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Figuré 4-2. AVR CPU Geaneral Purpase Warking Ragisters
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Figura 4-3. The X-, Y- and Z-registars
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AVR ATmegad8/88/168 Memories

In-System Reprogrammable Flash Program Memory
Program Meamary Map, ATmeagaBi and ATmagal1c8

Pragmrm Marmary

:h:-\.-\.-\.-\.

Agphcaton Flash Sactan

ﬁ

Byal Flash Sachan

B)IFFF.Ox1 FFF
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SRAM Data Memory

Data Memory

P Registars | ®0000 -0x001F
& 'O Reqieters | 0020 - 0x005F

WU Bl Feg. | 0006 - 0x00FF
0x0100

Inamal SRAM

(512/1024/1024 x B)

0x02FF/0x04FFOx04FF
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EEPROM Data Memory

Tha EEPROM Addmss Ragister = EEARH and EEARL
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The EEPROM Contral Ragistar = EECH

- - SR sERu EERE SEMPE EERE EERE EECH
rinl Walilg K| i E ¥ i E| ¥ i
Tabla 5-1. EEPROM Maoda Bits
Programming
EEFM1 EEFMD Time I:IpE-rE.tIDn
0 ¥ 3.4 ma Eraas and Wriie in one operation (Alomic Operation)
¥ 1 18 ma Eraas Only
1 0 18 ma Wiriie Ondy
1 1 - Reaarsed for future uase
MC404 — 252009 2=t
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Direct Single Reqgister Addressing

12

REGISTER FILE

oP

Rd
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15

Direct Reqgister Addressing, Two Registers

5 4

REGISTER FILE

oP

Hr

Rd
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15

VO Direct Addressing

Ii0 MEMORY

OP

Fr/Rd
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Direct Data Addressing

Data Space
31 20 19 16 Ox0000

oF Rr/Rd

Data Address

RAMEND
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Data Indirect with Displacement

Data Space

¥ OR Z- REGISTER

10

oP

Rr/Rd
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RAMEND
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Data

Indirect Addressing

Data Space

XY ORZ-REGISTER
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0x0000

RAMEND
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Data Indirect Addressing with Pre-decrement

Dala Space

15
—

X Y ORZ-REGISTER

MC404 — 252009

Organizagéo Basica de Computadores e Linguagem de Montagem

0x0000

RAMEND



Data Indirect Addressing with Post-increment

Data Space
0x0000
15 0
5'\ XY ORZ-REGISTER
(¢
RAMEND
2-19
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Program Memory Constant Addressing
PROGRAM MEMORY

0x0000

15 10
Z-REGISTER —

Lol 1 | ]

LPM, ELPM, and SPM

FLASHEND

2-20
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Program Memory Addressing with Post-increment
PROGRAM MEMORY

0x0000

-)‘ Z - REGISTER

e [ | ]

FLASHEND

LPM Z+ and ELPM Z+

MC404 — 252009 Organizagao Basica de Computadores e Linguagem de Montagem



Direct Program Memory Addressing

PROGRAM MEMORY
31 16
OP 5 MSB
16LSB
5 0
91 v 0
PC —

JMP and CALL
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0x0000

FLASHEND
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ndirect Program Memory Addressing

PROGRAM MEMORY
0x0000

15 0

Z-REGISTER
15 0
PC )

IJMP and ICALL

FLASHEND
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Relative Program Memory Addressing

PROGRAM MEMORY
0x0000
15 0
) PC
1 —
15 12 11 0
oP (
FLASHEND
RJMP and RCALL
2-24
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Conditional Branch Summary

Test Boolean Mnemonic Complementary Boolean Mnemaonic Comment
Rd > Rr NEV)=0 BRLT Rd<Rr Z+{N @ V)=1 BRGE" Signed
RdzRr (NEV)=0 BRGE Rd<Rr (NEV)=1 BRLT Signed
Rd=Rr = BERECQ Rd#Rr 2= BRNE Signed
RdzRr Z+HN@ V) =1 BRBE Rd > Rr ZN@V)=0 BRLT* Signed
Rd < Rr (NEV)=1 BRLT RdzRr (NEV)=0 BRGE Signed
Rd»>Rr  [C+Z=0 BRLO' Rd < Rr C+Z=1 BRSH" Unsigned
RdzRr C=0 BRSH/BRCC | Rd<Rr C=1 BRLO/BRCS Unsigned
Rd =Rr =1 BREQ Rd# Rr Z=0 BRNE Unsigned
Rd<Rr |C+Z= BRSH'" Rd > Rr C+Z=0 BRLO" Unsigned
Rd < Rr = BRLOBRCS | RdzRr C=0 BRSH/BRCC Unsigned
Carry = BRCS No carry C=0 BRCC Simple
Negative = BRMI Positive M=0 BRPL Simple
Overflow = BRVS Mo overflow V=0 BRVC Simple
Zern Z=1 BREQ Mot zero Z=0 BRNE Simple
Note: 1. Interchange Rd and Rrin the operation before the test, i.e., CP Rd,Rr = CP Rr,Rd
2-25
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Instruction Set Summary

#Clock
Mremonicas | Operands | Description Dperatian Flags Il b
Arithmetic and Logic Instructiang

ADD Mg, R il i Cairiny Mg «— o + Fr ZLMWEH 1
Al FRd, Rr SAudd wiith Canry Rd «— Rd + Rr + O ZOoOMWEH 1
Al R, K Add mmediaie to Whond Roa+1:Rd «— Ra+1:Ra + K ZEM S 24
suB Mg, R Buiniract withoul Sanry Mg «— o - ZLMWEH 1
S5uBI R, W Subitract mmediate g «— B2 - K ZLOHNWEH 1
2B8C ma, M Buiniract with Sanry Rd — Ra -Rr-C ZL MW EH 1
sS85 Ra, K Sulbiract mmediale wiih Sanry g «— R -K - S oMM EH 1
2B Rd, K Buntract remediate froem Wbor d Rd+1:Rd «— Rd+1:Rd - K Z 0N S = W
ARD M, e Liosgical AD Mg +— Mo = R TR R 1
ARDI M, H Leoeqinal ARD wwilny remescikate Mg — o =K Z H,WE 1

(o ] Rad, Fr Losgbeal OR g «— B2 v REr Z K WE 1
Rl md, K Losgical OR witn immedisie Rd «— Rd v K TR R 1
EOR Mo, Excluate OR M2 — o & FHr ZhWE 1
OO FRa Cimag (O oem phesmizn Ro «— 5FF - Ra ZLoHNNNE 1
MEG FRa Twan’a Coer Dharrient Ro «— 200 - F2 ZEoMNEH 1
2BR |l 9 Sai Bitja) in Reglaisr Mg — Mo v K TR R 1
CHR R K Siesr Bit{a) In Reglater Rd +— Rd = [(3FFn - £ M WE 1

| 1 R Increament Rd «— Rad + 1 il TR 1
DEC o Digsn reamaint Mg — -1 ZhWE 1
TET P Teat for Zano or kinus Md +— Mo = Fa el TR 1
CLR P Sear Raglaisr Mg «— Fao & g ol TR R 1
SER s Ea1 Regater Rd — EFF Fdoinae 1
BALIL ol g BAuitindy L gy o R e— o = R (L) 2C 20
MLULE R R EAultindy S R D+ Rd = Rr (ES) Z2C 2
MuLEU R, Rr RAuitipdy Shoreasd wal Ty Linea hgmeasd R1:RD «— Ra = R {(Su) .l 2
FraLIL MRd,Rr Fractiomnal ultindy Linsa byresd R1:RD+— (Rd = Rrre<t (LD il o Z
FruLSs R, R Fracional kuliipty Shpmed R1:RD «— [Rd = Rrjpe<] (55) 2= 2
FruLsu Rd, R Fractonal bulitipty Shpmed wiin R1:RD «— [(Rd = Rrjp<1 {SLU) il =2 L

Lina bgneasd
2-26

MC404 — 252009

Organizagéo Basica de Computadores e Linguagem de Montagem




MC4(

Branch Inatructions

RAKF S Relathse Jumo FCe— P2+ k+ 1 b 2

LIkAF Imdibrasst o i (7S PSSO« F POEF1:-16h«— O hdomne il
ELIKIF Extemded Indinect Jwmo 1o () PC{150)«— £, PC{Z1:18) ~— EIND b 2 8
JME 5 Jumo PO e Mone 3 L
RCALL “ Ralathse Call Subroutine PO +— PC+ u+1 hdoine < T Rl
KCALL Imdiiresct Call to 2 ) PO1S0 — F, PO[211168) — 0O hoime B R
EIKCALL Extended indiresct Sal 1o (Z) P15 10— F, PO{2118)«+— EIND hoime 4 VK3
SALL { Call Syunnourtine PO Mone 4 F 5V
RET Syunoutine Ratunn Pl «— ETADH Mona 4 fgvl
FETI Intenmunt Retun PC o« STACHK | 4 F 5%
CFSE Rd, Rr Compane, Skin if Egus TiRd= Rr) PC +— PC + Z2or 3 b 17253
cP Rao, Rr e pane Ro - Rr Zo MMM SH 1

CPC Rz, Rr Coerpane with Canry Rd - Rr - & ZoHNSH 1

cPl Rd, K Coempare with Immediate Rd- K FoMNGH 1

SBERC Rr, b Sulio if B in Regater Clearnsed f{Reipm=ly PC — PC+Z20r3 hoime 1/27/3
SBRS Rr, o Skio if B in Reglaier Sat f{Ro=1) P — PC + 20r3 o 17253
S8IC ALl Skio if B in 182 Reglater Cleaned FUO A B)=0) PC «— PC + 2o 3 b 157253
2HIS Ao Sxin if Bit in 180 Raglater Sat HUEoA bl PO — PC+ Zor 3 hoina 17273
BRBES L Branech if Statua Flag Sat f{SREG{a) = 1) then PC «—FC+y + 1 hoina 172
BREC =, = Branch if Sistus Flag Cleansd f{EREG{a) =0) then PO «—PC+y + 1 hdorz 1572
BREO o Branch if Egusa flZ= 1ithen PC — FPC + K+ 1 hoina 172
BRME 5 Branch if Mot Egua f{Z=0ithen PO «— FC + k+ 1 hdoira 113
BRCS < Branch if Canry Sait f{C=1imen PC+— PSS+ k+ 1 hoime 1132
BROC ] Branch if Canmry Cleaned TS = 0) then PC «— PSS + &+ 1 o 1172
BREH o Braneh if Same or Higher f (= O) than PC «— PC + K+ 1 hoina 172
BRLS < Branch if Lovwssar f{C=1imen PC+— PSS+ k+ 1 hoime 1132
BRMI ] Bramnch if binuea Tihl = 1) then PC «— PSS + &+ 1 o 1172
BRFL S Branch if Flua T = 0) fhen PC «— P2+ &+ 1 b 1152
BREE £ Bramch if Greater or Egual, Shgmned T &= 0 then PC «— PO+ K+ hdorz 1572
BRLT o Brameh if Leas Than, Sipmed FiN & wim 1) then PC — PC + & + hoina 172
BRHS= < Branch if Half Carry Flag Set fTiH= 1) en PC +— PSS+ kK + 1 hoime 1132
BRHC ] Branch if Half Carry Flag Cleansd T{H = 0) then PC «— PSS + &+ 1 o 1172
BRTE S Branch if T Flag Sat T{T = 1) ihen PFC «— PC + &k + 1 b 1152
BRTC £ Branch if T Flag Cheansd F{T=0)then PC«— PO+ K+ 1 hdorz 1572
BRWE o Bramneh if Oneerfiow Flag la Set i = 1) than PC «— FC + Kk + 1 hoina 172
BRWVE < Branch if Owverfiow Flag B Geansd T =0itmen PO — PO+ K+ 1 hoime 172
BRIE £ Bramech if Intesmupt Enablesd hdorz 152 2-27
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ADC - Add with Carry

Description:

Adds two ragistars and tha contants of tha C Flag and placas tha rasult in tha dastination ragistar Rd.

Operation:
(1) Rd+«— Rd+ Rr+C

Syritax: Operands: Pragram Counter:
(i) ADC Rd,Rr 0=d=31,0=2r=31 PC «— PC + 1

16-bit Opeode:

17 = alatalal e e e

Status Register (SREG) Boclean Formula:

| T H ! W M £ H

= = — — — — = —
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ADD - Add without Carry

Description:

Adds two ragistars without tha C Flag and placas tha rasult in tha dastination ragistar Rd.

Operation:
(1) Rd « Rd+ Rr

Sy rtax: Operanda: Program Counter:
(1) ADD Rd,Rr 0=d=31,0=r=31 Ce— PC+1

16-bit Opoode:

1xd dddd xrxE

Status Register (SREG) and Boolean Formula:

I T H 5 L M £ C

= = — — — — — —
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ADIW = Add Immediate to Word

Description:

Adds an immadiata valua (0 - 83) to a ragistar pair and placas tha rasult in tha ragistar pair. This instruction oparatas an tha
uppar four ragistar pairs, and is wall suitad for oparations on tha pointar ragistars.

This instruction is not availabla in all davicas. Rafar to the davica spacific instruction sat summary.

i

il

Uperation:

Rd+1:Rd « Rd+1:Rd + K

Syritax:
ADIW Rd+1:Rd,K

16-bit Opeode:

Operands!
de {24,26,28,30}, 0= K=G3

Program Counter:
PC e PC+1

Iy
[E 8
=8

Status Register (SREG) and Boolean Formula:

T

H

5

¥

=

MC404 — 252009

Organizagéo Basica de Computadores e Linguagem de Montagem

-30



ASR - Arithmetic Shift Right

Description:

Shifts all bits in Rd ona placa to tha right. Bit 7 is hald constant. Bit 0 is koadad into tha C Flag of tha 5REG. This aparation
gfactivaly dividas a signad valua by two without changing its sign. Tha Carry Flag can ba usad to round tha rasult.

I:I-peratlnn:
(i)
E| hy— b0 = C

Syritax: Operands: Program Counter:
(i) ASR Ad 0= ds 31 PC— PC = 1

16-bit Opcode:

| 1001 | 0104 |

LES
LES
LES
[ES

MC404 — 252009
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LSR - Logical Shift Right

Description:

Shifts all bits in Rid ona placa to tha right. Bit 7 is claarad. Bit O is loadad into tha C Flag of tha SREG. This aoparation affac-
twaly dividas an unsignad valua by twa. Tha C Flag can ba usad to round tha rasult.

Operation:
—ﬁ
0 —] b7 - bl —| C
Syntax: Operanda: Pragram Counter:
(i) LSR Rd J=d= 31 Ce—PC+1

16-bit Opeode:

.-

=S
=S
=S
&S

Status Register (SREG) and Boolean Fomula:

I T H 8 ¥ N Fi H

- - - = == i == ==
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LSL - Logical Shift Left

Description:

shifts all bits in Rd ons placa to tha laft Bit O is clearad. Bit 7 is loadad into tha C Flag of tha SREG. This oparation affac-
tvaly multipliss signad and unsignad valuas by twa.

Operation:
(i)
?
Telel tr-eeeeeeem et | &= 0
Syritax! Operands: Program Counter!
(i) LSL Rd J=d=3 C+PC+1

1e-bit Opcode: 322 ADD R, R2)

1714 atalalal alalalal

2-33
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ROL - Rotate Left trough Carry

Description:

Shifts all bits in Rd ona placa to tha left. Tha C Flag is shiftad into bit 0 of Rd. Bit 7 is shifted inta tha C Flag. This aparation,

combinad with LSL, effactivaly multipliss multi-byta signad and unsignad valuas by twao.

Operation:
|:_
0 BT sesesennassnsssasabll || C
Syntax: Operands: Program Counter:
(i} ROL Rd J=d=3 C—PC+1
16-bit Opeode: m2e ADC Ra Rd)
Status Register (SREG) and Boelean Fermula:
I T H 3 ¥ M £ H
- - = = = = =
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ROR - Rotate Right through Carry

Description:

Shifts all bits in Rd ona placa to tha right. Tha C Flag is shiftad into bit 7 of Rd. Bit O is shifted into tha C Flag. This opara-
tion, combinad with ASR, affactivaly dividas multi-byile signad valuas by two. Combinad with LSR it effactivaly dividas multi-

byta unsignad valuas by twa. Tha Carry Flag can ba usad to round tha rasult.

Operation:

H & 1 —— —
Syrtax! Operands!

(i) ROR Rd 0<dsg31

1#6-bit Opeode:

Frogram Counter:
PC e PC+1

=S
=S
LS

Status Register (SREG) and Beoolean Formula:

T

H

5

¥

=

—

MC404 — 252009

Organizagéo Basica de Computadores e Linguagem de Montagem

-35



