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Field transmitters are used extensively in factory
automation and control-to-sense process parameters
like temperature, pressure, and flow rate, to name a
few. The sensors used in the field transmitters are
mostly analog sensors that must be sampled
accurately using an analog front-end (AFE).

Due to the operational conditions that arise from the
placement of the field transmitters, it may be subjected
to wide varying temperature conditions and hence,
require some form of temperature compensation.
Traditionally, accurate temperature sensors like
Platinum resistance temperature detector (RTD) are
used in such temperature compensation systems.

RTDs are most commonly used temperature-sensing
components in industrial applications where high
accuracy and longevity is desired.

Most RTD applications use a current source to excite
the RTD element and create a voltage difference
across the RTD, as shown in Figure 1. This voltage is
proportional to the resistance of the RTD and the
excitation current. The voltage potential is amplified,
converted to a digital output by an ADC, and then fed
into an MCU where a lookup table is used to convert
the digital output to temperature.
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Figure 1. Basic RTD Circuit

RTDs in Cold Junction Compensation Systems

Thermocouples are temperature-sensing devices that
cover a large temperature range and are made by
joining wires of two different metals. Due to seebeck
effect, the output voltage is approximately proportional
to the difference in temperature between the hot
junction and cold junction.

Because the thermocouple measures a differential
temperature, the temperature at the cold junction must
be known to determine the temperature at the hot
junction—this process is known as cold junction
compensation (CJC).

Platinum RTDs are popularly used to measure the
temperature of the cold junction due to their high
accuracy. Figure 2 shows a block diagram of a cold
junction-compensated thermocouple system using an

RTD reference.
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Figure 2. CJC Using RTD System Block Diagram

However, while the system block diagram looks quite
simple, there are a lot of considerations like noise,
self-heating, and placement considerations that must
be carefully analyzed. Also, RTDs are sensitive to
trace routing and the trace lengths must be matched.
A lot of these considerations may be optimized to
reduce complexity and cost by replacing RTDs with
temperature-sensing ICs like the TMP117 digital
temperature sensor.

Replacing RTD With TMP117 Digital Temp Sensors

The TMP117 is a digital temperature sensor designed
for low-power, high-accuracy applications. The device
provides a 16-bit temperature result with a resolution
of 0.0078°C, along with a factory-calibrated
performance of £0.1°C across —25°C to +50°C or
+0.3°C across the full operating range of —55°C to
+150°C, which exceeds the accuracy of a Class-AA
RTD. Figure 3 depicts the results of an oil bath
experiment conducted on the TMP117. The graph
shows that TMP117 can meet the accuracy of a thin
film Class AA RTD for a CJC application.
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Figure 3. TMP117 vs. RTD Accuracy

The TMP117 features a shutdown mode where the
device aborts the active running conversion and enters
a low-power shutdown mode where it typically
consumes 250 nA of current mitigating the effects of
self-heating. When triggered by an MCU, the TMP117
can perform quick, 15.5-ms temperature conversions
using the one-shot conversion mode with active
current as low as 3.5 pA for a duty cycle of 1 Hz. The
output is a direct temperature read which does not
require any linearization. After completing a one-shot
conversion, the device automatically returns to low-
power shutdown mode. This simplifies the software
implementation versus an RTD, eliminating the need
for calibration, external circuitry, matched traces, and
Kelvin connections.

The TMP117 also features a fast mode (400 kHz) 12C
communication and an offset register that
automatically applies a user-defined offset to the
measurement results prior to an MCU read. These
specs make the TMP117 excellent for low-power
consumption requirements in CJC applications for field
transmitters.

As described earlier, the TMP117 is comparable in
accuracy to the Class AA thin-film RTD and consumes
a fraction of the power of a PT100 RTD, when used in
CJC applications. Figure 4 shows the block diagram
for CJC systems using the TMP117 to replace the
RTDs. The systems using the TMP117 eliminates the
need for additional components, such as delta-sigma
ADCs, programmable gain amplifiers, and RC filters,
than the systems using RTD elements reducing the
overall system cost. At the same time it reduces
complex layout considerations because of a digital
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Figure 4. CJC Using TMP117 System Block

Diagram
COLLATERAL DESCRIPTION
+0.1°C Accurate Digital Temperature
TMP117 Sensor with Integrated NV Memory
TMP116 +0.2°C Accurate Digital Temperature

Sensor with Integrated NV Memory

RTD Class-AA Replacement With High-
Accuracy Digital Temperature Sensors in
Field Transmitters

Application Report

Replacing Resistance Temperature
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Temperature compensation using high-accuracy temperature sensors

SNOAA27—-March 2019
Submit Documentation Feedback

Copyright © 2019, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNOAA27
http://www.ti.com/product/tmp117/
http://www.ti.com/product/tmp117/
http://www.ti.com/product/tmp116/
http://www.ti.com/product/tmp116/
http://www.ti.com/lit/pdf/snoaa16
http://www.ti.com/lit/pdf/snoaa16
http://www.ti.com/lit/pdf/snoaa16
http://www.ti.com/lit/pdf/snoa969
http://www.ti.com/lit/pdf/snoa969
http://www.ti.com/lit/pdf/snoa986
http://www.ti.com/lit/pdf/snoa986

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 Tl 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. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl 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 Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2022, Texas Instruments Incorporated


https://www.ti.com/legal/termsofsale.html
https://www.ti.com

	Temperature compensation using high-accuracy temperature sensors
	Important Notice

