
Thermistor software 
design 
TI Precision Labs – Thermistors 

Presented and prepared by Bryan Padilla 
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Lookup table (LUT) 

2 

Temperature (°C) Typical Resistance (Ω)  

-40 6656 

-35 6871 

-30 7094 

-25 7324 

-20 7563 

-15 7809 

-10 8063 

-5 8325 

0 8594 

5 8871 

10 9155 

15 9447 

20 9747 

Temperature (°C) Typical Resistance (Ω) 

-40 6656 

-39 6699 

-38 6741 

-37 6784 

-36 6827 

-35 6871 

-34 6915 

-33 6959 

-32 7004 

-31 7049 

-30 7094 

-29 7139 

-28 7185 

-27 7231 

-26 7278 

-25 7324 

1 °C Steps  5 °C Steps  

…
 

…
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Lookup table (LUT) 

{

{ -40 , 6656 } , 

{ -39 , 6699 } , 

{ -38 , 6741 } , 

{ -37 , 6784 } , 

{ -36 , 6827 } , 

{ -35 , 6871 } , 

{ -34 , 6915 } , 

{ -33 , 6959 } , 

{ -32 , 7004 } , 

{ -31 , 7049 } , 

{ -30 , 7094 } } 

LookupTable =  

1. Store known values in memory: 

• 𝑉𝑏𝑖𝑎𝑠, 𝑅𝑏𝑖𝑎𝑠 , # 𝑜𝑓 𝐴𝐷𝐶 𝑏𝑖𝑡𝑠 (𝑒𝑥: 14 𝑏𝑖𝑡) 

ADC
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Lookup table (LUT) 

𝑉𝑡𝑒𝑚𝑝 = 
𝑉𝑏𝑖𝑎𝑠

2(# 𝑜𝑓 𝐴𝐷𝐶 𝑏𝑖𝑡𝑠)
(𝑨𝑫𝑪 𝑪𝒐𝒖𝒏𝒕) 

𝑉𝑡𝑒𝑚𝑝 = 
5

2(14)
(𝑨𝑫𝑪 𝑪𝒐𝒖𝒏𝒕) 

𝑉𝑡𝑒𝑚𝑝 = (3.0517 ∙ 10
−4)(𝟔𝟔𝟖𝟓) 

𝑉𝑡𝑒𝑚𝑝 = 2.0401 V 

1. Store known values in memory: 

• 𝑉𝑏𝑖𝑎𝑠, 𝑅𝑏𝑖𝑎𝑠 , # 𝑜𝑓 𝐴𝐷𝐶 𝑏𝑖𝑡𝑠 (𝑒𝑥: 14 𝑏𝑖𝑡) 

 

2. Calculate 𝑉𝑡𝑒𝑚𝑝 
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Lookup table (LUT) 

𝑅𝑡ℎ𝑒𝑟𝑚 =
2.0401

5 − 2.0401
10,000  

 

𝑅𝑡ℎ𝑒𝑟𝑚 =
𝑉𝑡𝑒𝑚𝑝

𝑉𝑏𝑖𝑎𝑠 − 𝑉𝑡𝑒𝑚𝑝
𝑅𝑏𝑖𝑎𝑠
 

 

𝑅𝑡ℎ𝑒𝑟𝑚 = 6893 Ω  

1. Store known values in memory: 

• 𝑉𝑏𝑖𝑎𝑠, 𝑅𝑏𝑖𝑎𝑠 , # 𝑜𝑓 𝐴𝐷𝐶 𝑏𝑖𝑡𝑠 (𝑒𝑥: 14 𝑏𝑖𝑡) 

 

2. Calculate 𝑉𝑡𝑒𝑚𝑝 

 

3. Calculate 𝑅𝑡ℎ𝑒𝑟𝑚 

𝑅𝑡ℎ𝑒𝑟𝑚 
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Lookup table (LUT) 

{

{ -40 , 6656 } , 

{ -39 , 6699 } , 

{ -38 , 6741 } , 

{ -37 , 6784 } , 

{ -36 , 6827 } , 

{ -35 , 6871 } , 

{ -34 , 6915 } , 

{ -33 , 6959 } , 

{ -32 , 7004 } , 

{ -31 , 7049 } , 

{ -30 , 7094 } } 

LookupTable =  

𝑅𝑡ℎ𝑒𝑟𝑚 ≤ 𝑡𝑎𝑏𝑙𝑒 𝑖 1  

6,893 ≤ 6,915 

𝑡𝑒𝑚𝑝 = −𝟑𝟓 

True 

1. Store known values in memory: 

• 𝑉𝑏𝑖𝑎𝑠, 𝑅𝑏𝑖𝑎𝑠 , # 𝑜𝑓 𝐴𝐷𝐶 𝑏𝑖𝑡𝑠 (𝑒𝑥: 14 𝑏𝑖𝑡) 

 

2. Calculate 𝑉𝑡𝑒𝑚𝑝 

 

3. Calculate 𝑅𝑡ℎ𝑒𝑟𝑚 

 

4. Loop through LUT, return temp 

 



1. Store known values in memory: 

• 𝑉𝑏𝑖𝑎𝑠, 𝑅𝑏𝑖𝑎𝑠 , # 𝑜𝑓 𝐴𝐷𝐶 𝑏𝑖𝑡𝑠 (𝑒𝑥: 14 𝑏𝑖𝑡) 

 

2. Calculate 𝑉𝑡𝑒𝑚𝑝 

 

3. Calculate 𝑅𝑡ℎ𝑒𝑟𝑚 

 

4. Loop through LUT, return temp 

 

5. Linear interpolation 
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Lookup table (LUT) 

{

{ -40 , 6656 } , 

{ -39 , 6699 } , 

{ -38 , 6741 } , 

{ -37 , 6784 } , 

{ -36 , 6827 } , 

{ -35 , 6871 } , 

{ -34 , 6915 } } 

𝑋 is the known value of resistance 

𝑋1, 𝑋2 = lower, upper resistance limits in table 

𝑌1, 𝑌2  = lower, upper temperature limits in table 

𝑌 is the unknown value of temperature 

𝑌 = −34.5 𝑋1 

𝑋2 

𝑌1 

𝑌2 

LookupTable =  



2. Convert resistance to temperature in real time 

Linear PTC Steinhart-Hart equation 
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𝜸𝟐 =
𝑌2 − 𝑌1
𝐿2 − 𝐿1

 𝜸𝟑 =
𝑌3 − 𝑌1
𝐿3 − 𝐿1

 

𝒀𝟏 =
1

𝑇1
 𝒀𝟐 =

1

𝑇2
 𝒀𝟑 =

1

𝑇3
 

𝑳𝟏 = 𝑙𝑛 𝑅1  𝑳𝟐 = 𝑙𝑛 𝑅2  𝑳𝟑 = 𝑙𝑛 𝑅3  

𝑅1, 𝑇1 = 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒, 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 @ 𝑙𝑜𝑤 𝑡𝑒𝑚𝑝 (𝑒𝑥: −40°𝐶 → 233.15°𝐾) 

𝑅2, 𝑇2 = 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒, 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 @ 𝑚𝑖𝑑 𝑡𝑒𝑚𝑝 (𝑒𝑥: 25°𝐶 → 298.15°𝐾) 

𝑅3, 𝑇2 = 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒, 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 @ ℎ𝑖𝑔ℎ 𝑡𝑒𝑚𝑝 (𝑒𝑥: 150°𝐶 → 423.15°𝐾) 

𝑪 =
𝛾3 − 𝛾2
𝐿3 − 𝐿2

𝐿1 + 𝐿2 + 𝐿3
−1 

𝑨 = 𝑌1 − 𝐵 + 𝐿1
2𝐶 𝐿1 

𝑩 = 𝛾2 − 𝐶 𝐿1
2 + 𝐿1𝐿2 + 𝐿2

2  

1. Pre-calculate variables, store in memory 

𝟏

𝑻
= 𝐴 + 𝐵[ln (𝑅𝑡ℎ𝑒𝑟𝑚)] + 𝐶[ln (𝑅𝑡ℎ𝑒𝑟𝑚)]

3 

𝑇 𝑖𝑛 °𝐾 



Linear PTC polynomial regression 
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𝑇 = 𝐴4𝑅
4 + 𝐴3𝑅

3 + 𝐴2𝑅
2 + 𝐴1𝑅 + 𝐴0 

• No additional libraries 

• No natural log function 

• Up to 10x faster than Steinhart-Hart Equation 

𝑇 𝑖𝑛 °𝐶 



Order of values 
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1. ADC Count 

 

2.  𝑉𝑡𝑒𝑚𝑝 

 

3.  𝑅𝑡ℎ𝑒𝑟𝑚 

 

4. Temperature 

Shortest to longest time to obtain 



Threshold detection & hysteresis 
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75°C 80°C 85°C 

𝑉𝑠 

Alert 

Temperature 

Cooling down when Alert is high  

# of ADC bits = 14 
 

𝑇𝑜𝑡𝑎𝑙 𝐴𝐷𝐶 𝐶𝑜𝑢𝑛𝑡 = 2(14) =  16384 𝑠𝑡𝑒𝑝𝑠 
 

𝑉𝑜𝑙𝑡𝑎𝑔𝑒 𝑝𝑒𝑟 𝑠𝑡𝑒𝑝 =  
𝑉𝑏𝑖𝑎𝑠

𝑇𝑜𝑡𝑎𝑙 𝐴𝐷𝐶 𝐶𝑜𝑢𝑛𝑡
=

5

16384
= 3.0517 ∙ 10−4 𝑉  𝑨𝒍𝒆𝒓𝒕 = 𝟎 

𝑨𝑫𝑪 𝑪𝒐𝒖𝒏𝒕 = 𝟗𝟒𝟐𝟖 𝒔𝒕𝒆𝒑𝒔 
𝑉𝑇𝑒𝑚𝑝 = 2.8773 𝑉 

𝑅𝑇ℎ𝑒𝑟𝑚 = 13555 Ω 

𝑇𝑙𝑜𝑤 = 75°C 

𝑨𝒍𝒆𝒓𝒕 = 𝟏 

𝑨𝑫𝑪 𝑪𝒐𝒖𝒏𝒕 = 𝟗𝟔𝟓𝟔 𝒔𝒕𝒆𝒑𝒔 
𝑉𝑇𝑒𝑚𝑝 = 2.9648 𝑉 

𝑅𝑇ℎ𝑒𝑟𝑚 = 14353 Ω 

𝑇𝑙𝑜𝑤 = 85°C 

Shortest to longest 

time to obtain 



Summary 
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Converting to °C 

Very accurate 

Lookup 

Table 

Steinhart-

Hart 

Polynomial 

Regression 

NTC 

Linear 

PTC 

✓ 

✓ 

✓ 

✓ ✓ 

X 

Add interpolation 

1. ADC Count 

2.  𝑉𝑡𝑒𝑚𝑝 

3.  𝑅𝑡ℎ𝑒𝑟𝑚 effective resistance 

4. Temperature 

Fastest 

 Save conversion time with threshold detections 

using values known prior to temperature.   

Only care about certain 

temperatures?  

Quickest 

Slowest 



Thank you!  
 
To find more thermistor resources and products 
visit ti.com/thermistors 
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https://www.ti.com/sensors/temperature-sensors/thermistors/overview.html

