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TMP007 Infrared Thermopile Sensor with Integrated Math Engine
1 Features 3 Description

The TMP007 is an infrared thermopile sensor that
1• Thermopile and Local Die Temperture Sensor

measures the temperature of an object without– NETD: 90 mK contacting the object. The integrated thermopile
– Responsivity: 9 V/W absorbs the infrared energy emitted from the object in

the sensor field of view. The thermopile voltage is– Sensor Noise: 300 nV
digitized and provided as an input to the integrated• Iintegrated Math Engine math engine, along with the die temperature (TDIE).

– 14-Bit (0.03125°C) Resolution The math engine then computes the corresponding
object temperature.– Alert Pin: Interrupt and Comparator Modes

– Nonvolatile Memory Default calibration and thermal transient coefficients
are stored in the built-in nonvolatile EPROM memory.– Programmable Conversion Rate
Application specific values can be stored for improved– Transient Correction accuracy. An alert function is available, and can be

• Low Quiescent Current: 270-µA Active, 2-µA programmed in either comparator or interrupt mode.
Shutdown

The TMP007 is compatible with I2C and SMBus
• I2C™ and SMBus Compatible interfaces, and allows up to eight devices on one bus.
• 8-Ball DSBGA, 1.9 mm × 1.9 mm × 0.625 mm Low power consumption along with low operating

voltage is ideal for battery-powered applications.package

The TMP007 provides convenient, noncontact2 Applications thermal solutions for measuring temperature with
factory-supplied calibration. This device is also• Temperature Measurement
suitable for industrial and consumer applications with– Laptop and Tablet Cases a user-customized system calibration.

– Batteries
Device Information– Heat Sinks

ORDER NUMBER PACKAGE BODY SIZE– Skin
TMP007YZF DSBGA (8) 1.9 mm × 1.9 mm– Laser Printers

1

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCT PREVIEW Information. Product in design phase of
development. Subject to change or discontinuance without notice.

http://www.ti.com/product/TMP007?dcmp=dsproject&hqs=pf
http://www.ti.com/product/TMP007?dcmp=dsproject&hqs=sandbuy&#samplebuy
http://www.ti.com/product/TMP007?dcmp=dsproject&hqs=td&#doctype2
http://www.ti.com/product/TMP007?dcmp=dsproject&hqs=sw&#desKit
http://www.ti.com/product/TMP007?dcmp=dsproject&hqs=support&#community
http://www.ti.com/product/tmp007?qgpn=tmp007
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4 Device and Documentation Support

4.1 Trademarks
I2C is a trademark of NXP Semiconductors.
All other trademarks are the property of their respective owners.

4.2 Electrostatic Discharge Caution
This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.

4.3 Glossary
SLYZ022 — TI Glossary.

This glossary lists and explains terms, acronyms and definitions.

5 Mechanical, Packaging, and Orderable Information
The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.

2 Submit Documentation Feedback Copyright © 2014, Texas Instruments Incorporated

Product Folder Links: TMP007

http://www.ti.com/product/tmp007?qgpn=tmp007
http://www.ti.com
http://www.ti.com/lit/pdf/SLYZ022
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBOS685&partnum=TMP007
http://www.ti.com/product/tmp007?qgpn=tmp007
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PACKAGING INFORMATION

Orderable Device Status
(1)

Package Type Package
Drawing

Pins Package
Qty

Eco Plan
(2)

Lead/Ball Finish
(6)

MSL Peak Temp
(3)

Op Temp (°C) Device Marking
(4/5)

Samples

TMP007AIYZFR PREVIEW DSBGA YZF 8 3000 Green (RoHS
& no Sb/Br)

SNAGCU Level-2-260C-1 YEAR -40 to 125

TMP007AIYZFT PREVIEW DSBGA YZF 8 250 Green (RoHS
& no Sb/Br)

SNAGCU Level-2-260C-1 YEAR -40 to 125

 
(1) The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: TI has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but TI does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.
OBSOLETE: TI has discontinued the production of the device.

 
(2) Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.
TBD:  The Pb-Free/Green conversion plan has not been defined.
Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, TI Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based  die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.
Green (RoHS & no Sb/Br): TI defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br)  and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

 
(3) MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

 
(4) There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

 
(5) Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

 
(6) Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

 
Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. TI bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
TI and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

http://www.ti.com/productcontent
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In no event shall TI's liability arising out of such information exceed the total purchase price of the TI part(s) at issue in this document sold by TI to Customer on an annual basis.

 





IMPORTANT NOTICE
Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI’s terms and conditions of sale
supplied at the time of order acknowledgment.
TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI’s terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent TI deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.
TI assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.
TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information 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.
Reproduction of significant portions of TI information in TI data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. TI is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.
Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
TI is not responsible or liable for any such statements.
Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify TI and its representatives against any damages arising out of the use
of any TI components in safety-critical applications.
In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI’s goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.
No TI components are authorized for use in FDA Class III (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.
Only those TI components which TI has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.
TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, TI will not be responsible for any failure to meet ISO/TS16949.
Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications
Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy
Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial
Interface interface.ti.com Medical www.ti.com/medical
Logic logic.ti.com Security www.ti.com/security
Power Mgmt power.ti.com Space, Avionics and Defense www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Applications Processors www.ti.com/omap TI E2E Community e2e.ti.com
Wireless Connectivity www.ti.com/wirelessconnectivity

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2014, Texas Instruments Incorporated

http://www.ti.com/audio
http://www.ti.com/automotive
http://amplifier.ti.com
http://www.ti.com/communications
http://dataconverter.ti.com
http://www.ti.com/computers
http://www.dlp.com
http://www.ti.com/consumer-apps
http://dsp.ti.com
http://www.ti.com/energy
http://www.ti.com/clocks
http://www.ti.com/industrial
http://interface.ti.com
http://www.ti.com/medical
http://logic.ti.com
http://www.ti.com/security
http://power.ti.com
http://www.ti.com/space-avionics-defense
http://microcontroller.ti.com
http://www.ti.com/video
http://www.ti-rfid.com
http://www.ti.com/omap
http://e2e.ti.com
http://www.ti.com/wirelessconnectivity
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Overview

Unlike most of the other temperature sensors we have, this breakout has a really cool IR
sensor from TI that can measure the temperature of an object without touching it.

The TMP007 is the latest thermopile sensor from TI, and is an update of the
TMP006 (http://adafru.it/dMS). The internal math engine does all the temperature calculations
so its easier to integrate - you can read the die and target temperatures directly over I2C.
The TMP007 also has better transient management, so you don't get as much
over/undershoot when the temperature changes a lot.

© Adafruit Industries https://learn.adafruit.com/adafruit-tmp007-sensor-breakout Page 3 of 17

https://www.adafruit.com/product/1296


Simply point the sensor towards what you want to measure and it will detect the
temperature by absorbing IR waves emitted. The embedded thermopile sensor generates a
very very small voltage depending on how much IR there is, and using some math, that
micro voltage can be used to calculate the temperature. It also takes the measurement over
an area so it can be handy for determining the average temperature of something.

© Adafruit Industries https://learn.adafruit.com/adafruit-tmp007-sensor-breakout Page 4 of 17



 

This sensor comes as a ultra-small 0.5mm pitch BGA, too hard to solder by hand. So we
stuck it on an easy-to-work-with breakout board. The sensor works with 2.5V to 5V logic so
it requires no logic level shifting. There are two address pins and using a funky method of
connecting the pins you can have up to 8 TMP007's connected to one i2c bus. We also
include a small piece of 0.1" breakaway header so you can easily solder to and use this
sensor on a breadboard. Two mounting holes make it easy to attach to an enclosure.

© Adafruit Industries https://learn.adafruit.com/adafruit-tmp007-sensor-breakout Page 5 of 17



Pinouts

The TMP007 is a very straight-forward sensor, lets go thru all the pins so you can understand
what you need to connect to get started

 (http://adafru.it/dMZ)Power Pins
VCC - This is the positive power and logic level pin. It can be 2.2-5.5VDC, so fine for
use with 3 or 5V logic. Power VCC with whatever logic level you plan to use on the i2c
lines.
GND - this is the ground power and logic reference pin.

© Adafruit Industries https://learn.adafruit.com/adafruit-tmp007-sensor-breakout Page 6 of 17

https://learn.adafruit.com/adafruit-mcp9808-precision-i2c-temperature-sensor-guide/pinouts#power-pins


 

 (http://adafru.it/dMZ)I2C Data Pins
SCL - this is the I2C clock pin. There's a 10K pull-up already on the board, so connect
this directly to the i2c master clock pin on your microcontroller
SDA - this is the I2C data pin. There's a 10K pull-up already on the board, so connect
this directly to the i2c master data pin on your microcontroller

 (http://adafru.it/dMZ)Optional Pins
These are pins you don't need to connect to unless you want to!

Alert - This is the interrupt/alert pin from the TMP007. The chip has some capability to
'alert' you if the chip temperature goes above or below a set amount. This output can
trigger to let you know. We don't have library support for this pin, so check the
datasheet for more information.
AD0 AD1 - These are the address select pins. Since you can only have one device
with a given address on an i2c bus, there must be a way to adjust the address if you
want to put more than one TMP on a shared i2c bus. The AD0/AD1 pins set the bottom
three pins of the i2c address. There are 10K pull-down resistors on the board.

The default address of the TMP007 is 0x40 . By connecting the address pins as in the
following table, you can generate any address between 0x40 and 0x47

© Adafruit Industries https://learn.adafruit.com/adafruit-tmp007-sensor-breakout Page 7 of 17

https://learn.adafruit.com/adafruit-mcp9808-precision-i2c-temperature-sensor-guide/pinouts#i2c-data-pins
https://learn.adafruit.com/adafruit-mcp9808-precision-i2c-temperature-sensor-guide/pinouts#optional-pins


Assembly

Prepare the header strip:
Cut the strip to length if necessary. It will be
easier to solder if you insert it into a
breadboard - long pins down

© Adafruit Industries https://learn.adafruit.com/adafruit-tmp007-sensor-breakout Page 8 of 17

http://learn.adafruit.com/assets/18641


Add the breakout board:
Place the breakout board over the pins so that
the short pins poke through the breakout pads

© Adafruit Industries https://learn.adafruit.com/adafruit-tmp007-sensor-breakout Page 9 of 17

http://learn.adafruit.com/assets/18642


And Solder!
Be sure to solder all pins for reliable electrical
contact.

(For tips on soldering, be sure to check out
our Guide to Excellent
Soldering (http://adafru.it/aTk))..

© Adafruit Industries https://learn.adafruit.com/adafruit-tmp007-sensor-breakout Page 10 of 17
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You're done! Check your solder joints visually
and continue onto the next steps
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Wiring & Test
Arduino Wiring
You can easily wire this sensor to any microcontroller, we'll be using an Arduino

Connect Vdd to the power supply, 3V or 5V is fine. Use the same voltage that the
microcontroller logic is based off of. For most Arduinos, that is 5V
Connect GND to common power/data ground
Connect the SCL pin to the I2C clock SCL pin on your Arduino. On an UNO & '328
based Arduino, this is also known as A5, on a Mega it is also known as digital 21 and
on a Leonardo/Micro, digital 3
Connect the SDA pin to the I2C data SDA pin on your Arduino. On an UNO & '328
based Arduino, this is also known as A4, on a Mega it is also known as digital 20  and
on a Leonardo/Micro, digital 2

The TMP007 has a default I2C address of 0x40  but you can set the address to any of 8
values between 0x40 and 0x47 so you can have up to 8 of these sensors all sharing the
same SCL/SDA pins.
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Download Adafruit_TMP007
To begin reading sensor data, you will need to download Adafruit_TMP007 from our github
repository (http://adafru.it/dN6). You can do that by visiting the github repo and manually
downloading or, easier, just click this button to download the zip

Download Adafruit_TMP007
Library

http://adafru.it/dN7

Rename the uncompressed folder Adafruit_TMP007 and check that the
Adafruit_TMP007 folder contains Adafruit_TMP007.cpp and Adafruit_TMP007.h

Place the Adafruit_TMP007 library folder your arduinosketchfolder/libraries/ folder. 
You may need to create the libraries subfolder if its your first library. Restart the IDE.

We also have a great tutorial on Arduino library installation at:
http://learn.adafruit.com/adafruit-all-about-arduino-libraries-install-use (http://adafru.it/aYM)

Load Demo
Open up File->Examples->Adafruit_TMP007->tmp007 and upload to your Arduino
wired up to the sensor

© Adafruit Industries https://learn.adafruit.com/adafruit-tmp007-sensor-breakout Page 13 of 17

https://github.com/adafruit/Adafruit_TMP007_Library
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Thats it! Now open up the serial terminal window at 9600 speed to see the temperature in
real time. You can try putting your hand or a cold glass of water over the sensor (not
touching) to see the thermopile sensor adjust!

Library Reference
The TMP007 library is pretty straight forward! Start by creating the Adafruit_TMP007 object
with:

Or with an i2c address assigned

Then you can initialize & configure

or, to set the samples/reading with:

Adafruit_TMP007 tmp007;

Adafruit_TMP007 tmp007(0x41);  // start with a diferent i2c address!

tmp007.begin()

tmp007.begin(TMP007_CFG_1SAMPLE)
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We suggest the default, 16 samples for best accuracy. begin() will return true or false
based on whether it found the sensor, check it using an if statment like so:

Now you can read the Die temperature (the temperature of the physical sensor itself) and
Object temperature (the temperature of the stuff in front of the sensor)

The readings are floating point values, in degrees C.

Then wait 4 seconds between readings to get a new reading!

  if (! tmp007.begin()) {

    Serial.println("No sensor found");

    while (1);

  }

tmp007.readObjTempC();

tmp007.readDieTempC();

delay(4000); // 4 seconds per reading for 16 samples per reading
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Downloads
Datasheet

TMP007 datasheet (http://adafru.it/dNg)
TMP007 product page at TI (http://adafru.it/dNh)

Schematic

PCB Fabrication Print
Dimensions in Inches
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