier output terminal decreases in voltage. 

Table 1 summarizes the operation of these three topolo-
gies, which are used in the WEBENCH Amplifier Designer. 

Finding the best amplifier
The ultimate task is to find the best op amp for the photo-
diode amplifier circuit. This challenge requires sorting 
through more than 1,400 op amps. Amplifiers offered by 
Texas Instruments come with many variations in their 
electrical performance and specifications. The key specifi-
cations include power-supply ranges, bandwidth, input/
output swing limits, input bias current, offset voltage and 
others. On top of these hard constraints, most amplifier 
choices use a series of overlapping issues, such as output 
DC error, noise, power and/or integrated circuit (IC) cost.  

Step one is to find amplifiers according to basic suitabil-
ity for the final design. In this step, the DC- and AC-circuit 
operational values are identified. Figure 2 shows an 
example of the initial design process for a photodiode 
amplifier with the WEBENCH Amplifier Designer tool. 

On the Amplifier Designer requirements screen 
(Figure 2), data fields that must be completed are:

• Desired power supply voltages

• Desired input/output 

• Design targets: peaking or bandwidth

• Small-signal specifications and peaking

• Photodiode specifications

Figure 2. Amplifier Designer screen for data-entry activities

Power Supply Input / Output Voltages

Small-Signal

Specifications

and Peaking

Photodiode

Specifications

Proceed to

Visualizer page

Design Targets

Table 1. Summary of three transimpedance amplifier topologies

Topology Advantage VOUT versus light

Zero reverse bias Simplest circuit Increases

Negative reverse bias Reduced photodiode junction capacitance, faster response Increases

Positive reverse bias Reduced photodiode junction capacitance, faster response Decreases
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Initially, the power supply voltages are chosen from the 
list provided for the dual supply or single supply. If the 
dual-supply option is chosen, the pull-down menu 
provides seven options: ±1.5 V, ±1.65 V, ±2.5 V, ±5 V, ±6 V, 
±12 V and ±15 V. If the single-supply option is chosen, the 
pull-down menu provides four options: +3.3 V, +5 V, +10 V 
and +12 V. 

Design targets: constant peaking or bandwidth
Amplifier Designer uses the TIA small signal (or rise/fall 
time) value in conjunction with the phase margin (or over-
shoot) inputs to select appropriate amplifiers for your 
circuit. From the more than 1,400 op amps in the product 
line, the choices shown in Figure 3 are to keep the phase 
margin or overshoot as a constant (Target Peaking), or 
keep small-signal bandwidth or rise/fall times as a constant 
(Target Bandwidth). 

If target peaking is chosen, the entered phase margin 
will remain relatively constant and the photodiode ampli-
fier circuit bandwidth will be equal to or greater than the 
entered value for TIA bandwidth. 

If target bandwidth is chosen, the TIA small signal band-
width will remain close to the entered TIA bandwidth 
value, however, the phase margin will be equal to or 
greater than the entered value. 

Inputs to the peaking control (Figure 5) determine the 
photodiode amplifier circuit’s signal phase margin or 
overshoot. 

Choosing phase margin as shown in Figure 5a specifies 
that the phase margin will track the overshoot percentage. 
The alternative is to specify overshoot as shown in 
Figure 5b.

The phase margin and overshoot of the transimpedance 
amplifier are inversely related. Phase margin (degrees) is 
defined at the intercept of the noise gain and the amplifi-
er’s open-loop gain curves. As phase margin decreases, the 
percentage of overshoot will increase. The phase margin 
and overshoot values track.

Figure 3. Select target peaking (overshoot) 
or target bandwidth (rise-fall time)

Small-signal specification and peaking
The menu options shown in Figures 4 and 5 allow entry of 
the small-signal specification and peaking requirements. 

Inputs to the small signal specification boxes (Figure 4) 
determine the minimum signal bandwidth of the photodi-
ode amplifier circuit.  

As shown in Figure 4a, the expected TIA small-signal 
bandwidth may be entered. TIA stands for transimpedance 
amplifier, which is analogous to photodiode amplifier. The 
TIA small-signal bandwidth defines the first-order signal 
bandwidth of the photodiode amplifier. 

Figure 4b shows the entry of rise/fall time as an alterna-
tive specification instead of TIA bandwidth.

If the menu is toggled between the TIA small signal 
bandwidth and rise/fall time, the values will follow each 
other according to the following equations.

TIA small signal = 1 / (2π × Rf × Cf) (1)
TIA small signal = 0.35 / (rise/fall time)  (2)
(rise/fall time) = 0.35 / (TIA small signal) (3)

Figure 5. Peaking options for 
photodiode amplifier

(a) Specify phase margin, or

(b) Specify overshoot

Figure 4. Small-signal specifications 
for photodiode amplifier

(a) Specify TIA bandwidth, or

(b) Specify rise/fall time
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Photodiode specifications
Figure 6 shows three menu areas for 
entering the photodiode specifications. 
The first menu option is to select the 
amplifier topology. The second area is 
for defining photodiode parasitics. The 
bottom area is for entering details about 
externally applied values that affect the 
photodiode.

In Figure 6, the capacitance (Cpd) 
and shunt resistor (Rsh) describe the 
photodiode parasitics.

With photodiodes, there is a voltage-
dependent, parasitic junction capaci-
tance across the depletion region. Cpd 
represents the photodiode’s n-type/ 
p-type parasitic junction capacitance. 
This capacitance reduces with the 
applied voltage bias (Vbias) across the 
photodiode anode and cathode terminals 
as the depletion region diminishes. 

Proceed to the next menu screen 
by clicking the Create Amplifier Design button.

Screening op amps to target: Visualizer
During the transition from the view in Figure 2 to Figure 7, 
the design tool determines the RF and CF values. Figure 7 
shows a snapshot of the Amplifier Designer Visualizer. On 
the top left of the screen is a list of the input design 

criteria. Towards the top right is the optimizer box where 
design priorities can be selected.  

The optimizer box has three pull-down menus with the 
following options for design priorities: noise, output DC 
error, TIA bandwidth, slew rate, supply current, and cost. 
After selecting three design priorities, devices in the 
 solution-table area will be resorted to match the  
optimizer selections. 

The last menu in the top right area of Figure 7 can 
further refine the results to select certain amplifier 

Figure 6. Photodiode specifications

Figure 7. Amplifier Designer visualizer screen

Design Criteria Optimizer Refine Results

Solution Table
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features. The choices available in this area are: package, 
number of channels, and shut down. Selections in this 
area will further reduce the list of amplifiers shown in the 
solution table area. 

With the optimizer, by selecting output DC error as most 
important, supply current as important, and noise as less 
important, the solution table should show the OPA244 
family of devices at the top of the list. The design 
summary description in the following section is based on 
selecting the Open Design button for the 
OPA244.

Design summary
At this point, after selecting the options previously 
described, the circuit is fully defined. The screen for the 
amplifier designer summary is shown in Figure 8, which 
allows exploring the theoretical feasibility of the design. 

The menu bar midway down in Figure 8 allows selecting 
detailed information screens for calculated performance 
analysis, performance values, and the bill of materials (BOM). 

The calculated performance analysis segment produces 
six graphs: 1) DC sweep; 2) step response; 3) Aol, TIA, 
noise gains; 4) noise sources; 5) total noise; and 6) loop 
gain/phase. These curves are not the result of a simula-
tion; rather, they are calculated theoretical graphs. The 
intent is to provide a quick look at the circuit’s behavior 
before proceeding any further. 

The calculated performance-values screen lists circuit 
characteristics in seven categories:

1. Design criteria
2. Operating frequency values
3. Power requirements
4. Input offset voltage/input bias current errors
5. VOUT gain versus resistor/capacitor tolerance
6. Error over temperature
7. Total output noise

Within these seven categories, there are calculated perfor-
mance values. For instance, the last category (Total 
Output Noise) shows the RF noise, op-amp voltage noise, 
op-amp current noise, total rms noise, total peak-to-peak 

Figure 8. Amplifier Designer summary screen

Calculated Performance Analysis

Calculated Performance Values

Bill of Materials
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noise, signal-to-noise ratio (SNR) and effective number  
of bits (ENOB).

For the following description, click on the SIM 
icon at the top of the screen to open the TI-SPICE 
simulation screen.

Circuit simulation with online TI-SPICE
The Amplifier Designer can export the complete circuit 
for TI-SPICE simulation. The amplifier simulation environ-
ment (Figure 9) uses Texas Instruments PSPICE models 
while providing six simulation options:

1. Sine wave response
2. Closed-loop frequency response 
3. Step response
4. DC sweep
5. Output noise
6. Loop gain
With all of these simulation options, Amplifier Designer 

provides the appropriate signal sources. If required, it is 
possible to modify the magnitudes, frequency, or timing of 
the input sources. 

For an alternative simulation environment, it is possible 
to download the circuit into the TINA-TI™ environment. 
The Amplifier Designer offers this export option by 
clicking the Sim Export button at the top of the 
screen. 

Figure 9. Amplifier Designer simulation screen

Pull down menu with six options

Start Simulation

Conclusion
The WEBENCH Amplifier Designer tool automatically 
performs the basic analysis and product selection activi-
ties that would normally be perform in photodiode circuit-
design activities—but it goes a step further. It offers a 
comprehensive evaluation of the new circuit, making it 
easy to fit a design into the rest of an existing circuit. Find 
out more by visiting the Amplifier Designer Web site.

References
1. John Caldwell, “What op amp bandwidth do I need?” 

Part I, Part II and Part III. TI Precision Hub blog, May, 
2014

2. Bonnie Baker, “Automating amplifier circuit design,” 
Analog Applications Journal (SLYT662), 1Q 2016

Related Web sites
Design tools:
WEBENCH Amplifier Designer
TINA-TI SPICE-Based Analog Simulation Program

Product Information:
OPA244

http://www.ti.com/aaj
http://e2e.ti.com/blogs_/b/precisionhub/archive/2014/05/07/transimpedance-amplifiers-what-op-amp-bandwidth-do-i-need-part-i?keyMatch=What%20op%20amp%20bandwidth%20do%20I%20need&tisearch=Search-EN-Everything
http://e2e.ti.com/blogs_/b/precisionhub/archive/2014/05/07/transimpedance-amplifiers-what-op-amp-bandwidth-do-i-need-part-ii?keyMatch=What%20op%20amp%20bandwidth%20do%20I%20need&tisearch=Search-EN-Everything
http://e2e.ti.com/blogs_/b/precisionhub/archive/2014/05/08/part-iii-what-op-amp-bandwidth-do-i-need-transimpedance-amplifiers?keyMatch=What%20op%20amp%20bandwidth%20do%20I%20need&tisearch=Search-EN-Everything
http://www.ti.com/lit/SLYT662
http://www.ti.com/lsds/ti/analog/webench/amplifiers.page
http://www.ti.com/tool/TINA-TI
http://www.ti.com/product/OPA244


Texas Instruments 7	 AAJ 1Q 2017

Analog Applications Journal

E2E and TINA-TI are trademarks and WEBENCH is 
a registered trademark of Texas Instruments. All 
other trademarks are the  property of their 
respective owners.

TI Worldwide Technical Support

© 2017 Texas Instruments Incorporated.  
All rights reserved. SLYT703

TI Support
Thank you for your business. Find the answer to your support need or get in 
touch with our support center at 

 www.ti.com/support

China:	 http://www.ti.com.cn/guidedsupport/cn/docs/supporthome.tsp

Japan:	 http://www.tij.co.jp/guidedsupport/jp/docs/supporthome.tsp

Technical support forums
Search through millions of technical questions and answers at TI’s E2E™ 
Community (engineer-to-engineer) at 

 e2e.ti.com

China:	 http://www.deyisupport.com/

Japan:	 http://e2e.ti.com/group/jp/

TI Training
From technology fundamentals to advanced implementation, we offer 
on-demand and live training to help bring your next-generation designs to life. 
Get started now at 

 training.ti.com

China:	 http://www.ti.com.cn/general/cn/docs/gencontent.tsp?contentId=71968

Japan:	 https://training.ti.com/jp

A011617

Important Notice:	The	products	and	services	of	Texas	Instruments	Incorporated	and	its	
subsidiaries	described	herein	are	sold	subject	to	TI’s	standard	terms	and	conditions	of	sale.	
Customers	are	advised	to	obtain	the	most	current	and	complete	information	about	TI	products	and	
services	before	placing	orders.	TI	assumes	no	liability	for	applications	assistance,	customer’s	
applications	or	product	designs,	software	performance,	or	infringement	of	patents.	The	publication	
of	information	regarding	any	other	company’s	products	or	services	does	not	constitute	TI’s	approval,	
warranty	or	endorsement	thereof.

http://www.ti.com/aaj
http://www.ti.com/support
http://www.ti.com.cn/guidedsupport/cn/docs/supporthome.tsp
http://www.tij.co.jp/guidedsupport/jp/docs/supporthome.tsp
http://e2e.ti.com
http://www.deyisupport.com/
http://e2e.ti.com/group/jp/
http://training.ti.com
http://www.ti.com.cn/general/cn/docs/gencontent.tsp?contentId=71968
https://training.ti.com/jp


IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.
TI’s provision of TI Resources does not expand or otherwise alter TI’s applicable published warranties or warranty disclaimers for TI
products, and no additional obligations or liabilities arise from TI providing such TI Resources. TI reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.
You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such TI products as used in such applications. TI has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.
You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.
TI RESOURCES ARE PROVIDED “AS IS” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.
TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.
You agree to fully indemnify TI and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.
This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, TI products and services.
These include; without limitation, TI’s standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2017, Texas Instruments Incorporated

http://www.ti.com/sc/docs/stdterms.htm
http://www.ti.com/lit/pdf/SSZZ027
http://www.ti.com/lit/pdf/SSZZ027
http://www.ti.com/sc/docs/sampterms.htm

