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Introduction 
Accurate measurement using sensor elements requires precise and local measurement of the element’s 
temperature for correction and compensation across a wide operating range. Thus, an integral part of 
Sensor Signal Conditioner (SSC) functionality is to provide at least one or more methods to measure 
temperature of the sensor element, which is typically a resistive bridge or capacitive transducer.  

One simple and effective way to create a precise thermometer is to build a standard circuit called a PTAT 
(Proportional To Absolute Temperature) that generates a linear, consistent voltage versus temperature. 
This is fine as long as the SSC silicon is tightly coupled thermally to the sensor element such that the 
temperature of the two elements is nearly equal.  

In some cases, however, the sensor element may be separated from the SSC by several centimeters or 
even further. In these instances, the SSC cannot be used predictably for temperature compensation and 
some type of external thermometer is needed that can be co-located with the bridge sensor. Silicon diodes 
or thermistors of the NTC or PTC type are commonly used for these cases, but these solutions require 
additional components and may have the same issue of co-location with the primary sensing element. 

For resistive bridges, the ultimate way to measure the sensor temperature accurately with no additional 
cost or space is to use the temperature coefficient of the bridge itself. However, this requires some 
additional complexity in the biasing circuitry for the sensor bridge and more sophisticated calibration 
algorithms in the SSC to linearize the temperature coefficient of the bridge, which may exhibit up to third 
order variation.  

With advanced modern SSCs like the ZSSC3241, this functionality is fully integrated and supported. The 
ZSSC3241 can support temperature measurement using an internal PTAT, external diodes or thermistors, 
and using the main sensing bridge itself as the thermometer. The various options are fully programmable 
and configurable using internal Non-Volatile Memory (NVM) for optimal performance based on system 
requirements. 

 

The ZSSC3241 provides for 7 different temperature measurement 
modes  
Below is the basic block diagram for the ZSSC3241, showing the configurable sensor interface with biasing 
and amplification functions in the analog frontend. There is also an Internal Temperature Sensor onboard. 
The ADC converts the sensor and temperature readings into the digital domain, where all the linearization, 
correction, and temperature compensation functions are performed. The final calibrated and scaled outputs 
are available as either analog or various digital representations. 
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Figure 1. Block Diagram of the ZSSC3241 Sensor Signal Conditioner (SSC) 

 
Looking more closely into the analog frontend, there are four blocks in particular that enable the ZSSC3241 
to reconfigure temperature measurements: a sensor-supply multiplexer to switch between current and 
voltage bias modes, a sensor bias current source, internal temperature sensor, and an input multiplexer 
that selects between the measurands. These blocks are controlled by bits in the NVM labelled sensor_sup, 
Tbiasout, and gain_polarity.  

 

Figure 2. Configurable blocks of the Analog Front End interface to the bridge and temperature sensors 
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With these blocks and the configuration options, the ZSSC3241 provides for 7 different temperature 
measurement modes as summarized in the table below. There are two primary biasing modes for using the 
sensor bridge as a thermometer: current or voltage. For each of these types a series resistor, Rt, is 
required to adjust the common mode voltage of the bridge into the proper range for the internal 
Programmable Gain Amplifier (PGA). The ZSSC3241 provides the option to have this series resistance 
fully integrated for many cases, but some external resistance might be required in cases where accuracy 
requirements are stringent. 

 

Reference Temperature 
Sensor 

Bridge bias 
mode 

External 
components 

Comments 

T0 Internal PTAT Current/Voltage None Independent bridge bias 

T1 Sensor Bridge Current None Internal Rt for CM adjustment 

T2 Sensor Bridge Current Resistor(s) Ext. Rt should have low tempco 

T3 Diode/Thermistor Voltage Diode/Thermistor No series resistors 

T4 Sensor Bridge Voltage None Internal Rt for CM adjustment 

T5 Sensor Bridge Voltage Resistor(s) Ext. Rt should have low tempco 

T6 Diode/Thermistor Voltage Diode/Thermistor Same as T3 with internal Rt 

Table 1. Summary of Temperature sensing options in the ZSSC3241 

The figures below provide more details on how the blocks are configured for each of the cases in the table. 
In each figure, the blue lines show the bias path for the sensor bridge and the red lines show the signal 
path measured to represent temperature. 
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Configuration for using internal PTAT thermometer 

Figure 3. 

Figure 3 shows the configuration for T0, using an internal PTAT thermometer. Sensor bridge biasing is 
completely independent and can be either ratiometric voltage or current. No external components are 
required. 

 

Configuration for using the sensor bridge as a thermometer 
 

Figure 4. 

Figure 4 illustrates the configuration for T1, using the sensor bridge as a thermometer. In this case the bridge 
is driven by current and two internal resistors, Rt and Rt’, are used to adjust the Common Mode voltage of 
the bridge into the appropriate range for the ZSSC3241. The values of Rt and Rt’ are adjustable by settings 
in the NVM registers. 
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Configuration with external Rt for cases with high accuracy requirements 
 

Figure 5. 

Figure 5 shows configuration for T2 with external Rt for cases with high accuracy requirements. Rt,external 
should have a low temperature coefficient so that the temperature variation is dependent on the sensor bridge 
temperature coefficient. The internal Rt’ is optional depending on whether CM adjustment is required. 

 

Configuration with external diode or thermistor as thermometer 
 

Figure 6. 

Figure 6 illustrates the configuration for T3 with external diode or thermistor as thermometer. The thermistor 
can be of the NTC or PTC type. The temperature sensor is biased with a programmable current source and 
the bridge sensor is voltage driven. Internal Rt’ can be used if necessary for shifting the CM voltage. 
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Configuration using the sensor bridge as a thermometer with internal Rt and 
Rt’ 
 

Figure 7. 

Figure 7 shows the configuration for T4, using the sensor bridge as a thermometer with internal Rt and Rt’. 
This corresponds to T1 except the bridge is biased by voltage rather than current. 

 

Figure 8. 

Figure 8 shows the configuration for T5, using the sensor bridge as a thermometer with external resistance, 
Rt, external. This corresponds to T2 except the bridge is biased by voltage rather than current. 
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Configuration using an external diode or thermistor for temperature sensing 
 

Figure 9. 

Figure 9 illustrates the configuration for T6, using an external diode or thermistor for temperature sensing. 
This corresponds to T3 but allows for a high-side resistance, Rt, internally in case additional CM voltage 
adjustment is required for the external temperature sensor. 

 

Summary 
Additional information for these configurations including the range of currents, voltages, and Rt/Rt’ values 
along with the corresponding NVM settings is available in the datasheet for the ZSSC3241. The references 
T1-T6 used here correspond to the labels used in the datasheet. 

With its wide range of front-end configurations, the ZSSC3241 enables designers to optimize both the main 
sensor interface and the type and location of sensors used for temperature compensation in order to 
achieve the best accuracy possible with fewer components and cost. 

Renesas also provides additional resources for developing and characterizing designs with the ZSSC3241. 
These include a full evaluation kit with device samples, application notes, and dedicated support staff. 

 

Reference 
■ ZSSC3241 product page: renesas.com/zssc3241 
 
  

https://www/renesas.com/products/sensor-products/sensor-signal-conditioners-ssc-afe/zssc3241-enhanced-24-bit-sensor-signal-conditioner-analog-and-digital-output


Flexible Temperature Measurement with the ZSSC3241 Enables Bridge as Temperature Sensor 

 

May, 2023  Page 8  
 

 
 
 
 
 
 
 
 
 

 
RENESAS ELECTRONICS CORPORATION AND ITS SUBSIDIARIES (“RENESAS”) PROVIDES TECHNICAL SPECIFICATIONS AND 

RELIABILITY DATA (INCLUDING DATASHEETS), 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 OR 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 developers skilled in the art designing with Renesas products. You are solely responsible for (1) selecting 

the appropriate products for your application, (2) designing, validating, and testing your application, and (3) ensuring your application meets 

applicable standards, and any other safety, security, or other requirements. These resources are subject to change without notice. Renesas 

grants you permission to use these resources only for development of an application that uses Renesas products. Other reproduction or use 

of these resources is strictly prohibited. No license is granted to any other Renesas intellectual property or to any third party intellectual 

property. Renesas disclaims responsibility for, and you will fully indemnify Renesas and its representatives against, any claims, damages, 

costs, losses, or liabilities arising out of your use of these resources. Renesas' products are provided only subject to Renesas' Terms and 

Conditions of Sale or other applicable terms agreed to in writing. No use of any Renesas resources expands or otherwise alters any 

applicable warranties or warranty disclaimers for these products. 

(Rev.1.0 Mar 2020)  

 

Corporate Headquarters  
 
TOYOSU FORESIA, 3-2-24 Toyosu, Koto-ku, Tokyo 135-0061, 

Japan  

https://www.renesas.com 

Contact Information  
 
For further information on a product, technology, the most up-to-date 

version of a document, or your nearest sales office, please visit:  

https://www.renesas.com/contact-us 

 
Trademarks  
 
Renesas and the Renesas logo are trademarks of Renesas 

Electronics Corporation. All trademarks and registered trademarks 

are the property of their respective owners.  

 

 

© 2023 Renesas Electronics Corporation. All rights reserved. 

Doc Number: R36WP0001EU0100 

https://www.renesas.com/
https://www.renesas.com/contact-us

	The ZSSC3241 provides for 7 different temperature measurement modes
	Configuration for using internal PTAT thermometer
	Configuration for using the sensor bridge as a thermometer
	Configuration with external Rt for cases with high accuracy requirements
	Configuration with external diode or thermistor as thermometer
	Configuration using the sensor bridge as a thermometer with internal Rt and Rt’
	Configuration using an external diode or thermistor for temperature sensing

	Summary
	Reference

