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Tempera ture 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:
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Temperature Sensors

* Resistive/ Thermistor: * Resistive Temperature

temperature sensor, whose name is Detectors (RTD):

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 platinum, copper or nickel
wound into a coil and whose

electrical resistance changes
as a function of temperature,
i. - similar to that of the
A = .
— === thermistor

precision temperature sensors
made from high-purity
conducting metals such as

A Resistive RTD

Thermistor



Resistive/ Thermistor

N\ A
VISHAY.

NTCLE100E3

www.vishay.com

Vishay BCcomponents

NTC Thermistors, Radial Leaded, Standard Precision

QUICK REFERENCE DATA

PARAMETER VALUE UNIT
Resistance value at 25 °C 3.3 t0 470K Q
Tolerance on Rxs-value +2:+3; =5 %
Bos/gs-value 2880 to 4570 K
Tolerance on Basgjgs-value +05to+3 %
Operating temperature range:
At zero power dissipation;
continuously -40to + 125 °C
At zero power dissipation; <150
for short periods =
Response time (in oil) ~ 1.2 s
Thermal time constant 15 s
(for information only)
7

Dissipation factor &
(for information only) 8.5 mW/K

(for Rxs-value = 680 Q)
Maximum power dissipation
at 55 °C 500 mW
Climatic category
(LCT/UCT/days) 40/125/56 .
Weight ~ 0.3 g

FEATURES

e Accuracy over a wide temperature range @
* High stability over a long life

e Excellent price/performance ratio
e UL recognized, file E148885 RoHS
* Material categorization: COMPLIANT

For definitions of compliance please see
www.vishay.com/doc?99912

APPLICATIONS

e Temperature measurement, sensing and control,
temperature compensation in industrial and consumer
electronics

DESCRIPTION

These thermistors have a negative temperature coefficient.
The device consists of a chip with two solid copper tin
plated leads. It is grey lacquered and color coded, but not
insulated.

PACKAGING

The thermistors are packed in bulk or tape on reel; see code
numbers and relevant packaging quantities.

DESIGN-IN SUPPORT

For complete Curve Computation, visit:
www.vishay.com/resistors-non-linear/curve-computation-list/

MARKING

The thermistors are marked with colored bands; see
dimensions drawing and “Electrical data and ordering
information™.



Resistive/ Thermistor

RESISTANCE VALUES AT IN
PART NUMBER
o NTCLE100E3102***
(C) Ry
Q)
- 40 23 342
- 35 17 336
-30 13018
-25 9877
-20 7569
- 15 5855
-10 4569
-5 3506 | hegative
2 2:2: temperature [s e
15 1491 ] 90 119.4
20 1217 95 103.8
25 1000




Temperature sensors: thermistors

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

e Thermistors are classified as either NTC (negative

temperature coefficient) or PTC (positive temperature
coefficient)

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

e A resistance variation is generally not directly

useful; information is generally relayed with voltage

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




Initial Designh Concept

e Use voltage divider to
convert resistance variation

to voltage variation

out — *§ R'l'RTH

V

e Design problem: choose V,
and R to obtain desired
variation in V_, for a given
variation in temperature




Example thermistor characteristics

* Response:

e NTC 10KQ @ 25°C !
e Negative temperature 12
coefficient o -
thermistor with X g
(nominal) resistance 8
of 10kC2 at 25°C s
o 4 -
2
0 T T T T ]
20 40 60 80

Temperature, °C



Thermistor, NTC, 10K @25c + Arduino
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Thermistor, NTC, 10K @25c + Arduino

Steinhart-Hart Method

1_ A+ BIn(R) + C(In(R))*

Sketch r
Steinhart-Hart Equation

#include <Thermistor.h>
Thermistor temp(0);

volid setup () {
Serial.begin(9600) ;

}

void loop () {

int temperature = temp.getTemp () ;
Serial .print ("The sensor temperature is: ");
Serial.print (temperature);
Serial . preintln (Y*C") ;
delay(1000);

}



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

Iron
The measuring
(Hot) Junction J
Jq Constantan -

4 T 44 The reference
(Cold) Junction

HFEAT

Material A
Measuring :_ :/_ :
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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

" i I}:gl)(?:rc t .!!o Sifynple ; gescr:]rxfear:!s x ;%oftl\i:re (Sll;pf:fg:nai‘fy
I3 TEXAS
INSTRUMENTS LM35
www.ti.com SNIS159D ~AUGUST 1999-REVISED OCTOBER 2013
LM35 Precision Centigrade Temperature Sensors
FEATURES DESCRIPTION

¢ Calibrated Directly in ° Celsius (Centigrade)
¢ Linear + 10 mV/°C Scale Factor

+ 0.5°C Ensured Accuracy (at +25°C)

+ Rated for Full =55°C to +150°C Range

Read the Data Sheets

The LM35 series are precision integrated-circuit
temperature sensors, with an output voltage linearly
proportional to the Centigrade temperature. Thus the
LM35 has an advantage over linear temperature
sensors calibrated in ° Kelvin, as the user is not

rantiirad tn eiithtrant a larna annetant ualtana fram tha

November 2000

National Semiconductor

LM35

Precision Centigrade Temperature Sensors

General Description

The LM35 series are precision integrated-circuit temperature
sensors, whose output voltage is linearly proportional to the
Celsius (Centigrade) temperature. The LM35 thus has an
advantage over linear temperature sensors calibrated in
* Kelvin, as the user is not required to subtract a large
constant voltage from its output to obtain convenient Centi-
grade scaling. The LM35 does not require any external
calibration or trimming to provide typical accuracies of £%4°C
at room temperature and £%°C over a full =55 to +150°C
temperature range. Low cost is assured by trimming and
calibration at the wafer level. The LM35's low output imped-
ance, linear output, and precise inherent calibration make
interfacing to readout or control circuitry especially easy. It
can be used with single power supplies, or with plus and
minus supplies. As it draws only 60 pA from its supply, it has
very low self-heating, less than 0.1°C in still air. The LM35 is
rated to operate over a -55° to +150°C temperature range,
while the LM35C is rated for a -40° to +110°C range (-10°
with improved accuracy). The LM35 series is available pack-

aged in hermetic TO-46 transistor packages, while the
LM35C, LM35CA, and LM35D are also available in the
plastic TO-92 transistor package. The LM35D is also avail-
able in an 8-lead surface mount small outline package and a
plastic TO-220 package.

Features

Calibrated directly in * Celsius (Centigrade)
Linear + 10.0 mV/°C scale factor

0.5°C accuracy guaranteeable (at +25°C)
Rated for full -55° to +150°C range
Suitable for remote applications

Low cost due to wafer-level trimming
Operates from 4 to 30 volts

Less than 60 pA current drain

Low self-heating, 0.08°C in still air
Nonlinearity only £%4°C typical

Low impedance output, 0.1 Q for 1 mA load

suag ainjesadwa] apeibiyuan uoisioaid SCIN



Temperature Sensor LM35
Typical Applications

Basic Centigrade Temperature « Temperature Sensor, Single Supply

Sensor (+2 degrees C to +150 degrees C)

 -55degreesto +150 degrees C

+Vs +Vs
(aV TO 20V)

OUTPUT
0mV+10.0 mV/°C

> Vour




LM35 pin out connections

CONNECTION DIAGRAMS

METAL CAN PACKAGE SMALL-OUTLINE MOLDED PACKAGE
TO (NDV) SOIC-8 (D)
TOP VIEW
VOUT_ 1 8 _+VS
N.C.— 2 7N.C.
‘ Case is connected to negative pin (GND) N.C.—qH 3 6 —N.C.
i GND—| 4 5-N.C.
{ N.C. = No connection
PLASTIC PACKAGE PLASTIC PACKAGE
TO-92 (LP) TO-220 (NEB)
BOTTOM VIEW Q
.; / +Ve VOUTGND\
L1 LI [
LM
35DT
Output Gnd
+Vs GND Vour

Tab is connected to the negative pin
(GND).



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 AQ to A5
Input voltage = Ov. To + 5v

1024 bits conversion (0-1023)

(10 bit DAC)
Example: 0 bits = 0 volts, 256 bits =+ 1.25v
512 bits =+2.5v, 1023 bits = + 5 volts

100 degrees = DAC count of 200

(about 2 bits count / degree C)

Black text from original slide




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

ANALOG

DEVICES Low Voltage Temperature § .
TMP35/TMP36¢TMP37

FEATURES FUNCTIONAL BLOCK DIZ
+vs

Low voltage operation (2.7 V to 5.5 V)
Calibrated directly in °C

10 mV/°C scale factor (20 mV/°Con TMP27)
+2°C accuracy over temperature(typ) ~ SpoToown
+0.5°C linearity (typ)

Stable with large capacitive loads

Specified —40°C to +125°C, operation to +150°C
Less than 50 pA quiescent current

vour From Analog Devices
data sheet

Shutdown current 0.5 pA max
Low self-heating PIN CONFIGURATIONS
Qualified for automotive applications . /—:|

uT |1 - 5| G
APPLICATIONS L
Environmenta 1 contro I systems s [=] Nt B sy
Thermal protecti on c 5] [<] smoToown
Industria | process contro 1
Fire ala L NC = NO CONNECT
Power system monitors Figure 2. RJ-5 (SO )
CPU thermal management —
GENERAL DESCRIPTION our [T} « o]

c E 1

-~ 37 are lo/iRkace. precisioncenti- . A SoPvIE w

The TNV loalsace, precisioncenti- . —] (Not to Scale) (]~

S mtended for appllcatlons over the range
"C 10 100°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 froma 5V
supply. The TMP35/TMP36/TMP37 are available in
low cost 3-lead TO-92




Table 4. TMP3x Output Characteristics

From Analog Devices

OUTPUT VOLTAGE (V)

l Offset OutputVoltage | Output Voltage data sheet
Sensor ( Voltage (V) J Scaling (mV/°C) @ 25°C (mV)
TMP35 0 10 250
‘ TMP36 | 05 - 10 750
TMP37 0 20 500
2.0 T T
a. TMP35
b. TMP36
c. TMP37
16 TVS =3V I
1.4 |- T™P36, -40C to +150C |
. . \
b
45 within range of >
Ov to +5volts, 10mv/C
1.0
0.8 7 Na
0.6
0.4 /
/ ~
0.2 y <§,
0 8
-50 -25 0 25 50 75 100 125

TEMPERATURE (°C)

Figure 6. Output Voltage vs. Temperature



Using LM35 Sensor

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

; C_S.O*val* 100 |
“MP~ = "1024 | |
# |

+5V Output Gnd

LN B L R R L B B O B
LA I B A B L L L
L L L B
L L B B A

L L B B
L i s g 0
L B R A
L

L B B B L B B B

Made with [ Fritzing.org

Temp . .
Sensor

GND

| RST
| AREF

| 10reF Arduino
| N/C

AD
Al

A3

| A4

3V3 5V

Indug Bojeuy

Power

GND

Vin

Digital Input/Output

D13
D12
D11
D10
D9
D8
D7
D6
D5
D4
D3
D2
D1
DO
SCL
SDA

°
=
=

| T EE]
ES 4

PWM
S

]
ls
=

PWM
e,

| TR
A Y




Using LM35 Sensor output to Serial Monitor

sketch_oct24a | Arduino 1L.0.5
File Edit Sketch Tools Help

sketch_oct24a §

float temp;
int tempPin = Aa0;

wvoid setup ()

{
Serial.begin(9600)

& come

volid loop ()
{

temp = analogRead({tempPin): fEMPRATURE — 19.04%C
temp = (temp * 5.0 * 100)/1024; TEMPRATURE 19.04%C
Serial.print("TEMPRATURE = ") TEMPRATURE 19.04%C

Serial.printten) TEMPRATURE = 19.04%C

Serial.print("*C"): TEMPRATURE = 19.04*C
Serial.println():

delay (1000) ;

Autoscroll (Carriage return v | 9600 baud

Binary sketch size:

Arduinoe Uno on COMG




Using LM35 Sensor
output to Serial Monitor

I 210 =232
A
* On serial monitor display 9
both degreesin C& F % 180
Celsius to Fahrenheit: (°C x °.) + 32 = °F
Fahrenheit to Celsius: (°F — 32) x5, = °C !
3 P
Celsius to Fahrenheit: °C x 1.8 + 32 = °F
Fahrenheit to Celsius: (°F — 32)/ 1.8 = °C




D I I On serial monitor, display both degreesin C & F

sketch_othSb|Ar<luino 1.0.5 o || = | == |
File Edit Sketch Tools Help

sketch_oct25b §

int sensorPin = 0; A
void setup () b
{ .
| COMB =l 2
Serial.begin( u l = H “ !
}
void loop () 59.77 degrees F -~
{ 15.43 degrees C
ffgetting the 59.77 degrees F =
int reading = 15.43 degrees C
59.77 degrees F
float voltage 15.43 degrees C
voltage /= 10 59.77 degrees F
15.43 degrees C
'/ how print 59.77 degrees F =0
float tempera - 3
[¥] Aautoscroll Carriage return » | 9600 baud + |
Serial.print(
/ now convert to Fahrenheit
Float remmeratnref = (remmeratnrelr & QN / 5 NY 4+ 22 N- ¥
< »

Binary sketch =i

Arduino Uno on COMG




DIY

display both degrees in C & F on your LCD

' | resistor to
| limit the

| current to

= | the

| backlighting
=

LED contrast pot. 'y A s S, 1S S N
- 8 -, 220 ohm

| |
N

©




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)

LM35

Al

ARDUINO

100puF/16V

Note:
using

Pin D9

1N4007



DIY Temperature Controlled Fan

Freewheeling
Diode across
FAN

Lamp Driver
transistor

W 30wy
25 8 3)
=9

3

:f) > uuoovo&;l
r ‘l
077 ¢ ATV =

190LV-8721800Y
SSATHSNAS
paiL\l

.
#iae



DI ' ASDE project

Analog Wall Thermometer

using LM35 temp. sensor & servo motor

Learning Starts by



flipped discussion topics
Temperature Sensors

 What types are available ?

e advantages and disadvantages of types

e IM35 and TMP 35 - TMP37 Applications
* Thermistor and RTD & Others

* Design and Selection Tools from suppliers
* Data Sheets and Application Notes

* Cost



flipped discussion topics

Purpose

"Thermistor and RTD
Probes and
Assemblies"

> Introduction

Probes and Assemblies.

Objectives
+ Explain key environmental, material and electrical considerations when

Introduction

Live Online Chat | Email this PTM | Contact Us

» PTM

ProductTralningModule™

—
VISHAY.

* Provide a technical introduction to U.S. Sensor Thermistorand RTD

"Thermistor-Resistor
Network Simulation

Tool"

P Introduction

INSTRUMENTS

"Introduction
to LMT Temp Sensors

Introduction
Thermal Management
Selecting the Correct Device

P Introducing the LMT Family

designing and/or selecting a temperature sensing probe assembly.

Purpose

Purpose

»PTM

ProductTrainingModule”

Live Online Chat | Email this PTM | Contact Us

Introduction

+ Provide an introduction to the VISHAY Thermistor/Resistors

Network Simulation Tool.

Objective

« Provide an overview of the functionality and purpose of the tool
« Explain the different practical cases where the tool is applicable
« Outline the inputs required for the tool to generate a solution

« Present the output of the tool in detail

Live Online Chat |

» PTM

ProductTrainingModule”®

Email this PFTM | Contact Us

Introducing the LMT Family of Analog Temp Sensors

Fincl th rigit

Te%ﬁ'ﬁ&gb.l

High Performance

« Low power consumption, Linear transfer

function, Wide temperature range

New way of using IC Temp Sensors

+ Replaces NTC thermistor solutions

Easy to Use

+« Faster TTM, less real-estate

Select

Max. Jame =T

Select

Sensons

ACTuracy

-

<< Show resulis

wwi. ti.com,/analogtempsensaors
Typ Mo o B
pTemp|Op Temp | vDDmin | VDD max
Part Key Festure Browscy | Acossdy [l Typ (i) Pin/Packege.
Munber ) ) mMin(°C) | max(>C}) ] Wil
LMTEL Dperates down to 1.5V, -5.5mV,"C 0.4 27 54 -50 150 15 5.5 55C70




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




