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AVR Development Tools



AVR Development Tools

* Hardware Development Tool
» Atmega328PB Xplained Mini (Xmini) Board

e Software Development Tool
» Microchip Studio (Atmel Studio 7)

@ MI:ROCH'F Products Solutions Tools and Software Support Education About Order Now Q &

Tools and Software / Microchip Studio for AVR® and SAM Devices
Overview Key Features Getting Started Downloads

Downloads and Documents

Downloads Documentation

Windows (x86/x64)

s Title Date Download
Microchip Studio for AVR and SAM Devices 7.0.2542 Web Installer 01 Nov 2020 Download
Microchip Studio for AVR and SAM Devices 7.0.2542 Offline Installer 01 Nov 2020 Download

>
E
4
2
&

VIN GND GND 5V

Atmega328PB Xplained Mini (Xmini) Board

Biomedical Engineering, Inje University



https://www.microchip.com/en-us/development-tool/atmega328pb-xmini
https://www.microchip.com/en-us/development-tools-tools-and-software/microchip-studio-for-avr-and-sam-devices#Downloads

ATmega328PB Instruction Set



Objectives

* Understanding ATmega328PB Instruction Set

>

>

>

2FENHL Js/sH
HA N A0l ([[F= SREG(Status Register)2| B3}
Opcodel| ++4

HAO Al AlZH

CIOIH BI2el, 2208 22, A8 HEZ
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 Microchip Studio

e AVR Instruction Set Manual, DS40002198A, 2020

e AVR Assembler (AVRASM?2), DS40001917A, 2017

Biomedical Engineering, Inje University


https://www.microchip.com/en-us/development-tools-tools-and-software/microchip-studio-for-avr-and-sam-devices
http://ww1.microchip.com/downloads/jp/DeviceDoc/AVR-Instruction-Set-Manual-DS40002198A.pdf
http://ww1.microchip.com/downloads/en/devicedoc/40001917a.pdf

Assembly Language

High-Level Language

(C, C++, Pascal, Fortran)
Assembly Language

Assemble

Machine Instruction

Hardware

X
I

Ox12;
Ox34;
Z =X + VY;

<
I

LDI R16,0x12
LDI R17,0x34
ADD R17,R16
MOV R24,R17

11100001 00000010
11100011 00010100
00001111 00010000
00101111 10000001
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ATmega328PB Register File

Data Memory Address

RO

R1

R2

R13

R14

R15
R16

R17

R26

R27

R28

R29

R30

R31

1 byte

Ox00
ox01
0x02

OxeD
OXOE
OXOF
0x10
0x11

Ox1A
Ox1B
0x1C
0x1D
OX1E
Ox1F

ATmega328PB Registers are special storages with 8 bits capacity.
They are connected directly to the ALU - fast access time.

Bit 7 | Bit 6 | Bit 5| Bit 4

Bit 3

Bit 2

Bit 1

Bit ©
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Assembly Language Statement Format

An assembly language statement line may take one of the four following forms:

» [label:] instruction [operands] [Comment]

» Comment

» Empty line
A comment has the following form:

; [Text]

ltems placed in braces are optional.
The text between the comment-delimiter (;) and the end of line (EOL) is ignored by the Assembler.
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O|20f| AtEE BAH(80) 2

e The assembler is not case sensitive.

* The operands have the following forms:

Rd: RO-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 (©-63), can be a constant expression

A X UV hw o

Q
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HOlE] Ol 33O

(Data Transfer Instructions)
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ATmega328PB Memories (1)

* Two memory spaces of ATmega328PB

» Data memory

» Program memory

Data Memory

32 Registers

64 1/0O Registers

160 Extended I/O Registers

Internal RAM

(2048 x 8 bits)

0X0000-0x001F

0Xx0020-0x005F

0Xx0060-0x00FF
0x0100

OXO8FF

Program Memory

Application Flash Section

Boot Flash Section

Biomedical Engineering, Inje University
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ATmega328PB Memories (2)

* In-System Reprogrammable Flash Program Memory Ox0000
» Boot Loader Section
» Application Program Section
Application Flash Section
Boot Loader Section
OX3FFF
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ATmega328PB Memories (3)

e SRAM Data Memory Space 32 Registers 0x0000-0x001F
64 1/0O Registers 0X0020-0x005F

» Register File: 32
160 Extended I/O Registers | Ox0060-0x00FF

Internal RAM 0x0100

» 1/0 Registers: 64
» Extended I/O Registers: 160

> Internal data SRAM: 2048 (2048 x 8 bits) OXO8FF
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HO[E Ols &0 (1)

Mnemonics Operands Description Operation Flags I\(l:c:c.,:kf
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, Rd & (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 ¢ (2), Z<¢ 7+1 None 2
LD Rd, -Z Load Indirect and Pre-Decrement Z&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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HO[E Ol &0 (2)

Mnemonics Operands Description Operation Flags l\é?(;;:
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, 2&272+1 None 2
ST -Z,Rr Store Indirect and Pre-Decrement 2&7-1, (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 Data Memory Access

ATmega328PB2| H|O|H H| 22| BY: ox0000 - 0x08FF
0000 0000 0000 0PRO - 0000 1000 1111 1111
[2tM O|O|E M2 2|E accessdt”| /IBHM= 16 bitse| HX| X7 2| X|AH 7t ERSHCL,

32 Registers @x0000-0x001F HIO|Ef M 22| accessOfl AFRE|= 16-bit HA| X|H 2| X|AH
64 1/0 Registers 0x0020-0x005F SP(Stack Pointer)
160 Extended I/O Registers | Ox0060-0x00FF X-Register
Internal RAM 0x0100 Y-Register
Z-Register
(2048 x 8 bits) OxO8FF
1 byte
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ATmega328PB Register File

RO

R1

R2

R13

R14

R15
R16

R17

R26

R27

R28

R29

R30

R31

1 byte

Address

0x00
ox01
0x02

Ox0D
OXOE
OXOF
0x10
Ox11

Ox1A
Ox1B
0x1C
0x1D
OX1E
Ox1F

ATmega328PB Registers are special storages with 8 bits capacity.
They are connected directly to the CPU - fast access time.

Bit 7

Bit 6 | Bit 5| Bit 4 |Bit 3 | Bit 2 [ Bit 1 | Bit ©

XL: X-register Low Byte
XH: X-register High Byte
YL: Y-register Low Byte
YH: Y-register High Byte
ZL: Z-register Low Byte
ZH: Z-register High Byte

Additional Function:

These registers are 16-bit address pointers
for indirect addressing of the memory space.
XH, XL, YH, YL, ZH, ZL: for Data Memory

ZH, ZL: for Program Memory
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GOl & T 22| 2A7|/317| (STS/LDS Instruction) (1)

EENEE

=

1di ri16,0x45 ; 2= ox455 Ri16 HK|AEO| XNZE
STS ©x102,R16 ; R162| Zf(X= ox45)S OOl O ZZ| exe1e2H1 X0 Xzt
LDS R17,0x102 ; HIO|H 22| exe102HX|9| L{ES R17 BX|AEHZE ZEA}

here: rjmp here
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GO & T 22| 2AZ[/817] (ST/LD Instruction) (2)

ARSI VSIPSES

; OOl HZ2| oxe102HX|0| ex455 X7
1di ri16,0x45
ldi XL,0x02 ; R26, low byte of address
ldi XH,0x01 ; R27, high byte of address

ST  X,R16 ; R162| 2f(&= ox45)= O[O|H O Z2| exe1e2HHX[0| MZE
LD R17,X ; OO OZ2| exe102RH X2 LHES R17 YX|AHE SEA}

here: rjmp here
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ATmega328PB Program Memory Access

Ox0000 ATmega328PBS| T2 13 M2 2|0 HH:
0000 0000 0000 0000 - 0011 1111 1111 1111
metM ZE20H K2 2[E accessdt/| |SiM= 16 bits2|
HX| X8 X LH 7 2RO

i e

Application Flash Section

PC(Program Counter), Z-Register

Program Counter(PC), Z-Register : 16 bits

Boot Loader Section

Ox3FFF

1 word (2 bytes)
word address
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Program Memory 4 7| (LPM Instruction)

; Program Memory2| TABLE HX|0| U= WHES HOA R170| MF

5
1di ZL,LOW(TABLE << 1) ; low byte of address
1di ZH,HIGH(TABLE << 1) ; high byte of address
LPM R17,Z

here: rjmp here

5

; Program Memory2| TABLE HX[0| 4| HIO|EQS] &4+F ME

TABLE: .DB Ox41, 0x42, 0x43, Ox3A

List File (.lss) = BfH
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e =2 got FFO

— o

(Arithmetic and Logic Instructions)
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A =2 AL BEHO (Arithmetic and Logic Instructions)

CPU

ADD R2,R1

R1

R2

ALU

SREG

&Lk 2140l 2t SREGZH B

(=1
o

o HIO
= C O
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thE =2 A FEO (1)

Mnemonics Operands Description Operation Flags I\LT;::
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,NVH 1
SBCI Rd, K Subtract Immediate with Carry Rd & Rd-K-C Z,C,NVH 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 A Rr Z,N\V 1
ANDI Rd, K Logical AND with Immediate Rd < Rd A K Z,N\V 1
OR Rd, Rr Logical OR Rd < Rd V Rr Z,NV 1
ORI Rd, K Logical OR with Immediate Rd & Rd V K Z,N\V 1
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e =2

| AL HEHO] (2)

Mnemonics| Operands Description Operation Flags I\::T(;::
ARITHMETIC AND LOGIC INSTRUCTIONS

COM Rd One's Complement Rd < SFF—Rd Z,C,NV 1
NEG Rd Two's Complement Rd ¢& SO0 —-Rd Z,C,NVH 1
SBR Rd,K Set Bit(s) in Register Rd < Rd V K Z,NV 1
CBR Rd,K Clear Bit(s) in Register Rd & Rd A (SFFh - K) Z,N\V 1
INC Rd Increment Rd<&< Rd+1 Z,NV 1
DEC Rd Decrement Rd & Rd-1 Z,N\V 1
TST Rd Test for Zero or Minus Rd < Rd A 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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2heE G BEO

(Arithmetic Instructions)
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unsigned 8-bit: OFH +2557tX|Q| Y0t= HP

signed 8-bit: -128FH +1277tX|2| =2 20| E+ HHE HEH
g8-H|EQo| 2%+ HHA unsigned signed 2°s
complement
(%] (%] (%] (%] (%] (%] (%] (%] (%] (%]
%] %] (%] (%] %] (%] (%] 1 +1 +1
%) 1 1 1 1 1 1 1 +127 +127
1 (%] %] (%] (%] %] (%] (%] +128 -128
1 1 1 1 1 1 1 1 +255 -1

ATmega328PB2| 4t

=AM = 2 & 8H|E =X|= signed 2's complement

e} . i
SREEEE
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AVR Status Register (SREG)

Bit No. 7 6 5 4 3 2 1
Name
Reset 0 0 0 0 0 0 0

Bit 5 — H: Half Carry Flag. Set if carry from bit 3 to bit 4 occurred.
Bit4—S:SignFlag. S=N@V
Can be used to determine if the result of the previous operation is positive or negative.
Bit 3 — V: Two’s Complement Overflow Flag.
Bit 2 — N: Negative Flag. Same as bit 7 of the previous operation.
Bit 1 — Z: Zero Flag. Set if the result of the previous operation is zero.

Bit 0 — C: Carry Flag. Set if carry from bit 7 occurred.
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Addition and Status Register (1)

8-H| E 2r=9| Tl 1} SREG

Half Carry
; @X56+0x78=? (86+120=?) carry 0 1 1 1 e o o
LDI R16,0x56 OX56 o 1 o 1 o 1 1
LDI R17,0x78
HERE: RIMP HERE OxCE 1 © 0 1 1 1

Carry Negative Flag

 H (0):Half Carry Flag. Carry from bit 3 to bit 4 was ©.
e S (9):SignFlag. S=NQV=191=0
* V (1):Two’s Complement Overflow Flag.
=861t 2= 120°| & 2060] 2==2| = HR(+127)E HO L S -500| & A2 S 2 overflowI 245t

* N (1): Negative Flag. Same as bit 7 of the previous operation.

 Z (0):Zero Flag. The result of the previous operation is not zero.

« C (0@):Carry Flag. No Carry from bit 7.
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Addition and Status Register (2)

g8-H| E A=2| X4 1} SREG

; Ox9A+0x78=? (-102+120=? )
LDI R16,0x9A
LDI R17,0x78
ADD R16,R17
HERE: RJMP HERE

Half Carry
carry 1 1 1 1 O 0 0
OX9A 1 0 o 1 1 0 1

+ OXx78 + o 1 1 1 1 0 ©

1 ox12 e o 1 o o 1

Carry Negative Flag

 H (1):Half Carry Flag. Carry from bit 3 to bit 4 occurred.

e S (0):SignFlag. S=N@V=080=0

* V (0):Two’s Complement Overflow Flag.

S -1029F U2 1202 0| 24 180] T L2420 H(+127)2 HO LK €

* N (0): Negative Flag. Same as bit 7 of the previous operation.

 Z (0):Zero Flag. The result of the previous operation is not zero.

e C (1):Carry Flag. No Carry from bit 7.

Biomedical Engineering, Inje University
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SREG2| S(Sign) H| E.0f| &5}

N=0, V=0: 8-HIES2| H& I 20/ Overflowlt Lot HJULD2 HA Zi=E 2+, S=0

(0l1) 24 + 34 = 58 (012) -102 + 120 = 18

N=0, V=1: 8-HIES2l AHA Z= 2=0[X 2 Ooverflowlt LMIIACE=Z Ot 16-HIE HMZ GIUACIH 2= S+Y. s=1
(0l) OxAA + 0x88 = 0Ox132. lciLt, ot?l 8 HIED FHEt 8 =
=, (-86) + (-120) = -2060| T/O{0F otLE Ol g2 £=E Ldst 8-HIE S=+2 X

2= 45022 XelE.
8 HIE g&t Bit= 2==0ILt e As Bl S=cte X= 20lot)| ?loll Sign(s) HIE=E 1= &.
N=1, V=0: 8-HIES2| H& It S0/ Overflowlt ZHoHA HUL22 AL Bit=E S+, s=1

(0l) 24 + (-34) = -10

N=1, V=1: 8-HIEQ2 AL 2= S=01X2 overflow)l MR Z 0t 16-HIE HAMZ GIJACHH 2= 2442, S=0
(0l) ex58 + 0x78 = @xDe. 0| A= 1082 LIEILHH 86 + 120 = +206.
U, Ol g2 838 Jdest

8 HIE &4 A

—



(Logical Instructions)
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Logical Operation and Status Register

Logical AND (Bitwise AND)

; OXA5 A Ox0F = ?
LDI R16,0xA5 OXAS
ANDI R16,0x0F

/\ OXOF A

HERE: RIMP  HERE Ox05 0
Logical XOR (Bitwise XOR)
; OXA5 @ OXOF = ?

LDI R16, OXAS OXAS

LDI R17, OXOF

EOR  R16,R17 © oxer D © 0 ©
HERE: RIMP  HERE OXAA 0
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ATmega328PB Opcode

Immediate Operand

ANDI Rd,K 16 < d < 31, @ < K < 255
9111 KKKK dddd KKKK

ANDI R16,0x0F d=16-16=0=0000, K=0xOF=00001111 opcode=0x700F
9111 0000 0000 1111

Assemble 2 M=l list I (.1ss) &
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=7 389

(Branch Instructions)
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ATmega328PB Instruction Set (4)

Mnemonics | Operands Description Operation Flags g:cﬁf
BRANCH INSTRUCTIONS

RIMP k Relative Jump PC&PC+k+1 None 2
IJMP Indirect Jump to (Z) 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+2or3 None 1/2/3
Cp Rd,Rr Compare Rd - Rr Z,C,NVH 1
CPC Rd,Rr Compare with Carry Rd-Rr-C Z,C,NV,H 1
CPI Rd,K Compare with Immediate Rd - K Z,C,N,V,H 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(P,b)=0) PC & PC+ 2 or 3 None 1/2/3
SBIS Pb Skip if Bit in I/O Register Set if(1/O(Pb)=1) PC& PC+2o0r3 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\cl:(l)(;fkf
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)thenPC< PC+k+1 None 1/2
BRLT k Branch if Less Than, Signed if(N@®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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2UF &7 330 ArStt Bh== Ol Al (1)

12 E 107t X[ 2] g ++5t7|

LDI, RIMP, ADC, DEC, BRNE

; C-language

unsigned char sum=0;
unsigned char n;

for (n=10; n>0; n--)
sum += n;

while (1)

J

; assembly language

sub ri7,rl7 ;
1di ri6,10 ;

loop: adc ri7,rl6 ;
dec rl6 ;

brne loop 5

here: rjmp here 5

sum=0, C=0
n=10

sum = sum + n
n--;

jump to loop if n != @

wait here
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205 =7

o

EC;I

Ol & AIS

L

ot

H

—

== oA (2)

F CPUZ} 1 MHzY I} ©F 1 msec?| A|Zt K]

cpul| 24

cpul| E4

FLhb4=, F_CPU =

ZF7|, T CPU =

1,000,000 Hz

1/ F CPU =1 us

1 ms (1,000 usec) AlZF X[QHO| oot =23 =+

N_CLK

—t
ot

loop
LOOP_C

(@)
H=

LK

1000 usec / 1 us

Al

+ 2 =4 (clk

1 msQ| AlZH X[AHO| ELRSH loop

N_LOOP

1000 clk / 4 clk
250 (2)

2dot=0H 285 = 9
2

)

Al
=

1000 (clk)

Al
T

_I-_I_A
A 2

LDI, SBIW, RJIMP, BRNE
start: 1di
1di
loop: sbiw
brne
here: rjmp

r24,L00(250) ; 1

r25,HIGH(250) ; 1

r24,1 ; 2

loop 5 2/1  (2+42)*250 = 1,000 clk
; 1,000 clk * 1 us = 1 ms

here

e SBIW instruction
SBIW R24,k

* LOW and HIGH functions
HIGH(©Ox1234) == 0x12
LOW(0x1234) == 0x34

; HIGH byte of the expression
; LOW byte of the expression

R25:R24 « R25:R24 - k
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(Bit and Bit Test Instructions)
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ZEFEHEHN (1)

Mnemonics | Operands | Description Operation Flags I\::T;: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(®) |ZCNV 1
ROL Rd Rotate Left Through Carry | Rd(©) <« C, Rd(n+l) <« Rd(n), C « Rd(7) Z,C,NV,H 1
ROR Rd Rotate Right Through Carry | Rd(7) <« C, Rd(n) <« Rd(n+l), C « Rd(9) Z,C,NV 1
ASR Rd Arithmetic Shift Right Rd(n) « Rd(n+1), n=0..6 Z,C,N,V 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 1/O Register I/0(P, b) « © 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 Ce1 C 1
CLC Clear Carry C«o0 C 1
SEN Set Negative Flag N «1 N 1
CLN Clear Negative Flag N <« © N 1
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HE & HAHQ (2)

Mnemonics | Operands Description Operation Flags l\;’c’):;
BIT AND BIT-TEST INSTRUCTIONS

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 Vv 1
CLv Clear Two's Complement Overflow V &< 0 Vv 1
SET Set T in 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 < © H 1
NOP No Operation None 1
SLEEP Sleep None 1
WDR Watchdog Reset None 1
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|/O Register Control using SBI, CBI Instructions

A

Y
A

Y

SBI DDRB, 5
LOOP: SBI PORTB, 5

NOP

CBI PORTB, 5
NOP

RIMP LOOP

J

- DDRBCO| H|Es5E 12 ME

PORTB2| HIE5E 12 ME
PORTB2| H|E5E 922 2|

SE

A

Y

Of O MO F_cPuZt 1 MHz T, ¢, 7, A 12| &t2 FOFR7}?

(BHO A0 ALE|= cycle = =0l )
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Stack Memory and Stack Pointer for AVR

- Stack Pointer, SPL and SPH (0x3D and Ox3E)

> A stack is a last-in first-out data structure
> AVR stack is implemented as growing from higher to lower memory locations

» 16-bit stack pointer(SPH:SPL) points to the top of stack (0x08FF)

Data Memory

32 Registers OxX0000-0x001F

64 1/0 Registers 0Xx0020-0x005F

160 Extended I/O Registers | 0x0060-0x00FF
Internal RAM 0x0100

(2048 x 8 bits) Ox08FF «—— Initial Stack Pointer
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Stack Pointer =J|2t & PUSH/POP Instruction

LDI
OuT
LDI
OuT

LDI
LDI

PUSH
PUSH

R16,0x08
SPH,R16
R16, OxFF
SPL,R16

R16,0x46
R17,0x47

R16
R17

; R16, R17 A2

; R16, R17 L{EH

POP

POP

R17
R16

ATmega328PB RAM ADDRESS: 0x0100~0x08FF

-

SPH: SPL
(Ox@8FF)

After Line #4

8

0x46

0x46

e

SPH:SPL
(0x@8FE)

0x46

ox47

After Line #7

SPH:SPL
(0x@8FD)

WH

SPH:SPL
(Ox@8FE)

0x46

SPH: SPL
(Ox@8FF)

ox47

After Line #9

After Line #10
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Subroutine @ = 1} Stack Pointer (RCALL/RET Instruction)

; SP7t OX08FF = 27|20 ULt 7+ Stack Stack
1di rl6,0x12 SPH:SPL 92
rcall  mul2 (@x@8FF)
here: rjmp here 00
mul2: add rl6,ril6 H (SOPXHO:SSFPDL)
ret
ZJ| &N 2HH 2l A /4B Ao AN

ofd=z 2[2E ot

0000 |el02 1di rl6,0x12
0001 |dool rcall mul2 Stack
0002 |cfff here: rjmp here 22 SPH:SPL
’ (9x08FF)
0003 |0f00 mul2: add ri6,rl6 00
0004 9508 ret
L /
Program
memory
address S5l Ao A= /3HH AlgH AKX
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Summary

* ATmega328PB Instruction Set

2 ¥3ANH s/

HA N A0 ([[F= SREG(Status Register)2| B3}
Opcodel| ++4

HBO AH A2

CIOIH OI2el, 2208 H2el, A8 HE

vV VYV YV V V

e Assembly Languagel2| & &?
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What's next?

THE TWO STATES OF
EVERY PROGRAMMER

S

e —— I HAVE NO IDEA
IAMAGOD.  \wyAT rM DOING.
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