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The Basics Steps of Microcontroller

Programming

Agenda
1. Overview of the Atmel AVR Chipset.
2. Overview of Programming the AVR Chipset.

3. Overview of the different types of Programmers and Target boards.
a. USBTiny, USBasp, Arduino as ISP etc...

4. Overview of Writing and Compiling Code with the different types of IDE’s.
a. Arduino IDE, WinAVR (AVRDUDE), Atmel Studio 6

5. Software Change Control.
Building an Arduino Shield Target Board.
7. How to program the ATTiny84/85 using the Arduino Uno and a Breadboard.
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https://en.wikipedia.org/wiki/Analog-to-digital_converter

AVR Ports and Pins

Ports B,C,D {76543210}
Port B 0b00000000 - BO - B7
Port C Obx0000000 - CO - C6
Port D 0b00000000 - DO - D7
RS232 PD0-RX(2) PD1-TX(3)
I2c PC4-SDA PC5-SCL
SPI1 PB3-MOSI PB4-MISO PB5-SCK
Reset PC6(1)

Atmega 8/48/88/168/328
PortB |BO |B1 |BZ (B3 (B4 [BS |BO |BTY
Pin 14| 15| 16| 17| 18( 19| 9| 10]
PortC |CO |CL |C2 [C3 [C4|C5 |Co X
Pin 23| 24| 25| 26| 27| 28| 11X
PortD|DO|DL|D2 (D3 (D4 D5 |D6 (DT
Pin 2| 3| 4] 5| 6(11]12|13

ATMega8/48/88/168/328/Arduino
RESET/PCS [ 1 28| ] PCS/SCL/AS
DORXDIPDO [|2  27[] PC4/SDA/A4
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D&PDE* (112 17] PB3*/MOSID11
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What is an AVR Programmer

AVR programmer connects to your computer’s The programmer connects to your target device via
via an USB Cable and communicates with your  an 6-pin cable or the older, 10-pin cable.

programming software through a virtual COM Target Board is used to hold the chip. AVR chip

Efortoucscilng the AVR In-Service Programmer can stay soldered on a PCB while reprogramming.

Programming software: Atmel Studio,
AVRDUDE, Arduino IDE, Programmers
NotePad etc.

AVR Programmers use SPI protocol (MISO,
MOSI, SCK). Some use JTAG for debugging.
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AVR Programmer - ISP Six Pin
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Examples of AVR programmers

Pocket AVR USBasp
Sparkfun
AVR USBTinyISP

STK500

AVRISP




What is an AVR Programmer

Atmega328
7
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AVR Programmer M2 270
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SCK 05 24 1
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RST GND B =y
|. .“I. (]8GND 213
0o 20 [0
J10 SCK19[F
011 MISO18 [
012 MOSIH7[C
113 161
114 15
41 = Wooc
2 = MWMISO
=S = NIO S
2 = ST
5 = =D
B = RST




Write code for your Microcontroller

The first step is to write your program
code. This is usually done is C. It can
also be done in assembly language and
some compilers support other languages
as well.

The AVR processors was designed with
the efficient execution of compiled C
code and have several built-in pointers
for the task.

Commonly used Software IDE:
Arduino IDE, Notepad++, Eclipse, Atmel

Studio

Example Code: Arduino Fade

intled =9; / the pin that the LED is attached to

int brightness = 0; // how bright the LED is

int fadeAmount = 5; // how many points to fade the LED by

/I the setup routine runs once when you press reset:
void setup() {

/[ declare pin 9 to be an output:

pinMode(led, OUTPUT);

}

/I the loop routine runs over and over again forever:
void loop() {
/I set the brightness of pin 9:
analogWrite(led, brightness);
/I change the brightness for next time through the loop:
brightness = brightness + fadeAmount;
/ reverse the direction of the fading at the ends of the fade:
if (brightness == 0 || brightness == 255) {
fadeAmount = -fadeAmount ;
}
/I wait for 30 milliseconds to see the dimming effect
delay(30);




#include <avr/I0.h>
#include <util/delay. h=

int main(void)

// This is written for the ATmel attiny using the usbtiny programmer .
// at the chip level i ATtiny 85745
// This written for the ATtiny 84 or Attiny 44 i o +
7 S R 1 8 Ve
+-———- + 7
Jf (+)vec 1l |14 GND #f Reaet ! !
// Analog P10 2| 113 PO Analog /7 Analog P32 |7 P2 5CH
// Analog Pa 3| |12 P1 Analog
J/ Reset 4 |11 P2 analog I Analnc_r P4 3| |& F1 MIZ0
/4 PwM Analog P8 5] |10 P3 Analog
[/ PwM Ana‘logl; P7 6| |9 P4 sCK Analog // GHD 4| |5 PO MOSI
// MOST  Analog P6 7| |8 P5 MISO Analog PuWM
7 re i B
S ATtiny 44/84 PO - P10
// Using Pin O Port B
ﬁ Eggééﬂ;ﬂm-“e”memck-mw /f the setup function nms once when you press reset or power the board
/s Bits for porte 76543210 i
" 4 L oty vold setup() {
S G e, e B i b et /7 initialize digital pin 13 az an output.

DDRE = 0b0OQOO0O01; // Data Direction Register DDR PortB set pins to ( llinHDﬂ"I:U; DUTPUT:I;

DDRE |= 1 << PINBl; // Set DDRB PIN 1 a5 an output

DDRE |= 1 == PINB2; // Set DDRB PIN 2 as an output }
while (1)

i

PORTB — 0b00000001; // set pind on port b High S/ the loop function runs over and over again forever

_delay_ms (100); delay 1 :
POETSYJI?]&OOOgDDDD; j/J:: sgtag'ingson port b LOW void l':”:'l:'” {

;SE}S"’RE?EE PINBlJ_’f’;}EL%S; lsf‘;:lbm b digitalWrite(0, HIGH); // turn the LED on (HIGH is the voltage level)
ik OEE G E:E:zﬂ f/f/ o mﬁﬁ% A delay(300); // wait for a second

e st digitalWrite{0, LOW);  // turn the LED off by making the voltage LOW

delayison); f/ wait for a zecond
1




Compile the Code

Before uploading your program to your
microcontroller it needs to be compiled.

Compiling converts the code from
human readable code to machine
readable code.

Arduino uses it IDE to compile your
program.

Other popular compilers for Atmel AVR
chips is avr-gcc.

After compilation you will have one or
more files containing machine code.

# GecApplication7 - AtmelStudio
- — — e - o——— ol

File Edit View VAssist{ ASF Project Build Debug Tools Window Help

HaEIERE e I I R R =Rea . Y | [ =0

e e e e B R

GecApplication7.c > EARURETG) L2 Solution Explorer Bl

B/ Hald
: s i E i Solution 'GecApplication? (1
a4 || GecApplication7
[=dl Dependencies
[=dl Output Files
[ [ad Libraries

* Created: 8/23/2015 11:17:41 PM
* Author: MircoC

L

#include <avr/io.h>

=lint main(veid)

{
| while(1)
{ GecApplication.c File Propert -
y //T0DO: : Please write your application code g: 4] |_-|'

File Name GecApplicatio 2

EIFEEE

Creating project 'GecApplication?'... project creation failed.



Upload the Compiled Code & Flash Memory

The AVR chip has a small amount of nonvolatile
flash memory. Program instructions are stored
in the nonvolatile flash memory.

You can use a dedicated programmer such as
the following:

STK600 , STK500, STK200, AVRISP, AVRISP
mkll, USBtiny, JTAGICE mkI,

Arduino UﬂO.(Use a program ArduinolSP for uploading file).

USBtiny simple USB programmer, (uses
AVRDUDE)

You need a physical connection from your
computer to your microcontroller.




AVRDUDE.EXE

The Arduino IDE uses avrdude in the background. (Arduino as ISP = avrisp)
http://www.nongnu.org/avrdude/user-manual/avrdude 4.html#Option-Descriptions

C:\WinAVR-20100110\bin
Read only: avrdude.conf

avrdude -p t84 -c usbtiny -e -U Flash:w”’main.hex” -v ¢] main 11/12/201310:20 .. C Source File
avrdude -p m328p -c avrisp -e -U Flash:w:"blink.h” -vvvv £l g e 2T
| main.cf 11/12/2013%13PM  ELFFile
avrdude -p t85 -c USbaSp -e -U Flash:w:”"blink.h” -vvvv | main.hex 11/12/20139:13PM  HEX File
 mainst 11/12/2013%13PM  LST File
-C (programmer) || main.map 11/12/2013913PM  MAP File
-e (erase) | main.o 11/12/2013%13PM  OFile
, | main.sym 11/12/2013%13PM  SYM File
- < >. . . < > (I
U <memtype>:rw:v <filename | Makefile 11/12/2013632PM  File
-v verbose | porth 12313 11/12/2013629PM  File
G 123 ' i
http://www.ladyada.net/learn/avr/avrdude.html 1 porth 2313 HAGHERS0IN Gl
|| porth_t2313 1112/201310:23 ... Text Document



http://www.nongnu.org/avrdude/user-manual/avrdude_4.html#Option-Descriptions
http://www.nongnu.org/avrdude/user-manual/avrdude_4.html#Option-Descriptions
http://www.ladyada.net/learn/avr/avrdude.html
http://www.ladyada.net/learn/avr/avrdude.html

AVRDUDE.EXE

-U <memtype>:r|w|v:<filename>[:

format]:

The important part. This is where we actually get around to telling
avrdude how to put the data onto the chip. This command is rather
complex, but we'll break it down.

<memtype> - can be flash, eeprom, hfuse (high fuse), lfuse (low
fuse), or efuse (extended fuse)

r|w|v - can be r (read), w (write), v (verify)
<filename> - the input (writing or verifying) or output file (reading)

[:format] - optional, the format of the file. You can leave this off for
writing, but for reading use i for Intel Hex (the prevailing standard )

For example:

° To write a file called firmware.hex to the flash use the
command: -U flash:w:firmware.hex
e  To verify a file called mydata.eep from the eeprom use the
command -U eeprom:v:mydata.eep
° To read the low fuse into a file use the command -U Ifuse:r:
Ifusefile.hex:i
CosUWinAUR-Z2816808110vbhin>avrdude —p t85 —c¢ usbhtiny
avrdude: AUR device initialized and ready to accept instructions
Reading | gt a e e e e e e g4t | 188 8.85s
avrdude: Device signature = Bx1e938hb
avrdude: safemode: Fuses OK

avrdude done. Thank you.

CsUinAUR-Z281688110%hin>avrdude —p t85 —c¢ usbtiny

avrdude: AUR device initialized and ready to accept instructions
Reading | #HHEGHHH SRR R S R N | 188 8.83s

avrdude: Device signature = Bxle?38c
avrdude : Expected signature for ATtinyB5 is 1E 93 WB
Double check chip. or use —F to override this check.

avrdude done. Thank you.



Programming with

Open programmers notepad.
All Programs > WinAVR-2010010 > Programmers Notepad

Select C/C++, Write your code, Save you code as a Bink.C
file.

Modify the Makefile template by selecting in Windows
All Programs > WinAVR-2010010 >
MFile[WinAVR] (Template pops open)
Select MCU Type > ATtiny85
Change Programmer > stk500v2
Enable Editing of Makefile > usbtiny
Change Port > usb
File Save as into the folder where the Blink.C

Plug programmer is plugged into laptop USB and 6 pin cabl
is plugged into the ISP Target Bd.

WInAVR

Tools > [WinARV] Make All

Watch for errors in Results Box - No Errors proceed

Tools > [WinARV] Program

File Edit View Tools Window Help

DoHBe0[oe 4D [Pam i
T =

~ @8 Find ~

ASCIl Characters = | [

000 |00 | NUL -

001 |01 | SOH (start of hea.
002 | 02 | STX (start of text)

003 |03 | ETX (nd of text) |5
004 | 04 | EOT (end of tran...
005 | :05 | ENQ (enquiry)

006 | 06 | ACK (acknowled...
007 | 07 | BEL {bell)

008 | 08 | BS (backspace)

009 | x09 | TAB (horizantal t...
010 | x02 | LF (ML new line/l...
011 | 0 | VT (vertical tab)

012 | :c | FF (form feed, N...
013 | x0d | CR (carriage retu...
014 | De | SO (shift out)

015 | 20F | SI (shift in)

016 | 310 | DLE (data link es...
017 | 11 | DCL (device cont...
018 | 12 | DC2 (devi
019 |43 | DC3 (device ¢

021 | 15 | NAK (negativ
022 | :d6 | SYN (synchrono...
023 | x17 | ETB (end of trans.
024 | 18 | CAN (cancel 1)

025 | 19 | EM (end of medi...

[ B Tet clips [E T | & Pro) |

Output

A [

=8 Find Results [=| Output

[:3]:1 ANSI CR+LF INS Ready




| Attinyd4-1

Software Tracking and Change Control

LM35 Temp_ Atiny85 84 vl

Y10/13/2013

1396

Clear Bd

Used arduinol.0.5 version to compile

|Attinya4-3

LM35_Temp Atiny85_84 wl

10/13/2013

1396

Clear Bd

Used arduinol.0.5 version to compile

| Attinydd-2

N/A

4096

@

| Attiny84-1

LM35 Temp_ Atinydd V2 Releasel

10/12/2013

5492

ISP BD 2

Used arduinol.0.5 version to compile 500ms r

| Attiny84-2

LM35 Temp_Atiny85 84 vl

10/13/2013

5492

LM35ProtoBd

Attiny84-3

main.c {Atiny84_blink)

10/24/2013

8048

85-84 Target Bd

WinAVR Programmer Notepad

| attiny84-4

LM35_Temp_Atiny84_ 44 v3

12/22/2013

5492

Chip Holder

Attiny45-1

Blank

4096

Future Purchase

| Attiny45-2

Blank

4096

Future Purchase

| Attiny45-3

Blank

4096

Future Purchase

| Attiny85-1

LM35_Temp_ Atiny85_84 vl

10/13/2013

5568

ISP BD 1

Used arduinol.0.5 version to compile

| Attiny85-2

LM35_ Temp_Atiny85 84 v1

10/13/2013

5568

ArduinoBD2

Used arduinol.0.5 version to compile

| Attiny85-3

LM35_Temp Atiny85_84 wl

10/14/2013

5568

BB 4

Used arduinodl 0.5 version to compile

| Aftiny85-4

Blank

8192

Chip Hold

| Attiny85-5

LM35_Temp_ Atiny85_84 vl

12/18/2013

5568

ISP BD1

Used arduincl.0.5 version to compile

| Attiny85-6

Blank

5192

Chip Hold

| Attiny85-7

Blink2

11/6/2013

7234

830 BDS Clear

Used arduinol.0.5 version to compile

| Attiny85-8

Blank

8152

Chip Hold

| Attiny85-9

Blank

| Attiny85-0

Blank

Attiny2313-1

Arduino_7_seg_cd4511 tiny2313

10/13/2013

Attiny2313-2

Arduino_7_seg cd4511 tiny2313

10/13/2013

| Attiny2313-3

main.c (&tiny2313) porth_t2313

11/12/2013

Attiny2313-4

Blank

Attiny2313-5

Blank

Track all MCU'’s on a spreadsheet or
other change control tool.

Number or label MCU'’s.

Number or label Target boards.




