
Product Overview
Bridge Sensor Solution

Instrumentation amplifiers (in amp or INA) are a common way of translating low-level sensor outputs to high-
level signals that can drive an analog-to-digital converter (ADC). INAs are designed for sensing applications 
because they offer high common-mode rejection and are able to match the high output impedance of many 
sensors with their high input impedance. They are typically optimized for low-noise, low-offset, and low-drift. A 
downside is that they often do not have enough bandwidth to achieve the settling time required for the sampling 
rate of an ADC. The answer for leveraging the benefits of an INA in a sensing application while still achieving a 
high sampling rate is to use a high-bandwidth ADC driver between the INA and the ADC. This overview shows 
how to achieve this solution for a bridge sensor, but this method can be used for a wide range of different 
sensors.
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Bridge Sensor Signal Chain Solution

Design Considerations
1. An instrumentation amplifier circuit can be implemented discretely or integrated. The TI Precision Labs - 

Instrumentation Amplifier video series discusses the different use cases and topologies.
2. The bandwidth of instrumentation amplifiers is typically too low to drive SAR data converters at high data 

rates. Wide bandwidth is needed because the SAR has a switched capacitor input that needs to be charged 
during each conversion cycle. The OPA320 and OPA322 buffer was added to allow the ADC to run at full 
data rate (1 MSPS).

3. RBias is chosen to be within the common-mode range of the INA using the Common-Mode Input Range 
Calculator for Instrumentation Amplifiers software tool. In the above scenario, RBias is set to output
½ × AVDD to INA IN– to match the reference buffer output.

4. Select C0G-rated capacitors for Cfilt1 and Cfilt2 to minimize distortion.
5. The TI Precision Labs – ADCs training video series reviews methods for selecting the charge bucket circuit 

Rfilt and Cfilt. Refer to Introduction to SAR ADC Front-End Component Selection for details on this subject.
6. For calibration, see Understanding and calibrating the offset and gain for ADC systems for detailed theory on 

this subject.
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Recommended Parts

The following table provides four different options with recommended devices for the components in the circuit. 
The Good low-voltage solution accuracy is a discrete implementation INA. The Better high-voltage solution 
accuracy is shown as it accompanies the existing Analog Engineer's circuit: Circuit for driving a switched-
capacitor SAR ADC with a buffered instrumentation amplifier. The Better low-voltage solution accuracy offers 
mid-level precision, but is the most size and cost-optimized of the four.

Solution
Accuracy

Total INA VOS 
in Gain of 50 
RTI(1) (Typ)(2)

INA Reference
Buffer ADC Driver ADC

Estimated total(3)

Area 1 ku $(4)

Good
(Low Voltage) 424.3 µV TLV9064

(QFN RUC)

OPA322
(SOT-23 DBV)

ADS7040
(X2QFN RUG)

14.4 mm2 (5) $ 1.505

Better
(Low Voltage) 200 µV INA351

(WSON DSG)
10.8 mm2 $ 1.232

Better
(Low Voltage) 200 µV INA350

(WSON DSG)

TLV9041
(X2SON DPW)

11.5 mm2 $ 1.334

Better
(High Voltage) 22.8 µV INA823

(VSSOP DGK)

OPA192
(SOT-23 DBV) OPA320

(SOT-23 DBV)

ADS8860
(VSON DRC)

27.3 mm2 $ 10.579

Best
(Low Voltage) 10.5 µV INA333

(WSON DRG)

OPA333
(SOT-SC70 DCK)

ADS8681
(WQFN RUM)

32.1 mm2 $ 7.684

(1) Referred to INA Input
(2) Offset voltage can be calibrated out using Design Consideration step 6
(3) Estimated solution area and price only includes listed ICs
(4) As of January, 2023 latest price available on ti.com product page
(5) Discrete implementation of INA with 7 0402 resistors

Design References
• Simulation files for this design: SBOMC56
• Analog Engineer's Circuits:

– Single-supply strain gauge bridge amplifier circuit
– Three op amp instrumentation amplifier
– Circuit for driving a switched-capacitor SAR ADC with an instrumentation amplifier
– Circuit for driving a switched-capacitor SAR ADC with a buffered instrumentation amplifier

• Additional resources:
– Determining a SAR ADC’s linear range when using instrumentation amplifiers
– Calculating amplifier + ADC total noise: design examples
– Introduction to reference noise in ADC systems
– Reference noise affect on signal chain performance
– Calculating the total noise for ADC systems
– Analog Engineer's Calculator

Product Overview www.ti.com

2 Bridge Sensor Solution SBAT003A – MAY 2022 – REVISED JANUARY 2023
Submit Document Feedback

Copyright © 2023 Texas Instruments Incorporated

https://www.ti.com/lit/pdf/SBOA282
https://www.ti.com/lit/pdf/SBAA277
https://www.ti.com/lit/pdf/SBAA277
https://www.ti.com/product/TLV9064
https://www.ti.com/store/ti/en/p/product/?p=TLV9064IRUCR
https://www.ti.com/product/OPA322
https://www.ti.com/store/ti/en/p/product/?p=OPA322AIDBVR
https://www.ti.com/product/ADS7040
https://www.ti.com/store/ti/en/p/product/?p=ADS7040IRUGR
https://www.ti.com/product/INA351
https://www.ti.com/store/ti/en/p/product/?p=INA351ABSIDSGR
https://www.ti.com/product/INA350
https://www.ti.com/store/ti/en/p/product/?p=PINA350CDSIDSGR
https://www.ti.com/product/TLV9041
https://www.ti.com/store/ti/en/p/product/?p=TLV9041IDPWR
https://www.ti.com/product/INA823
https://www.ti.com/store/ti/en/p/product/?p=INA823DGKR
https://www.ti.com/product/OPA192
https://www.ti.com/store/ti/en/p/product/?p=OPA192IDBVR
https://www.ti.com/product/OPA320
https://www.ti.com/store/ti/en/p/product/?p=OPA320AIDBVR
https://www.ti.com/product/ADS8860
https://www.ti.com/store/ti/en/p/product/?p=ADS8860IDRCR
https://www.ti.com/product/INA333
https://www.ti.com/store/ti/en/p/product/?p=INA333AIDRGR
https://www.ti.com/product/OPA333
https://www.ti.com/store/ti/en/p/product/?p=OPA333AIDCKR
https://www.ti.com/product/ADS8681
https://www.ti.com/store/ti/en/p/product/?p=ADS8681IRUMR
https://www.ti.com/lit/pdf/SBOA247
https://www.ti.com/lit/zip/sbomc56
https://www.ti.com/lit/pdf/SBOA247
https://www.ti.com/lit/pdf/SBOA282
https://www.ti.com/lit/pdf/sbaa245
https://www.ti.com/lit/pdf/SBAA277
https://training.ti.com/ti-precision-labs-adcs-determining-sar-adcs-linear-range-when-using-instrumentation-amplifiers?context=1139747-1140267-1128375-1139103-1133319
https://training.ti.com/ti-precision-labs-adc-amp-examples?context=1139747-1140267-1128375-1140017-1147901
https://training.ti.com/ti-precision-labs-adc-ref-adc-introduction?context=1139747-1140267-1128375-1140017-1148227
https://training.ti.com/ti-precision-labs-adc-reference-noise-signal-chain?context=1139747-1140267-1128375-1140017-1148415
https://training.ti.com/ti-precision-labs-adcs-calculating-total-noise-adc-systems?context=1139747-1140267-1128375-1140017-1128642
https://www.ti.com/tool/ANALOG-ENGINEER-CALC
https://www.ti.com
https://www.ti.com/lit/pdf/SBAT003
https://www.ti.com/feedbackform/techdocfeedback?litnum=SBAT003A&partnum=


IMPORTANT NOTICE AND DISCLAIMER
TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE 
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS” 
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY 
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD 
PARTY INTELLECTUAL PROPERTY RIGHTS.
These resources are intended for skilled developers designing with TI products. You are solely responsible for (1) selecting the appropriate 
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable 
standards, and any other safety, security, regulatory or other requirements.
These resources are subject to change without notice. TI grants you permission to use these resources only for development of an 
application that uses the TI products described in the resource. Other reproduction and display of these resources is prohibited. No license 
is granted to any other TI intellectual property right or to any third party intellectual property right. TI disclaims responsibility for, and you 
will fully indemnify TI and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these 
resources.
TI’s products are provided subject to TI’s Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with 
such TI products. TI’s provision of these resources does not expand or otherwise alter TI’s applicable warranties or warranty disclaimers for 
TI products.
TI objects to and rejects any additional or different terms you may have proposed. IMPORTANT NOTICE

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2023, Texas Instruments Incorporated

https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com

