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CIRCUIT FUNCTION AND BENEFITS 
The circuit shown in Figure 1 is a flexible, integrated, 4-channel 
thermocouple measurement system based on the Arduino-
compatible EVAL-ADICUP360 platform, which contains 
the ADuCM360 low power, precision analog microcontroller. The 
ADuCM360 has an ARM Cortex™-M3 processor core, a number 
of peripherals, and also precision analog functions including a 
dual, 24-bit, Σ-Δ analog-to-digital converter (ADC); multiplexer; 
programmable gain amplifier (PGA); and voltage reference.  

The circuit can process up to four independent thermocouple 
channels, and the software linearization algorithms support eight 
different types of thermocouples (B, E, J, K, N, R, S, and T). The 
four thermocouples can be connected in any combination, and 
resistance temperature detectors (RTDs) on each thermocouple 
channel provide cold junction compensation (CJC). No extra 
compensation is needed. Thermocouple measurements using 
this system cover the full operating range of the various types of 
thermocouples. 

The circuit interfaces to the EVAL-ADICUP360 Arduino-
compatible platform for rapid prototyping. With a USB to UART 
interface and open source firmware, the EVAL-CN0394-ARDZ 
and EVAL-ADICUP360 combination can be easily adapted to a 
variety of thermocouple applications.  
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Figure 1. Thermocouple Measurement System (Simplified Schematic: All Connections and Decoupling Not Shown) 

 
Figure 2. Thermocouple Connection Showing Measurement and Reference Junctions for One Channel 

CIRCUIT DESCRIPTION 
Temperature Measurement Introduction 

Thermocouples are one of the most frequently used sensors for 
temperature measurements in industrial applications because of 
their low cost, ruggedness, repeatability, as well as wide operating 
temperature range and fast response time. Thermocouples are 
especially useful for making measurements at high temperatures 
(up to 2300°C for Type C thermocouples). 

A thermocouple consists of the junction of two wires of different 
metal types, as shown in Figure 2.  

The junction is placed where the temperature is to be measured, 
TTC, and is referred to as the measurement junction. The other 
end of the thermocouple is connected to a precision voltage 
measurement system, and this connection is referred to as the 
reference junction, or alternately the cold junction (CJ). The 
temperature difference between the measurement junction, TTC, 
and the cold junction, TCJ, generates a voltage, VTC − VCJ , that 
is caused by the difference between the temperatures of the 
two junctions. The voltage generated is typically from several 
microvolts to tens of millivolts and is dependent on the 
temperature difference and the thermocouple type.  
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Cold Junction Compensation (CJC) 

The voltage generated by a thermocouple must be converted to 
temperature. Converting the voltage measured to an accurate 
temperature can be difficult, because the thermocouple voltage 
is small, the temperature-voltage relationship is nonlinear, and 
the cold junction temperature must also be accurately measured.  

The total output voltage of the thermocouple is caused by the 
difference between the temperature of the thermocouple and 
the cold junction temperature. Figure 2 shows that the cold 
junction temperature is measured with another temperature 
sensitive device, typically a thermistor, diode, RTD, or 
semiconductor temperature sensor. The temperature-sensing 
device used for this circuit is a Pt1000 RTD, and there is one 
RTD in each of the four channels for accurate measurements. 

In Figure 2, the total thermocouple voltage, VTC – VCJ, is 
measured with the precision ADC in the ADuCM360 and 
converted to a digital format using the following equation: 

282
CODEVVV REFCJTC   

where: 
VTC − VCJ is the measured thermocouple voltage.  
VREF is the reference used for measurement. For this circuit, the 
internal 1.2 V reference is used for the thermocouple 
measurement.  
CODE is the 28-bit word in the ADuCM360 ADC data register 
(ADCxDAT) with a gain of 8. 

A constant current source, IEXE (obtained from the ADuCM360) 
drives the series combination of the RTD and a precision 1.6 kΩ 
reference resistor, R5. The IEXE setting for the CN-0394 circuit 
is 620 μA that produces a nominal VREF of 1.6 kΩ × 620 μA = 
0.992 V, and a drop of 1 kΩ × 620 μA = 0.62 V across the RTD. 
The voltage across R5 is used as a reference to the ADC. The 
RTD resistance, RRTD, is calculated using the following equation: 

282
CODE

R5RRTD   

where: 
R5 is the reference resistor, R5 = 1.6 kΩ. 
CODE is the 28-bit word in the ADuCM360 ADC data register 
(ADCxDAT) with a gain of 1. 

In the CN-0394 circuit, the thermocouple voltage and the RTD 
voltage are both converted by the ADuCM360 24-bit ADCs. 
Note that the measurement is ratiometric and not dependent on 
the accuracy of either the reference voltage or the value of the 
IEXE excitation current.  

The RTD resistance, RRTD, is then converted into the cold junction 
temperature, TCJ, using either a lookup table or polynomial 
equations. The RTD transfer function known as the Callender-
Van Dusen equation is made up of two distinct polynomial 
equations to provide a more accurate result and is used in the 
CN-0394 software. Refer to the Circuit Note CN-0381 for a 
more detailed explanation of these RTD equations.  

The cold junction temperature, TCJ, is then converted into the 
corresponding thermocouple voltage, VCJ, using the equations 
in the ITS-90 Thermocouple Database. The CN-0394 software 
uses the ITS-90 polynomial equations rather than the lookup 
tables to perform this conversion.  

The software then sums the total thermocouple voltage (VTC− VCJ) 
with the cold junction VCJ to obtain the thermocouple EMF, VTC.  

The ITS-90 inverse equations are then used to convert the 
thermocouple EMF, VTC, to the equivalent thermocouple 
temperature, TTC.  

For the thermocouple theory, linearization tables, equations, 
and cold junction compensation, refer to the NIST ITS-90 
Thermocouple Database, NIST Standard Reference Database 60, 
Version 2.0 (available on the NIST website). For the general 
theory of thermocouples and temperature measurements, see 
Chapter 7 of Sensor Signal Conditioning.  

Analog-to-Digital Conversion 

The CN-0394 circuit uses the ADuCM360 integrated, dual,  
24-bit, Σ-Δ ADC to perform the conversions. The ADuCM360 
contains an input multiplexer and an integrated PGA with gain 
options of 1 to 128. The ADuCM360 can be configured to have 
6 differential inputs or 12 single-ended inputs.  

The ADuCM360 also offers a multitude of filter options and 
output data rates, ensuring that the user has the highest degree 
of flexibility.  

The PGA allows amplification of the small thermocouple voltage 
to a level that is optimum for the internal sigma-delta ADC. 
The proper gain setting is determined by the amplitudes of the 
thermocouple signals and the value of the reference voltage.  

The CN-0394 software supports eight types thermocouple: B, E, 
J, K, N, R, S, and T.  

Different thermocouples have different ranges and sensitivities, 
as shown in Figure 3. For instance, Type J thermocouples are 
made by joining iron and constantan and have an approximate 
range of −210°C to +1200°C with a sensitivity of 55 μV/°C. 

 
Figure 3. Thermocouple Output Voltage vs. Temperature  
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Therefore, by using the integrated PGA of the ADuCM360, the 
small thermocouple voltage levels can be sensed and accurately 
converted to a digital representation.  

The cold junction temperature range is 0°C to 50°C, and the 
maximum and minimum output voltage range is determined by 
examining the voltage swings of the various types and including 
the cold junction voltage component that is subtracted from the 
thermocouple voltage. The Type E thermocouple requires the 
widest range, as shown in Table 1. 

Table 1. Maximum Thermocouple Voltage Swing (Type E) 
Output Hot Junction  Cold Junction  Voltage  
Maximum  1000°C 0°C 76.4 mV 
Minimum −270°C 50°C −12.88 mV 
 

The ADuCM360 ADC bipolar differential input range using the 
internal 1.2 V reference is ±125 mV with the PGA gain set to 
G = 8. This range covers the output voltage ranges of all eight 
types of thermocouples, therefore no external signal conditioning 
circuits are needed, and the PGA can operate at a fixed gain of 8 
for all thermocouple types. The 24-bit resolution allows thermo-
couples with small signal ranges (such as Type B) to be measured 
without the need for gain ranging. The thermocouple is connected 
in the differential mode to the ADC, and the negative input is 
connected to a 900 mV common-mode bias voltage supplied by 
the ADuCM360. 

The EVAL-CN0394-ARDZ board has four miniature Type U 
female thermocouple connectors (Omega PCC-SMP-U-100) 
for connecting to the thermocouples mating male connectors. 
The cold junctions are formed at the connector contacts, and 
the CJC RTDs are located close to the connectors.  

A simple 2-wire RTD connection is used in the CN-0394 circuit; 
however, the ADuCM360 contains programmable excitation 
currents that can be used for 2-wire, 3-wire, and 4-wire RTDs. 
Details on 3-wire and 4-wire applications can be found in 
Circuit Note CN-0381 and Circuit Note CN-0383, respectively.  

System Noise Measurements and Results 

It is important that the system noise be low so that the small 
amount of voltage from a thermocouple can be measured 
accurately. Figure 4 shows the histogram of 512 samples taken 
with the thermocouple connector shorted on one channel. The 
ADuCM360 sinc3 filter was on, chop mode was enabled, and 
the data rate was 50 Hz.  

 
Figure 4. Shorted Input Histogram For Single Channel , 512 Samples,  

ADC Sinc3 Filter On, Chop Enabled, 50 Hz Data Rate 

From the histogram, the peak-to-peak noise referenced to the 
input is 2.51 µV. For a full-scale input of 125 mV, the noise free 
code resolution can be calculated:  

bits6.15
V2.51

mV251
log2 =

µ
=ResolutionCodeFreeNoise  

System Thermocouple Measurements and Results 

Thermocouple system measurement tests require accurate 
knowledge of the thermocouple temperature over a wide 
temperature range. Though oil baths are accurate, they have 
a limited temperature range and are slow to stabilize.  

An accurate thermocouple simulator, such as the Time 
Electronics 1090 temperature calibrator, offers an attractive 
alternative to the oil bath method. Figure 5 shows a block 
diagram that explains the simulator test concepts.  

The simulator allows the user to input the thermocouple type 
and temperature as well as the cold junction temperature. The 
simulator then uses the ITS-90 tables and equations to convert 
the thermocouple temperature, TTC, and the cold junction 
temperature, TCJ, into their respective voltages, VTC and VCJ. 
Then VCJ is subtracted from VTC to yield the simulator output 
voltage, VTC – VCJ.  

The overall accuracy of the simulator depends on the 
thermocouple type and temperature, but is typically between 
0.5°C and 2°C.  

Note that the simulator does not test the accuracy of the system 
cold junction compensation circuit, which must be tested 
separately with a thermocouple attached.  
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Figure 5. Testing Thermocouple Measurement System Using a Thermocouple Simulator 

Figure 6 shows the error between simulated and measured 
temperature for E, J, K, N, and T type thermocouples, and 
Figure 7 shows the error for B, R, and S type thermocouples. 
A zero-scale and full-scale calibration was performed on the 
ADuCM360 ADC before taking the measurements.  

 
Figure 6. EVAL-CN0394-ARDZ Temperature Measurement Error for  

E, J, K, N, T Type Thermocouples Using Thermocouple Simulator 

 
Figure 7. EVAL-CN0394-ARDZ Temperature Measurement Error for  

B, R, S Type Thermocouples Using Thermocouple Simulator 

The errors shown in Figure 6 and Figure 7 are a combination of 
the following sources: 

• Simulator error (0.15°C to 3°C depending on type and 
range) 

• ADC reference voltage accuracy (0.2%) 
• System offset and gain errors that remains after internal 

ADC calibration (less than 10 µV) 
• ADC nonlinearity (15 ppm FSR, which is 1.9 µV for FSR = 

125 mV) 
• Error in ITS-90 equations (varies from 0.001°C to 0.06°C 

depending on type and range)  

The reference error (0.1% for the ADuCM360 internal reference) 
causes a system gain error and can contribute several degrees 
Celsius of error at high temperatures.  

The B, R, and S type thermocouples are more sensitive to offset 
errors because of their small Seebeck coefficients.  

The ADuCM360 nonlinearity and the error in the ITS-90 
equations are both negligible with respect to the other error 
sources.  

The measured data shown in Figure 6 and Figure 7 is within the 
accuracy specifications of all eight standard thermocouples over 
their respective ranges. 

For highest accuracy, especially with B, R, and S type thermo-
couples, a system-level zero-scale and full-scale calibration must 
be performed using a precision external voltage source.  

A more accurate external reference, such as the ADR4525 with 
(0.02% initial accuracy), can also be used to minimize gain errors.  

Cold junction compensation was tested by connecting a Type J 
thermocouple to a channel and maintaining the thermocouple 
at ambient temperature while cycling the CN-0394 board under 
a ThermoStream or Thermonics temperature controller. The 
Type J thermocouple was chosen because of its high sensitivity 
to temperature change.  
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The measurements were made at cold junction temperatures of 
0°C, 25°C, and 105°C, and the results are shown in Figure 8.  

 
Figure 8. EVAL-CN0394-ARDZ Temperature Measurement Error for Type J 
Thermocouple at Room Temperature for Cold Junction Temperatures of  

0°C, 25°C, and 105°C 

A complete set of documentation for the EVAL-CN0394-ARDZ 
hardware including schematics, layout files, Gerber files, and 
bill of materials can be found in the CN-0394 Design Support 
Package. 

System Design Tradeoffs 

The EVAL-CN0394-ARDZ board is designed to provide 
maximum flexibility for any combination of four independent 
thermocouple input channels, and the circuit design uses a 
minimum of additional components.  

The ADC in the ADuCM360 can provide higher accuracy if a 
system-level zero-scale and full-scale calibration is performed 
before making measurements.  

The ADC in the ADuCM360 is capable of improved noise 
performance if the inputs are configured for differential operation 
and an input anti-aliasing filter is added to each channel. A typical 
filter arrangement is shown in Figure 9, where R1 + R2 and C3 
form a differential mode filter (bandwidth of approximately 
800 Hz) and R1/C1 and R2/C2 form common-mode filters 
(bandwidth of approximately 16 kHz). 

Further design techniques for achieving optimum performance 
with RTD and thermocouple circuits can be found in Circuit 
Note CN-0381, Circuit Note CN-0383, and Circuit Note  
CN-0384.  

 
Figure 9. Optional Differential and Common-Mode Input Filters 

for ADuCM360 

The ADuCM360 can be configured in a number of low power 
operating modes under direct program control, including a 
hibernate mode (internal wake-up timer active) that consumes 
only 4 µA. In hibernate mode, peripherals such as external 
interrupts or the internal wake-up timer can wake up the device. 
This mode allows the device to operate with ultralow power and 
still respond to asynchronous external or periodic events. 

COMMON VARIATIONS 
The ADuCM360 internal 1.2 V reference has ±0.1% initial 
accuracy. For higher accuracy and reduced full-scale gain error, 
the ADR4525 2.5 V, ±0.02% reference can be used instead. 

CIRCUIT EVALUATION AND TEST 
This circuit uses the EVAL-CN0394-ARDZ Arduino shield 
board and the EVAL-ADICUP360 Arduino platform board. 
The two board easily stack together easily, with the EVAL-
CN0394-ARDZ on the top, and EVAL-ADICUP360 on the 
bottom. The thermocouples plug into the P1 to P4 sockets of 
the EVAL-CN0394-ARDZ board.  

The system connects to the PC through the USB interface on 
the EVAL-ADICUP360 board. Both boards are powered from 
the USB 5 V supply. The RTD sensors are already assembled on 
the EVAL-CN0394-ARDZ printed circuit board (PCB). 

Equipment Needed 

The following equipment is needed: 

• PC with a USB 2.0 port and Windows® 7 (64-bit) or later  
• EVAL-CN0394-ARDZ Arduino shield-compatible circuit 

evaluation board 
• EVAL-ADICUP360 development board or compatible 

Arduino platform board 
• Any combination of B, E, J, K, N, R, S, and T thermocouples 

(four total), or Time Electronics 1090 temperature calibrator 
or equivalent 

• ADICUP360 software (IDE), see the CN-0394 User Guide 
• Serial terminal software such as PuTTY or Tera Term 
• USB A to USB micro cable 
• EVAL-CN0394-ARDZ demo code (see the CN-0394 User 

Guide) 

Getting Started 

Select the correct jumper settings on the EVAL-ADICUP360 
board. The jumper settings are described in detail in the  
CN-0394 User Guide. 

Plug the EVAL-CN0394-ARDZ Arduino shield board into the 
EVAL-ADICUP360 Arduino-compatible platform board. Connect 
the thermocouple sensors to the EVAL-CN0394-ARDZ board. 
Connect the user USB port to the PC. Each of the four channels 
uses an omega style connector for the thermocouples, which 
simplifies plugging in and out different thermocouple types. 
The Type U connector was selected so that all the channels on 
the board (P1 to P4) are universal and interchangeable. 
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Load the project demo code onto the ADuCM360 IDE by 
following the Tool Chain Setup User Guide.  

The software must be configured for the thermocouple types on 
P1, P2, P3, and P4 as described in the CN-0394 User Guide.  

When the program is running, the output data is calculated and 
displayed in the terminal window. 

Information regarding the Arduino form factor-compatible 
ARM Cortex-M3 development platform (EVAL-ADICUP360) 
is available in the EVAL-ADICUP360 User Guide.  

Functional Block Diagram 

A block diagram of the test setup is shown in Figure 10.  

 
Figure 10. Test Setup Functional Diagram (Both Boards Powered from  

PC USB 5 V Supply) 

Test 

When the sample code is built and loaded onto the EVAL-
ADICUP360 and the EVAL-CN0394-ARDZ is mounted on top, 
the device communicates with the PC, and continuously updates 
and displays the following for each channel: 

 Channel number and thermocouple type 
 RTD resistance 
 Linearized RTD temperature (cold junction temperature)J 
 Linearized thermocouple temperature 

Warning messages display if the final linearized temperature for 
the selected thermocouple is out of the range defined by the 
ITS-90 equations. Other programming options are described in 
detail in the CN-0394 User Guide. 

Figure 11 shows a photo of the EVAL-CN0394-ARDZ board.  

 
Figure 11. EVAL-CN0394-ARDZ Board Photo 
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LEARN MORE 
CN-0394 Design Support Package: 

www.analog.com/CN0394-DesignSupport 

EVAL-ADICUP360 User Guide. 

Kester, Walt. “Temperature Sensors,” Chapter 7 in Sensor Signal 
Conditioning. Analog Devices, 1999.  

McCarthy, Mary. AN-615 Application Note. Peak-to-Peak 
Resolution Versus Effective Resolution. Analog Devices. 

McNamara, Donal. AN-892 Application Note. Temperature 
Measurement Theory and Practical Techniques. Analog Devices. 

MT-031 Tutorial. Grounding Data Converters and Solving the 
Mystery of “AGND” and “DGND”. Analog Devices. 

MT-101 Tutorial. Decoupling Techniques. Analog Devices. 

Circuit Note CN-0376. Channel-to-Channel Isolated 
Temperature Input (Thermocouple/RTD) for PLC/DCS 
Applications. Analog Devices. 

Circuit Note CN-0381. Completely Integrated 4-Wire RTD 
Measurement System Using a Low Power, Precision, 24-Bit, 
Sigma-Delta ADC, Analog Devices. 

Circuit Note CN-0383. Completely Integrated 3-Wire RTD 
Measurement System Using a Low Power, Precision, 24-Bit, 
Sigma-Delta ADC. Analog Devices. 

Circuit Note CN-0384. Completely Integrated Thermocouple 
Measurement System Using a Low Power, Precision, 24-Bit, 
Sigma-Delta ADC. Analog Devices. 

Duff, Matthew and Joseph Towey. Two Ways to Measure 
Temperature Using Thermocouples Feature Simplicity, 
Accuracy, and Flexibility. Analog Dialogue 44-10, October 
2010, Analog Devices. 

NIST ITS-90 Thermocouple Database, NIST Standard 
Reference Database 60, Version 2.0. 

Time Electronics 1090 Temperature Calibrator. 

Data Sheets and Evaluation Boards 

EVAL-ADICUP360 Evaluation Board 

EVAL-ADuCM360 Development Platform 

ADuCM360 Data Sheet 

REVISION HISTORY 
11/2016—Revision 0: Initial Version 

 

 

 

 

(Continued from first page) Circuits from the Lab reference designs are intended only for use with Analog Devices products and are the intellectual property of Analog Devices or its licensors. 
While you may use the Circuits from the Lab reference designs in the design of your product, no other license is granted by implication or otherwise under any patents or other intellectual 
property by application or use of the Circuits from the Lab reference designs. Information furnished by Analog Devices is believed to be accurate and reliable. However, Circuits from the 
Lab reference designs are supplied "as is" and without warranties of any kind, express, implied, or statutory including, but not limited to, any implied warranty of merchantability, 
noninfringement or fitness for a particular purpose and no responsibility is assumed by Analog Devices for their use, nor for any infringements of patents or other rights of third parties 
that may result from their use. Analog Devices reserves the right to change any Circuits from the Lab reference designs at any time without notice but is under no obligation to do so. 

©2016 Analog Devices, Inc. All rights reserved. Trademarks and  
 registered trademarks are the property of their respective owners. 
  CN15303-0-11/16(0)  

 



X-ON Electronics
 
Largest Supplier of Electrical and Electronic Components
 
Click to view similar products for Temperature Sensor Development Tools category:
 
Click to view products by  Analog Devices manufacturer:  
 
Other Similar products are found below :  

EVAL-ADT7516EBZ  EVAL-ADT75EBZ  T20321SS2B  T2016P2CRRXC4S2  MAX1455EVKIT-NS  DC2507A  DS18B20EVKIT# 

MAX6654EVKIT  EV-TEMPSENSE-ARDZ  MAX1617AEVKIT  BB-WSK-REF-2  MCP9800DM-TS1  TMPSNSRD-RTD2  MIKROE-2273 

MIKROE-2501  MIKROE-2539  MIKROE-2554  DPP201Z000  DPP901Z000  1899  EV-BUNCH-WSN-2Z  DPP904R000  KIT0021  SEN0206

SEN0227  MIKROE-2769  3251  SEN-13314  3263  SEN0137  LM20XEVM  3328  TMP708EVM  BOOSTXL-TMP107  DC1785B  MHUM-01

 3538  DPP201G000  DFR0066  WPP100B009  SDT310LTC100A3850  SI7005EVB-UDP-M3L1  2857  1782  2652  269  3245  3622  3648 

3721  

https://www.x-on.com.au/category/embedded-solutions/engineering-tools/sensor-development-tools/temperature-sensor-development-tools
https://www.x-on.com.au/manufacturer/analogdevices
https://www.x-on.com.au/mpn/analogdevices/evaladt7516ebz
https://www.x-on.com.au/mpn/analogdevices/evaladt75ebz
https://www.x-on.com.au/mpn/carlogavazzi/t20321ss2b
https://www.x-on.com.au/mpn/carlogavazzi/t2016p2crrxc4s2
https://www.x-on.com.au/mpn/maxim/max1455evkitns
https://www.x-on.com.au/mpn/analogdevices/dc2507a
https://www.x-on.com.au/mpn/maxim/ds18b20evkit
https://www.x-on.com.au/mpn/maxim/max6654evkit
https://www.x-on.com.au/mpn/analogdevices/evtempsenseardz
https://www.x-on.com.au/mpn/maxim/max1617aevkit
https://www.x-on.com.au/mpn/advantech/bbwskref2
https://www.x-on.com.au/mpn/microchip/mcp9800dmts1
https://www.x-on.com.au/mpn/microchip/tmpsnsrdrtd2
https://www.x-on.com.au/mpn/mikroelektronika/mikroe2273
https://www.x-on.com.au/mpn/mikroelektronika/mikroe2501
https://www.x-on.com.au/mpn/mikroelektronika/mikroe2539
https://www.x-on.com.au/mpn/mikroelektronika/mikroe2554
https://www.x-on.com.au/mpn/teconnectivity/dpp201z000
https://www.x-on.com.au/mpn/teconnectivity/dpp901z000
https://www.x-on.com.au/mpn/adafruit/1899
https://www.x-on.com.au/mpn/analogdevices/evbunchwsn2z
https://www.x-on.com.au/mpn/teconnectivity/dpp904r000
https://www.x-on.com.au/mpn/dfrobot/kit0021
https://www.x-on.com.au/mpn/dfrobot/sen0206
https://www.x-on.com.au/mpn/dfrobot/sen0227
https://www.x-on.com.au/mpn/mikroelektronika/mikroe2769
https://www.x-on.com.au/mpn/adafruit/3251
https://www.x-on.com.au/mpn/sparkfun/sen13314
https://www.x-on.com.au/mpn/adafruit/3263
https://www.x-on.com.au/mpn/dfrobot/sen0137
https://www.x-on.com.au/mpn/texasinstruments/lm20xevm
https://www.x-on.com.au/mpn/adafruit/3328
https://www.x-on.com.au/mpn/texasinstruments/tmp708evm
https://www.x-on.com.au/mpn/texasinstruments/boostxltmp107
https://www.x-on.com.au/mpn/analogdevices/dc1785b
https://www.x-on.com.au/mpn/oseppelectronics/mhum01
https://www.x-on.com.au/mpn/adafruit/3538
https://www.x-on.com.au/mpn/teconnectivity/dpp201g000
https://www.x-on.com.au/mpn/dfrobot/dfr0066
https://www.x-on.com.au/mpn/teconnectivity/wpp100b009
https://www.x-on.com.au/mpn/koaspeer/sdt310ltc100a3850
https://www.x-on.com.au/mpn/siliconlabs/si7005evbudpm3l1
https://www.x-on.com.au/mpn/adafruit/2857
https://www.x-on.com.au/mpn/adafruit/1782
https://www.x-on.com.au/mpn/adafruit/2652
https://www.x-on.com.au/mpn/adafruit/269
https://www.x-on.com.au/mpn/adafruit/3245
https://www.x-on.com.au/mpn/adafruit/3622
https://www.x-on.com.au/mpn/adafruit/3648
https://www.x-on.com.au/mpn/adafruit/3721

