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Sensors in circuits:

How sensors are used in circuits:

Analog signals must first be converted into digital signals.

Data Gathering
Microcontrollers are typically used to gather sensor data,

reaches a set threshold.

&

Variable Passive Element Simple Switch ‘:::izf Ml“rl‘-" |
Sensor acts like a Built-in
variable inductor, Sensor <> D) ADC
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When designing circuits
that use analog sensors,
it is highly recommended
to use a microcontroller
with built-in AD
converter, as shown here.

If for some reason your
microcontroller doesn’t
have a built-in ADC, a
discrete ADC can be
used, as shown. Ths
approach is to be
avolded; 1t's better to
start out with the proper
micro with built-in ADC.

Some sensors have built-
in AD converters making
it possible to interface
them directly with a
microcontroller data
port.
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Types of sensors

Category of Sensor

TYPES OF SENSORS

What It Does

Sensors in bold are
covered in this chapter.

Example Devices

amount of light on the sensor.

Potentiometer Encoders:
Position Designed to detect and respond to Linear Position Sensor -Quadrature
Measuring changes in angular position or in linear Hall Effect Position Sensor -Incremental Rotary
Devices position of the device. Magnetoresistive Angular -Absolute Rotary
-Optical
. Designed to detect and respond to U ltr.aqunm Prm.mmty I“d“ﬂ.“.E Pruxn?nt_}'
Proximity, movement outside of the component but Optical Reflective Capacitive Proximity
Motion Sensors ithin the r. : fh i p Optical Slotted Eeed Switch
withmn the range of The sensor. PIR (Passive Infrared) Tactile Switch
Accelerometer Tilt Sensor
Inertial Devices Inertia Devices designed to changes in :’ut]t?ntmmeter E;Ef}:?;ﬁ;:‘jﬁsemm
the physical movement of the sensor. nelinometes
Gyroscope
Vibration Sensor/Switch
IC Barometer Piezoresistive sensor
Pressure/Force Pressure Devices designed to detect a !;:raﬁn Gau[ge i : Capacitive transducer
force being exerted against it essure polentiometer
g exeried agains LVDT
Silicon transducer
LDR [rDA Transceiver
Optical Devices designed to detect the Photodiodes Solar Cells
Optical Devices presence of light or a change in the Phototransistors

Photo interrupters
Reflective Sensors LTV (Light to Voltage) Sensors
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Types of sensors
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Image. Camera Image, Camera Devices designed to
D&:igce’s detect and change a viewable image CMOS Image Sensor
into a digital signal.
Maenetic Magnetic Devices designed to detect Hall Ef_f"fﬂ s?ttsnr
& and respond to the presence of a Magnetic Switch
Devices . Linear Compass IC
magnetic field.
Reed Sensor
Gas Fluid Flow
Media Devices designed to detect and Smoke
Media Devices @ respond to the presence or the amount Humidity, Moisture
of a physical substance on the sensor. Dust
Float Level
Current and Current Devices designed to detect and EHE‘" CEHZ;II i:;ri:;[ sensat
Vn]tlage: reﬂpc:{ldl m.chang_ﬂs in th!e ﬂ-:_m' of AC current Sensor
Devices electricity in a wire or circuit. Voltage Transducer
. e e Thermistor NTC Digital 1C
Temperature Devices designed to
detﬂst :he amount Dfﬁhea‘; E@in Thermistor PTC Analog IC
Temperature . R  UsIng Resistance Temp Detectors (RTD)
different techniques and in different
di Thermocouple
MEAILms. Thermopile Infrared Thermometer/Pyrometer
Specialized Devices designed o Audio Microphone
Specialized v provide detection, measurement, or Geiger-Miiller Tube
pe response in specialized situations, which | Chemical
also may include multiple functions.
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Thermistor TMP36 Thermocouple
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Sensor calibration
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Using sensors in circuits USC
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'il_.-".
" Symbols for Thermistors
Thermistor
) NTC Thermistor PTC Thermistor
="

O ~1° +1°
/ ) — - —
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Wheatstone bridge

:RJ + R,
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Then V, = (V, — Vap) — (Vy — Vag) = Vap — Vap which works o

R, R3
Vr} = V.'.' - -
(RJ +Ry Rz —I—R4)

R\Ry — R:R
Vr) = V.'.' e 2 .
(Ri + Ro)(Rs + Ry)

If V, is zero we can work back from this to the resistor ratios shown before. However,
what if one resistor is a sensor with a resistance that has changed by some value éR:? The

new value for the resistor is then R, = Ry 4 R, and if this is substituted into Equation
the result is:

(Ry +8R)Ry — R2R;3
"(Ri + SR+ R)(Rs + Ry)

Vr) =

Now if we begin with a balanced bridge where all the resistors, including the sensor, have
the same value, thatis R = R = Ry = R4y = R then can be simplified to:

OR OR

Vr) = Vﬁ'—ﬁ V'._
"4R + 2R 4R



Precise thermistor measurement steps US
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Rr = Ry[l + AT + BT* + (T — 100)CT"]
for temperatures —200°C < 7" < 0°C and:
Rr = Ro[1 + AT + BT?|

for0°C < T < 661 °C.

These equations contain higher order coefficients and these can be found by calibrating
the individual resistor. The accepted values for a ‘pt100” RTD with a standard temperature
coefficient are:

A = 3.908310 "K'
B=-5775107"K?

C=—418310"°K*.
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Let’s build our temperature sensor circuit

Roll over image to zoom in
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uxcell 50PCS NTC Thermistors Resistors MF58 3950B 10K Ohm

Glass Sealed Temperature Sensors
Visit the uxcell Store
4.7 ek dkdr v 28ratings | Search this page

$799

prime Two-Day

FREE Returns »

With Amazon Business, you would have saved $139.37 in the last year. Create a free account and save up to

3% today.

Brand uxcell

Item dimensions Lx Wx H 3.54 x 2.36 x 0.39 inches

Measurement Type Ohmmeter

Manufacturer uxcell

About this item

FEATURES: MF58 10K Ohm NTC Thermistors with B Value: 3950(+/-1%)

DESIGN: Glass sealed packaging with firm structure, small size and light weight, applicable in severe
environments

PERFORMANCE: High precision resistance, B values with high reliability and stability, high sensitivity

APPLICATION: Suitable for related equipment with temperature measurement and controls thermal
protection circuits in various family appliances

PACKAGE: 50(+/-2%) Piece x Electrical Axial Lead NTC Thermistors Resistors
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Delivery Pickup

$799
prime Two-Day

FREE Returns v

FREE delivery Friday,
September 20. Order within 5
hrs 41 mins

© Deliver to Sifat - Rancho Palos...
90275

Only 9 left in stock - order

soon.
Quantity: 1 v
Add to Cart
Buy Now

Ships from Amazon
Sold by uxcell

Returns 30-day
refund/replacement

Payment  Secure transaction

v See more
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What else is needed to create this circuit? USC

University of

Southem California

Frequently bought together

ﬁgﬁt}"‘u ; \Nx\.'\ k
Jﬂ%; + % \"‘-,.
¢ A '
%'}fﬁo- ‘I
This item: uxcell 50PCS NTC 100 PCS 10K ohm Resistor 1/4w
Thermistors Resistors MF58 (0.25 Watt) £1% Tolerance Metal
3950B 10K Ohm Glass Sealed... Film Fixed Resistors, Over 200...
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Demo board setup
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Sensor circuit USC
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Arduino sketch USC

& voltage_divider | Arduino IDE 2.3.2 — O X UmVCISltYOf
Fle Edit Sketch Tools Help Southern California

voltage_divider.ino

1 #include <Arduino.h>

2

3 #define ml vd input ?

4  #define adc_resolution 1024

5

6 bool readingEnabled = false;

7 int counter = @;

8

9  void setup() {
10 Serial.begin(115208);
11 while (lSerial);
12 1}
13
14  void loop() {
15
16 if (Serial.available() > @) {
17 String command = Serial.readStringUntil('\n");
18
19
20 if (command == "readvoltage") readingEnabled = true;
21 }
22
23 while(readingEnabled){
24 Serial.println(analogRead(ml_vd_input));
25 counter = counter + 1;
26 if(counter == ?){
27 counter = 0;
28 readingknabled = false;
29 Serial.println("Ready to enter next command™);
30 break;
31 1
32 delay(1);
33 1
34 ]
35

Output = &

18

O indexing: 3/32 ILn 26, Col 20 Arduino Nano 33 BLE on COM4 Q 8




Serial plotter
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Temperature plots USC
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No

1Se

Noise is a random fluctuation of the output of a sensor which is essentially unrelated to the
input parameter. Common sources of noise include temperature fluctuations, electromagnetic
interference, instability of the bioactive sensitive element or of the electronic circuitry,
mechanical vibrations and fluid flow artifacts such as bubbles. Noise can be quantified as the
root mean square X, of a sample (x;, x», ... x,) of output signals for a given time period:

1 < X2+ x2 44 x2

. _ 2 1 2 n

Xrms = ; X = p .
i=1

USC

University of
Southern California



	Slide 1: ECE 105: Introduction to Electrical Engineering
	Slide 2: What is a sensor? 
	Slide 3: What is a sensor?
	Slide 4: Sensors in circuits: 
	Slide 5: Types of sensors 
	Slide 6: Types of sensors 
	Slide 7: Temperature sensor
	Slide 8: Sensor calibration
	Slide 9: Sensor calibration
	Slide 10: Using sensors in circuits
	Slide 11: Wheatstone bridge
	Slide 12: Precise thermistor measurement steps
	Slide 13: Sensitivity
	Slide 14: Let’s build our temperature sensor circuit 
	Slide 15: What else is needed to create this circuit? 
	Slide 16: Demo board setup
	Slide 17: Sensor circuit 
	Slide 18: Arduino sketch
	Slide 19: Serial plotter
	Slide 20: Temperature plots
	Slide 21: Noise

