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Overview of today

09:00 Introduction

* 09:30 PCB Design intro
* 09:45 PCB Soldering & electrical testing _ Hardware
* 10:45 PCB Test & bootloader

—

* 11:00 SW intro (OLED, I2C, ADCs, Interrupts) } Software
» 12:00 Lunch break
« 12:30 SW intro (OLED, 12C, ADCs, Interrupts) h
» 13:30 Develop simple game (Snake)
— Software

« 15:30 Download finished games
« 16:00 End

2 KU LEUVEN




Overview of today

09:00 Introduction

* 09:30 PCB Design intro
* 09:45 PCB Soldering & electrical testing _ Hardware
* 10:45 PCB Test & bootloader

—

* 11:00 SW intro (OLED, I2C, ADCs, Interrupts) } Software
» 12:00 Lunch break
« 12:30 SW intro (OLED, 12C, ADCs, Interrupts) h
» 13:30 Develop simple game (Snake)
— Software

« 15:30 Download finished games
« 16:00 End

3 KU LEUVEN




KU LEUVEN
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Introduction

 Build a mini hand-held battery power arcade game
console from scratch

e Specs:
« ATTiny85 controller (8K Bytes memory)
16 MHz
OLED screen
5 push buttons (full D-pad + action button)
On/off slide switch
Piezo buzzer for sound effects
CR2032 battery
Through-hole PCB
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Introduction

 Credits!
Original implementation from Electronoobs

D-pad upgrade & most games from Daniel C.

Some games created by Andy Jackson
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https://electronoobs.com/eng_arduino_tut120.php
https://www.tinyjoypad.com/tinyjoypad_attiny85
https://github.com/andyhighnumber/Attiny-Arduino-Games

Introduction

« We'll go over entire development:

« Schematic =» draw and manufacture PCB =» Soldering =» Electrical test = SW test =
Software implementation of simple game

 PCB Design: EAGLE Layout Editor
« Software is written using Arduino IDE and language
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Introduction

« 17 supported games (one at a time ©):

O*bert (1982) Arkanoid (1986) Excite Bike (1984) Bomberman (1983)

. e e
I 11 10 103 £33 £33 -0 10 30 10 X0 C10- 1
T R

Space Invaders (1978) Tiny Gilbert (platformer)

003230
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https://www.youtube.com/watch?v=hkp_OjNX4Ss
https://www.youtube.com/watch?v=PtYDiMktu9M
https://www.youtube.com/watch?v=1lALQOw190M&feature=youtu.be
https://www.youtube.com/watch?v=dlDt-5oEnIw
https://youtu.be/TeqHoSFIo0U
https://youtu.be/0Dm1qFoj8GA
https://www.youtube.com/watch?v=0okr0_vsDwI
https://www.youtube.com/watch?v=yv-ZH0_JHi0

Snake (1976)

Introduction

« 17 supported games (one at a time ©):

Morpion (tic-tac-toe) Pacman (1980) Pinball (1984)

| KU LEUVEN


https://youtu.be/ub3K0bkFh1c
https://youtu.be/PT78cFqzk-I
https://youtu.be/JWH-4wWavF8
https://www.youtube.com/watch?v=NwdJZ5ZICMM
https://www.youtube.com/watch?v=p6qU1dX1JiU
https://youtu.be/GQ1IJgQIZMA
https://youtu.be/galWVpOzRkk
https://youtu.be/orzP3zrHqCM

Introduction

3D printed housing

* Not part of this workshop
* Fusion360 CAD software (free for students!) — Prusa MK3 printer
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Introduction

e Location of course files:
https://qitlab.com/EAVISE/workshops/
ATTinyArcadeV?2

« Task 1:

 Download ZIP from course URL
» Contains these slides, PCB, datasheets, games, SW templates,...
o Extract to D:\ drive
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https://gitlab.com/EAVISE/workshops/

Introduction — AT Tiny85 microcontroller

ATtiny25/V | ATtiny45/V | ATtiny85/V
Summary

Features

* High Performance, Low Power AVR® 8-Bit Microcontroller
* Advanced RISC Architecture
— 120 Powerful Instructions — Most Single Clock Cycle Execution
— 32 x 8 General Purpose Working Registers
— Fully Static Operation
* MNon-volatile Program and Data Memories
— 2/4/8K Bytes of In-System Programmable Program Memory Flash
= Endurance: 10,000 Write/Erase Cycles
— 128/256/512 Bytes In-System Programmable EEFROM
= Endurance: 100,000 Write/Erase Cycles
— 128/256/512 Bytes Internal SRAM
— Programming Lock for Self-Programming Flash Program and EEPROM Data Security

PDIP/SOIC/TSSOP - Peripheral Features

— B-bit Timer/Counter with Prescaler and Two PWM Channels

N — B-bit High Speed Timer/Counter with Separate Prescaler
= 2 High Frequency PWM Outputs with Sep Output Comp Regist
(PCINT5/RESET/ADCO/dW) PB5 [} 1 8 VvcC + Programmable Dead Time Generator
[ — USI - Universal Serial Interface with Start Condition Detector
(PCINT3/XTAL1/CLKI/OC1B/ADC3) PB3 ] 2 7 1 PB2 (SCK/USCK/SCL/ADC1/TO/INTO/PCINT2) - 10-bit ADC
* 4 Single Ended Channels
(PCINT4/XTAL2/CLKO/OC1B/ADC2) PB4 [} 3 6 [1 PB1 (MISO/DO/AIN1/OCOB/OCTA/PCINTT) - 2 DNicscnial ADEC Chammet Pais wills Prograsmesaiic Geb {1, 28%)
GND [ 4 5 |1 PBO (MOSI/DI/SDA/AINO/OCOA/OCTA/AREF/PCINTO) — Proorammable Watchdog Timer with Separate On-<hip Oscilatr
— On-chip Analog Comparator
= Special Microcontroller Features

— debugWIRE On-chip Debug System
NOTE: TSSOP only for ATtiny45/V ~ In-System Programmable via SPI Port
— External and Internal Interrupt Sources
— Low Power Idle, ADC Noise Reduction, and Power-down Modes
— Enhanced Power-on Reset Circuit
— Programmable Brown-out Detection Circuit
— Internal Calibrated Oscillator
= /0 and Packages
— Six Programmable /O Lines
— B.pin PDIP, 8-pin SOIC, 20-pad QFN/MLF, and &-pin TSSOP {only ATtiny45/V)
» Operating Voltage
— 1.8 - 5.5V for ATtiny25V/45V/85V
— 2.7 - 5.5V for ATtiny25/45/85
Speed Grade
— ATtiny25V/45V/85V: 0 — 4 MHz @ 1.8 - 5.5V, 0 - 10 MHz @ 2.7 - 5.5V
— ATtiny25/45/85: 0 — 10 MHz @ 2.7 - 5.5V, 0 - 20 MHz @ 4.5 - 5.5V
Industrial Temperature Range
Low Power Consumption
— Active Mode;
+ 1 MHz, 1.BV: 300 pA
— Power-down Mode: Rev. 2386Q5-AVR-08/2012

+ 0.1 pA at 1.8V
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Introduction - schematic
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Introduction - PCB
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Introduction

» Task 2:
« Use the datasheets to calculate the battery life of this mini handheld game console!
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Overview of today

09:00 Introduction

09:30 PCB Design intro

09:45 PCB Soldering & electrical testing
10:45 PCB Test & bootloader

11:00 SW intro (OLED, 12C, ADCs, Interrupts)

12:00 Lunch break

12:30 SW intro (OLED, 12C, ADCs, Interrupts)
13:30 Develop simple game (Snake)

15:30 Download finished games

16:00 End

— Hardware

—

} Software

— Software
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PCB Design Intro

e Task 3:

« Copy folder “ATTinyArcade_PCB” (under hardware) to:
C:\Users\student\Documents\EAGLE\projects\
If folder does not exist yet, first open Eagle and login

* Open Eagle from desktop
If login is required:
“elektronicaworkshop@gmail.com”
pwd: “arduinoide1”

* Open project (both schematic and PCB — press F5 if not yet visible)
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PCB Design Intro

» Task 4.
« Add the power LED and resistor to the schematic

* Position and route both the LED and resistor on the PCB

Perform ERC and DRC check
* https://[lcpcb.com/capabilities/Capabilities
=>» Use the jlcpcb2layer.dru file
Use the CAM generator to generate Gerber files
=> Use the jlcpcb_2 layer v9.cam file
Upload Gerber files to your favorite PCB fab
=> e.g. https://jlcpcb.com/

View PCB preview and check for errors
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https://jlcpcb.com/capabilities/Capabilities
https://jlcpcb.com/
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PCB Soldering

« PCB for this workshop has been designed completely through hole
« Solder from lowest components to highest components
* Do not forget solder jumpers
* Note polarities and positions of components!

 After soldering we perform an electrical test

VCC U/D PB ACTION

CONNECTION Measured voltages, with GND as reference
1 Left and right buttons 3.1V (none), 2.4V (left), 1.8V (right)
2 OLED - SDA (3.1V)
3 OLED - 5CL (3.1V)
4 GND (ov)
5 Action button 3.1V (none), OV (action)
6 Piezzo buzzer /
7 Up and down buttons 3.1V (none), 2.4V (down), 1.8V (up)
8 Vec 3.2V

L/R OLED GND
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PCB Soldering

See solder guide here:

https://qitlab.com/EAVISE/workshops/attinyarcadev?2/-
/blob/main/SOLDER GUIDE.md
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https://gitlab.com/EAVISE/workshops/attinyarcadev2/-/blob/main/SOLDER_GUIDE.md
https://gitlab.com/EAVISE/workshops/attinyarcadev2/-/blob/main/SOLDER_GUIDE.md

PCB Soldering

 Move to lab A111
* Hope to finish around 10:45
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PCB Test & bootloader

 Let’'s now burn the bootloader (set the fuses) and test the hardware of the
board!

e Task 5
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PCB Test & bootloader

* First, install the ATTiny85 libraries
 Start Arduino IDE, go to File = Preferences

Add an additional board manager URL.:

https://raw.qgithubusercontent.com/damellis/attiny/ide-1.6.x-boards-
manager/package damellis attiny index.json

Preferences X
Settings  Metwork
Sketchbook location:
|C:\}Jsers‘qui5tofVan Beeck'\Documents'Arduino | | Browse @ .Iﬁld d Itl on EI EDE rd & M ana g Er U HLS X
Editor language: |System Default ~ | {requires restart of Arduina)
Ecitor font size: Enter additional URLs, one for each row
Interface scale: Automatic % {requires restart of Arduina)
— (e TS kﬂ:tps ://raw.githubusercontent.comn/damellis/attiny/ide-1.6.x-boarc ™
Show verbose output during: [7] compilation upload
Compiler warnings:
Display line numbers [[] Enable Code Folding
Verify code after upload [[] Use external editor 1
Check for updates on startup Save when verifying or uploading < >
[]Use accesabity features Click for a list of unoffidal boards support URLs
Additional Boards Manager URLs: |giihubuseroonbent.com,fdame\lisfathny,ﬁde—l.ﬁ.x-boards-manager,fpa:kage_damellis_attiny_index‘j*”
More preferences can be edited directly in the file

C:\Users\Kristof Van Beeck\AppData'Local\Arduino 15\preferences. bt
(edit only wher, A/duino is not running))



https://raw.githubusercontent.com/damellis/attiny/ide-1.6.x-boards-manager/package_damellis_attiny_index.json
https://raw.githubusercontent.com/damellis/attiny/ide-1.6.x-boards-manager/package_damellis_attiny_index.json

PCB Test & bootloader

* Tools = Board = Board manager

« Search for attiny, install the board:
e attiny (by David A. Mellis - version 1.0.2)

@ Boards Manager >
Type |Al| I | |E.|‘c1:ir111|I
attiny A

by David A. Mellis version 1.0.2 INSTALLED
Boards included in this package:

ATtiny45, ATtiny85, ATtiny44, ATtinyS4.
More Info

ATTinyCore

by Spence Konde version 1.5.2 INSTALLED

Boards included in this package:

Program wvia ISP or Serial:, ATtiny841/441, ATtiny85/45/25, ATtiny43, ATtinyS4/44/24, ATtiny1634, ATtiny828,
ATtiny2861/461/261, ATtiny167/87, ATtiny88/48, ATtiny4213/2313, USE (Micronucleus) boards:, DigiSpark (t85), Digispark Pro
(t167]), Wattuino Mano (t841), CaliforniaSTEAM (t84), AzduinoUSE (t84, t841, t861, t1634), If Win USE drivers not already
installed, run the post_install.bat manually or DL from https://azduinc.com/bin/micrenucleus.

More Info

megaTinyCore




PCB Test & bootloader

« Under Tools = Board =2 “Attiny Microcontrollers” should now be available

:ommunication | Arduine 1.8.13

Sketch Toels Help

i Auto Format Ctrl+T
Archive Sketch

Fix Encoeding & Reload
Manage Libraries... Ctrl+5hift+I
Serial Monitor Ctrl+5Shift+M
Serial Plotter Ctrl+5Shift+L
DIGIT
DIGIT WIiFi101 / WiFiNINA Firrmware Updater
hes 5 Board: "ATtiny25/45/85" : Boards Manager...
_______ Processor: "ATtiny253" 3 Arduine AVR Boards ¥
------- Clock: "Internal 8 MHz" : ATtiny Microcontrollers :. ATtiny25/45/85
::Eij Port ATTinyCore ; ATtiny24/44/84
. 55013 Get Beard Info custom-avr (in sketchbook)  »
| ESP3266 Boards (3.0.2) *
= "fon Programmer 5 oencR .
Burn Bootloader : P

'tion declarations
) Screen
11306 init{woid);

AT ANE wfar oarawvrt fradidl e
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PCB Test & bootloader

« We're going to use the Arduino Uno as ISP programmer to program the
ATTiny85 on our PCB, using the header at the back

« Connect the Arduino Uno to the PCB header as shown on next slide (do not
connect the Uno through USB yet)

* Double check connections when finished
« Connect Arduino Uno to USB on desktop
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PCB Test & bootloader

Arduino ATTiny85
Uno Arcade
PCB
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PCB Test & bootloader

« Upload the Arduino ISP code to the Arduino Uno
* First, open the ISP code:
File = Examples = 11. ArduinolSP = ArduinolSP

@ ArduinolSP | Arduino 1.8.13
File Edit Sketch Tools Help

MNew Ctrl+N
Open... Ctrl+0O
Open Recent >
Sketchbook >
Examples p &
Close CrlsW Built-in Examples
Save Ctrl+S S ?
Save As..  Ctrl+Shift+S L] ’
03.Analog >hg Arduino pins:
Page Setup  Ctrl+Shift+P 04.Communication >
Print Ctrl+P 05.Control >
Preferences Ctrl+Comma LLEEIE ? to communicate
07.Display
Quit Ctrl+Q 08.5trings >
I 09.USE »
’f MISO °. 10.5tarterKit_BasicKit >
I SCE . 11.ArduinolSP >|: ArduinolSP
/ .
// Examples for any board
on some Arduinos (Uno Bridge ime plns as
digital pin 11, 12 an Esplora rials instruct
you to hook up the ta Ethernet lng mors




PCB Test & bootloader

e Select the correct board:

Archive Sketch
Fix Encoding & Reload

j— Manage Libraries... Ctrl+Shift+]
O O S O ar ght] Serial Monitor Ctrl+Shift+M

u

re Serial Plotter Ctrl+Shift+L
1 L
(Set to Ard u | n O l | n O) “S WiFi101 / WiFININA Firmware Updater
ket Board: "Arduino Uno" Boards Manager... |
Port Arduino AVR Boards Arduino Yun

is
I O O I S 9 I O rt Get Board Info ATtiny Microcontrollers . Arduino Uno
ATTinyCore Arduino Duemilanove or Diecimila

aul Programmer: "AVRISP mkil” ) i
he custom-avr (in sketchbook) Arduino Nano

(select correct COM port)
Arduino Mega ADK

Arduino Leonardo

Arduino Leonardo ETH

Tools = Programmer e

MISO °. . 5V (!} Avoid this pin on Due, Zero...
SCE . . MOSI

= Arduinos (Uno,...), pins MOST, MTSO and SCE ars the same pins as Arduino Esplora

1 pin 11, 12 and 13, respsctively. That is why many tutorials instruct Arduino Mini
(Se IeCt AVR I S P m kl I) hook up the target to these pins. If you find this wiring moze Arduino Ethernet

cal, have a define USE_OLD_STYLE_WIRING. This will work even when not Folifis [

an Uno. (On an Uno this is not nesded). Arduino BT

LilyPad Arduino USB
LilyPad Arduino

atively you can use any other digital pin by configuring

re ("BitBanged') SPI and having appropriate defines for PIN MOSI,

S0 and PIN SCE. Arduino Pro or Pro Mini
Arduino NG or older
ANT: When using an Arduino that is not 5V tolsrant (Dus, Zero, ...) as Arduino Robot Control

PY I ogrammer, make sure to not expose any of the programmer's pins to 5V. Arduino Robot Motor
p oad coade 10 poara! Lo vy - acoug i <his in to poves the compiece syeten (peogeemmer | o 000t}
rget) at 3v3.

Adafruit Circuit Playground

LED (with resistor) on the following pins: Arduino Yun Mini

rtbeat - shows the programmer is running Arduino Industrial 101
or — Lights up if somsthing goss wrong (use red if that makes ssnss Linino One
Arduino Uno WiFi
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PCB Test & bootloader

« We can now use the Arduino Uno as ISP to program our ATTiny85 PCB
* First, we need to burn the bootloader (which sets the fuses)
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PCB Test & bootloader

« Under Tools, make sure to select the following options:
Board: “ATTiny25/45/85”
Processor: “ATTiny85”
Clock: 16 MHz internal ® EXTREMELY IMPORTANT

| Arduine 1.8.13
ch Tools Help

Auto Format Ctrl+T
Archive Sketch
Fiz Enceding & Reload

Manage Libraries.., Ctrl+Shift+1

Senal Monitor Ctrl+Shift+M <

Senal Plotter Ctrl+5Shift+L

WiFi101 7 WiFiNIMNA Firmware Updater

inj anyzwsm?

n

£ < Processor "ATtiny23"
Clock: "Internal 16 MHz"
Port: ' :
Get Board Info it v

Rl Programmer: "Arduino as [SP" ? bURP

Burn Bootloader




PCB Test & bootloader

* Make sure to change Tools = Programmer to Arduino as ISP
 Click on Tools = Burn bootloader

 You should get: “Done burning bootloader” if everything went fine (and
some beep noises ©), otherwise check connections again

| Arduine 1.8.13
ch Tools Help

Auto Format Ctrl+T
Archive Sketch
Fiz Enceding & Reload
Manage Libraries... Ctrl+Shift+]  F5
Serial Menitor Ctrl+ShiftsM ™=~
Serial Plotter CtrisShiftsL "'
nM
WiFi101 / WiFiNIMA Firmware Updater ~ FE=CSC
im Board: "ATtiny25/45/85" >pute
£ Processor. “ATtiny35 y| Lic
= 1 B of
£ o Cleck: "Internal 16 MHz" >
Port: "COM4 (Arduino Uno)" >
Get Board Info it v
t npli
Rl Pregramemer: "Arduine as [SP" > bURP
Burn Bootloader
—




PCB Test & bootloader

* We can now program the ATTiny85 from the Arduino IDE
 First, we run a simple hardware test program

« This runs the following sequence: Geavise
* Initialize ports of ATTiny85

Initialize OLED screen

Shows EAVISE logo (2 seconds)

Plays sound
Shows test screen to test D-pad and action button
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PCB Test & bootloader

* This sketch is found under “/software/hw_test/”

« Open in Arduino IDE, make sure that ATTiny85 board is still selected with
16 MHz clock, and the programmer is Arduino as ISP

« Upload the code and test the hardware!

| Arduine 1.8.13
ch Tools Help

Auto Format Ctrl+T

Archive Sketch

Fiz Enceding & Reload

Manage Libraries... Ctrl+Shift+]  F5

Serial Monitor Ctrl+ Shiftsh ~2921
i . yjovr

Serial Plotter Ctrl+ Shift+L

bM
Upload

iFi
imy pate
L III In n i
= 1 o
E Clock: "Internal 16 MHz"
] Port: "COM4 (Arduino Uno)"
iy Get Board Info it v
i i nplie

Prog "Arduing as ISP

Burn Bootloader




Overview of today
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SW intro (OLED, I12C, ACD, Interrupts)

» Let’s now discuss the software side:
 The OLED screen interfacing
 |2C interface protocol
« User input
« ADCs
* Interrupts (optional)
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SW intro (OLED)

* OLED screen specs: |
« SSD1306 controller AT NS @
* Supports 12C & SPI 1]
« 128 x 64 pixels
* 0.96-inch diagonal
« Supply voltage 3.3V — 5V

T MES
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SW intro (OLED)

« OLED technology:

« Similar to LED, emissive electroluminescent layer is a film of organic compound that
emits light in response to an electric current

« PMOLED and AMOLED
f ? f —— TEMPERED GLASS

ANODE (+)
® TRANSPORT LAYER

positive charges (holes)

I.

TRANSPORT LAYER

p
@ negative charges (electrons)

— CATHODE (-)

o 2CRSTRATE

https://www.unisystem-displays.com/en/news/all-about-oleds.html
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SW intro (OLED)

« OLED technology:
« Each pixel emits visible light (as opposed to an LCD screen)

« Advantages:
« Excellent brightness and contrast
* Wide viewing-angle
* No need for backlight: smaller, lightweight, flexible, uses less power
» Fast response time

» Disadvantages:
» Expensive technology
 Limited lifetime of organic material
* Prone to environmental factors (e.g. moisture)

https://www.unisystem-displays.com/en/news/all-about-oleds.html
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SW intro (OLED)

LCD

g FPC2070003001XXXXX00 g
CON1

https://www.unisystem-displays.com/en/news/all-about-oleds.html
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SW intro (12C)

e Qur screen uses 12C for communication with the SSD1306 controller:

* Inter-Integrated circuit bus
« Two wire interface: SCK & SDA: bidirectional and open-collector or open-drain (pull-up required)

VCC VCcC
VCC
1/o = < LED = 1/0
Expanders [N Blinkers Expanders
sRe SCLO Hub "
h P Py 3 Repeater Py
SDAO Buffer
VCC

Microcontroller Multiplexer / -
or Processor Switch :E
SCL1
® * * *
SDA1
Data LCD Driver Temperature
Converter Sensor

Texas Instruments - Application Report SLVA704—June 2015 Understanding the 12C Bus

KU LEUVEN
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Slave or Master

SW intro (12C) ?

Logic _<]| i
e 12C |
» Controller (master) communicates with slave devices
« Slave may not transmit data unless addressed =

Each device on the 12C bus has a specific address

Many slave devices require configuration upon startup to set behavior
Typically done through the slave’s internal register maps
A device can have one or multiple registers where data is stored, written or read

Texas Instruments - Application Report SLVA704—June 2015 Understanding the 12C Bus
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tro (12C)

IN

SW

SDA line stable while SCL line is high

Bit Bit Bit Bit Bit

Bit

MSB

|_uh!|||||||-
«—
! I !
! I _
! L1 _
! 1 !
! o1 _
_ I _
«—
— <
b A

STQOP
Condition

Data Transfer

START
Condition

Byte: 1010 1010 ( OxAAh )

Texas Instruments - Application Report SLVA704—June 2015 Understanding the 12C Bus

=
T
>
-
1T
wd
-
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SW intro (12C)

* |12C message

Master Controls SDA Line

Slave Controls SDA Line

Write to One Registerin a Device

Device (Slave) Address (7 bits) Register Address N (8 bits) Data Byte to Register N (8 bits)

AL AN
( A 4 N7 A

S |A6 |AS5 (A4 |A3 |A2Z|Al|AO| O | A | B7|B6|B5|B4|B3(B2|B1|BO| A |D7|D6|(D5|D4|D3(D2|D1| DO

f f 1 ! f1

START R/W=0 ACK ACK ACK STOP

Texas Instruments - Application Report SLVA704—June 2015 Understanding the 12C Bus
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SW intro (12C)

 OLED screen - SSD1306 implementation: datasheet p. 20

Note: Co — Continuation bit
D/C# — Data / Command Selection bit
ACK - Acknowledgement
SAO — Slave address bit
R/W# — Read / Write Selection bit
Write mode S — Start Condition / P — Stop Condition
(1111 BNARE ||1|b|> IIIbIII>OD ||1|b|> ||||||J>TJ
21011110 = |56’ =] | Control byte (5 Data byte Alo’l=] | Control byte |F] Data byte o
0 = s O % I O I I T O T
—— - A PN - >
~ v
Slave Address m = 0 words 1 byte n = 0 bytes
MSB ...l LSB
TTTTT,
01111022
L1 P&
Y—/
. SSD1306
N Ote . Slave Address
|12C address: 01111000 =>» 0x78 T
Write data or command: 00000000 =» 0x00 S8 CCrT 5
01000000 & 0x40 -
Control byte
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SW intro (OLED)

* Now we know how to send data
* What should we send to do what? = Command table (p. 28 — 32)

9 COMMAND TABLE

Table 9-1: Command Table

(D/CH#=0, R/'WH#(WR#) = 0, E(RD#=1) unless specific setting is stated)
1. Fundamental Command Table

ID/C#Hex D7 D6 D5 D4 D3 D2 D1 DO |Command Description
0 81 1 0 0 0 0 0 0 1 |Set Contrast Control [Double byte command to select 1 out of 256
0 A[7:0]] A7 | As | As | As | As | A | Ar | Ay lcontrast steps. Contrast increases as the value
nereases.
(RESET = 7Fh )

0 IA4/AS 1 0 1 0 0 1 0 X, [Entire Display ON  |A4h, X¢=0b: Resume to RAM content display
(RESET)

Output follows RAM content
|A5h, X;=1b: Entire display ON
Qutput ignores RAM content
0 IAG/AT7] 1 0 1 0 0 1 1 X, [Set Normal/Inverse [Ach. X[0]=0b: Normal display (RESET)
Display 0 in RAM: OFF in display panel

1 in RAM: ON in display panel
|IA7h, X[0]=1b: Inverse display

0 in RAM: ON in display panel

1 in RAM: OFF 1 display panel
0 IAE 1 0 1 0 1 1 1 X, [Set Display ON/OFF |AEh. X[0]=0b:Display OFF (sleep mode)
AF (RESET)
IAFh X[0]=1b:Display ON in normal mode

 Different types: fundamental, scrolling, addressing, HW configuration, timing
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u
Row re-mappmg
PAGEO (COMO0-COMT7) PAGEO (COM 63-COMS56)

PAGEI (COMS-COM]15) | PAGE1 (COM 55-COM48)

| PAGE2 (cOM47-COM40)

PAGE3 (COM24-COM31) PAGE3 (COM39-COM32)

PAGE4 (COM31-COM24)

« How does the screen work? PR oo

PAGES (COM40-COM47)

PAGE? (COM16-COM23) (
‘ PAGES (COM23-COM16)

PAGES6 (COM48—COMS55) PAGES6 (COM15-COMS)

PAGET (COMS56-COM63) ‘ PAGE7 (COM 7-COMO)

SEGO SEGI127

Column re-mapping  SEG127 SEGO

LSB DO _CUMIG
COM17

ISEGO
ISEG1
[SEG2
ISEG3
SEG4
SEG123
ISEG134

ISEG125
ISEG126
ISEG127

PAGE2 cerserasserserannnns

4 :
MSB D7 COM23

\ Each box represents one bit of image data
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SW intro (OLED)

« Set address pointer for GDDRAM

3. Addressing Setting Command Table
D/CfHex D7 D6 DS D4 D3 D2 D1 DO |Command Description
0 00~0F | O 0 0 0 | X5 | Xo | X; | Xy |Set Lower Columm  |Set the lower nibble of the column start address
Start Address for register for Page Addressing Mode using X[3:0]
Page Addressing as data bits. The initial display line register is
Mode reset to 0000b after RESET.

Note
() This command is only for page addressing mode

0 10~-1F | 0 0 0 1 X | Xp | Xy | Xp |Set Higher Column  |Set the higher nibble of the column start address
Start Address for register for Page Addressing Mode using X[3:0]
Page Addressing as data bits. The initial display line register is
Mode reset to 0000b after RESET.

Note
() This command is only for page addressing mode

0 BO~-B7| 1 0 1 1 U] X | Xy | Xy [Set Page Start Set GDDRAM Page Start Address
|Address for Page (PAGEO~PAGE?T) for Page Addressing Mode
IAddressing Mode  |using X[2:0].

Note
(Y This command is only for page addressing mode
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SW intro (OLED)

Figure 2 : Software Initialization Flow Chart

o Start
artup sequence il
Control
81h, 7Fh
Y
Set MUX Disable Entire
Ratio Display On
ABh, 3Fh Adh
Set Display Set Normal
Offset Display
D3h, 00h Ath
| !
Set Display Set Osc
Start Line Frequency
40h D5h, 80h
Y
Set Segment Enable charge
re-map pump regulator
ADRATh 8Dh, 14h
Set COM Output -
Scan Direction D|SFLI‘3F‘,;]On
COh/C8h
Set COM Pins
hardware
configuration
DAh, 02
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SW intro (OLED)

 Let's have a look how this is programmed in our Arduino IDE

« Task 6:
* Open “oled_driver.ino”in Arduino IDE
« Examine code, try to understand how it works

» Use the loop function to:
1. Initialize the screen
2. Clear the screen
3. Draw a one-pixel border around the screen
4

Write your name in the middle of the screen, using:
void ssd1306 char f6x8(uint8 t x, uint8 t y, const char ch[])

5. Optional: move or scroll it across the screen? Experiment yourself!
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Overview of today

09:00 Introduction

09:30 PCB Design intro

09:45 PCB Soldering & electrical testing
10:45 PCB Test & bootloader

11:00 SW intro (OLED, 12C, ADCs, Interrupts)

12:00 Lunch break

12:30 SW intro (OLED, 12C, ADCs, Interrupts)
13:30 Develop simple game (Snake)

15:30 Download finished games

16:00 End

— Hardware

—

} Software

— Software
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Overview of today

09:00 Introduction

* 09:30 PCB Design intro
* 09:45 PCB Soldering & electrical testing _ Hardware
* 10:45 PCB Test & bootloader

—

* 11:00 SW intro (OLED, I2C, ADCs, Interrupts) } Software
» 12:00 Lunch break
« 12:30 SWintro (OLED, I2C, ADCs, Interrupts) |
» 13:30 Develop simple game (Snake)
— Software

« 15:30 Download finished games
« 16:00 End
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SW intro (User Input - ADC)

* Now we are going to read the user input buttons
« How many user |Os are there? How many pins on microcontroller?

 Schematic:
8
= M
EH§
L | mESEwce FE—>
— 3 2 —pB2]
PB4»—32— 4 1 |-
N
S4—2 oo 0 P2 PBO ﬂ%
O ATTINYBS 'Hﬁ
i:\ c
(=]
i
£
chip éND o chip chiD
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SW intro (User Input - ADC)

» We use a trick to reduce the required 10 ports
« Often used in hardware design

—_1 -2 — 3 —_A
o o— o o—
D el Lt Rl
i =5 = 6 =B
O O O— O—
I 2 i e B e B
=7 =8 =* =C
00— [ o— o—
s> 1 7 { 7
st o B R
O s s B i O
P3 2200 P2 2200 P1 2200 PO 2200
1 kD) 1k 1 k0 1k
GND GND GND GND

[DAd] E

(I
[CAZ]

L _loAMNz1s L

Croam
—

Fig

EEEF'L__J
[OAZ]

Fis
(N

=

4. 1oazea vz

U=

BiEE-e

ERAM g

(===

Control Lines
to LCD Unit

Extermal Limk Port

[EE _uce 25| fg
CEZ [EE—ovec
EE == ]

CONTROL -2
< CLOCK -2
HORSTIC2a ST
ETEL CH

5
Rig]

4+ g m—

L _loAnzis g |

Eia——

Fisisad ovee
1E@K

Game Cartridoe Socket

1925

[Ry==Em)

Headphone Jack

A A
Y
33 A 10@UF

Leavr |

]

1T L
;E; ;E;IZA?UF

bt A e P com
[Fi=eDocument Homber FEV

a GameBog Internals (CPU Section? ‘c
Get=: Gctober 24, ioo7ohest 1 oF
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PDIP/SOIC/TSSOP
S

(PCINTS/RESET/ADCO/dW) PB5 [] 8JvcC

= (PCINT3/XTAL1/CLKI/OC1B/ADC3) PB3 [ 2 7 |2 PB2 (SCK/USCK/SCL/ADC1/TO/INTO/PCINT2)
— (PCINT4/XTAL2/CLKO/OC1B/ADC2) PB4 [] 3 6 1 PB1 (MISO/DO/AINT/OCOB/OCTA/PCINTT)
GND [ 4 5 | PBO (MOSI/DI/SDA/AINO/OCOA/OCTA/AREF/PCINTO)

NOTE: TSSOP only for ATtiny45/V

-

« We use different analog values through voltage dividers on the analog
iInputs of the ATTiny85

« ADCs to determine button press!

* How do they work on the ATTiny85? EE .
« 4 channels, single 10-bit ADC - ﬁ > ]
e Successive approximation ells  els
SRS 3; - 3;
D ND D EKID EKID
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SW intro (User Input - ADC)

Clock ] SAR —— EOC
R
DN 1 DN 2 D2 Dl DO
vy vVYVv
VREF DAC
Comparator




SW intro (User Input - ADC)

Successive Approximation — example of a 4-bit ADC

Vin =0V

clk ——

control ~

Vin =0V

3‘210
[ oas )—

voltage

time

Y

4 Resolution: B
5V x1p 2.5000V
5V x1/a 1.2500V
5V x1fs 0.6250V

5Vx1lis 03125V

o
9 5V x1/1024 0.0049V )
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SW intro (User Input - ADC)

ADC CONVERSION
COMPLETE IRQ

INTERRUPT
FLAGS

ADTS[2:0]

g E-BIT DATABUS
)

Y

) I s 1

ADC CTRL. & STATUS B ADC MULTIPLEXER ADC CTRL. & STATUS A ADC DATA REGISTER
REGISTER (ADCSRE) SELECT (ADMUX) REGISTER (ADCSRA)

ADIE

(ADCH/ADCL)
rFs
B S E = = o g gz LA 4 A
] S g345 =248 ¢ s
! »| TRIGGER g
g »| seLeCT =
a A 4 yY¥ v
B ‘ MUX DECODER ‘ 3 wlr v
v, i— PRESCALER
e START
g =
AREF = E Y Y y
INTERNAL 1.1V/2.56V S S CONVERSION LOGIC
REFERENCE z
-~
TEMPERATURE v SAMPLE & HOLD
SENSOR y COMPARATOR

10-BIT DAC
ADC4
[
ADC3 '\ SINGLE ENDED / DIFFERENTIAL SELECTION
ADC2 INPUT . ADC MULTIPLEXER
MUX 7 outPuT
ADC1
.
ADCO
GAIN

AMPLIFIER

NEG.
INPUT
MUK
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SW intro (User Input - ADC)

 Alot of settings!

 MUX, reference voltage, enables, pre-scaler, interrupts, how 10-bit is
stored in 8-bit registers, mode of operation,...

* 5 registers!

 Luckily, Arduino libraries perform lots of abstraction:

analogReadResolution(10) ;
analogReference(DEFAULT);
analogRead(A9);
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SW intro (User Input - ADC)

» Task 7:
 Calculate the expected ADC values for each of the 4 buttons (up, down,

left, right)
* Open “user_input.ino”in Arduino IDE
« Examine code, try to understand how it works
 Extend the code to: KU LEDVEN O "5t O

/B! 1988 e
UP . -
ACTION | .

| e D

- V' (&23VISE
1. Initialize the user 10s < D

2. Show the ADC values on the OLED screen
tip: itoa(); to convert int to char

3. Show which buttons were pressed
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SW intro (Interrupts - optional)

Reading buttons this way is not efficient
« Sometimes OK, when SW routine is very predictable (e.g. game console)

Interrupt the running code to do something else

(Very) short routines (no delays)!

Internal or external

Examples: timer, watchdog, keyboard, sensor, switch

Perform processing in
; response to state change
: —

Using ; Throw interrupt
'

Interrupts h
8 GriO =

{ GPIO input value change from 0 to 1 ‘—» Perform processing in
response lo state change

- = — P

When ' -? lfI i?
]
L

Using Check state | iCheckstate | i Check state E ' Check state
)

Polling : . : :
‘ ot St St M-




SW intro (Interrupts - optional)

ACTION button is on PCINTO pin

Two types in ATTiny85

PDIP/SOIC/TSSOP

(PCINT5/RESET/ADCO/dW) PB5 [}

(PCINT3/XTAL1/CLKI/OC1B/ADC3) PB3 [}
(PCINT4/XTAL2/CLKO/OC1B/ADC2) PB4 []

INTO triggers a direct dedicated interrupt routine
 Rising or falling is set through register

GND [

1
2
3
4

N

8
7
6
5

| 1 VCC

[ 1 PB2 (SCK/USCK/SCL/ADC1/T0/INTQ/PCINT2

[ 1 PB1 (MISO/DO/AIN1/0OCOB/OCTA/PCINT1)

[ 1 PBO (MOSI/DI/SDA/AINO/OCOA/OCT AIAREF[PCINTO)l

PCINT (Pin Change INTerrupt) triggers an interrupt routine if one of the PCINT pins are
triggered. You have to check which pin and what change yourself in the interrupt routine

Table 9-1. Reset and Interrupt Vectors
Vector No. Program Address Source Interrupt Definition
1 0x0000 RESET S:(ct:\e.\::iuﬁigezzri{l-:lghiisgetéeset
2 0x0001 INTO External Interrupt Request 0
3 0x0002 PCINTO Pin Change Interrupt Request 0
4 0x0003 TIMER1_COMPA Timer/Counter1 Compare Match A
5 0x0004 TIMER1_OVF Timer/Counter1 Overflow
0x0005 TIMERO_OVF Timer/CounterQ Overflow




SW intro (Interrupts - optional)

Bit 7 6 4 3 2 1 0
° I N T O 0x3B | - | INTO | PCIE - - - - - | GIMSK
Read/Write R RIW RW R R R R R
Initial Value 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
I BODS PUD SE SM1 SMO BODSE 1SC01 1SC00 I MCUCR
R RW RW RW RW R RW RwW
0 0 0 0 0 0 0 0
1SC01 1SC00 Description
0 0 The low level of INTO generates an interrupt request.

Any logical change on INTO generates an interrupt request.

The falling edge of INTO generates an interrupt request.

- | = o
- |lo| =

The rising edge of INTO generates an interrupt request.

attachInterrupt(digitalPinToInterrupt(PIN _NUMBER), routine, RISING);

void routine() {

Note: not supported
YOUR CODE HERE by all ATTiny-cores
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SW intro (Interrupts - optional)

« PCINTO vect

T 6 ] 4 3 2 1 0
O0x15 I - | - | PCINTS PCINT4 | PCINT23 | PCINT2 | PCINT1 | PCINTO I PCMSK
ReadMrite R R RW RW RW RW RW RW
Initial Value 0 0 0 0 0 0 0 0

+ Bits 5:0 — PCINT[5:0]: Pin Change Enable Mask 5:0
Each PCINTI[5:0] bit selects whether pin change interrupt is enabled on the corresponding 1/O pin.

Bit 7 6 5 4 3 2 1 0
0x3B | - INTO PCIE - - - -] -_l GIMSK
Read/Write R RIW RW R R R R R
Initial Value 0 0 0 0 0 0 0 0

Set registers yourself in setup() of Arduino code!
ISR(PCINTO vect) {

PCMSK [= bit (PCINTO);
GIMSK [= ©boo1000eo;

YOUR CODE HERE (check which pin and change)



SW intro (Interrupts - optional)

 Finally, enable all interrupts

Bit 7 6 5 4 3 2 1 0

0x3F | T H S v N z c | SsREG
Read/Write RIW RIW RW RW RW RW RW RIW

Initial Value 0 0 0 0 0 0 0 0

* Bit 7 —I: Global Interrupt Enable

The Global Interrupt Enable bit must be set for the interrupts to be enabled. The individual interrupt enable control
is then performed in separate control registers. If the Global Interrupt Enable Register is cleared, none of the inter-
rupts are enabled independent of the individual interrupt enable settings. The I-bit is cleared by hardware after an
interrupt has occurred, and is set by the RETI instruction to enable subsequent interrupts. The I-bit can also be set
and cleared by the application with the SEI and CLI instructions, as described in the instruction set reference.

e sei(); orinterrupts();

* cli(); ornoInterrupts();




SW intro (Interrupts - optional)

 Let's have a look how this is programmed in our Arduino IDE

» Task 8 - optional:

« Extend “user_input.ino” with interrupt routine for the ACTION button
« Uncomment the previous code for ACTION button read
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Overview of today

09:00 Introduction

09:30 PCB Design intro

09:45 PCB Soldering & electrical testing
10:45 PCB Test & bootloader

11:00 SW intro (OLED, 12C, ADCs, Interrupts)

12:00 Lunch break

12:30 SW intro (OLED, 12C, ADCs, Interrupts)
13:30 Develop simple game (Snake)

15:30 Download finished games

16:00 End

— Hardware

—

} Software

— Software
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Develop simple Snake game

* Final task 9:
e program a simple game: Snake

* Rules:
« Snake moves in one of four directions at each new timeframe
 Direction controlled by D-pad
Bait randomly positioned on screen
If bait is catched, length of the snake, score and speed increases
At borders, snake reappears at the opposite side of the game grid
« Game over when snake collides with itself

| KU LEUVEN



Develop simple Snake game

* How to start?
=»Develop flowchart of game

* This has already been done for you! Let’s have a look.

Tramtemens > | varsoiets)




Develop simple Snake game

» A skeleton code framework has already been developed for you
* You need to write specific functions

e Some are optional
 Let’s look at the Arduino code

 Download the skeleton code and run

« Generates startup
* Gives heartbeat and draws border
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Develop simple Snake game

 Render_game() explanation
« Game grid is 16 x 32

Stored in unsigned long screenBuffer[16];
= 4 bytes = 32 bits

« Screen is 64 x 128
Each game pixel is a 4 x 4 pixel on the OLED screen

1 pixel border

TS Y=
==l
==l
[HENY Uy [ N

e S
P

[N PR [
[HEN) g [ I
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Develop simple Snake game

 Render_game() converts the screenBuffer[16] variable to OLED pixels

 You only need do two things:

« Set a ‘1’ at each position in the screenBuffer for each segment of the snake and the
single bait
* Indicate the position of the bait with two variables
* int baitX
* int baitY

* Note: allowed snake and bait positions are X: 0-31 and Y: 0-15
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Develop simple Snake game

* Let’s try this:
 Uncomment draw_snake() and upload

* Now it's up to you!

* Task 9 begins: you are now going to implement the missing functions
yourself
* One by one: upload after each (partly) adjusted function
« We’'ll walk you through each function (don’t worry ©)

| KU LEUVEN




Develop simple Snake game (1)

E&ead user inpuJ
I

First, define a global variable to hold the current direction
« Byte: 0: up, 1: left, 2: down, 3: right
« Don'’t forget to reset this variable in resetGame();
Function checks if U/D/L/R was pressed, and changes the direction if needed
* Move In opposite direction not allowed!

To test, print the current direction as text on the screen

Upload to test if it works! =» any remaining issues?
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Develop simple Snake game (2)
|

[ Move Snake }

Move each segment of the snake in the right direction
Use variables xPos|[], yPos|[] and len
Tip: use case-statement since direction is unambiguous

Don’t forget the borders of the screen!
Note: valid xPos = 0 — 31, valid yPos = 0-15

Upload! The snake should now move over the game grid
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Develop simple Snake game (3)

*[ Drop Bait J«

» Generate random positions for a new bait (preferably not on the edges)
e paitX: 1 — 30, baitY: 1 - 14

 Test if bait is not dropped on snake itself!

* Print baitX and baitY somewhere on the screen as test for now

| KU LEUVEN




Develop simple Snake game (4)

Bait Catched?
Yes

No

See if the snake catched the bait with its head
Return Boolean true or false

Increment score and len in this function

Don’t forget to limit the len to maxLen

You can play a sound if the bait is catched
playMusic(BaitMusic, 4);

Do not upload yet, first fix next function
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Develop simple Snake game (5)

Draw the bait in the screen buffer
Set a ‘1’ at the correct location in the buffer

Remember: render_game() knows the difference between bait and snake based
on baitX and baitY

Use function draw_snake() as example
Extremely short function

Upload and test! You should be able to play the game (without collision
detection)
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Develop simple Snake game (6)

v

[Check Collision}

» See If the head of the snake collided with a segment of itself
« Return Boolean true or false
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Develop simple Snake game

« That’s it! The game is finished. Well done.

* We have some optional functions left (simple — intermediate — advanced
expert):

!

Draw Score

P

.

« Simple! Draw the current score each frame in one of the corners of the
screen
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Develop simple Snake game

-

—» changeSettings() }7

AN v

 Intermediate!

At startup of the game see if e.g. UP was held pressed for specific time
(e.g. 2 seconds)

« Mute or unmute sound if this was the case
« Through global variable
« Use as condition in beep-function

 Display mute or sound on top of the screen at startup
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Develop simple Snake game

' ™

_{ Show High -
Score

S

 Advanced! Use EEPROM to store previous high score
 After game over, load the high score from EEPROM

« Compare with current score
If higher, display on screen and write new high score to EEPROM

* Tips: EEPROM.read(), EEPROM.write()
EEPROM is read/written per byte. Int is 2 bytes long



Develop simple Snake game

-~

— System Sleep }(*

\

* Expert!
« After game over, put ATTiny85 in sleep mode

« Wake up after interrupt (PCINTO)

« Steps: clear and switch off OLED screen, switch ADC off, then enable sleep
mode and sleep. On power up from sleep switch ADC and OLED screen

back on
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Develop simple Snake game

* Develop your own variations!
« Game over when you go out of the screen?

* You could for example use the ACTION button to let the snake jump
over itself!
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Overview of today

09:00 Introduction

* 09:30 PCB Design intro
* 09:45 PCB Soldering & electrical testing _ Hardware
* 10:45 PCB Test & bootloader

—

* 11:00 SW intro (OLED, I2C, ADCs, Interrupts) } Software
» 12:00 Lunch break
« 12:30 SW intro (OLED, 12C, ADCs, Interrupts) h
» 13:30 Develop simple game (Snake)
— Software

* 15:30 Download finished games
« 16:00 End




Download finished games

 Feel free to download any of the following finished games, found in the
finished _games folder:

O*bert (1982) Arkanoid (1986) Excite Bike (1984) Bomberman (1983)

IHY BEOME

“ree e e
I3 {31 I3 I3 £33 £I3- -SI3) S10- 30 10 EX0 CI0- 1
T R

Space Invaders (1978) Tiny Gilbert (platformer)

003230

| KU LEUVEN


https://www.youtube.com/watch?v=hkp_OjNX4Ss
https://www.youtube.com/watch?v=PtYDiMktu9M
https://www.youtube.com/watch?v=1lALQOw190M&feature=youtu.be
https://www.youtube.com/watch?v=dlDt-5oEnIw
https://youtu.be/TeqHoSFIo0U
https://youtu.be/0Dm1qFoj8GA
https://www.youtube.com/watch?v=0okr0_vsDwI
https://www.youtube.com/watch?v=yv-ZH0_JHi0

Snake (1976)

Introduction

 Feel free to download any of the following finished games, found in the
finished _games folder:

Morpion (tic-tac-toe) Pacman (1980) Pinball (1984) Pipeline (1978)

"_‘_-

Tetris (1984) Missile Command (1980)
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https://youtu.be/ub3K0bkFh1c
https://youtu.be/PT78cFqzk-I
https://youtu.be/JWH-4wWavF8
https://www.youtube.com/watch?v=NwdJZ5ZICMM
https://www.youtube.com/watch?v=p6qU1dX1JiU
https://youtu.be/GQ1IJgQIZMA
https://youtu.be/galWVpOzRkk
https://youtu.be/orzP3zrHqCM

Download finished games

« A few online sources for other games:
 https://github.com/andyhighnumber/Attiny-Arduino-Games
https://github.com/webboggles/AttinyArcade
https://www.tinyjoypad.com/tinyjoypad _attiny85
https://www.tinyjoypad.com/arduboy

=» Some require code modification or additional libraries (e.g. different pins for
OLED, coded for fewer buttons, etc.)
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https://github.com/andyhighnumber/Attiny-Arduino-Games
https://github.com/webboggles/AttinyArcade
https://www.tinyjoypad.com/tinyjoypad_attiny85
https://www.tinyjoypad.com/arduboy

Overview of today

09:00 Introduction

09:30 PCB Design intro

09:45 PCB Soldering & electrical testing
10:45 PCB Test & bootloader

11:00 SW intro (OLED, 12C, ADCs, Interrupts)

12:00 Lunch break

12:30 SW intro (OLED, 12C, ADCs, Interrupts)
13:30 Develop simple game (Snake)

15:30 Download finished games

16:00 End

— Hardware

—

} Software

— Software
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The end

* We hope you enjoyed this workshop!
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