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Objective

- Still use Arduino in your project, but...
...keep your software, without the entire board

->Save space + weight
(ATmega chip < Arduino board)

->Save money
(less components, free chip samples)
->Save your Arduino board for where it’s really

needed
(USB, power regulator, pin headers, ...)



What is a bootloader?

- Before: Programming ATmegas using ISP
->Complicated, “scary”, needs special programmer
->Setting wrong fuses can make chip unusable

> Arduino: Simple upload via serial port
->Simple, standard protocol, safe thanks to:

->Bootloader: Tiny program that helps in
uploading the actual program to the chip



Main steps

- Build an In-System Programmer (ISP) with
Arduino

- Configure and burn the Arduino bootloader
onto a brand new chip

->Use the standalone chip (almost) like a
regular Arduino



Build an ISP

- Upload the ArduinolSP sketch
File
Examples
ArduinolSP

Upload

= Alternative: Adafruit Arduino ISP

https://raw.github.com/adafruit/ArduinolSP/master/ArduinolSP.ino
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Prepare the new chip

RESET) PC6 [ 1 28 [ ]
- Connecting the slave 12 27p
- VCC Pin 7 +5V i 25
- GND Pins 8§, 22 ml: 23 1
=>RST Pin 1 slave reset = 2 —
->MOSI Pin 17 master out; slave in E9 20§PB o
. 10 19 o
->MISO Pin 18 master in; slave out d11 18 jPB4§M,SO
= SCK Pin 19 serial clock 1 17
- Connecting the master e 1sp

- Refer to comments in ArduinolSP sketch

-> Add 10 uF capacitor between master reset and GND
for uploading
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Burn the bootloader

- Creating a new Arduino Uno:

-=>Tools
Board
Arduino Uno

Programmer
Arduino as ISP

Burn bootloader
-=>Donel
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Forget the crystal oscillator

->Normally: 16 MHz external crystal
- 0Often enough: 8 or 1 MHz internal oscillator

->New chip types and variants can be added
to Arduino IDE in version 1.6.4

- Change this and other settings!



Adding custom boards

->Where to find new board config files?

Preferences
Additional board manager URLs

->Add bare ATmega328p and ATtiny’s

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

package damellis_attiny index.json,
https://raw.githubusercontent.com/carlosefr/atmega/master/
package carlosefr atmega index.json

->Choose the new board config

Tools
Board / Processor / Clock / ...
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Burn the bootloader (custom)

- Creating barebones ATmega’s / ATtiny’s
Tools
Board
ATmega / ATtiny

Programmer
Arduino as ISP

Processor / Clock / ...

Burn bootloader

- CAUTION: Currently does NOT include Arduino
bootloader



Talk to the new chip
(Arduino PCB)

- Unplug everything
->Remove the ATmega from the Arduino PCB
->We will use the PCB’s USB/Serial converter only

->Connect the new chip to the Arduino PCB

-5V Pin 7 ~
_ RESET) PC6 [] 1 28 | ]
>RESET Pin 1 TXD) PD1 03 261
| ’ o 14 25 ]
—>RX Pin 2 PCB’s Rx to chip’s Rx!" . 24 [
- T X Pin 3 (no crossover!) L]6 231
vce 7 22 [1GND
GND []8 21 11
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Talk to the new chip
(USB/Serial adaptor)

->Unplug everything
->Connect USB/Serial adaptor to new chip

-5V Pin 7
RESET) PC6 []
=>GND  Pins 8,22 RXD) PDO [
->DTR  Pin1 RESET I E
2> TX Pin 2 Adaptor’s Tx to chip’s Rx! O
]
=R X Pin 3  (yes crossover!) vee O
GND [
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Upload a sketch

- Use a simple test
File
Examples
O1.Basics
Blink

-> Connect LED+resistor to D13 (chip pin 19)
-> Upload

- Alternative:  Upload using programmer
+ No need to rewire!
—  But: No direct serial comm

- Rejoice!
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Matching the pins

= https://www.adafruit.com/products/601
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Additional notes

- Don’t forget to re-set chip type when programming
normal Arduino (Tools = Board = ...)

- How to test for presence of Arduino Bootloader?
- LED on pin D13 flashes after reset? Has the bootloader.

- Accidentaly selected external oscillator?
-> It will require the oscillator to work, even for a re-burn
-> Solution: Plug into Arduino PCB with crystal

-> ATmega328P-PU = ATmega328-PU...
- ing:
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Additional notes

- Feeling brave?
-> Configure your own chip variants
-> Play with fuses!
http://www.engbedded.com/fusecalc

- Common uses for fuses:
Clock source and speed
Brownout detection
Reset disable (one more GPIO, no more reflashing*)

-> config is inside Arduino’s /packages/ folder!

- Datasheets are your friends!
-> Especially for pinouts...
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Useful diagrams

[pcnt14]RESET) [ PCE | F—— | @——F£8)[ PC5 ) fecvrss/ (ADES]/ SCL |
0 | [rcvris][ RXD [ PDO | EF——® | | @——&H[PCa]cvrs2|(ADER) | SDA |
[reovr17] TXD ][ PO E}——® | @ —&3/PC3 ] fecuvr1/[ADES)
[pcvris][INTO)/ PD2 EF—® | | @&/ PC2]pcvro) ADED] :,I,"E
[0C2B]frcvras) INTZ)[PD3 T\ ® | ©—&3/PC1[rervrs | ADET] L kiast
wiso| g1 @ |vee (XK cors)[ T POA F—® | @——£B(PCo)reurs | ADED oo
ﬂ_. ‘ .—E [Jcontrol
SCK e o MOSI [~ JPin Change Int
8—0 ‘ | ._m- M Physical Pin
RsT| @ O |onD [XTAL1)/Pcvs |(0SCT) [ PB6 | [EJ—— | —F ) Ed E::tfz;jon
Sp IXTAL2|[pcv> ||0SC2)[ PB7 |i—— | | @£/ PB5 )/ rcvrs|[ SCK | gfxt Interrupt
PWM Pin
HE#ODIE’RS [0CoB|Jpcmr21[ T1 [ PD5 I @ | @ —£FJ/ PB4 | v |IMISO/ ® @ rort pover (@)
VIEW M  [ocea)ravzz]AING) PD6 |-\ @ | @\ 5/ P83 [0C2A] | Pcv73 |[MOST]
[pemvr23|AINT ][ PD7 ] FE—@ | | @\ 13/ PB2J/0CiB]/pcrvr2]/ S5
BN  [1CPi)[rcvro)[CLKO)[PBO]—@ | @\ 15/ PB1[0C1A][rcv1] KN
ANPPSOLLLE M RS By 40mA group sutd et exceta 10oma A
O telats 1o 2oom OXD
16 JUL 2014
http://www.pighixxx.com/test/portfolio-items/atmega328/?portfoliolD=337
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Thank you
for your attention

Happy tinkering!



