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Overview 
SEN-30103 is a quad (four) channel analog 
thermocouple amplifier based on the 
AD849x series of ICs from Analog Devices. 
Supply voltage is externally supplied to give 
the user control of the output and 
measurement range based on the type of 
device being used to read the output (keep 
reading for details on this). SEN-30103 is 
available for both J-type and K-type 
thermocouples. Sub-variants are also 
available to offset the output voltage to 
enable negative temperature readings to 
include the entire standard operating range 
of both J- and K-type thermocouples.  
 
Features 
● Output is 5mV/°C (0.005V / °C), with offset 

options available for negative temperature 
readings 

● Available for J and K type thermocouples 
Cold-junction compensated 

● Wide supply voltage range from 3V - 18V, to 
be selected based on user needs 

● SEN-30103-X1 options enable full negative 
range measurement range, dependent on 
positive supply voltage 

● SEN-30103-X0 options handle positive 
temperature range only 

● ±3°C initial accuracy 
● Ttc = Vout / 0.005 °C (X0 options) 
● Ttc = (Vout-1.245)/0.005 °C (X1 options) 
● Screw terminals for thermocouple lead 

inputs 
● Pin header matching Arduino R3 power and 

analog header layout for power and voltage 
outputs 

● RoHS Compliant 
● Small 2.54cm x 5.27cm (1.0” x 2.075”) form 

factor 
● 4 mounting holes sized for M3 or 4-40 

screws 
● SEN-30103 comes with screw terminals 

installed 

Applications 

● Automotive data acquisition (exhaust, coolant, 
brakes, etc) 

● Industrial instrumentation 
● Oven temperature measurements 
● Home brew setups 
● Celsius thermometer 
● Full range of hobby projects 

○ Arduino thermocouple interface with analog 
header 

o Build a reflow oven or kegerator! 

 

Description 

The SEN-30103-(K0/K1/J0/J1) lineup are analog 

thermocouple amplifier devices based on the 

AD849x (AD8494, AD8495) series from Analog 

Devices. These quad-channel thermocouple 

breakout boards convert very low voltage 

signals from K and J-type thermocouples to a 

highly-linear, 0.005V/°C output with 0V or 

1.245V offset (0°C = 0V or 1.245V output) that is 

cold-junction compensated. The output signal 

can be read by a multitude of standard 

measurement devices, including digital 

multimeters, data acquisition systems or an 

analog input on an Arduino. Available devices 

are listed in Table 1 below.  

Analog filtering is included to remove unwanted 

EMI on the input stage of the conditioner. 
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Common mode filtering with a cutoff frequency 

of 1 kHz is included, as well as 50 Hz differential 

signal filtering. Included in the input stage is a 1 

MΩ resistor that is connected to the negative 

input line. This results in open-input detection 

capability. When a thermocouple isn’t present 

(or a wire has broken), the amplifier saturates 

its output to the supply voltage. This can be 

used to identify this type of fault. 

 

Application & Guide 

SEN-30103 is designed for flexible, low-cost 

integration into existing measurement systems. 

The simplest of these is the Arduino application. 

Specifically, SEN-30103 power supply and 

analog outputs are spaced to plug straight into 

Arduino supply and analog headers using a male 

pin header. It is also possible to use the SEN-

30103 with a breadboard or point-to-point 

wiring.  

  

As previously discussed, the standard output 

signal range is from 0V to the input supply 

voltage, which is directly used to power the 

amplifiers. Table 2 below shows typical power 

supply and offset operations and their 

corresponding measurement range.  

 
Ranges shown were chosen to represent typical 

3.3V, 5V, and 10V measurement systems. It can 

be seen that even a 3.3V system can be used for 

measurements typical of ovens and many 

industrial processes. Typical 5V systems (such as 

an Arduino) can be used to achieve a 0°C - 

1000°C measurement range, which covers most 

automotive temperature needs (coolant, oil, 

exhaust). Offset devices should be selected any 

time negative temperatures need to be 

measured. A 10V measurement system would 

be required to read the full thermocouple range 

of either a J-type or K-type thermocouple.  

 

Performance Characteristics 

The SEN-30103-XX devices are designed to 

output a highly linear signal based on an input 

from J-Type or K-Type thermocouples. This is 

accomplished by the integration of an 

operational amplifier and cold-junction 

compensation within the AD849x series ICs. As 

a result, the output of the SEN-30103-XX can be 

approximated as linear over a specified 

window, with degradation of the estimate 

outside of this window. See Table 3 for an 

overview of linearization based on 

thermocouple type.  

 
Keeping this in mind, the end user may either 

accept the nonlinearity, or apply one of two 

methods to handle the output voltage from the 

sensors. The method chosen will depend on 

linearity accuracy requirements as well as the 

required operational range of the input signal. 

Absolute accuracy is separate from the linearity 

accuracy, which can be found in Tables 5.  

 

In one application example, if a +/- 2°C linearity 

accuracy is acceptable and the sensing 

application will stay within the windows shown 

in Table 3, temperature conversion is 

straightforward and calculated based on output 

voltage with the formulas: 

 

Ttc (X1 variants) = ((Vout – 1.245V) / 0.005)°C  
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Ttc (X0 variants) = Vout / 0.005°C 

 
These formulas apply for both J-Type and K-

type sensors. They are also fitting for 

applications with less stringent linearity 

accuracy requirements and wider operating 

ranges. See Figure 1 for temperature error 

across the input temperature operating range 

due to thermocouple nonlinearity. 

 

If linearity accuracy provided by the formula in 

the previous example is not acceptable, there is 

an alternative method that corrects for linearity 

error. Specifically, correction tables can be used 

to correct the high-order non-linearity across 

the sensor’s operating range. See Tables 5 and 6 

for this information for the X0 and X1 variants, 

respectively (calculated based on Analog 

Devices AN-1087). This correction is directly 

related to the high-order response 

characteristics of the respective thermocouples. 

It can be noted that K-type thermocouples 

exhibit far greater linearity in the positive 

temperature range than J-type thermocouples, 

with less than 20°C temperature error beyond 

1200°C even without correction. 

 

 
Common Issues & Resolution 
● Thermocouple measurement is noisy or 

inconsistent due 

○ Most often seen with grounded 
thermocouples causing common-
mode voltage handling issues 

○ Switch to ungrounded thermocouples, 
if possible 

○ “Paint” bare thermocouple ends with 
varnish to electrically insulate 

○ Consider FDQ-10001 if grounded 
thermocouples are required 

● Measurement system lacks resolution 
needed 

○ Oversample and average results 
○ Consider using digital thermocouple 

interfaces, outlined below 
○ Contact us for application guidance 

● Power supply needs are causing issues 
○ Consider SEN-30101 or FDQ-10001 

with integrated power supplies 

 

Ordering Options & Related Parts 

SEN-30103-J0: Quad J-type (AD8494) 
Breakout, no offset 
SEN-30103-K0: Quad K-type (AD8495) 
Breakout, no offset 
SEN-30103-J1: Quad J-type (AD8494) 
Breakout, 1.245V offset, negative temp  
SEN-30103-K1: Quad K-type (AD8495) 
Breakout, 1.245V offset, negative temp 

SEN-30101: Quad analog thermocouple 
conditioner, integrated power supply 
FDQ-10001: Eight-channel, highly 
integrated analog thermocouple module 

https://www.playingwithfusion.com/productview.php?pdid=98&catid=1004
https://www.playingwithfusion.com/contactus.php
https://www.playingwithfusion.com/productview.php?pdid=87&catid=1004
https://www.playingwithfusion.com/productview.php?pdid=98&catid=1004
https://www.playingwithfusion.com/productview.php?pdid=51&catid=1004
https://www.playingwithfusion.com/productview.php?pdid=53&catid=1004
https://www.playingwithfusion.com/productview.php?pdid=52&catid=1004
https://www.playingwithfusion.com/productview.php?pdid=54&catid=1004
https://www.playingwithfusion.com/productview.php?pdid=87&catid=1004
https://www.playingwithfusion.com/productview.php?pdid=98&catid=1004
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SEN-30007: Quad MAX31856 thermocouple 
interface, SPI, Arduino Shield 
SEN-30008: Quad MAX31856 thermocouple 
breakout, SPI 
SEN-30011: Quad MCP9601, Qwiic I2C 
interface, multiple thermocouple options 
SEN-30202: Dual MAX31865 RTD, SPI 
 

https://www.playingwithfusion.com/productview.php?catid=1004&pdid=70
https://www.playingwithfusion.com/productview.php?catid=1004&pdid=74
https://www.playingwithfusion.com/productview.php?catid=1004&pdid=118
https://www.playingwithfusion.com/productview.php?pdid=29&catid=1004
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Appendix 1: Mechanical Drawing 
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Appendix 2: Application Information: 

Arduino Header Connections 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


