Atmega323PB
Instruction Set and Programming



Objectives

e Understanding ATmega328PB Instruction Set

* How to make a program using assembly language
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Assembly Language Programming

Ox12
0x34
Z =X+ Y;

X
]

High-Level Language

(C, C++, Pascal, Fortran)

<
1l

LDI R25,0x12
LDI R24,0x34
Assembly Language ADD R25,R24

MOV R26,R25

Assemble

11100001 10010010
11100011 10000100
00001111 10011000
00101111 10101001

Machine Instruction

Hardware
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ATmega328PB Instruction Set (1)

e The Assembler is not case sensitive.

e The operands have the following forms:

Rd: R@-R31 or R16-R31 (depending on instruction)

Rr: RO-R31

: Constant (©-7), can be a constant expression

: Constant (©-7), can be a constant expression

: Constant (©-31/63), can be a constant expression

: Constant (©-255), can be a constant expression

: Constant, value range depending on instruction.
Can be a constant expression.

: Constant (©0-63), can be a constant expression
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ATmega328PB Instruction Set (2)

Mnemonics| Operands Description Operation Flags l\gl)(')::
ARITHMETIC AND LOGIC INSTRUCTIONS

ADD Rd, Rr Add without Carry Rd €& Rd +Rr Z,C,NVH 1
ADC Rd, Rr Add with Carry Rd &< Rd+Rr+C Z,C,N,V,H 1
ADIW Rd, K Add Immediate to Word Rd+1:Rd & Rd+1:Rd + K Z,C,NV 2
SUB Rd, Rr Subtract without Carry Rd < Rd - Rr Z,C,NVH 1
SUBI Rd, K Subtract Immediate Rd €& Rd -K Z,C,N,V,H 1
SBC Rd, Rr Subtract with Carry Rd & Rd-Rr-C Z,C,N,V,H 1
SBCI Rd, K Subtract Immediate with Carry Rd & Rd-K-C Z,C,N,V,H 1
SBIW Rd, K Subtract Immediate from Word Rd+1:Rd €& Rd+1:Rd - K Z,C,NV 2
AND Rd, Rr Logical AND Rd < Rd e Rr Z,NV 1
ANDI Rd, K Logical AND with Immediate Rd & Rd e K Z,N\V 1
OR Rd, Rr Logical OR Rd €& Rd v Rr Z,N\V 1
ORI Rd, K Logical OR with Immediate Rd & RdvK Z,N\V 1

Biomedical Engineering, Inje University




ATmega328PB Instruction Set (3)

Mnemonics| Operands Description Operation Flags I\(':cl)‘;:;
ARITHMETIC AND LOGIC INSTRUCTIONS

EOR Rd, Rr Exclusive OR Rd < Rd @ Rr Z,NV 1
COM Rd One's Complement Rd <& SFF—Rd Z,C,N,V 1
NEG Rd Two's Complement Rd <& S00-Rd Z,C,NVH 1
SBR Rd,K Set Bit(s) in Register Rd < Rdv K Z,NV 1
CBR Rd,K Clear Bit(s) in Register Rd & Rd e (SFFh - K) Z,N\V 1
INC Rd Increment Rd&<Rd+1 ZNV 1
DEC Rd Decrement Rd &< Rd-1 Z,N\V 1
TST Rd Test for Zero or Minus Rd < Rd e Rd Z,N)\V 1
CLR Rd Clear Register Rd < Rd @ Rd Z,N\V 1
SER Rd Set Register Rd & SFF None 1
MUL Rd,Rr Multiply Unsigned R1, RO & Rd X Rr C 2
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ATmega328PB Instruction Set (4)

. — . No. of
Mnemonics Operands Description Operation Flags Clock
BRANCH INSTRUCTIONS
RIMP k Relative Jump PC&PC+k+1 None 2
IJMP Indirect Jump to (2) PC&Z None 2
JMP k Jump PC &k None 3
RCALL k Relative Call Subroutine PC&PC+k+1 None 3
ICALL Indirect Call to (2) PC&Z None 3
CALL k Call Subroutine PC &k None 4
RET Subroutine Return PC < STACK None 4
RETI Interrupt Return PC < STACK I 4
CPSE Rd,Rr Compare, Skip if Equal if Rd=Rr)PC& PC+2o0r3 None 1/2/3
CP Rd,Rr Compare Rd - Rr Z,CN\VH 1
CPC Rd,Rr Compare with Carry Rd-Rr-C Z,C,NVH 1
CPI Rd,K Compare with Immediate Rd - K Z,CNVH 1
SBRC Rr, b Skip if Bit in Register Cleared if (Rr(b)=0) PC& PC+2o0r3 None 1/2/3
SBRS Rr, b Skip if Bit in Register Set if (Rr(b)=1) PC& PC+2o0r3 None 1/2/3
SBIC Pb Skip if Bit in I/O Register Cleared if(1/O(Pb)=0) PC & PC+ 2 or 3 None 1/2/3
SBIS Pb Skip if Bit in I/O Register Set if(1/O(P,b)=1) PC& PC+2o0r 3 None 1/2/3
BRBS s, k Branch if Status Flag Set if (SREG(s) =1)thenPC &< PC+k+1 None 1/2
BRBC s, k Branch if Status Flag Cleared if (SREG(s) =0) thenPC &< PC+k+1 None 1/2
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ATmega328PB Instruction Set (5)

Mnemonics | Operands Description Operation Flags I\CI:T;:;
BRANCH INSTRUCTIONS

BREQ k Branch if Equal if(Z=1)thenPC&< PC+k+1 None 1/2
BRNE k Branch if Not Equal if Z=0)thenPC&< PC+k+1 None 1/2
BRCS k Branch if Carry Set if (C=1)thenPC&< PC+k+1 None 1/2
BRCC k Branch if Carry Cleared if (C=0)thenPC& PC+k+1 None 1/2
BRSH k Branch if Same or Higher if (C=0)thenPC& PC+k+1 None 1/2
BRLO k Branch if Lower if (C=1)thenPC& PC+k+1 None 1/2
BRMI k Branch if Minus if (N=1)thenPC&< PC+k+1 None 1/2
BRPL k Branch if Plus if (N=0)thenPC&< PC+k+1 None 1/2
BRGE k Branch if Greater or Equal, Signed if (N@® V=0)then PC&< PC+k+ 1 None 1/2
BRLT k Branch if Less Than, Signed if (NP V=1)thenPC&< PC+k+1 None 1/2
BRHS k Branch if Half Carry Flag Set if (H=1)thenPC&< PC+k+1 None 1/2
BRHC k Branch if Half Carry Flag Cleared if (H=0)thenPC& PC+k+1 None 1/2
BRTS k Branch if T Flag Set if T=1)thenPC&< PC+k+ 1 None 1/2
BRTC k Branch if T Flag Cleared if (T=0)thenPC&< PC+k+1 None 1/2
BRVS k Branch if Overflow Flag is Set if(V=1)thenPC< PC+k+1 None 1/2
BRVC k Branch if Overflow Flag is Cleared if V=0)thenPC<&< PC+k+1 None 1/2
BRIE k Branch if Interrupt Enabled if (I=1)thenPC&< PC+k+1 None 1/2
BRID k Branch if Interrupt Disabled if (I=0)thenPC& PC+k+1 None 1/2
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ATmega328PB Instruction Set (6)

. - . No. of
Mnemonics Operands Description Operation Flags Clock
DATA TRANSFER INSTRUCTIONS
MOV Rd, Rr Copy Register Rd & Rr None 1
LDI Rd, K Load Immediate Rd < K None 1
LDS Rd, k Load Direct from SRAM Rd ¢ (k) None 3
LD Rd, X Load Indirect Rd ¢ (X) None 2
LD Rd, X+ Load Indirect and Post-Increment Rd & (X), X< X+1 None 2
LD Rd, -X Load Indirect and Pre-Decrement X & X-1, Rd ¢ (X) None 2
LD Rd,Y Load Indirect Rd < (Y) None 2
LD Rd, Y+ Load Indirect and Post-Increment RA&(Y), Y<Y+1 None 2
LD Rd, -Y Load Indirect and Pre-Decrement Y& Y-1, RAd & (Y) None 2
LDD Rd,Y+q Load Indirect with Displacement Rd < (Y +q) None 2
LD Rd, Z Load Indirect Rd < (2) None 2
LD Rd, Z+ Load Indirect and Post-Increment Rd ¢ (Z), Z<¢ Z+1 None 2
LD Rd,-Z Load Indirect and Pre-Decrement 7&7-1, Rd<(2) None 2
LDD Rd, Z+q Load Indirect with Displacement Rd & (Z+q) None 2
STS k, Rr Store Direct to SRAM (k) ¢ Rr None 3
ST X, Rr Store Indirect (X) € Rr None 2
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ATmega328PB Instruction Set (7)

Mnemonics Operands Description Operation Flags '\::T(');:
DATA TRANSFER INSTRUCTIONS

ST X+, Rr Store Indirect and Post-Increment (X) < Rr, X&X+1 None 2
ST -X, Rr Store Indirect and Pre-Decrement X&X-1, (X) €< Rr None 2
ST Y,Rr Store Indirect (Y) €< Rr None 2
ST Y+, Rr Store Indirect and Post-Increment (YY€<Rr, Y&Y+1 None 2
ST -Y, Rr Store Indirect and Pre-Decrement Y&Y-1, (Y) € Rr None 2
STD Y+q,Rr Store Indirect with Displacement (Y+q) €<Rr None 2
ST Z,Rr Store Indirect (Z) ¢ Rr None 2
ST Z+,Rr Store Indirect and Post-Increment (Z)€<Rr, Z2¢&27+1 None 2
ST -Z,Rr Store Indirect and Pre-Decrement 727-1, (Z) € Rr None 2
STD Z+q,Rr Store Indirect with Displacement (Z+q) <Rr None 2
LPM Load Program Memory RO & (2) None 3
IN Rd, P In Port Rd < P None 1
ouT P.Rr Out Port P & Rr None 1
PUSH Rr Push Register on Stack STACK < Rr None 2
POP Rd Pop Register from Stack Rd ¢ STACK None 2
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ATmega328PB Instruction Set (8)

Mnemonics | Operands | Description Operation Flags I\;)(;:I:
BIT AND BIT-TEST INSTRUCTIONS

LSL Rd Logical Shift Left Rd(n+1) « Rd(n), Rd(®) « ©, C « Rd(7) |ZCNVH 1
LSR Rd Logical Shift Right Rd(n) « Rd(n+1), Rd(7) « @, C « Rd(9) Z,C,NV 1
ROL Rd Rotate Left Through Carry | Rd(@) « C, Rd(n+1) « Rd(n), C « Rd(7) Z,C,N,VH 1
ROR Rd Rotate Right Through Carry |Rd(7) <« C, Rd(n) <« Rd(n+l), C « Rd(9) Z,CNV 1
ASR Rd Arithmetic Shift Right Rd(n) « Rd(n+l), n=0..6 Z,C,NV 1
SWAP Rd Swap Nibbles Rd(3..0) <& Rd(7..4) None 1
BSET s Flag Set SREG(s) « 1 SREG(s) 1
BCLR s Flag Clear SREG(s) « © SREG(s) 1
SBI Pb Set Bit in I/O Register I/0(P, b) « 1 None 2
CBI Pb Clear Bit in I/O Register I/0(P, b) « 0 None 2
BST Rr, b Bit Store from RegistertoT | T « Rr(b) T 1
BLD Rd, b Bit load from T to Register | Rd(b) « T None 1
SEC Set Carry Ce«1 C 1
CLC Clear Carry C<«<o0 C 1
SEN Set Negative Flag N «1 N 1
CLN Clear Negative Flag N <0 N 1
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ATmega328PB Instruction Set (9)

Mnemonics | Operands Description Operation Flags I\;::If
BIT AND BIT-TEST INSTRUCTIONS

CLN Clear Negative Flag N < © N 1
SEZ Set Zero Flag Z <1 Z 1
CLZ Clear Zero Flag Z &< 0 Z 1
SEI Global Interrupt Enable I <1 I 1
CLI Global Interrupt Disable I <0 I 1
SES Set Signed Test Flag S« 1 S 1
CLS Clear Signed Test Flag S < 0 S 1
SEV Set Two's Complement Overflow V &1 \" 1
CLV Clear Two's Complement Overflow V < 0 Vv 1
SET Set Tin SREG T« 1 T 1
CLT Clear T in SREG T < 0 T 1
SEH Set Half Carry Flag in SREG H<1 H 1
CLH Clear Half Carry Flag in SREG H < 0 H 1
NOP No Operation None 1
SLEEP Sleep None 1
WDR Watchdog Reset None 1
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Assembly Language Statement Format

An assembly language statement line may take one of the four following forms:
» [label:] directive [operands] [Comment]
» [label:] instruction [operands] [Comment]
> Comment
> Empty line
A comment has the following form:
; [Text]
Iltems placed in braces are optional.
The text between the comment-delimiter (;) and the end of line (EOL) is ignored by the Assembler.

E les: . .
Xamples: 4 pel: .EQU varil=100 ; Set varl to 100 (Directive)

.EQU var2=200 ; Set var2 to 200
test: rjmp test ; Infinite loop (Instruction)
; Pure comment line
; Another comment line

Note: There are no restrictions with respect to column placement of labels, directives, comments or instructions.
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Assembler Directives (1)

 The directives are not translated directly into opcodes.
 They are used to adjust the location of the program in memory, define macros, initialize

memory and so on.
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Assembler Directives (2)

birective |pescripon [l Oirectve | Descriptin

BYTE Reserve byte to a variable ESEG EEPROM Segment

CSEG Code Segment EXIT Exit from file

DB Define constant byte(s) INCLUDE  Read source from another file
DEF Define a symbolic name on a register LIST Turn list file generation on
DEVICE Define which device to assemble for LISTMAC  Turn macro expansion on
DSEG Data Segment MACRO  Begin macro

DW Define constant word(s) NOLIST Turn list file generation off
ENDMACRO End macro ORG Set program origin

EQU Set a symbol equal to an expression SET Set a symbol to an expression

Note: All directives must be preceded by a period.
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Assembler Directives (3)

CSEG — Code Segment

The CSEG directive defines the start of a Code Segment. An Assembler file can consist of several Code Segments, which are
concatenated into one Code Segment when assembled. The BYTE directive can not be used within a Code Segment. The
default segment type is Code. The Code Segments have their own location counter which is a word counter. The ORG
directive (see description later in this document) can be used to place code and constants at specific locations in the
Program memory. The directive does not take any parameters.

.CSEG
.DSEG ; Start data segment
vartab: .BYTE 4 ; Reserve 4 bytes in SRAM
.CSEG ; Start code segment
const: DW 2 ; Write Ox0002 in program memory

mov rl,r@ ; Do something
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Assembler Directives (4)

DSEG — Data Segment

The DSEG directive defines the start of a Data Segment. An Assembler file can consist of several Data Segments, which are
concatenated into one Data Segment when assembled. A Data Segment will normally only consist of BYTE directives (and
labels). The Data Segments have their own location counter which is a byte counter. The ORG directive (see description
later in this document) can be used to place the variables at specific locations in the SRAM. The directive does not take any
parameters.

.DSEG
.DSEG
varl: .BYTE 1 ; reserve 1 byte to varl
table: .BYTE 6 ; reserve 6 bytes to table
.CSEG

1di r30,low(varl) Load Z register low
1di r31,high(varl) Load Z register high
1d ri1,z ; Load varl into ril

oo

e
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Assembler Directives (5)

ESEG —EEPROM Segment

The ESEG directive defines the start of an EEPROM Segment. An Assembler file can consist of several EEPROM Segments,
which are concatenated into one EEPROM Segment when assembled. The BYTE directive can not be used within an
EEPROM Segment. The EEPROM Segments have their own location counter which is a byte counter. The ORG directive (see
description later in this document) can be used to place constants at specific locations in the EEPROM memory. The
directive does not take any parameters.

.ESEG
.DSEG ; Start data segment
vartab: .BYTE 4 ; Reserve 4 bytes in SRAM
.ESEG
eevar: .DW oxffof ; Initialize one word in EEPROM
.CSEG ; Start code segment
const: .DW 2 ; Write 0x0002 in prog.mem.
mov rl,ro ; Do something
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Assembler Directives (6)

BYTE — Reserve bytes to a variable

The BYTE directive reserves memory resources in the SRAM. In order to be able to refer to the reserved location, the BYTE
directive should be preceded by a label. The directive takes one parameter, which is the number of bytes to reserve. The
directive can only be used within a Data Segment (see directives CSEG, DSEG and ESEG).

Note that a parameter must be given. The allocated bytes are not initialized.

LABEL : .BYTE expression
.DSEG
varl: .BYTE 1 ; reserve 1 byte to varl
table: .BYTE 6 ; reserve 6 bytes to table
.CSEG

1di r30,low(varl) Load Z register low
1di r31,high(varl) Load Z register high
1d r1,z ; Load VARl into register 1

oo

e
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Assembler Directives (7)

DB — Define constant byte(s) in program memory or EEPROM memory

The DB directive reserves memory resources in the program memory or the EEPROM memory. In order to be able to refer
to the reserved locations, the DB directive should be preceded by a label.

The DB directive takes a list of expressions, and must contain at least one expression. The DB directive must be placed in a
Code Segment or an EEPROM Segment.

The expression list is a sequence of expressions, delimited by commas. Each expression must evaluate to a number
between -128 and 255. If the expression evaluates to a negative number, the 8 bits two's complement of the number will
be placed in the program memory or EEPROM memory location.

If the DB directive is used in a Code Segment and the expression_list contains more than one expression, the expressions
are packed so that two bytes are placed in each program memory word. If the expression_list contains an odd number of
expressions, the last expression will be placed in a program memory word of its own, even if the next line in the assembly
code contains a DB directive.

LABEL : .DB  expression lList
.CSEG

consts: .DB @, 255, 0b01010101, -128, Oxaa
.ESEG

eeconst: .DB Oxff
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Assembler Directives (8)

DW — Define constant word(s) in program memory or E2PROM memory

The DW directive reserves memory resources in the program memory or EEPROM memory. In order to be able to refer to
the reserved locations, the DW directive should be preceded by a label.

The DW directive takes a list of expressions, and must contain at least one expression.

The DW directive must be placed in a Code Segment or an EEPROM Segment.

The expression list is a sequence of expressions, delimited by commas. Each expression must evaluate to a number
between -32768 and 65535. If the expression evaluates to a negative number, the 16 bits two's complement of the number
will be placed in the program memory location.

LABEL : .DW  expression lList
.CSEG

varlist: .DW 0,0xffff,0b1001110001010101,-32768,65535
. ESEG

eevar: .DW Oxffff
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Assembler Directives (9)

DEF — Set a symbolic name on a register

The DEF directive allows the registers to be referred to through symbols. A defined symbol can be used in the rest of the

program to refer to the register it is assigned to. A register can have several symbolic names attached to it. A symbol can be

redefined later in the program.

LABEL : .DEF Symbol = Register

.DEF temp = R16
.DEF ior = RO

.CSEG

1di temp,0xfo ; Load Oxf@ into temp register
in ior,ox3f ; Read SREG into ior register
eor temp,ior ; Exclusive or temp and ior
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Assembler Directives (10)

EQU — Set a symbol equal to an expression

The EQU directive assigns a value to a label. This label can then be used in later expressions. A label assigned to a value by

the EQU directive is a constant and can not be changed or redefined.

.EQU  Label = expression

.EQU  io_offset = 0x23

.EQU porta = io offset + 2

.CSEG ; Start code segment
clr r2 ; Clear register 2
out porta,r2 ; Write to Port A
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Assembler Directives (11)

SET —Set a symbol equal to an expression

The SET directive assigns a value to a label. This label can then be used in later expressions.
A label assigned to a value by the SET directive can be changed later in the program.

.SET  Label = expression

.SET  io_offset = 0x23

.SET porta = io offset + 2

.CSEG ; Start code segment
clr r2 ; Clear register 2
out porta,r2 ; Write to Port A
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Assembler Directives (12)

ORG - Set program origin

The ORG directive sets the location counter to an absolute value. The value to set is given as a parameter.

If an ORG directive is given within a Data Segment, then it is the SRAM location counter which is set.

If the directive is given within a Code Segment, then it is the Program memory counter which is set.

If the directive is given within an EEPROM Segment, then it is the EEPROM location counter which is set.

If the directive is preceded by a label (on the same source code line), the label will be given the value of the parameter.
The default values of the Code and EEPROM location counters are zero, whereas the default value of the SRAM location
counter is 32 (due to the registers occupying addresses 0-31) when the assembling is started. Note that the EEPROM and
SRAM location counters count bytes whereas the Program memory location counter counts words.

.ORG  expression
.DSEG ; Start data segment
.ORG  Ox67 ; Set SRAM address to hex 67
rvar: .BYTE 1 ; Reserve a byte at SRAM address 67H
.ESEG ; Start EEPROM Segment
.ORG 0x20 ; Set EEPROM location counter
eevar: .DW oxfeff ; Initialize one word
.CSEG
.ORG  0ox10 ; Set Program Counter to hex 10
mov ro,rl ; Do something
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Assembler Directives (13)

INCLUDE - Include another file

The INCLUDE directive tells the Assembler to start reading from a specified file. The Assembler then assembles the
specified file until end of file (EOF) or an EXIT directive is encountered. An included file may itself contain INCLUDE
directives.

.INCLUDE  “filename”

.EQU sreg = ox3f ; Status register
.EQU sphigh = @x3e ; Stack pointer high
.EQU splow = ©x3d ; Stack pointer low

; incdemo.asm
.INCLUDE “tiodefs.asm” ; Include I/0 definitions
in ro,sreg ; Read status register
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Expressions (1)

Expressions can consist of operands, operators and functions. All expressions are internally 32 bits.

Operands

The following operands can be used:
» User defined labels which are given the value of the location counter at the place they appear.
e User defined variables defined by the SET directive
e User defined constants defined by the EQU directive
* Integer constants: constants can be given in several formats, including,
» Decimal (default): 10, 255
» Hexadecimal (two notations): ©x@a, $0a, Oxff, $ff
» Binary: 0b00001010, 0b11111111

* PC-the current value of the Program memory location counter

Biomedical Engineering, Inje University



Expressions (2)

Functions

The following functions are defined:

e LOW(expression) returns the low byte of an expression

* HIGH(expression) returns the second byte of an expression
* BYTE2(expression) is the same function as HIGH

e BYTE3(expression) returns the third byte of an expression
* BYTE4(expression) returns the fourth byte of an expression
e LWRD(expression) returns bits 0-15 of an expression

e HWRD(expression) returns bits 16-31 of an expression

* PAGE(expression) returns bits 16-21 of an expression

e EXP2(expression) returns 2*expression

* LOG2(expression) returns the integer part of log2(expression)
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Expressions (3): Operators

Logical NOT

Symbol: !

Description: Unary operator which returns 1 if the expression was zero, and returns 0O if the
expression was nonzero

Precedence: 14

Example: Ldi1 rie, !oxfé

; Load rlé with 0x00

Bitwise NOT

Symbol: ~
Description: Unary operator which returns the input expression with all bits inverted
Precedence: 14

Example: Ldi rl6,~0xfo ; Load rl6 with oxef
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Expressions (4): Operators

Unary Minus

Symbol: -

Description: Unary operator which returns the arithmetic negation of an expression
Precedence: 14

Example: Ldi ri6, -2 ; Load -2(0xfe) in ril6

Multiplication

Symbol: *

Description: Binary operator which returns the product of two expressions
Precedence: 13

Example: Ldi r30, Label*2 ; Load r30 with label*2
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Expressions (5): Operators

Division

Symbol: /

Description: Unary operator which returns the arithmetic negation of an expression
Precedence: 13

Example: Ldi r30, lLabel/2

; Load r30 with label/2

Addition

Symbol: +

Description: Binary operator which returns the sum of two expressions
Precedence: 12

Example: Ldi r30,cl+c2 ; Load r30 with cl+c2
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Expressions (6): Operators

Subtraction

Symbol: -

Description: Binary operator which returns the left expression minus the right expression
Precedence: 12

Example: Ldi rl7,cl-c2

; Load rl7 with cl-c2

Shift left

Symbol: <<
Description: Binary operator which returns the left expression shifted left a number of times given by
the right expression
Precedence: 11

Example: L(di ri17,1<<5

; Load rl7 with 1 shifted left 5 times
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Expressions (7): Operators

Shift right

Symbol: >>

Description: Binary operator which returns the left expression shifted right a number of times given
by the right expression

Precedence: 11
Example: Lldi ri17,cl>>c2 ; Load rl7 with cl shifted right c2 times

Bitwise AND

Symbol: &

Description: Binary operator which returns the bitwise And between two expressions
Precedence: 8

Example: Ldi ri18,High(cl&c2) ; Load rl8 with an expression
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Expressions (8): Operators

Bitwise XOR

Symbol: *

Description: Binary operator which returns the bitwise Exclusive Or between two expressions
Precedence: 7

Example: Ldi ri8,Low(cl”c2) ; Load rl8 with an expression

Bitwise OR

Symbol: |

Description: Binary operator which returns the bitwise Or between two expressions
Precedence: 6

Example: Ldi ri8,Low(cl/[c2) ; Load rl8 with an expression
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Recommendation for the use of registers

Define names for registers with the .DEF directive, never use them with their direct name Rx.
If you need pointer access reserve R26 to R31 for that purpose.

A 16-bit-counter is best located in R25:R24.

If you need to read from the program memory reserve Z (R31:R30) and RO for that purpose.
If you need to access to single bits within certain registers, use R16 to R23 for that purpose.
Registers necessary for math are best placed to R1 to R15.

If you have more than enough registers available, place all your variables in registers.

If you get short in registers, place as many variables as necessary to SRAM.
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Assembly Language Programming Example (1)

Define names for registers with the .DEF directive, never use them with their direct name Rx.
If you need pointer access reserve R26 to R31 for that purpose.

A 16-bit-counter is best located in R25:R24.

If you need to read from the program memory reserve Z (R31:R30) and RO for that purpose.
If you need to access to single bits within certain registers, use R16 to R23 for that purpose.
Registers necessary for math are best placed to R1 to R15.

If you have more than enough registers available, place all your variables in registers.

If you get short in registers, place as many variables as necessary to SRAM.
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Mixed Language Programming (1)

Example: A C language function calls an assembly language function.
/* main.c */ /* asm_files.s */

#include <avr/io.h> #define __ SFR OFFSET ©
#include <avr/io.h>

extern void asm func(uint8_t val);
.global asm func

int main(void) .section .text
{

DDRB = OXFF; asm_func:

asm_func(3); OUT PORTB,R24
} RET

#define __ SFR OFFSET ©
To use these addresses in in/out instructions, you must subtract 0x20 from them.
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Mixed Language Programming (2)

Passing Parameters between C and Assembly Functions

e Parameters are passed via R25:R8 (R25 to R8).
* Parameters are passed left to right.

uint8_t function(uint8_t i, uint8_t j);

* In this example,
» 1 would be stored in R25:24 (with the actual 8-bit value stored in R24).
» j would be stored in R23:22 (with the actual 8-bit value stored in R22).
e |If the parameters passed require more memory than is available in the registers R25:R8, then the stack is used
to pass additional parameters.
e Return values are placed in registers beginning at R25.
» An 8-bit value gets returned in R24.
» An 16-bit value gets returned in R25:R24.
» An 32-bit value gets returned in R25:R22.
» An 64-bit value gets returned in R25:R18.
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Application Development Tools (1)

e Atmel Studio - Software
v Integrated Development Environment (IDE)
v Edit, compile, link, debug
v Simulation and FLASH programming

v Includes GNU C/C++ compiler
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Application Development Tools (2)

e ATmega328P(B) Xplained Mini Evaluation Kit - Hardware
v On-board debugger with full source-level debugging support in Atmel Studio.
v Auto-ID for board identification in Atmel Studio 7
v Access to all signals on target MCU.
v One yellow user LED / One mechanical user pushbutton
v Virtual COM port (CDC)
v 16MHz target clock
v USB powered

v Arduino shield compatible foot prints

g
o
]
&
2
]
]
]
a
z
8
g
9]
£
2
3
3
8
H

Gl

.

-

Orid

.

ND GND|
gvcc

v Supported with application examples published on Atmel Spaces
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Download and Install Atmel Studio 7

http://www.microchip.com/development-tools/atmel-studio-7

Downloads \\ Documentation
Atmel Studio 7
Titl Date Si D/L
itle ize
Published
Windows (x86/x64)
Atmel Studio 7.0 (build 1417) web installer (recommended) -
This installer contains Atmel Studio 7.0 with Atmel Software Framework 3.32.0 and March 239 MB @
Atmel Toclchains. It is recommended to use this installer if you have internet access 2017 '
while installing.
Atmel Studio 7.0 (build 1417) offline installer -
This installer contains Atmel Studio 7.0 with Atmel Software Framework 3.32.0 and March
arc
Atmel Toolchains. Use this installer if you do not have internet access while installing. 2017 886 MB ki
SHAT: be58191d4f96c8333c8016ad48160132a05b2b24a
Release Notes
‘ o March
Atmel Studio 7.0 Release Notes 894 KB b e
2017
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ATmega328P(B) Xplained Mini Evaluation Kit

J300, Power source X
J1 04’ COM o—o o-o- oT.:r.:-:ii:,______,__ )
J102, BOOT strap Sotadadsd B

mEDBG LED 'Eﬂ??T%'

External Clock
J202, power I/O

” 34_
o—g O-O-Onncr
J203, analogue |/O =0 |0-0 0-0-
J204, SPI

User button

User LED
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FCapPCs O

0
0
03
=F.
0F
(- ¥
0%

J301, Target power
J100, JTAG

J200, Digital 1/0O high

J201, Digital /O low



Create an AVR Application in Assembly Language (1)

Run AVR Studio 7.

Connect ATmega328P(B) Xplained
Mini to PC via USB Micro-B cable.
Image of the detected ATmega328P
Xplained Mini is displayed with

related information.

E ATmega328P Xplained Mini - 0528 - AtmelStudio (Administrator)
File Edit View VAssistX ASF  Project Debug Tools Window Help

= |1~3-@ =

| 2|

MCU board
ATmega328P Xplained Mini

Extension

Show page on cennect

Qutput

Show output from:

SgiEd Output

Biomedical Engineering, Inje University

ATmega328P Xplained Mini - 0528 = X

The Atmel® ATmega328P Xplained Mini evalutation kit is a
hardware platform to evaluate the Atmel AVR micrecontrollers. The
evaluation kit comes with a fully integrated debugger that provides
seamless integration with Atmel Studio 6.2 (and later revisions). The
kit provides access to the features of the ATmega328P enabling
easy integration of the device in a custom design.

. Launch Data Visualizer
0 Update Kit Infermation

Atmel Studic Help:
@ Kit Userguide

External Links:

@ Xplained Mini Home Page
@ Xplained Mini cn Spaces
Technical Documentation

ATmega328P Device Datasheet

~ ) Kit Details
Serial number ATML2323040200010528
Board name ATmega328F Xplained Mini

Manufacturer Atmel Norway AS

Quick Launch (Ctrl+Q) P2 - O x

A7 QU= Solution Explorer



Create an AVR Application in Assembly Language (2)

1. Select

File — New — Project...

E ATmega328F Xplained Mini - 0528 - AtmelStudio (Administrator)
File | Edit View  VAssist{ ASF Project Debug Tools Window Help

New * | {3 Project.. Ctrl+Shift+N
Open * | File. Ctrl+N
Close Atmel Start Configurator

Close Solution & Example Project.. Ctrl+Shift+E
Import v plained Wini

Cavn Colartad TFe - rrl.c
Ja W ;:l:'_.ru [.rrl"; \.ll__‘-

Save Selected Itemns As..

¥ Save Al Ctrl+Shift+5
Export Temnplate..
Page Setup...
Print... Ctrl+P
Recent Files *
Recent Projects and Solutions [
B Exit Alt+F4
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Create an AVR Application in Assembly Language (3)

-

Mew Project

L2 [

b Recent Sort by: Default i 1= Search Installed Templates (Ctrl«E) P -
4 Installed L -
AVR Assembler Project Assembler Type: Assembler
C/C++ Creates an AVR 8-bit Assembler project
:D Assembler
AtmelStudio Solution
e "?-":.
Cyp ":'C.l?}:a. If'_._-lﬂﬁ
l:l"e.-! 3
dﬁ_ i
e Rls
Your project name 2 ‘ : ‘
MName: (3 [[Blinky1] | |
Location: @ | EtMicrocontrollersATmega328F_XMINIWWorkspacet - | Browse... |
Solution name: Blinkyl @ Create directory for solutio
@ oK I l Cancel
[ ]
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Create an AVR A

oplication in Assembly Language (4)

Device Selection

r

I Device Family: | All -

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

ATS0CANIZ8 128 4096 4096 -

ATOOCANZZ 32 2048 1024 =

ATS0CANE4 64 4096 2048

ATOOPWML 8 512 512

ATIOPWMIEL 16 1024 512

ATIOPWMZ16 16 1024 512

ATIOPWM2B 8 512 512

ATIOPWMZ16 16 1024 512

ATIOPWM3B 8 512 512 o device selected

ATIOPWMEL 8 256 512

ATO0USEL286 128 3192 4006

ATOOUSB1287 128 8192 4096

ATIOUSELEZ 16 512 512

ATI0USB646 64 4096 2048

ATI0USB647 64 4096 2048

ATOOUSBEZ 8 512 512

ATAS272 8 512 512

ATAS505 16 512 512

ATASTO2MAI2 A4 1024 2304 I

O

-

Device Selection

Device Family: [-‘5\”

q

Mame

App./Boot Memory (Kbytes)Data Memory {bytes) EEPROM (bytes)

ATmegad2sP 32 2048 1024
‘ ATmega328PB 32 2048 1024

Type the target chip name to
make the device list short.

328P

@

Device Info:

. ATmeqai2aPB
M/

MAA

ATmega

Device Ma
Speed:
Wec

Datasheels

Supported Tools
> Atmel-ICE

- AVE Dragon
® AVRISP mkil
7 AVR ONE!

X EDBG =

B JTAGICES

B JTAGICE mkll
B} mEDBG
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Create an AVR Application in Assembly Language (5)

Auto-generated
source program.

Blinky1 - AtmelStudio (Administrator)

File

Edit View  WAssist{ ASF  Project  Build Debug Toocls  Window  Help
|ﬁ3"ﬁ1 "’Hﬁ'|3{.[’ﬂ | - -| Qh|l>bﬂ[| Debug
| IEEE- R . i

; Blinkyl.asm

: Created: 2016-88-26 2% 18:58:31

: Author admin

; Replace with your application code

start:
inc rlé6
rjmp start

Biomedical Engineering, Inje University

¥ Quick Launch (Cirl+@Q) P - O

~| Debug Browser -

© W ATmega328PB 7§ NoTool -

Solution Explorer
@ o-am| s -
rch Sclution Explorer (Ctrl+;)

@l Solution 'Blinkyl' (1 project)

(|

=d Dependencies
=d| Labels
=d| Output Files

s4 main asm |

Properties




Create an AVR Application in Assembly Language (6)

Edit source file: main.asm

START:

LOOP:

DLYO:
DLY1:
DLY2:
DLY3:

LDI R16,(1 << 5) ; Set PB5 as OUTPUT mode

OUT DDRB,R16

SBI PINB,5 ; Toggle LED @PB5
LDI R18,13
LDI R17,125
LDI R16,0
NOP

DEC R16
BRNE DLY3
DEC R17
BRNE DLY2
DEC R18
BRNE DLY1
RIMP LOOP

EJ einky1 - Atmelstudio (Administrator) Y Quick Launch (Ctrl+Q) £ - B x
File  Edit View WVAssistX ASF  Project Build Debug Tools Window  Help
El < | i3 -~ &3 -2 W |Jl|| Y P a | 9 . - | Q| P Ml Debug ~| Debug Browser ~ |:
TR R T .5 | ) L ATmegasasee
main.asm* + X Solution Explorer * @ x
; i D o-am| p -
Blinkyl.asm Search Solution Explorer (Ctrl+)) P~
. Created: 2016-88-26 2= 10:58:31 ] solution 'Blinky1" (1 project)
: Author : admin 4 Blinky )
b [=d Dependencies
b [=d Labels
R16,(1 << 5) ; Set PB5 as QUTPUT mode b [ Output Files
DDRB,R16 adh] main.asm
PINB,S ; Toggle LED @PBS
R18,13
R17,125
R16,6
Rle :
Properties * 0 x
DLY3 —
R17 E e
DLY2
R18
DLY1
LOOP
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Create an AVR Application in Assembly Language (7)

Blinky - AtmelStudic (Administrator) 0
File Edit View VAssist{ ASF Project Debug Tools Window Help

C@-0 B8 -2 WM X e Buid Solution Cul=shit=__|(2)
£ | > | ¢ k Rebuild Sclution
Clean Solution . .
Blinky e Build (Assemble and Link)
= main.while ~ == whil= (1 o
IE Rebuild Blinky
* Blinky.c Clean Blinky
£ Batch Build...
* Created: 2016-81-88 2:85: Configuration Manager...
* Author : JM Cho Compile Ctrl+F7
or

E Blinky - AtmelStudio (Administrator) X Quick Launc
File  Edit Wiew  VAssistX ASF  Project Build Debug Tools Window Help
Q- | i3 - - W IJ"| & o | - - | L3 *-“3@| p Ml Debug +| Debug Browser -
o | AR |Hex % | g~ E;ﬁ| - BMATT
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Create an AVR Application in Assembly Language (8)

Build results (succeeded case)

Cutput * 01 X

Show output from: Build | E|es x| E|2a
0:atme Etudi o7 Mt ool cha i niffay ratfayrassent lerfavrasn?  exe —F1 -0 "Blinkyl . hex” -m "Blinkyl.map” -1 "Blinkwl.ls5" o
AYRASM: AYR macro assembler 2,1.57 (build 18 Jan 23 2015 13:50:29)
Copyright {03 1995-2015 ATHEL Corporation

[builtin](2) Including file "0 AAtme#5tudiol? . MHPackstatme [HATmega_OFPH1 . 0, 90%ay rasm i nctin328PEdef . inc
“ATmegal328PE” memory use summary [bvtes]

Zegment  Begin End Code  Data  Used Zize  Usel
[.cseg] 0x000000 O=00001cC 28 1] 28 32768 0.1%
[ .dseg] 0x000100 O=000100 1] 1] 1] 2048 0.0%
[.eseg] 0x000000 Ox000000 1] 1] 1] 1024 0,0%

Adssembly complete, O errors. O warnings
Oone executing task "RundssemblerTask™.
Oone building target "CoreBuild” in project “Blinkyl.asmproi”,
Target "PostBuildEvent” skipped. due to false condition: ('$(PostBuildEventl' != ') was evaluated as (' != ')
Target "Build” in file "0i#atme WEtoudiol?, Oisiiy e, common, targets" from project "Ei#Microcont rol [erstiaTnega328P XM | W I#lorkse
Oone building target "Build” in project "Blinkyl.asmproj”.
Done building project "Bl inkwl.asmproj”.

Build succeeded,
========== BUj|d: 1 succeeded or up-to-date, 0 failed, 0 skipped ==========

Error List el

Build succeeded
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Debugging the Application (1)

3 siinkyt - Atmelstudio (Administrator)

Build Tools Window Help

W | Quick Laune

Start debugging

File  Edit Wiew WAssist{ ASF  Project
S0 - | 3-8 -2 W |J'|| ¥ | Windows 3
T | b | ¢ % |Hex| Ml  start Debugging and Break | @
. — - |i‘| Attach to Target
ATmega328PB Xplained Mini - 2072 main.asm & . ] -
Stop Debugging Shift+F5
3 A .
; Blinky1.asm B Start Without Debugging Ctrl+F5
. Disable debugWIRE and Close
¥
or
Blinky - Atmelstudio (Administrator) X0 Quick |
File  Edit ‘iew Assist{ ASF Project Build Debug Tools Window Help
fe-olB-@a-aRe|X@a|9-C (A b]ujoog -
S | Ple ¥ 2t h T Hex B[R~ E @i
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Debugging the Application (2)

Blinky - AtmelStudio (Administrator)

File  Edit View VAssist{ ASF  Project Build Debug Tools Window  Help
e-o|B-@ n-u M| X T 9-C - |BEX| P M Debug
b | IR I . &
T IS ATrnega328P Xplained Mini - 0528 main.c

Build

MN/A N/A
Build Events
Toolchain

Selected debugger/programmer
Device
e
Components

Advanced
External programming tool

[Z] Program using external tool

Command:

Atmel Studio [

|6'| Flease select a connected tool and interface and try again.

W Quick Laur

] g You will get this error message if you start

= e ATme(

execution of the application without
selecting a debugger/programmer.

i R
atmel Studio [

Please select a connected tool and interface and try again.

Continue
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Debugging the Application (3)

AR ATmega328F Xplained Mini - 052

Build

Build Events

Toolchain

Device @

-

Components

Selected debugger/progr.

@

Simulator

Adwvanced @

full

Selecting a
debugger/programmer

ARl ATmega328F Xplained Mini - 0528 main.c

Build )
Configuration: | N/A
Build Events

MAA

Toclchain
Selected debugger/programmer
Device

[mEDBG « ATML2323040200010528 vl Interface:

Components

Advanced

Programming settings

[Erase entire chip =

Preserve EEPROM

External programming tool
[C] Program using external tool

Command:
Debug settings

Keep timers running in stop mode
Cache all flash memory except

Biomedical Engineering, Inje University
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Debugging the Application (4)

3 clinkyt - Atmelstudio (Administrator) X Quick Laune .
e . (@ | Start debugging
File Edit Wiew \Assist{ ASF  Project  Build Tools Window Help
N < | = | -2 W |Jl'| X | Windows »
SOl | » | ¢ 4 | Hex] M Start Debugging and Break | @
_ - ) M Attach to Target or
ATmega328PB Xplained Mini - 2072 main.asm Stop Del ] ShiftsES
Stop Debugging ShiftsF5
’ . itho i inky - io ini ' ¥ | Quick |
; Blinkyl.asm P Start Without Debugging Ctrl+F5 E Blinky - AtrnelStudic (Administrator) Qi
. Disable debugWIRE and Close File Edit Wiew VAssistX ASF  Project Build Debug Tools Window Help
3 - ) .
X RNE BT RERE AN T I R IS = YRS TR
o | Pl v @t on T Hex B @ B
FEJ siinky1 (Debugging) - AtmelStudio (Administrator) ¥ Quick Launch
File  Edit View WAssist{ ASF  Project Build Debug Tools Window  Help
-e-o|a- Sl 11 N e = Sy Program execution stops here
e et At T | B e E S| & _ OP
and waits for user input
main.asm -+ X
£
©| BTART: LDI R16,(1 << 5) ; Set PB5 as OUTPUT mode =
ouUT DDRB,R16
LOOP:  SBI PINB,S ; Toggle LED @PBS
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Debugging the Application (5)

E Blinkyl (Debugging) - AtmelStudio (Administrator)

File  Edit View WAssist{ ASF  Project  Build Tools Window Help
e-o| i an -t R %E [t [now |Q)

i > |6Er ooty T| Hex Start Debugging and Break

Attach to Target

main.asm +# X

B Stop Debugging
© | START: LDI R16.(1 << 5) . gl Start Without Debugging

Open 1I/O window for debugging
(Watching registers associated to PORTB)

X Quick Launch (Ctrl+Q)

Shift+F5

Ctrl+F5

P - O x
* | @] Breakpoints Ctrl+Alt+B
@ Data Breakpoints
§| Processor Status
| ® vo | ®
@, Live Watch
/o * [ X
= = | Filter |||
Mame Walue
AD_COMVERTER -
fas AMALOG_COMPARATOR
i cru
EEPROM
| EXTERMAL_INTERRUPT
1o
0 PORTC .
Mame Address Value Bits
WrMNE 23 weE BOOEE0O0O0
WDDRE O0x24 Ox00 OJOOO00OOO0
WO PORTE Ox25 00 OOOO0OCOOOC
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Debugging the Application (6)

IR ER T

| b|6&‘t|£|tk?|Hex3%

Step Over

main.asm -+ X

Disassemnbly

Step Owver (F10)

START: LDI R16,(1 << 5) ; Set PB5 as OUTPUT mode |
OUT DDRB,R16

)

= = | Filter: - |l
MName Walue
E) AD_CONWVERTER -
p—— ‘{‘@FANALUG_CDMPARM{}R
[ fdE CPU
B EEPROM
START : LDI R1&,(1 << 5) + Set PBS as QUTPUT mode [# g EXTERMAL IMTERRUPT
© OUT DDREB,R16 o
i PORTC -
LOOP: SBI PINB,5 ; Toggle LED @PBS Mame  Address Walue Bits
WENE x23 Ox02 BO0OEE0O00
WDDRE x24 20 O0O0OO0O0O0O0O0O
W PORTE 0x25 W00 QO0OO0O0O0O0O0O
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Debugging the Application (7)

> e ¢ T R T Hex %

dl

Step Over

main.asm = X

START: LDI R16,(1 << 5) : Set PB5 as OUTPUT mode
r:> OUT DDRB,R16

LOOP: SBI PINB,5 ; Togsle LED @PBS

= = | Filter ||

Mame Walue
E) AD_CONWVERTER -
fie ANALOG_COMPARATOR
@ CLOCK_FAILURE_DETECTL..
i cru
B EEFROM
|4 EXTERMAL _INTERRUFT

mainasm & X CwelORTE

10 PORTC
I8 PORTD
START: LDI R16,(1 << 5) ; Set PBS5 as OUTPUT mode | U6 PORTE
oUT DDRB,R1& = B SP10 A
Mame Address Walue Bits
= |LOOP: SBI PINB,5S ; Toggle LED @PES | | wopmE 023 0 @BOJOEBEBOE

DDRE  Ow24  0x20
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Debugging the Application (8)

> }|6&@|£|tk?|Hex3%

main.asm +# X

B CEePE. &Y

|

START: LDI R16,(1 << 5) ; Set PB5 as OUTPUT mode
oUT DDREBE,R16
LOOP: SBI PINB,5 ; Toggle LED @PB5S |
B2 bt Aty T He R | B-. EERGE,. &

main.asm -+ X

START: LDI R16,(1 << 5) ; Set PB5 as OUTPUT mode
OUT DDRB,R16

LOOP:  SBI PINB,5 ; Toggle LED @PBS
DLY®: LDI R18,13
DLY1: LDI R17,125

Step Over

==l | Filter:

- &

Mame

E) AD_COMNWVERTER
fag ANALOG_COMPARATOR

i CPU
B EEPROM
[/ EXTERMAL _INTERRUET
"o
1@ PORTC
18 PORTD
10 PORTE
B srio

@ CLOCK_FAILURE_DETECTL..

WValue

Mame Address Value

Bits

o PINE  Ox23  OxBD
o DDRE  Ox24 w20

([ T[] [e
oedooot
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Debugging the Application (9)

> |aS;>E= t kT Hex B

B-. EEeHE &S

4l

Disassembly

main.asm + X

START: LDI R16,(1 << 5) ; Set PB5 as OUTPUT mode
OUT DDRB,R16
LOOP:  SBI PINB,S ; Toggle LED @PBS
©  pLye: LDI R18,13 |
DLY1: LDI R17,125

Step Over

Processor Status

R10 OxFF
R11 OxFF
R12 OxFF
main.asm = X R13 OxFF
R14 OXFF
START: LDI R16,(1 << 5) ; Set PB5 as OUTPUT mode E: gfg}
OUT DDRB,R16 R17 P
Ri8 0%0D
LOOP: SBI PINB,5S ; Toggle LED @PBS R1D 0%d6
R20 OxFF
DLY®: DI R18,13 R21 OxFF
© | pLyl: LDI R17,125

Biomedical Engineering, Inje University

Mame Value

Z Register 0x0058 -
Status Register DIDEEME
Cycle Counter 0
Frequency

Stop Watch
= Registers

ROC =77

RO1 =00

RO2 O=FF

RO3 O=FF

RO4 OxFF

RO O=FF

ROB OxFF

RO7 O=FF

ROB O=FF

ROS OxFF

R1C O=FF

R11 OxFF

R12 O=FF

R13 O=FF

R14 OxFF

R15 O=FF

R16 0x20

R17 Qm0C

R13 =09

R1g O

R7M NwFF



Debugging the Application (10)

ot At T B B EE L

il Continue (F3)

START: LDI

ouT
LOOP : SBI
DLYO: LDI
DLY1: LDI
DLY2: LDI

R16,(1 << 5) ; Set PBS as OUTPUT mode
DDRB,R16

FINB,S ; Toggle LED @PBS
R18,13

R17,125
R16,0

Stop Debugging (Shift+F3)

START: LDI

ouT

R16,(1 << 5) ; Set PBS5 as OUTPUT mode
DDRB,R16

Continue execution

LED blinking continues...

Stop debugging
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Debugging the Application (11)

Execution continues
till the BREAK point

Set BREAK Point

START: LDI R16,(1 << 5) ; Set PB5 as OUTPUT mode
OUT DDRB,R16

LOOP:  SBI PINB,S ; Toggle LED @PBS

DLY®: LDI R18,13
DLY1: LDI R17,125
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Start the Application Without Debugging

Blinky1 - AtmelStudio (Administrator)

Build Tools  Window  Help

W Quick Launcl

File  Edit Wiew VAssistX ASF  Project
(-0 B-A - YT Windows v
Sl | > | ¢ o k | Hex| MU Start Debugging and Break
[ Attach to Target
ATmega328PE Xplained Mini - 2072 main.asm - o -
Stop Debugging Shift+F5
E N -
. Blinkyl.asm [ B sStart without Debugging Chrl+F5 |@
A Disable debugWIRE and Close
or
F3 cinky - Atmelstudic (Administraton) X Quick Launch (Ctr
File  Edit Wiew VAssist{ ASF Project Build Debug Tools Window Help
- | i -4 -2 W |J"| Al | b B | E5 = ||E|H]I] Debug ~| Debug Brow
o | P e & 4 0 & 7| Hex | @~ . & [ start without Debugging (Ctrl+F3) |
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Congratulations!
You have successfully developed an AVR application in assembly language.




Create an AVR Application in C Language (1)

1. Connect ATmega328PB Xplained Mini to PC via USB Micro-B cable.

2. Three drivers will be installed when the board is connected for the first time.

A ceojy 2ZEY0 £X e
X E2o|H £ZEQ 0 =X
USB Compaosite Device o A FH 2=
USE &S TN o A2 FH 2=
mEDBG CDC {_)windows Update H4 =

Windows Update 4 T C2H0|H £ SEQUE 2 S CT8}2{ 0 A|ZH0] T2 %= Q12 1|C},
Windows UpdateS] SEH0|H 4SS0 OIS =L HIHET)
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Create an AVR Application in C Language (2)

[E] ATmega328pe Xplained Mini - 1585 - Atmelstudio (2:2]%)

o oUF  BEE  E7(V) VAsistX ASF ZEEMEE) CHIAD) =R BW)  S2UH)
Run AVR Studio 7. ‘o-olg-Au-tudl

| | | 163 % | @ -

iTmega328PB Xplained Mini - 1585 = X
Image of the detected ATmega328PB

MCU board
ATmega328PB Xplained Mini ATmega32:_§3PB_?(plalned Mini

Xplained Mini is displayed with

related information.

The Atmel® ATmega328PB Xplained Mini evalutation kit is a
hardware platform to evaluate the Atmel AVR micrecontrellers. The
evaluation kit comes with a fully integrated debugger that provides
seamless integration with Atmel Studic 6.2 (and later revisions). The
kit provides access to the features of the ATmega328PE enabling
easy integration of the device in a custom design.

. Launch Data Visualizer
O Update Kit Information

Atmel Studio Help:
@ Kit Userguide
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Create an AVR Application in C Language (3)

1. Select

File — New — Project...

E ATmega328F Xplained Mini - 0528 - AtmelStudio (Administrator)
File | Edit View  VAssist{ ASF Project Debug Tools Window Help

Mew P | 83 Project.. Ctrl+Shift=N
Open ¥ | "3 File.. Ctrl+N
Close Atmel Start Configurator
Close Solution & Example Project.. Ctrl+Shift+E
Import v plained Wini
Save Selected Iterns Ctrl+5
Save Selected Items As...
W Save Al Ctrl+Shift+5
Export Template...
Page Setup...
Print... Cirl+P
Recent Files *
Recent Projects and Solutions [
B Exit Alt+F4
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Create an AVR Application in C Language (4)

IER=S)

C/C+=
Assembler
AtmelStudio

it
e
s

i

7122 M=

HA|E DS HM(Clrl+E) P~

HAL C/C++

@

Solution

Your pro

ject name

=t
HA L)

==
E'l_ﬁ

O E(M):

GCC C ASF Board Project C/C++
Creates an AVR 8-bit or AVR/ARM 32-bit
GCC C Executable Project C/Ce+ C project
GCC C Static Library Project C/C++
1 i [
GCC C++ Executable Project C/C++ nesyg, Y
Sl
dnp i
GCC C++ Static Library Project C/Ce+ ;o Redng, "
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ool Create project from Arduing sketch C/C++ f Hely.,
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Create an AVR Application in C Language (5)

Device Selection a » ﬁ P «
Device Selection ﬁ
I Device Family: | All - P I
Name App./Boot Memory (Kbytes)Data Memory (bytes)EEPROM (bytes) | Device Info
ATOOCAN128 128 4096 4096 -
ATOOCANZ? 32 2043 1024 = Device Family: [ All - ] @ 328P *
ATOOCANG4 64 4096 2048
ATIOPWML & 512 512
a— 2 by 0 Mame App./Boot Memory (Kbytes)Data Memory (bytes)EEPROM (bytes) | Device Info: l
ATOOPWM2E 8§ 512 512 - -
ATIOPWM316 16 1024 512 ATmega3d2&P 32 2048 1024 Device Ma s ATI'I"IE!QEJQBPB
S s o No deice selected p))| ATmega3zsps 32 2048 1024
ATI0PWMEL 8 256 512 0 device selected megas Speed: A
ATOOUSB1286 128 3102 4096
ATEOUSB1287 128 a192 4096 Wi i
ATOOUSBI62 16 512 512
ATO0USBE4E 64 4096 2048 Famils: ATmElga
ATOOUSBE4T 64 4096 2048
ATOOUSB22 B 512 512 N
ATAS272 8 512 512 Datasheets
ATAS505 16 512 512 A
ATASTO2MAI2 A4 1024 2304 I =
Supported Tools
] » AtmelICE

I— : = Type the target chip name to R
make the device list short. ® AVRISE ml

7 AVR ONE!
X EDBG u
B JTAGICE3
B JTAGICE mkll
B mEDBG

'
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Create an AVR Application in C Language (6)

E Blinky - Atmelstudio (22X Advanced Mode | X | = 2138 (Ctrl+Q) P - O x
TR  BEE  E27(V) VAsstX ASF Z2®E(P)  wCE) CHI0) SR BW 0 S2uH)

(B8 0-C MW %A ]9 B[ b WOy - seren o3 | 2 @
b | Pl v 2t T 16m B @0 1 [T _ % W ATmega328P8 § NoTool -

mainc & X ATmega328PB Xplained Mini - 1585
= Diwatmel_workspacewBlinkywBlinky®%main.c

Definition i

Blinky.c

Auto-generated
source program.

=4 Dependencies
* Created: 2017-05-38 @7 10:47:52 =4 Output Files

* Author : Administrator P Libraries

y

#include <avr/io.h>

1
2
3
4
5
6
7
8
9

B
B ®

Hint main(void) VA View VA Outline
{ b
/* Replace with your application code */
while (1)
{
}

P o ol
Nou bk wN

ol
O
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Create an AVR Application in C Language (7)

Edit source file: main.c

Blinky - AtmelStudio (Z+2|XH) Advanced Mode | W W= A3 (Ctrl-0) P - B x
TuE BEE 20 VAsEX ASF IZEEE() gS@ CMIAD) SRM 2 S2TH)

-0 B -8 -2 RF | XFAH|D-C B P W Debug -| 2arex oo - | 5

b | Pt @t n T ems B G-, Jodu| i . e ATmegas2sPe T NoTool -

[UETEECP S A Tmega328PB Xplained Mini - 1585

> mainc -2 = Dwatmel_workspacewBlinkywBlinkywmain.c -|&Go | o-a@| p =
1e/* = 7 ) P
#define F_CPU16000000 : ? Blinky.c Baras
#%nclude <aV':'/1°°h> 4 | * Created: 2017-85-30 @7 18:47:52 1 @ o
#include <util/delay.h> 5 | * Author : Administrator 177 '?;:::rfs
6 | */ )
int main(void) / .
{ 8 #define F_CPU 16600608
S #include <avr/io.h>
DDRB = 0b00100000;// Set PB5 to OUTPUT mode 10 #include <util/delay.h> !
while (1) 11 !
{ 12
VA 13 =lint main(void)
PORTB = ©bo0100000; // Output '1' to PB5 14 |{ VA View VA Outline
_delay_ms(100); // Turn ON LED at PB5 for 100 msec 15 DDRB = ©boe1e90ee; // Set PBS to OUTPUT mode a4 :
PORTB = ©bo00LOLLO; // Output '@' to PB5 16 while (1) -
e
_delay _ms(500); // Turn OFF LED at PB5 for 500 msec 7 { '
} 18 PORTB = @beeleoeeo; // Output 'l' to PBS
19 _delay_ms(1e0); // Turn ON LED at PB5 for 18@ msec
} 20 PORTB = @beeoeeees; // Output '@' to PBS
21 _delay_ms(509); // Turn OFF LED at PBS for 50@ msec
22 }
23 |}
24 .
151% <41
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Create an AVR Application in C Language (8)

Blinky - AtmelStudio (2H2]%H
mUF) BEE 27|V VAssist{ ASF ZEEE([R) [|LC

=
e
|
=

O =50 23w =4

‘@0 B-a -2l X T |9 |E ssuecE F7 | @
b | P ¥ @t ki |ems ) ERUDMEER Ctrl+Alt+F7
- i bl AT 28PB Xpl d M 1585 STe s H 1 H
c = eqga3z aine ini -
mein megas2ePG Xplamed Win & Blnky 4E) Build (Compile and Link)
= main.c -[= I-) Drwtatmel_werkspacews ) _
* Blinky CHA] 2IE(E)

18/ Blinky = 2|(M)

2 * Blinky.c um we.

3 * T B2|RHO)

4 * Created: 2017-85-38 Compile Cirl«F7

or

E Blinky - AtmelStudio (Z+2|XH)

oEm  BEE 22N VAssistX  ASF ZEHEP) &LE) OHD) =M Z2W) EEEH)
- |i*.j‘v%‘| "”Hd"'|.}E.D7 |'9' '|E@%|I>HJI] Debug - HEoX Ot
N e I IR N PO 1 R )
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Create an AVR Application in C Language (9)

Build results (succeeded case)

=5

£ 87) HE(S): WS e e x| E

=5 [ | o =— — E
=/avracc, assembler. general . IncludePaths>

=/ b rGocs

=avrgcc.assembler.debugaing, Debugleve | >Default (-Wa,-g)</avracc.assenbler.debusging., Debusleve | >
Frogram Memory Usage T 254 bytes
[ata Memory Usage o Obwtes O
"RunOut putFileverifyTask” SFHS S8 LCE,

“Blinky.cproj” ZEHEM "CoreBuild” HiE 2EsHSLICEH
FH0| EEEM "PostBui IdEvent™ OH

oo
P4 00

Z Full
Full

ARS M

== -
"Blinky.cproj” ZEXMEM “Build” H&S
“Blinky.cproj”

LEILICH, | $¢PostBuildEvent ) != M0[(ZFY (00 1= W OIR EOIDHELICEH
‘D tatme | _workspacetB | inks B | kB inky . cproit ZEHEES| "DifProgram Filestatne 1Studiot?, Ostivr, comman, targets” TFEH S0 = "Build® CH&H
SEsHELICE
ZZHEE Yo SLCEH

HEE .
= E= O 2E 1, 21 0, HE O

s =7
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Download and Run the Application

FEY slinky - Atmelstudio (2%
mYF EEE E7)(V)  VAssistX ASF ZEZHEE(P) HE(E) ERM W) ESZH)

ie-o|B-@o-aRE|EAO|9-C- B BW g
SO | S | ¢ o k | 16712 ~| Ml Start Debugging and Break Alt+F5
Attach to Target
CIH 2 =X|(E) Ctrl+Shift+F5
= main.c * . 2 Doatmel_workspacewBlinky#EBlink =
| B Ce35A) 20 AEH) Ctrl+Alt+F5
l _;* icable debh WIRE a3 Close
Disable debugWIRE and Close
* .
2 Blinky.c b Continue F5
3 * Execute Stimulifile
4 | * Created: 2017-85-30 QFI| ~ setstimulfle
S | * Author : Administrator A MHR)
- - FHEESE SR AL Shift+Fg

or

F3 sinky - atmelstudio @iz
W) EHEE BN VAssstd  ASF ZEHER) ZL(E) OHAD) =41 BW ESZH)

o~ |B-An-aRd| X9 E%|I£|wu Debug - HEoH C|H:
b | L - B S BT S A R

FE R e | G
CJE{ OSHE| ST AR (Ctrl+Alt+F5) L
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Debugging the Application (1)

E Blinkyl - AtmelStudio (Administrator) M Quick Laung .

File Edit View VAssist{ ASF  Project Build Tools Window  Help Start debugg INg
S0 - | i3 ~ & Al T | ¥ | Windows 3

o | > | T O Hex| Ml Start Debugging and Break | @

‘ [ Aftach to Target

e e Chif o5
Stop Debugging Shift+F5

B Start Without Debugging Ctrl+F5
Disable debugWIRE and Close
or
Blinky - AtmelStudic (Administrator) X | Quick |

File  Edit ‘iew Assist{ ASF Project Build Debug Tools Window Help
‘e-o|B-@ - XA 0B oy -
i | P et 2t n T e %@L B

- o
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Debugging the Application (2)

Blinky - AtmelStudio (Administrator)

File  Edit View VAssist{ ASF  Project Build Debug Tools Window  Help
e-o|B-@ n-u M| X T 9-C - |BEX| P M Debug
b | IR I . &
T IS ATrnega328P Xplained Mini - 0528 main.c

Build

MN/A N/A
Build Events
Toolchain

Selected debugger/programmer
Device
e
Components

Advanced
External programming tool

[Z] Program using external tool

Command:

Atmel Studio [

|6'| Flease select a connected tool and interface and try again.

W Quick Laur

] g You will get this error message if you start

= e ATme(

execution of the application without
selecting a debugger/programmer.

i R
atmel Studio [

Please select a connected tool and interface and try again.

Continue
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Debugging the Application (3)

AR ATmega328F Xplained Mini - 052

Build

Build Events

Toolchain

Device @

-

Components

Selected debugger/progr.

@

Simulator

Adwvanced @

full

Selecting a
debugger/programmer

ARl ATmega328F Xplained Mini - 0528 main.c

Build )
Configuration: | N/A
Build Events

MAA

Toclchain
Selected debugger/programmer
Device

[mEDBG « ATML2323040200010528 vl Interface:

Components

Advanced

Programming settings

[Erase entire chip =

Preserve EEPROM

External programming tool
[C] Program using external tool

Command:
Debug settings

Keep timers running in stop mode
Cache all flash memory except

Biomedical Engineering, Inje University
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Debugging the Application (4)

3 clinkyt - Atmelstudio (Administrator)

@ | Quick Launt S d b .
File  Edit View VAssistX ASF  Project Build Tools Window Help tart ade ugglng

N < | = | -2 W |Jl'| X | Windows »
SOl | » | ¢ 4 | Hex] M Start Debugging and Break | @
M Attach to Target or
Stop Debugging Shift+F5
P Start Without Debugging Ctrl+F5 E Blinky - AtmelStudio (Administrator) W | Quick |
Disable debugWIRE and Close File Edit Wiew VAssistX ASF  Project Build Debug Tools Window Help
X RNE BT RERE AN T I R IS = YRS TR
o | Pl v @i e B @2 |9
Elinky (C|#2)) - Atmelstudio (Z+2)p) Advanced Iv
DY B 27V VAssX A SEEEP) UEE) OHIO) SO BMW)  S2H)
ie-o|m@- AR YD a[9-C-[ER SEQH O -
- = > Pt x Ten: B @ EE@HE RS _ i o ATmega328PB | WBUGWIRE on mEDEG (
= main ~ === int mainjvoid) - {'Go
13 Hint main(void) -
14 |{
[ = . .
15/ |l DDRB = 0b00100000; // Set PB5 to OUTPUT mode | Program execution stops here
16 while (1)
17 { 2 and waits for user input
18 PORTB = @beeleeeee; // Output '1' to PB5S
19 _delay_ms(1e9); // Turn ON LED at PB5 for 1€@ msec "
20 PORTE = @boeoeeeee; // Output '@' to PB5S
21 _delay_ms(500); // Turn OFF LED at PB5S for 500 msec
22 }
23 |}
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Debugging the Application (5)

I siinky1 (Debugging) - Atmelstudio (Administrator) @D M8 Quick Launch (Ctrl+Q) A - B x
File  Edit View WAssist{ ASF  Project  Build Tools Window Help
@ | - - o W di'| & o | ". @ * | @ Breakpoints Ctrl+Alt+B
i = | 3 S | Gy b ooy T| Hex Start Debugging and Break G@ Data Breakpoints
Attach to Target |S| Processor Status
m  Stop Debugging Shift+F5 | ® vo |®
Start Without Debugging Ctrl+F5 @, Live Watch
/O o 4
= = | Filter |||
Mame Walue
Open 1I/O window for debugging # B AD_CONVERTER -
oae AMALOG_COMPARATOR
s . . = =l
(Watching registers associated to PORTB) i
| EXTERMAL_INTERRUPT
1o
U0 PORTC .
Mame Address Value Bits

wprMNE 023 92 @OOEBRO0O0
W DDRE 24 0x00 OQOO0O0O00O0O
W PORTE 25 00 OOO000O0O0O0O
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Debugging the Application (6)

E siinky (C22)) - AtmelStudio (223
TYUF WEE =27|(V) VAsstd ASF IZ2EEP) 5@
i@-o|d- B ERO|2 -0
| F|®t:k?|15a¢3%

i@ -

. EmEPE dd|

Ofm =50 =W E=ES2H)
2 | SEeH OH - A

ATmega328PB debugWIRE on mEDBG (A

mainc & X -

= main - == int mainfvoid) - @'Go
13 =int main(void) -
14 | {

o 15 I DDRB = ©boe166000, // Set PB5 to OUTPUT mode

16 while (1)

I S I - B W T B

-

B-. CEeRE. &h| o

I-) main.while - :|-) while (1) - @’Go
L
T

ATmega328PB debugWIRE on mEDBG (£

e

13 =int main(void)
14 |{
15 DDRB = 8beoleeees; // Set PB5 to OUTPUT mode
16 while (1)
17 {
2 13 || PORTB = 8b©01000080; // Output '1' to PBS
19 _delay_ms(100); // Turn ON LED at PB5 for 100 msec
20 PORTE = eboeeeeees;
21 _delay_ms(500);
22 }

// Output '@' to PB5S i1
// Turn OFF LED at PBS for 588 msec

Biomedical Engineering, Inje University

Step Over

(115}
Iio PORTC

Mame Address  Walue
o FIMB Ox23 0x9F
o DDRE 024 0x20
IS PORTE  Ox25 0x00

Bits
(e [ T[]

Ooe0odod
00000000




Debugging the Application (10)

] | > | P - T N ?| 16%12 ’%| - EES R E S < & i ATmega32spe debugWIRE on n
delay_basic.h
= main.while == while (1)

13 Hint main(void)

14 |{

15 DDRB = ©boeleeeee; // Set PB5 to OUTPUT mode

16 while (1)

17 {

18 PORTB = @beoleoeee; // Output '1' to PB5

19 _delay_ms(169); // Turn ON LED at PB5 for 180 msec
(] 20 | PORTB = 8booooeeese; // Output '@' to PBS5

21 _delay_ms(5e0); // Turn OFF LED at PB5 for 500 msec

22 }

ATmega328PB debugWIRE on

RLEEVMERIN C2 71 ZX| (Ctrl+Shift+F5) 4
= main.while - vl-) while (1) o

13 =int main(void)

14 |{

15 DDRB = ©boe1000080; // Set PB5 to OUTPUT mode

16 while (1)

17 {

18 PORTB = ©bo©1000680; // Output '1"' to PB5S

19 _delay_ms(1e@); // Turn ON LED at PB5 for 100 msec
© 20 | PORTB = @boP0eeeeo; // Output '@’ to PBY

21 _delay_ms(500); // Turn OFF LED at PB5 for 500 msec
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Continue execution

LED blinking continues...

Stop debugging




Congratulations!
You have successfully developed an AVR application in C language.




What's next?

THE TWO STATES OF
EVERY PROGRAMMER

e [ HAVE NO IDEA.
IAMAGOD.  \wyAT rM DOING.
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Summary

ATmega328PB instruction set
Assembly language directives
Assembly language expressions

Mixed Language Programming
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