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Arduino + AVRISP Programmer




Why Atmel?

Many different parts available: ATTiny to ATXMega.
Excellent feature set.
Readily available, reasonable price.

Large ecosystem: eg, Arduino boards, open-source software,
hundreds of hardware shields (interfaces).

Low and medium complexity units have DIP package.
Inexpensive development tools: eg, AVRISP $39

Clean, regular archictecture (mostly)
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Memory Map for Atmel Microprocessor
Harvard Architecture

Program Memory (Flash) Data Memory (RAM) EEPROM
16 bits 8 bits 8 bits
— aka —
Reset Vector $0000 ) RO $0000 $000
Interrupt 0 Vector CPU Registers R1
Interrupt 1 Vector General Purpose !
Registers |
(Register File) R X
16 Registers st XH 512 Bytes
32 Bytes Index Registers ‘
3, 16 bit Registers |
L 6 Bytes R31 Zh | $001F (31)
B 2 2
I/O Registers 30020 (32)
224 Bytes
L IOEND $O00FF (255)
B SRAM_START $0100 (256)
L EEPROMEND $1FF (511)
SRAM
1024 Bytes
B Stack T RAMEND $04FF (1279)
FOURTHBOOTSTART $1C00 (7168) Size $3FF (1023)
BOOTSTART THIRDBOOTSTART $1E00 (7680) Size $1FF (511)
Optional SECONDBOOTSTART $1F00 (7936) Size FF (255)
Flash Boot Loader FIRSTBOOTSTART $1F80 (8064) Size $7F (127)
FLASHEND $1FFF (8191)




Typical Arduino Schematic
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Arduino Nuova Generazione (NG) v.4.0
Part of the Arduino project http://www.arduino.cc

Designed in Italy by the Arduino Team
Engineered by Gianluca Martino http://www.smartprojects.it

Released under the Creative Commons
Attribution-ShareAlike 2.5 License
http://creativecommons.org/licenses/by-sa/2.5/

Made in Italy




Why Assembly Language?

Assembly Code Example C Code Example
USART_Receive: unsigned char USART_Receive( void )
{
, Wait for data to be received /* Wait for data to be received */
in rl7, UCSROA while ( (UCSROA & (1<<RXCQ)))
sbrs r17, RXC :
rimp USART_Receive /* Get and return received data from buffer
*/
; Get and return received data from buffer return UDRO:

in 16, UDRO
ret



Why Assembly Language (2)?

e For small programs acting as a 'hardware replacement’, not
much difference between Assembly Language and C.

e Better approach when teaching microprocessor hardware
e Easier understanding code timing issues.

e Simpler programming environment:
« Assembler vs Compiler-Libraries-Assembler-Linker

« Explicit control over parameter structures in call-return
seqguence.



Development Process

» Write the program using a text editor: foo.asm

 Assemble the program using an assembler:
avra or gavrasm: foo.hex

* Upload foo.hex into the hardware using
AVRDUDE program and AVRISP hardware or
equivalent.

* Run the program.
 Debug using a serial monitor program.



Hello World for Assembly Language
; Send Character

; This program sends a character out the serial port. The purpose is to

; establish that the microprocessor UART and the computer terminal program
; are configured correctly.

; Terminal program on the host Linux computer: cutecom

; Configuration: 8N1, 9600 baud.

; Reference:

; ATmegal68 datasheet, page 237

; Assemble the program.

; Use the AVRISP Il programmer to program the Diecimila circuit board
; with the file 'send-char.hex'.

; Connect the USB port on the Diecimila board to the host computer.

; Run cutecom at 8N1, 9600 baud, connected (probably) to ttyUSBO

; Reset the Diecimila board, characters should appear on the terminal.

; Assemble with: gavrasm send-char.asm
; Download with: avrdude -p m168 -c avrisp2 -U flash:w:send-char.hex
; Tested operational 7 March 2017

.DEVICE ATmegal68
.CSEG ; strictly speaking not necessary
.ORG 0
rjmp main ; reset vector points to Main
.ORG 0x100
; stack is not used so SP not initialized.
main:
; Calculate the baud rate constant and set the baud rate
; fosc = 16000000 ; Diecimila crystal oscillator, 16 MHz
; baud = 9600
; baudconst = (fosc / (16 x baud) ) -1 ; Calculate the baud constant
.equ baudconst = 103
.equ baudlo = low(baudconst)
.equ baudhi = high(baudconst)



Hello World for Assembly Language

; Set the Tx port line PD1 to output
Idi r16, 0b00000010
out ddrb, r16

; Set the baud rate register
Idi r16, baudlo
sts UBRROL,r16
Idi r16, baudhi
sts UBRROH,r16

: Enable the receiver and transmitter
Idi r16, 0b00011000
sts UCSROB,r16

; Set the frame format: 8 data bits, one stop bit, no parity
Idi r16, 0b00000110
sts UCSROC,r16

: Now send a stream of the same character.
USART_Transmit:
Ids r17, UCSROA

; Wait for empty transmit buffer
sbrs r17, UDREO ; Skip if bit UDRE is set, transmit is complete
rjmp USART_Transmit

Idirl6, "p" ; Send the character
sts UDRO, r16

wait: inc r18
brne wait

; Delay between characters
rimp USART _Transmit ; and repeat forever



Hello World for Assembly Language

CuteCom - + X
Open device Device: Idev/ttyUSBO v )
l op J Parity: None hd
Close device Baud rate: I 9600 '] - .
Handshake: | | Software | | Hardware
| About | Data bits: ls - J Openfor: [E Reading [E] Writing
l Quit | stop bits: K v| [E) Apply settings when opening
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Serial Monitor for Debugging

A small program (usually written in assembler) that resides
INn memory with the program under test.

Can dump memory locations, test hardware, set
breakpoints etc.

Requires some machine resources: serial port, small
amount of memory.

Can reside in protected memory so it survives reset and
reprogramming.

Communicates with a serial terminal on the host
(cutecom).



Alternative Environment
AVR Studio: Windows Only (maybe)

http://www.avrfreaks.net/sites/default/fles/THOWTO-AVR Studio%20in%20Ubuntu. pdf

& tinyG (Debugging] - AtmelStudio

File Edit View WAssistX ASF Project Build Debug Tools Window Help
- A S @ % a9 - - 55 (R P [pebug =] R B s
IPERER®ML D g i b |e5=E0E%= THe [J--i @ E

Processor

i oW ATHiny86L  § Simulator -

test.stim

tinyG.asm > [

MName Value 3 ; | Filter: I:I | g
Program Counter  0x00000005 = reset: Name Value
Stack Pointer 0x025F rjmp start 21 BUUI_LUAL .
X Register 00000 = P
¥ Register 050000 start: = B EEPROM
7 Register 0x0000 1di ri6, oxff ® [L4 EXTERNAL INTERRUPT

Status Register oo @@[: cut DORA, rls // PORTA => output

Cycle Counter 101 clr ra A

Frequency 1,000 MHz loop?”t DDRB, r@  // input <= PORTE ® @ TIMER_COUNTER_O

StopWatch 101,00 s = in r8, PINB // Rguires stimuli for any action # @ TIMER_COUNTER 1

= Registers inc r@ Mame Address Value Bits
ROO 004 out PORTA, r@ 4O PINB 036 004 DO0O0OEOmO
ROL 0x00 rijmp loop WDDRE 07 000 DO0O0DO0O00O
RO2 0:400 WPORTE 038 000 OOOOO00O0
RO3 000 wWrNA 038 A DDOOBOEO
RO4 000 U8 DDRA  (:3A  OxFF
ROS 000 U8 PORTA 03B 0xDA
ROG 0400

Output
Name Value Type “ § Show output from: |FiIeStimuIiProvider '| | _ﬂ | ,'J = ‘ = | =l
#000002871 [ @] Sendrep 7
#000000071 [ @] PINE = *PINA
#opeaeaprl [ @] #1e
#000808081 [ @] 3break
#000000081 [ @] %Sendrep
#000000081 [ @] PINE = *PINA
#opppeapsl [ @] #1e
#000888091 [ @] 3break
#000000091 [ @] %Sendrep
#000080091 [ @] PINE = *PINA
#opepeapol [ @] #1e =
#@ee888181 [ @] Sbreak b
#000000101 [ @] Sendrep
#@00000101 [ @] PINE = *PINA
#epeapealel [ e] #1e
| B P

B Autos ﬁ Locals @Watchl _EEI Watch 2 I Breakpoints B Memory 1 M Call Stack B Command Window B Immediate Window

Stopped




Alternative Environment

C Language Programming
Atmel microprocessors
under Linux:
gcc-avr

https://gcc.gnu.org/wiki/avr-gcc
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