Lab 1. Microchip Studio

led.c, led key.c, serial_printf.c
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Atmel is now Microchip

@ MICROCHIP

PRODUCTS | APPLICATIONS | DESIGN SUPPORT | SAMPLE AND BUY | ABOUT US | CONTACT US | MYMICRO(

It )

Add MikroElekt
Your Design in Min

e 8-bit PIC® and AVR® MCUs

+ Development Boards 4
— MPLAB Code Configurator Combined Strength

~ Atmel Start The PIC and AVR MCU brands represent two dominant architectures in the embedded

~Pepllcgtions desitrinarses With Giried 5 SxeTenes devalapi cially availabl

= Application:Nates esign universe. With a combined 45 years' experience developing commercially available
and cost-effective 8-bit MCUs, Microchip is the supplier of choice for many due to its

R strong legacy and history of innovation in 8-bit.



AVR Compilers

= WINAVR - gcc compiler

[ |AR <« C O | a YUY | hitps//www.iar.com/kr/
I AR IAR B 1/20/2018 1:29:40 AM 206.50 SEK -0.24 %

SYSTEMS IAR EMBEDDED WORKBENCH

= CodeVisionAVR
= Atmel Studio, AVR Studio
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Open Microchip Studio 7

= Start New Project

L.

E Start Page - Microchip Studio

File Edit View VAssistX Debug Tools
Microchip Studio 3 = .
2 "lJ - - i HH

Microchip

-

-

Studio @
i

Microchip Studio ‘

Microchip Studio Command Prompt Start Page + X

@ MICROCHIP

N STUDID

FOR AVRA* AND
SAM DEVICES

':'.:‘

Start

Open Project...



New Project: led

= Select GCC C Executable Project

MNew Project ? X
I Recent Sort by: | Default > ;;' = Search Installed Templates (Ctrl+E) P
4 Installed :
"1 AVR XC8 C Application Project C/C++ Type: C/C++
C/C++ Creates an AVR 8-bit or AVR/ARM 32-bit
Assembler :—r—-, AVR XC8 C Library Project C/C++ C project
Microchip Studio Solution .
"1 Convert AVR GCC to XC8 Project C/C++

GCC C Static Library Project C/C++ 10¢ it s
dng 10,4y |
/ ft "L’('-'Oj
GCC C++ Executable Project C/C++ 9
] p’fﬂr! .
( Hels. |
GCC C++ Static Library Project C/C++ N

Create project from Arduino sketch C/C++ \L_‘

Name: led
Location: C:workiMicrochipStudiow -
Solution name: led

Create directory for solution

‘ OK | | Cancel




Device Selection

Device Selection X
Device Family: Al ~ Search for device j&,

Name App./Boot Memory (Kbytes)Data Memory (bytes)EEPROM (byte Device Info:

ATA664251 16 512 512 Device Name: ATmega128

ATA8210 20 1024 1153 Speed: N/A

ATAB215 N/A 1024 1153 Vee /A

ATA8510 20 1024 1153 _— AT

ATAB515 N/A 1024 1153 y: E

ATmegal28 128 4096 4096 Datasheet (Summary)

ATmega1280 128 8192 4096 Device Page

ATmega1281 128 8192 4096

ATmegal284 128 16384 4096 Supported Tools

ATmegal284P 128 16384 4096 b Almel ICE

ATmegal284RFR2 128 16384 4096

ATmegal28A 128 4096 4096 “~» AVR Dragon

ATmegal28RFA1 128 16384 4096 @ AVRISP mkil

ATmegal28RFR2 128 16384 4096 < AVR ONEI

ATmegal6 16 1024 512 =

ATmega162 16 1024 512 X EDBG

ATmegal64A 16 1024 512 X EDBG MSD

ATmegal164P 16 1024 512 2. TAGICE3

ATmeaalf4PA 16 1024 512




E led - AtmelStudio
File Edit WView VAssist{ Project Build Debug Tools Window Help
B 0-2 W ‘ 3 ! | - - | P Ml Debug ~ Debug Browser ~ | .
> | o L3 ‘Hex ?:é|a'; E;I;II:I‘ © o ATmegal28 § Noneon -
mainc B X Solution Explorer
= main.c - |= I—> CtworkiAtmelStudio7TWedwledWmain.c : GI | '@ - & ['[:'Eij ‘ F -
_l/* s
=D I F—r { '.'I
led.c Search Solution Explorer (Ctrl+;)

i
_i Solution 'led' (1 project)

-

T

L1l

Created: 2018-81-21 2% a led
Author : limdj =d| Dependencies
*/ =d| Qutput Files
b .d Libraries
#include <avr/fio.h> ¢! main.c

—lint main{void)

{

/* Replace with your application code */
while (1)

{

¥



Copy led.c, led key.c

|£| - '|Ed

» WWPC » EE CAI (C) » MPwork » led » led

e

A
A ols h
i BEE 7H7]
Debug

& OneDrive H’ led.c

=M £ led.componentinfoxml

AFE led.cproj

e mlel o led_key.c

Fi

L main.c



Add Source File

Standard Mode W Quick Laundl

| & IR ON Y = Rt
. @M ATmega128 7§ Noneon -

Solution Explorer
A o-F|pe =1
Search Solution Explorer (Ctrl+;)

Solution 'led' (1 project)

Build

Rebuild
Clean
=3 Copy Full Path
Collapse
Scope to This
New Solution Explorer View
Add » | 3 New ltem.. Ctrl+Shift+A
‘3 Add Library O Existing Item... Shift+Alt+A
$F  Set as StartUp Project #5 New Folder
Add Arduino Library Reference...
Properties
&b cut Ctrl+X Add New Class
led Project
oz B, | % X Remove Del
. (|
2 Misc Rename F2
Project F Unload Project led.cproj
Project F| g Properties Ctwork#tAtmelStudio7wledled




Add led.c

Ed Add Existing Item - led

T « MPwork > led > led

74 - A =M
A £
= L PC oI

» 3D 7| Debug
s CfREC "_é" led.c
B SEA [] led.componentinfoxml
5 2 M led.cproj

u led_key.c

m HFE =t
~ AR

H main.c



Remove or Delete main.c

B | 5 - meeH
= W ATmegal28 § Noneon =

Solution Explorer
@o-8@ &=
Search Solution Explorer (Ctrl+;)
&l Solution ‘led’ (1 project) AtmelStudio 4
4 led

“d| Dependencies
=d| Output Files

b [ Libraries Choose Remove to remaove 'main.c’ from 'led".

C ledc

Choose Delete to permanently delete 'main.c’.

Open
Open With...

Open File Location

=
82 Copy Full Path Remove Delete Cancel
<>

View Code Ctrl+Alt+0

Scope to This

New Solution Explorer View -
Ctrl+F7

Properties
Compile

main.c File Pr

=0 | £ ﬁ Cut Ctrl+X

2 Advanced | O COPY Ctrl+C
Build Action X Remove Del c
Custom Con [ Rename =

B T
Mise & Properties .

File Name 4



Open led Properties

E led - AtmelStudio

File  Edit View VAssistX | Project | Build Debug Tools Window Help
O~
w

o~ el | [@ Show All Files sug ~| Debug Browser ~ | F

| 2 | i Setas StartUp Project 17| ; (AR | ; 4 ATmega128 § MNoneon <

& led Properties.. Alt+F7 ~ | Solution Explorer

= delay_usfor - :I—) for(i=0ii<time_usi++) - @_,'Go m | '@ - G ['@ | y 4
L
xS

delay us(258); )
Search Solution Explorer (Ctrl+;

delay_us(250); A
delay us(258); _ﬂ Solution 'led' (1 project)
¥ 4 led
¥ =d| Dependencies
—lint main(void) <4 Output Files
{ b [ Libraries
DDRD = @xff; ¢ lede
while(1)
{
PORTD = @x7f;
delay_ms(500);
PORTD = exff;
delay_ms(500);
h




Select Debugger

E led - AtmelStudio

File Edit View WAssistX Project Build Debug Tools Window Help

Q- ‘ Bra-2 WM | ‘ - - | P Ml Debug ~ Debug Browser ~ ‘ B
S | N | Hex % | @~ < B el o weATmegat2s T,

led* ® X

Build N/A N/A

Build Events
Toolchain Selected debugger/programmer |
Device

JTAGICE mkll = 00B0O00002822 - Interface: | JTAG «

Packs

Advanced

Toolchain Selected debugger/programmer

Device

Atmel-ICE = J41800096881 « Interface: | JTAG «



ol
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0

JTAG Debugger & & Al =2 A}

= OfcH 2t 22 2t3HO0| UHLLB A &280] CHE
= 32 US. 0l EF= ITAG LI A Y
&I L= A&,

— o
Xt 2
X

= —
Registers > I x
No data available a
=

Disassemnbly wifi_ubidots.c Ubidots # X
Build
“ N/A N/A
Build Events
Toolchain )
Selected debugger/programmer
Device

Launch Failed

Atmel-ICE = 42700054832 Interface:  JTAG X
Too

Packs '9' Failed to launch program.
Advanced

ITAG Clock Error: Target power not detected. Debugger command Activate physical failed.

The JTAG Clock frequency must be lower than 1/4 of frequencylereesrecopaomg o

Use external reset

Use external reset

JTAG Daisy chain settings

Taraet device is part of a ITAG daisv chain




JTAG Debugger HEH Al =2 AlS
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E Ubidots - Microchip Studio

o 0o

- — X|_ O:l j:' E El t_l File Edit View VAssistX Project Build Debug Tools Window Help

: =\ - 0- |3°fi"*°iJ-“I-'lu""| | < '|I>H|J Debug .

j‘|§ S EI-I;|_ Ol: St CE LN Plet 2 | Hex B |
= L_ /M [ ”

Toolchain Selected debugger/programmer
Device
Atmel-ICE = J42700054832 ~ | |Interface: | JTAG ~
Packs Simulator
Advance d Atmel-ICE

0000000000000

Custom Programming Tool
e " represe D lower than 1/4 of frequenc




Build

E led - AtmelStudio

File Edit View WAssist{ Project | Build | Debug Tools Window Help
EN < B 0-2 W | ¥ | ¥ Build Solution F7 g Browser ~
o > | Vo Rebuild Solution Ctrl+Alt+F7 | ¥ | 2 _% o ATmega128
Clean Solution
- Solution Explorer
= mainwhile = BB i & o-
delay_u5(25e)j Rebuild led + . he don
delay_us(250@); Clean led earch Solution Exp
delay_us(258); . _i Solution 'led’ (
- Batch Build...
} atch Bui . led
¥ Configuration Manager... b [ Depend
Zint main(void) Compile Ctrl+F7 b [z Output
{ b [ Libraries
DDRD = @xff; ¢ lede
while(1)
{
PORTD = @x7f;
delay_ms(508);
PORTD = Oxff;
Qutput
Show output from: Build - | | = = | £ | ®a
Zoo u u Zoo ua led.elr

Done executing task "RunCompilerTask”
Using "RunOutputFileYerifyTask" task from assembly "C:#Program Files (xBE)#Atmel#Studiol?. O#Extensionstiapnlic
Task "RunlutputFileYerifyTask"
Program Memory Usage 266 bytes
Data Menory Usage 0 bytes 0
Done executing task "RunlutputFileYerifyTask"
Done building target "CoreBuild" in project "led.cproj”.

2 % Ful
I

0.
0% Fu

') was evaluated as ("' I= '")

{"$(PostBuildEvent )’

Target "PostBuildEvent” skipped, due to false condition: .
Target "Build" in file "C:4Program Files (x86)4atnel #Studiol?. O¥YsHavr common. targets" from project "Citwork¥atne
Done building target "Build" in project "led.cproj”.

Done building project "led.cproj”.

Build succeeded.



Start Debugging or

E led - AtmelStudio

File Edit View VAssistX Project
Q- B~ -2 3 ‘ - - ‘ P Bl Debug ~ Debug Browser ~

b A e B @ B oo skt | o o o ATmegal

Gild Debug Tools Window Help

ledec ® X

delay us(258);
delay us(258); A

delay us(258); i Solution 'le

¥ y led
¥ P [=d Dep:
—lint main(void) b [ Outy
{ b [ Libra
|  DDRD = exff; <ledd

while(1)
{

PORTD = @x7T;
delay ms(588);
PORTD = @xff;
delay ms(588);

Properties

B | £



Start Debugging and Break

E led - AtmelStudio
File Edit View \AssistX Project Build Debug Tools Window Help

i Qv B~ -2 WM | X | - - | P Ml Debug ~ Debug Browser ~
b A = — — K
: > | ¢ ¢ . | Hex %5 | L Start Debugging and Break (Alt+F5) =
lede ® X a
< main - :I—} int main{void) - {?Go
delay_us(250); +
delay us(250); N Searc
delay us(250); jif
ki 4
¥
—lint main(void) b
{ b
DDRD = exff;
while(1)
{

PORTD = @x7f;
delay ms(500);



Start Debugging and Break

E led (Debugging) - AtmelStudio
File Edit WView WAssist{ Project Build Debug Tools Window Help

Q- | - - N | % o ‘ - - | Debug Browser ~

B> i p|et 2t AT BRI EEOEE &S

-

= main - :I—} int main(void)
delay us(258);
delay us(258);
delay us(258);

¥
¥
—lint main(void)
{
© DDRD = @xff;
while(1)
{
FORTD = ex7f;
delay ms(588);
PORTD = @xff;
delay ms(5088);
¥



Stop Debugging, Break

E led (Running) - AtmelStudig
File Edit View \AssistX Project Build —f€bug Tools Window Help
- Q- el - T B el | - - | Debug Browser ~

DED Tl B | B-. EOO@E. & &

L1l

=2 main - :I—> int main(void)
delay us(258);
delay us(250);
delay_us(250);

¥
¥
—lint main{void)
{
|  DDRD = exff;
while(1)
{

PORTD = Bx7f;
delay_ms(500);
PORTD = @xff;
delay_ms(500);



LED(Light Emitting Diode)

HHOe /A cathode
& Flat Spot

Anode |

Long Lead | Cathode

| Short Lead

Depletion
Region

PN Junction Diode
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Circuit Diagram

i) oD L) oD
3 s o o
4
~T~C4 ~T~C3 ~T~C2 ~T~C1
! 0.1uF | 0.1uf | 0.1uf | 0.1uF
DD vDbD voD VDD oD
% () ) & )
U1
21 51 p£O
R1 RS 2 R4 2 R3 /2 R2 52 V"gg :ﬁ?}g‘} 50 PA]
S 10K 10K> 10K> 10K> 10K 4 K PAG
PUSH g2 | e £re/nB2 g A
AREF PAGIADS | A7
Ay PA4IADG
4 RESET 20 | oEeer PA6IADS g :ﬁ
! 5 P PAGIADE |y Ay
4 == Gk PEN PAFIADT
TuF 35 PCO
1 33 —_ el B FC
34| PGO/GIE) PC1/0 |53 ™
| PGIARD) PCZIAID 35 e
15 1a| POZALE PCAATT o ELs
e 15| PGITOSC2 PC4iAIZ o =
PGATOSCH PLE/AIS |3 5
PCH/AI [ e
PC7IAIS =
D) o P
2_%“ g,} PFO/ADCO PBO/ES [0 £00
T 29| PF1/ADCH PBI/SCK [ 5’
o 52| PF2/ADCE PE2MOSI -
ey 55| PF3/ADC3 PRIMISO [ -
- 56~| PFAVADCATCK PR4/OCD [z 03
5 25| PFS/ADCS/MMS PBS/DCIA [ 560
o1 |l ;2 los | os - £4-| PF6/ADCE/TDO PBG/OCIE | 5b7
W LW LEOW LEOW LeD PF74ADC7/TDI PB7/0C1CIOC2
N %\i - © Sk 28 pooanTosscL PED/RXDO/PDI e
il 25| POI/NTI/SDA PEVMTXD0/PDO [ e
3 25| POZANTZ/RXD PE2ACKO/AIND 15
25| PD3INT3THD1 PEOCIAAINT 12
So~| PO4MICP PE4/DCIBANTA -5 =
51| POSA(CKI PES/OC3C/INTS |5 T
33 POBT PER/T3/INTS |5 =
PO7/T2 PEFACP3/ANTT
24 {yraLt N |
2 GND |
i HTALZ GND
16hiHz I:I
ATMEGAIZ6- 1641
~T~-C16 ~7=C17
20P | 20P



led.c

int main(void)

{
DDRD = Oxff;

while(1)

{
PORTD = OxTf;
delay _ms(500);
PORTD = Oxff;
delay _ms(500);



void delay us(unsigned char time_us)

{

register unsigned char i;
for(i=0;i<time_us;i++) //4 cycle

{

}

asm volatile("PUSH R0"); //2 cycle
asm volatile("POP R0"); //2 cycle
asm volatile("PUSH R0"); //2 cycle
asm volatile("POP R0"); //2 cycle
asm volatile("PUSH R0"); //2 cycle
asm volatile("POP R0"); //2 cycle
/[ Sum = 16 cycle=1 us for 16MHz

void delay_ms(unsigned int time_ms)

{

register unsigned int i;
for(i=0;i<time_ms;i++) //4 cycle

{

delay us(250);
delay us(250);
delay us(250);
delay us(250);



Exercise 1

 led.c E=2 1N Al D1, D2, D3, D49] led
Jl 500msecl| 2t2Z3o 2 =xA8 O 2 AH K|
= +~4H03IA 2.




Led & Switch
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led key.c

#include <avr/io.h>
int main(void)

{
DDRA = 0x01;

while(1)

{
if (PINA & 0x02)

{
PORTA = 0x01;

PORTA = 0x0:;



Logical and Relational Operators

Operator | Name Example | Defined

> Greater than X>y 1 if x 1s greater than y, otherwise 0

>= Greater than | x>=y I if x 1s greater than or equal to vy,
or equal to otherwise 0

< Less than X<y 1 if x 15 less than y, otherwise 0

<= Less than or | x<=y I if x 1s less than or equal to y, otherwise
equal to 0

== Equal to X==y 1 if x equals y, otherwise 0

|= Not equal to x!=y 1 1f x 1s not equal to y, otherwise 0

! Logical NOT IX 1 if x 15 0, otherwise 0

&& Logical AND | x&&y 0 if etther x or y 1s 0, otherwise 1

| Logical OR X|[y 0 1f both x and y are 0, otherwise 1




Bitwise Operators

Operator | Name Example | Defined
Bitwise  complement | ~X Changes 1 bits to 0 and 0 bits to 1
NOT

& Bitwise AND x&y Bitwise AND of x and y

| Bitwise OR X|y Bitwise OR of x and y

A Bitwise exclusive OR X"y Bitwise XOR of x and y

<< Left shift X<<2 Bits in x shifted left 2 bit
positions

>> Right shift X>>3 Bits in x shifted right 3 bit
positions




Bitwise Operators

= 11111111 =
= 00001000 =

11111111

= 01010101 =
= 00001000 =

00000000

00100000
11011111

= 01010101 =
= 00001000 =

01011101

= 10101011 =
= 00001000 =

0x55
0x08

00001000
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JTAG debugging interface

" propucts [ corporatTE | INVESTORS [ CAREERS

PRODUCTS English EiEss  BFRE

_ Product / AVRE 8-Bit RISC / AWVR JTAGICE mkll
Owverview
Devices AVRJTAGICEmkt

picoPower Technology Description:
802.15.4/Zighee The AVRE JTAGICE mklIl from Atmel® is a powsrful development tool
- for On-chip Debugging of all AVR 8-bit RISC microcontrollers with IEEE
Applications 11458.1 compliant JTAG interface or debugWIRE Interface. debugWIRE
Tools & Software enables on-chip debug of AVR microcontrollers in small pin count
packages, using only a single wire for the debug interface..
Datazheets

The AVR Studic online-help contains the most current information and
a complete list of supported devices.

Application Motes
Other Documents
Support Center
Third Party Support

Conzultantz

. . Ordering Code: ATITAGICEZ "Y' Check Distributor
~LUEE Inventory



JTAG debugging interface
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ISP Downloader
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Use of printf in AVR C program

= Use serial port
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INtf:
cable to UART1

prin

= Connect serial
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USB to serial port

compuzone oo

Q S3D Top3
= T 7HEae| O[HIE/ /7121 mpz{gol
ft  HE=fI/AOIE/ZEH v 2o g /[ /G geH ol s
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Terminal program

wn

= SmarTTY

Saleae Inc
SD Association
Serv-U
SketchBook
Skype
SmarTTY
SmarTTY
Sticky Notes
STM32CubeMX

STMicroelectronics

L
B
2
¢
S
i
=
e
E

—

Tera Term




B SmarTTY - Select a Connection

Double-click on a connection to begin: Filter: ||

! Prolific USB-to-Serial Comm Port (COM21) Il USB Serial Port (COM24)
':%'USB S/N: 8&442EDTD&0&N ‘%‘USB S/N: FTGRPKRX

Baud rate: 115200 Baud rate: 115200

ﬂ Mew SSH connection... E] Mew Telnet connection... ¥ Quick SSH connection...




B SmarTTY - Raw Terminal pd

Connected to COM21 (115200 bps) "= A & w1 - Baud rate: |115200 ~




New Project

* Project name: serial_printf
= Source file: serial printf.c



serial_printf.c(1)

#include <avr/io.h>
#include <string.h>
#include <stdio.h>
#include <stdlib.h>

void uart_putchar(uint8_t u8Data, FILE *stream )
{

while('(UCSR1A&(1<<UDRE1))){};

UDR1 = u8Data;
}

FILE uart_output = FDEV_SETUP_STREAM((void *)uart_putchar, NULL,
_FDEV_SETUP_WRITE);



serial_printf.c(2)

int main(void)

{
char string[20];
short i;
float x;

[* USART1 initialization */

UCSR1A = 0x00;

UCSR1B = 0x98;

UCSR1C = 0x06;

UBRR1H = 0x00; /* baud rate 115200 UBRR1=8%*/
UBRRI1L = 0x08;

stdout = &uart_output;

printf("printf test\r\n");
for (i=0;i<4;i++){
x =1.123%;
dtostrf(x,5,3, string);
printf("i=%d x=%s\r\n",i,string);
}
while(1);



Connected to COM21 (115200 bps) "% X [l T - Baud rate: | 115200 -

printf test
i=0 x=0.000
i=1 x=1.123
i=2 x=2.246

1=3




Exercise 2

» PrintfE 0|20t 0 2H 3NAIL =cAtE 1

A= HOIE 2= 180 ZelE of

=
D, =A0 EEN &&E 4042 ledE 0|2

8P04 2 == AHOl ol & 6t
LIEFLHAI 2. Ol E =
00100122 419 lec
2+ off,off,on, off.

= O] 0= Rt Bh=.

= B0l 2l == A=
AN 2= B0l =
D4,D3,D2,D1=2 =



Decimal:Binary

= 0:0000
= 1:0001
= 2:0010
= 3.0011
= 4:0100
= 5:0101
= 6:0110
= 7:0111



