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AVR

AVR Architecture and Instruction Set [Brief]
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i b slasi U oled RISC aiwd Gidils S350)eiS5 ol wsdol cuso. 8,3 5158 S i cul weaxo
500 Sl slass Olgi (s il baiwgi 9 diiwd bawiye ALU @y il ol cowl Working Register | os,1S
S Jolhgiws ;8 Sl 350 il 4 5,5 el cclw gl S Oloj waw s | Josdlgiws
S,inl; slasi 5 L0 Sle iS50 5 ledosdlgiws 50y ool Shal aSdls s 5)ls 05V caclw Ll
SaaS Guized 9 1S Joo simw sl 1lgi v W AVR ululy aigds s bl welw Gudly Sl
bl U oSS (oo S 4MHZ e yuw b aS AVR S5 (subblS Jlio ulgie ap.0usS L=l 1) (Vb o> b

leowl ulw 48MHz we,w b 8051 Sg,Suo Guizzod 9 16MHZ wuc,w U PIC Sg,S00

AVR lpls

L1316 r0 suss 3,5 0,8k00 aod (s 8 wls 32 AVR (suiw 8 S, J,iS,S0 @
5ol 95 Wls abw ol 5l plaS ;3 aS Z g Y 9 X leuwo U U (s 055 sl wld auw o
. X(r27:r26), Y(r29:r28), Z(r31:r30)  susy disowd v 8 wls 32 vlos
L 5>9,3/1539,9 Slpwysl )3 aS @iy S o)Ll sshio @ i 16 Wl Sy @
Slpuwpdl U osls ahsls s sl ool Guizod. 20l @i8,3,1,8 0x3d(SPL) ¢ 0x3e(SPH)
Jsowd 0x5d g Ox5e
- SREG U U p=y 0l Vlod | cusoy yiuziow s9bio a0 (in8 0l Sy o

TR s v Nz e

Global Interrupt Enable/Disable Flag L, SREG7 a4dg (swgoc jLw Jleduc g 3Lw Jlad :
SREG6 ol L BSTg BLD Slplos)giws oslaiwl 5,90 (sJlasl way -

Half Carry Flag, SREG5 :

Signed tests Instruction Set, SREG4 |, wioMce vy :

Two's Complement Overflow Indicator, SREG3 L g5 JoSw S|y loijumw :

Negative Flag, SREG2 U swio < :

Zero Flag, SREG1 U ,e0 wuw :

Carry Flag, SREGO :

ONZ<ONnIAH-—

p=x>aS SRAM L Suibwl osls adadl> g yudd aS s abdl> U ol o Harvard oS)losoe (gub
Cwl jaeio ol 4k U el 32 51 Lol s osls s alhdls> o> ¢ wub 128k U 1k 5l Lpl.ngSaJ'c}éb
» owl gl s s aiiwes Uley i8S U olod akasls usléo ¢ul aS eugais o9l U
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AVR (55 5 osls bl

55 sl aisiwa 131 b r0 slepils a4 slesie (0x001f L 0X0000 ) (suiss akadls Jgl Luysl 32 e
9 cswo oslasiiwl o3l s akhdls> slad 5l Lils sl d MCU (MicroController Unit) (a0

>9,3/559,9 Slp—w,3] Guiws 5 03ls s abdls I (0x005f i 0x0020) Slpwys] o
.owl (0x3f G 0x00)

. SRAM (suy ol Swilivw! absls Jolis bhsd aes @ osls s alasls 0x0060 Guw,sl 51 e

&uo Sy 9 Destination(Rd) b aaso Sy disowd wls 95 Jolw ALU Slplosllygiws 5l sl slass
i 5w ) S 1y Jesdlgiows suliSaS og= aS Source(Rr) L

i 1 1 1 1 1 r d d d d dr r r r

Slpin I B, > 9 Jswd dado Sleiy d B> 9 xlos)giws aid)S L3 T &> ol )y aS sulpin
iwgw gy 5l daso Wls g (r9:1r3: 12 11l :r0) Slpiw iwew oy 5l o Wl Aiwd guo
05lo (sOL Slpiy uizod Lgui (sw pasiw (d8 1 d7 : d6 : d5 : d4) sl
DS s pazaiw | Jesdlgiows 93 (115 1014 13 1 i12 : i1l : i10)
Encode Ly sulinSaS 55 wyeo @ cewl Add 117, 12 Ulod aS 12 9 117 go> Juol> Jln Ulgic
13940 (w0

0O 0 OO 1 101 0 0 0 1 0 0 1 O

‘Hex cwl 513 ¢l 51 AVR-OBIDUMP (s>9,5> &jg0 ol 5> aS
0: 12 0Od add rl7, r2

39 (w0 OS> adhdls s Ul il oS v casind Sl s 16 S aolS S aS auil ausls asgs

7 jl2 aatua AVR gl J)iiSgSun (5ilaze w5229 2 i



000111rdddddrrrr adc Rd, Rr
000111dddddddddd || rol Rd
000011rdddddrrrr add Rd, Rr
000011dddddddddd || Isl Rd
001000rdddddrrrr and Rd, Rr
001000dddddddddd || tst Rd
000101rdddddrrrr cp Rd, Rr
000001rdddddrrrr cpc Rd, Rr
000100rdddddrrrr cpse Rd, Rr
001001rdddddrrrr eor Rd, Rr
001001dddddddddd || clr Rd
001011rdddddrrrr mov Rd, Rr
100111rdddddrrrr mul Rd, Rr
001010rdddddrrrr or Rd, Rr
000010rdddddrrrr sbc Rd, Rr
000110rdddddrrrr sub Rd, Rr

13mS Csw oadlie 4u5 Jdoax 55 ) (ol 95 JB L oauw Encode slplosdlgiws

Jodl giws uled Isl Rd jgiiw> uizxod 9 wowl adec Rd , Rd giws Ulod rol Rd giws 1a>gj
Jslso clr Rd ,giw> j9-hivod g and Rd, Rd ,giw> U Jsleo tst Rd uszod g add Rd , Rd

59w b el
.eor Rd,Rd
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-.arch atmega32

-text

2t o g clglaal) ) grin

.org 0xO0

start:
clr
mov
add
add
add
add

00000000 :

: 22
43
: 33
43
: 33
43

r2
r4
r3
rd
r3
r4

, I3
, I3
, I3
, I3
, I3

deall ) i Silas Chprada s Ol 55 0
ADD Rd, Rr Rd=Rd + Rr Z,CN,V,H
ADC Rd, Rr Rd=Rd+Rr+C Z,CN\V,H
ADIW Rdl,K Rdh:Rdl = Rdh:Rdl + K = Z,C,N,V,S
SUB Rd, Rr Rd=Rd-Rr Z,CN,VH
SUBI Rd, K Rd=Rd - K Z,CN\V,H
SBC Rd, Rr Rd=Rd-Rr-C Z,CN\V,H
SBCI Rd, K Rd=Rd-K-C Z,CN\V,H
SBIW Rdl,K Rdh:Rdl = Rdh:Rdl - K  Z,C,N,V,S
AND Rd, Rr Rd=Rd & Rr Z,N,V
ANDI Rd, K Rd=Rd & K Z,NV
OR Rd, Rr Rd =Rd | Rr ZN\V
ORI Rd, K Rd=Rd|K Z NV
EOR Rd, Rr Rd =Rd ~ Rr Z NV
COM Rd Rd = $FF - Rd Z,C.NV
NEG Rd Rd = $00 - Rd Z,CN,\V,H
SBR Rd,K Rd=Rd|K Z NV
CBR Rd,K Rd=Rd & ($FF-K)  ZN,\V
INC Rd Rd=Rd +1 Z NV
DEC Rd Rd=Rd-1 Z NV
TST Rd Rd=Rd & Rd Z NV
CLR Rd Rd = Rd * Rd Z NV
SER Rd Rd = $FF None
MUL Rd, Rr R1:R0 = Rd*Rr Z.C
MULS Rd, Rr R1:R0 = Rd*Rr Z.C
MULSU Rd, Rr R1:R0 = Rd*Rr Z,.C
FMUL Rd, Rr R1:R0=(Rd*Rr)<<1 Z.C
FMULS Rd, Rr R1:R0=(Rd*Rr)<<1 Z.C
FMULSU Rd, Rr R1:R0=(Rd*Rr)<<1 ZC

2T sas oT3 006 ) o ghiasd b 0 4ab 0 S5

; the mcu to simulate

specifies instruction memory
start off at memory location O

alias for eor r2,

r4d = r3
double r3
rd = r3 + 2*r3

double r3 again
r4 =

r2

r3 + 2*r3 + 4*r3 = 7*r3

towl 5153 ¢l 51 AVR-OBIDUMP —d sl 899 aol,y uislo Ul asewi

24
2c
Oc
Oc
Oc
Oc

eor r2, r2
mov r4, r3
add r3, r3
add rd, r3
add r3, r3
add r4, r3

7 jl4 aasua

AVR gl J5iSgySan 5)lozn

oly5a6uw apuings



Immediate ALU Encoding

1358w g0 515 B Os00 W SHg8 g, a4 wlasSas

1 1 1 1 K K K K dd d d K K K K

Gt d 9 diid Opeode Jolio | g5 Slpsn. disoud (sowriw> JB d g9 o Hlp> bwss R31 U R16 slpsls
ol High nybble U YU il b e slp ¢ e coind ool 5l aS aigis (s 5599 S ol Jol k g5

1 adlgs swliSaS 55 wyswo @ LDI

(k3 , k2, k1, k0)

r27, 0xac Jo=l jgiaws Jlis Ulgic @

111 01 01 01 01 11 1 0 O

avr-objdump:

0: bc ea Idi r27, OxAC

. Oxe HEX U caowl Jsleo aS 1110 b waowl by Jbo ol 5> (Opcode) aS Ll

:cowl 000l Immediate 5,98 g, @ csuliSaS B U oled Jowllgiws Sslasi 55 Jga> s

‘OlllKKKKddddKKKK andi Rd, K

‘OlllKKKKddddKKKK cbr Rd, K
‘OOllKKKKddddKKKK cpi Rd, K
‘1110KKKKddddKKKK Idi Rd, K
‘OllOKKKKddddKKKK ori Rd, K

Rd, K

‘OlloKKKKddddKKKK sbr

‘0100KKKKddddKKKK sbci Rd, K

‘OlolKKKKddddKKKK subi

Rd, K

.andi rd, (=k) U wowl Jsles cbr rd, k Josl)giws
.ori rd, k b eewl Jsleo sbr rd, k Josll,giows
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.arch at
.tex
.org

start:
Idi
Idi
cp
breq
inc
nop
brne
.org

else:
dec

endif:
slee

VIV P

5oy a4 Sl has U )l Jollgiws J=o 5l aolS -64 < k £ +63 ojlail @y ailgi (s AVR Slag,Sao
Bleyd axgi 05 Joax @y diles G ey Ol oy Coind

00000000 :

OV OO S~NO

00000020 :

20:

00000022 :

22:

BRBS s, k i1f (SREG(s) = 1) then PC = PC+k+1
BRBC s, k if (SREG(s) = 0) then PC = PC+k+1
BREQ k if (Z = 1) then PC = PC+k+1
BRNE k if (Z = 0) then PC = PC+k+1
BRCS k if (C = 1) then PC = PC+k+1
BRCC k if (C = 0) then PC = PC+k+1
BRSH k if (C = 0) then PC = PC+k+1
BRLO k if (C = 1) then PC = PC+k+1
BRMI Kk if (N = 1) then PC = PC+k+1
BRPL k if (N = 0) then PC = PC+k+1
BRGE k if (S = 0) then PC = PC+k+1
BRLT k if (S = 1) then PC = PC+k+1
BRHS k if (H= 1) then PC = PC+k+1
BRHC k if (H=0) then PC = PC+k+1
BRTS k if (T = 1) then PC = PC+k+1
BRTC k if (T = 0) then PC = PC+k+1
BRVS k if (VW = 1) then PC = PC+k+1
BRVC k if (V = 0) then PC = PC+k+1
BRIE k if (1 = 1) then PC = PC+k+1
BRID k if (1 = 0) then PC = PC+k+1
13wlo,9 a>gi g (s by o if-then else 4y aS 55 (sduoow! a0l y @
mega32
t
0x0 ; start off at memory location O
rl6, 0x34 ; rlé = 0x34
rl7, 0x56 ; rl7 = 0x56
rl7, rlé ; rl7 - rl6 set cc
else ; iIf (z=1) goto 1f
r2
endif ; only for demo
0x20
r2
P
rowl b8 ol Sl paile UL @ Aol ol 0as an> )i SIS zulo
04 e3 1di ri6, 0x34 ; b2
16 e5 1di rl7, 0Ox56 ; 86
10 17 cp rl7, rlé
61 O breq .+24 ; 0x20
23 94 inc r2
00 00 nop
51 4 brne -+20 ; 0x22
2a 94 dec r2
88 9 sleep
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ZGZK(SW\)PJ&{L’;SASayé
590 s swliSaS 55 wygo @ BRBS s, k Josllygiows
1 1 1 1 0 0 k k k k k k k s s s

wd Giuyd sl 95 JoSo K £95 cay waad
Aiid oy Wl Gl e baylow 51 Sy LS kol s g95 v aw

1 NgU 5o LS\JLMS.\S > JSow @y BRBC s, k Josdly9i0ws Jbio Ulgie a4

1 1 1 1 0 1 k k k k k k k s s s

Tools L) GL@M\)}L‘J

MOV Rd, Rr Rd = Rr

MOVW Rd, Rr Rd+1:Rd = Rr+1:Rr
LDl Rd, K Rd = K

LD Rd, X Rd = (X)

LD Rd, X+ Rd = (X), X=X+ 1
LDRd, - X X =X-1, Rd = (X)
LD Rd, Y Rd = (Y)

LD Rd, Y+ Rd = (Y), Y=Y+ 1
LDRd, - Y Y=Y -1, Rd = (Y)
LDD Rd,Y+g Rd = (Y + Q)

LD Rd, Z Rd = (2)

LD Rd, Z+ Rd = (&), Z = z+1
LD Rd, -Z Z=27Z-1, Rd = ()
LDD Rd, Z+g Rd = (Z + q)

LDS Rd, k Rd = (k)

ST X, Rr X) = Rr

ST X+, Rr X)) =Rr, X X +1
ST - X, Rr X=X -1, (X) Rr
ST Y, Rr (Y) = Rr

ST Y+, Rr (Y) =Rr, Y=Y +1
ST - Y, Rr None 2

STD Y+q,Rr (Y + ) = Rr

ST Z, Rr (Z2) = Rr

ST Z+, Rr Z) =Rr, Z=27Z + 1
ST -Z, Rr Z=27Z-1, () =Rr
STD Z+q,Rr (Z + Q) = Rr

STS k, Rr (k) = Rr

LPM RO = (2)

LPM Rd, Z Rd = (2)

LPM Rd, Z+ Rd = (2), Z = Z+1
SPM (2) = R1:RO

IN Rd, P Rd = P

OouUT P, Rr P = Rr

PUSH Rr Stack = Rr

POP Rd Rd = Stack

OLS abw duinyd 1 000,
1383 sls,>
Sefidgaran@gmail.com

http://Sefidgaran.blogfa.com
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