CIRCUITS &
MICROCONTROLLERS



INTERACTIVE DEVICE DESIGN






CIRCUITS

Common Components | Voltage | Current | Resistance
Ohms Law | Watt's Law | Series and Parallel Circuits
Voltage Divider | Pull-up and Pull-down circuits



are networks of electrical elements
that contain a closed loop which allows electrons to
flow through the elements.

This electron flow allows the circuits to do things.



Examples of Electrical Components
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(measured in Volts) is the potential
difference in electrical charge between two
points in a circuit.

(measured in Amperes or Amps) is the
quantity of electrons passing through a point in
a circuit.

( measured in Ohms - () is the capacity

of a circuit element to impede the flow of
electrons in an electrical circuit.




states that Voltage = Current X Resistance

V=IR

states that Power = Voltage x Current

P=VI=12R



states that Voltage = Current X Resistance

V=IR

10V — 100 Ohms




states that Voltage = Current X Resistance

V=IR

5V — 100 Ohms




Where does Voltage come from?




can come from supplies or batteries.

Increasing the voltage Increasing the capacity Increasing both voltage and capacity




symbol




flows with almost no in metal.

Things that are connected by direct metal-on-metal
contact share the same
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COLDER:LESS BREAD BOARD
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sketch by Bill Verplank
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image from https://learn.sparkfun.com/tutorials/how-to-use-a-
breadboard




image from https://learn.sparkfun.com/tutorials/how-to-use-a-
breadboard



requlates the in a circuit.
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READING RESISTANCE VALUES
1

Ist Yalue
2nd Value

Example: 4 7 x100 -5%
4700€2-5%

VALUE MULTIPLUIER TOLERANCE

Tolerance
Multipher

COLOR

Black
Brown
Red
Orange

Yellow
Green
Blue
Violet
Gray
White
Gold
Silver
None

o

W O ~3 OO O bW -

]
10 -1%
100 -2%
1K

10K

100K -.5%
M -.25%
10M -1%
100M 05%
1000M
1110
1/100

-5%
10%
-20%




Resistors in series

— Vs =10V —

Rt=R1 + R2
Rt=50+50=100




Resistors in parallel

R1 R2
500 500 —— Vs=10V —

For Parallel Circuits:
Rtotal = (R1 * R2) / (R1 + R2)




states that Voltage = Current X Resistance

V=IR

states that Power = Voltage x Current

P=VI=12R



V=IR  P=VI
V=2
[=?

P=?

|0V — 100 Ohms




V=IR  P=VI
V=2
[=?

P=?

5v — 100 Ohms




What is a 277

Why is this bad?

For Parallel Circuits:
Rtotal = (R1 * R2) / (R1 + R2)




V=IR
I=V/R
IfR=0, =









Pushbutton LED circuit breadboard drawing

diagram made in Fritzing




Equivalent
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image from https://learn.sparkfun.com/tutorials/how-to-use-a-breadboard
originally from http://www.instructables.com/id/Use-a-real-Bread-Board-for-prototyping-your-
circui/




KIRCHOFF'S LAW in the

2

¥
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In any 'loop’ of a circuit, the
voltages must balance: the
amount generated = the amount

used




Input in the

3
T

—  Normally Open Button

—  Normally Closed Buiton




Switches/Buttons
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Switches/Buttons




Output in the




LEDs

images from Wikipedia
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Klngbrlgh' T-1 3/4 (5mm) SOLID STATE LAMP
Part Number: WP7113SRD/D Super Bright Red
LED datasheet o

Features Description
® LOW POWER CONSUMPTION. The Super Bright Red source color devices are made with
® POPULAR T-1 3/4 DIAMETER PACKAGE. Gallium Aluminum Arsenide Red Light Emitting Diode.

® GENERAL PURPOSE LEADS.

® RELIABLE AND RUGGED.

® LONG LIFE - SOLID STATE RELIABILITY.
® AVAILABLE ON TAPE AND REEL.

® RoHS COMPLIANT.

Package Dimensions

8.6(.339)  27(1.063)MIN.

#5.9(.232
S 1(:04) 1.5(.08)TYP.
‘ ‘ ‘ CATHODE | |

|
):_%:X—fx—l — 3
:\LO.?MAX. 00.5(0.02)
1.0MAX. +0.05

25(.197)
2.54(.1)

. T»O;\?\s;j\mens\_ons are in millvlimeters (inches). @ p
https://learn.adafruit.com/all-about- R o SN <

4. Specifications are subject to change without notice.

]'e ds/the_l‘e d_ dataShe et SPEC NO: DSAF2433 REV NO: V.2 DATE: MAY/11/2007 PAGE: 1 OF 6

APPROVED: WYNEC CHECKED: Allen Liu DRAWN: Y.L.LI ERP: 1101005271-02




Inside LEDs

Epoxy lens/case

Wire bond

Reflective cavity

Semiconductor die

Anvil
Post

} Leadframe

Flat spot




RGB LEDs

IGrn

Common Cathode Circuit Common Anode Circuit













A 1S a variable resistor,

a voltage divider in a package.




The 1s a diode, with a fixed voltage drop.
The 1s set by the series resistor

The brightness of the LED is a function of the
current, created by the

|I=VI/R




Whyisthisa circuit?







MICROCONTROLLERS ARE
VERY SMALL COMPUTERS



Long-term: .

E . glgp_w Short-term: !
: ar e RAR !
: CO-ROM Memory Graphic RAM |
: ROM ;
Keyhoard Monitor
Mouse > > Frinter
L i P Input Processor Qutput Meder
Wodem Metwork
Metwork | + !
BIos
Control | Operating Systern !
- Application Program |




WE ARE USING ARDUINO.

THIS IS A FAMILY OF
MICROCONTROLLER BOARDS
AND AN ASSOCIATED
INTEGRATED DEVELOPMENT
ENVIRONMENT (IDE)
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TRONICS

Arduino was born
out of the need
for a low-cost
microcontroller
platform for
Massimo Banzi's
students at the
Interaction
Design Institute
lvrea.

It’'s named after a
local pub:
Bar di Re Arduino.

IDE revision
0001 released

Atmegale8
doubles the
flash memory

Atmega8 used
for the first
boards

Arduino
Begins

The Arduino IDE
(Integrated Development
Environment) is built
upon Wiring - a software
project written by one of
Banzi's students
(Hernando Barragan).

It provides easy-to-use
libraries which hide some
of the raw C++ going on
behind the scenes.

Atmega328
again
doubles the
memory

LilyPad

Diecimila  Duemilanove

Mega

20M

Adafruit
estimate
300,000
official
boards
produced

Ethernet

LilyPad USB

2012 2013 2014

Esplora

LilyPad
Snap

LilyPad
Simple

First 32-bit

Arduino

Robot

Yun

HISTORY OF ARDUINO

2003 2004 2005 2006 2007 2008 2009 2010

2015 2016 2017

Zero 101

create.arduino.cc
web based IDE is
launched

Uno Wi-Fi
First ever
Arduino day
29/03/14 iz A
"MKRIO0O  MKRFOX
Primo Core
IDE 1.8
released
Arduino splits: Ardqmo
arduino.cc (Genuino reunites
outside USA) and undgr
arduino.org Arduino
Foundation

(ool

ARDUINO

TODAY

Industrial

« Yun/Yun Mini ] p"twer’]f“'-l smart

. Zero —x echnology

*« MO/MO Pro {x )
Rapid prototypin

« Tian @ apid prototyping

« 101/Industrial 101
Easily integrated with

other devices

N
"
Educational
« Esplora 1 Classroom friendly
+ Robot
@ Modern, STEM learning
mn
®0 o
0® Hands-on and intuitive
(X J
N
L/
loT
« MKR1000 — Connectivity and
« MKRZero . communication
* MKRFQXI?OO ’ Low power consumption
* Uno Wi-Fi
« Ethernet
« Primo y Easy to prototype with
N
"
Wearables
m Thin, compact
« LilyPad form factor
« LilyPad Simple
« LilyPad Snap - Battery powered
« LilyPad USB -
* Primo Core g Easy to use with
condutive material
N
L
Maker
« Uno Affordable
« Leonardo
« Mini/Pro Mini

O Community driven

« Nano/Micro

« Mega2560/ADK
* Primo

+ Due

Modular and adaptable




Physical Hardware
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Microcontroller
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Schematic
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ARDUINO SOFTWARE
ENVIRONMENT

IDE | Structure of Arduino programs |
Flashing programs



Blink | Arduino 0022
Sketch 50 DT T8
Blink § III

01
{13, OUTPUTY;

O A
{13, HIGH);

(2008);
{13, LOW);

(2008);

Done compiling.

Binary sketch size: 1018 bytes (of a 30720 byte maximum)

18



/*
Blink
Turns on an LED on for one second, then off for one second, repeatedly.

This example code is in the public domain.

"/

void setup() {
// initialize the digital pin as an output.
// Pin 13 has an LED connected on most Arduino boards:
pinMode(13, OUTPUT);

}

void loop() {
digitalWrite(13, HIGH); // setthe LED on
delay(2000); // wait for a second
digitalWrite(13, LOW); // setthe LED off
delay(2000); // wait for a second

}



What happens when we flash code?

N

Code from libraries (if any) are included (linked).
Code is checked for errors (verified).

Code is “cross-compiled” into machine code (a.k.a
machine code or hex code) using avr-gcc.

Code 1s written to the program memory of the
Arduino over USB using avrdude.






MULTIMETER
DEMONSTRATION



