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Temperature Sensors analog output lecture 

• Temperature Sensors measure the amount of heat energy or even 
coldness that is generated by an object or system 

• Temperature Sensors consists of two basic physical types:  

 Contact Temperature Sensor 

  Non-contact Temperature Sensor 

• three groups of sensors, Electro-mechanical, Resistive and 
Electronic 



Temperature Sensors 
• Electro-mechanical: 
  There are two main types of bi-

metallic strips based mainly 
upon their movement when 
subjected to temperature 
changes. There are the “snap-
action” types that produce an 
instantaneous “ON/OFF” or 
“OFF/ON” type action on the 
electrical contacts at a set 
temperature point, and the 
slower “creep-action” types that 
gradually change their position 
as the temperature changes. 

 

 



Temperature Sensors 

• Resistive/ Thermistor: 

  temperature sensor, whose name is 

a combination of the words THERM-
ally sensitive res-ISTOR. A thermistor 
is a special type of resistor which 
changes its physical resistance when 
exposed to changes in temperature 

• Resistive Temperature 
Detectors (RTD): 

  precision temperature sensors 

made from high-purity 
conducting metals such as 
platinum, copper or nickel 
wound into a coil and whose 
electrical resistance changes 
as a function of temperature, 
similar to that of the 
thermistor 



Resistive/ Thermistor 



Resistive/ Thermistor 

negative 
temperature 
coefficient 



Temperature sensors: thermistors 

• Thermistors are sensors whose resistance changes 
as a function of temperature 

• Thermistors are classified as either NTC (negative 
temperature coefficient) or PTC (positive temperature 
coefficient) 

• Resistance increases with temperature for PTCs; 
Resistance decreases with temperature for NTCs 

• A resistance variation is generally not directly 
useful; information is generally relayed with voltage 

• We need to convert the resistance change to a voltage 
change 



Initial Design Concept 

• Use voltage divider to 
convert resistance variation 
to voltage variation 

 

 

 

 

• Design problem: choose Vs 
and R to obtain desired 
variation in Vout for a given 
variation in temperature  

  



Example thermistor characteristics 

• NTC 10K @ 25C 
 

• Negative temperature 
coefficient  
thermistor with 
(nominal) resistance 
of 10k at 25C 

• Response: 



Thermistor, NTC, 10K @25c + Arduino 



Thermistor, NTC, 10K @25c + Arduino 



Temperature Sensors 

• Electronic/ Thermocouple: 
  thermoelectric sensors that 

basically consists of two junctions of 
dissimilar metals, such as copper 
and constantan that are welded or 
crimped together. One junction is 
kept at a constant temperature 
called the reference (Cold) junction, 
while the other the measuring (Hot) 
junction. When the two junctions 
are at different temperatures, a 
voltage is developed across the 
junction which is used to measure 
the temperature sensor  



Precision Centigrade Temperature 
Sensor LM35 

• Calibrated directly in degrees 
Celsius (Centigrade) 

• Linear a 10.0 mV/C scale factor 
• 0.5%C accuracy guaranteeable 
• Rated for full -55 to +150C range 
•  Suitable for remote applications 
• Low cost due to wafer-level 

trimming 
• Operates from 4 to 30 volts 
• Less than 60 mA current drain 
• Low self-heating, 0.08C in still air 
• Nonlinearity only +/- .25C typical 
•  Low impedance output, 0.1 ohm 

for 1 mA load 

TO-92 transistor package. 



Precision Centigrade Temperature 
Sensor LM35  Data Sheets 

Read the Data Sheets 



Temperature Sensor LM35 
Typical Applications 

• Basic Centigrade Temperature 

• Sensor (+2 degrees C to +150 degrees C) 
• Temperature Sensor, Single Supply 

• -55 degrees to +150 degrees C 

 



LM35  pin out connections 



Precision Centigrade Temperature 
Sensor LM35 

• The LM35 series are precision integrated-circuit temperature 

 sensors, whose output voltage is linearly proportional to the 

 Celsius (Centigrade) temperature. 

 

• Linear a 10.0 mV/degree C scale factor 

• 2 degrees C = +20mv., 100 degrees C = +1.0 volts (1000 mv.) 

 

• The LM35 can be applied easily in the same way as other 

 integrated-circuit temperature sensors. It can be glued or 

 cemented to a surface and its temperature will be within 

 about 0.01°C of the surface temperature. 

 



“ Arduino Platform” 

 Analog Inputs 
• Six Channels A/D converter Pins A0 to A5 

• Input voltage  =  0v. To + 5v  

• 1024 bits conversion (0-1023) 

 (10 bit DAC)   .004,889 volts / step 

• Example: 0 bits = 0 volts, 256 bits = + 1.25v 

 512 bits = +2.5 v, 1023 bits = + 5 volts 

• 100 degrees C  =  1.000,000 volts 

• 100 degrees = DAC count of 200 

 (about 2 bits count / degree C) 

  

 
Black text from original slide 



• The TMP37 is intended for applications over the range 
of 5°C to 100°C and provides an output scale factor of 
20 mV/°C. The TMP37 provides a 500 mV output at 
25°C. Operation extends to 150°C with reduced 
accuracy for all devices when operating from a 5 V 
supply. The TMP35/TMP36/TMP37 are available in 
low cost 3-lead TO-92 

From Analog Devices 
data sheet 

Checking the temperature sensors that are available 
from manufactures and suppliers – from Analog Devices 



From Analog Devices 
data sheet 

TMP36, -40C to +150C 
within range of 
 0v to +5volts,  10mv/C 



Using LM35 Sensor 
Check your +5v. on the 
Arduino Board with ADK 
Value may change 



Using LM35 Sensor  output to Serial Monitor 



Using LM35 Sensor   
output to Serial Monitor 

     DIY  
• On serial monitor display 

 both degrees in C & F 

 

 



DIY On serial monitor, display both degrees in C & F 



DIY   

display both degrees in C & F  on your LCD 

 

LM35 Temp. sensor 

220 ohms input 
protection resistor 

Wire to A0 pin 

LED contrast pot. 
220 ohm 
resistor to 
limit the 
current to 
the 
backlighting 



DIY Temperature Controlled Fan  

step one 

• Use LM35 sensor to detect 
temperature in a room 

• Display room Temp. on LCD 

• Control small DC Fan on/off 
with Lamp driver circuit 

• Set trip point on temperature 
reading to turn fan on. 

• Display “Fan” status on LCD 

 ( ON / OFF ) 

 

  

9 

Note: 
using 
Pin D9 



DIY Temperature Controlled Fan 

Lamp Driver 
transistor 

Freewheeling 
Diode across 

FAN 



DIY ASDE project   

 Analog Wall Thermometer  

using LM35 temp. sensor & servo motor 

Learning  Starts by 
Doing 



• What types are available ?  

• advantages and disadvantages of types 

• LM35 and TMP 35 – TMP37 Applications 

• Thermistor and RTD & Others 

• Design and Selection Tools from suppliers 

• Data Sheets and Application Notes 

• Cost 

 

 

flipped discussion topics 
 
 Temperature Sensors  



flipped discussion topics 



DIY Temperature Controlled Fan  

step two & three on fan control 

2. Program a two speed 
fan controller with two 
temperature trip points 

• Use PWM to change the 
speed of the Fan 

3. Program a variable 
speed fan controller. 
After the temp. reaches 
a set trip point the fan 
turns on, the higher the 
temp. the faster the fan 
turns. Start at 28*C and 
max at 36*C. 

 
Let the Fun & Learning Begin  


