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Introduction
Measuring ambient temperature with a surface mount
device can be challenging due to the heat transfer
from other power-hungry electronic components that
can influence the temperature reading of the sensor.

To accurately measure ambient temperature, it is
important to follow good layout techniques, such as
understanding the dominant thermal path, isolating the
sensor package, and placing the device away from
interfering heat sources. Figure 1 shows a simple
thermostat design using these techniques.

The passive air flow from the self-heating of the
system draws external air over temperature sensor A.
The sensor is placed at the intake vent away from the
main heat source—the CPU—and is thermally isolated
for a more accurate measurement.

Figure 1. Temperature Sensor Thermostat Design

Heat Radiation and PCB Layouts
It is important to know which components radiate the
most heat first so that routing traces near the heat
sources can be avoided. Figure 2 shows a thermal
image captured with the FloTHERM thermal analysis
tool that shows the temperature distribution through
the air from the heat source.

If components are placed within an enclosure, the heat
distribution may be more condensed. Remember that
the temperature sensor should be placed away from
the heat source to avoid erroneous temperature
readings in both open-air setups and enclosures.

Table 1 lists the recommended distances to place the
sensor for various heat source temperatures.

Table 1. Recommended Distance Away From Heat
Source

HEAT SOURCE
TEMPERATURE

AMBIENT
TEMPERATURE

RECOMMENDED
DISTANCE

40 °C 20 °C 7.62 mm
60 °C 20 °C 15.24 mm
100 °C 20 °C 38.1 mm

Figure 2. Heat Radiated Across Test Board

If the sensor is close to the heat source, it is good
practice to create an isolation island and maximize the
air gap between the sensor and heat source. The
bigger the air gap, the better the ambient temperature
measurement. When the sensor is further away,
however, the gap does not provide additional
shielding. The gap may improve the thermal response
time of the sensor, though.

Figure 3 shows a 0.8-mm wide cutout with a
temperature reading of about 38.5°C, and Figure 4
shows a 1.8-mm wide cutout with a temperature
reading of about 35.5°C. These images show how a
larger isolation gap affects the ambient temperature
reading.
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Figure 3. Thermal Air Gap With 0.8-mm Slot Width

Figure 4. Thermal Air Gap With 1.8-mm Slot Width

When designing the PCB for the temperature sensor, it
is important to follow good layout techniques. Figure 5
shows a PCB layout with an isolation island and
contour routing, while Figure 6 shows an alternative
design that incorporates perforations around the
section with the temperature sensor.

On both mini-boards, the dimensions are small enough
to allocate only the sensor and bypass capacitor—the
smaller the thermal mass of the island, the better the
thermal response. These designs greatly minimize the
amount of heat transfer from other components.

Figure 5. Isolation Island PCB Layout

Figure 6. Perforated PCB Layout

Differential Temperature
In applications requiring more precise temperature
measurement, users can consider a differential
temperature design. In this type of design, additional
temperature sensors are added next to hot
components as shown in Figure 1, and the difference
in temperature between temperature sensors A and B
is measured.

A model of how the ΔT correlates to ambient
temperature is required, however, and this will vary
depending on the system application. This design
factors in the impact of self-heating to provide a more
accurate algorithm to estimate the ambient
temperature.

Device Recommendations
The TMP112 and TMP116 are digital temperature
sensors designed for high-accuracy, low-power
applications, such as environmental monitoring and
thermostat controls. The TMP112 offers an accuracy
of ±0.5°C from 0°C to 65°C, whereas the TMP116
offers an accuracy of ±0.2°C from –10°C to 85°C.

Both temperature sensors are highly linear, require
zero calibration, and have programmable alert
functionality. The TMP112 features a compact 1.60-
mm × 1.20-mm SOT563 package, while the TMP116
features a 2.00-mm × 2.00-mm WSON package.

To ensure optimal performance and device longevity,
additional layout recommendations are discussed in
the collateral listed in Table 2.

Table 2. Recommended Collateral

COLLATERAL DESCRIPTION

Application Report TMP116 Ambient Air Temperature
Measurement

Application Report Precise Temperature Measurements with
TMP116

Application Report Temperature Sensors: PCB Guidelines for
Surface Mount Devices
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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).
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