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Introdugdo aos Sistemas Microcontrolados
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AVR CPU Core

Arquitetura Harvard.

Arquivo de registradores
possui 32 registradores
de 8 bits de propdsito geral.

As operagoes da ULA sdo
divididas em trés principais
categorias: aritmética, ldgica
e bit.
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Instruction
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ARITHMETIC AND LOGIC INSTRUCTIONS

AVR CPU Core - ULA
I

Mrernomics Operands Description Oper=tion

Fd, Fr Add twa R egisters without Carny Fd —FRd+ Fr ZC,NWH 1

ADC Rd. Rr Add two Regictars with Carry Rd —Rd+ Rr+C ZCHVH 1 Rd: Destination (and source) register in the Register File
ADIN Rodl K Add Imme diate to Word RdhcRdl — Rdh:R dl + K ZONMS 2 Rr: Source register in the Register File

SUE Rd Rr Subtracttwo Registers Fd+—FRd- R ZoHMH A R Result after instruction is executed

SUBI Rd. K Subtract Constant from Register Rd—Rd- K ZONMVH 1 K Constant data

SBC Rd, Rr Subtracttwo Registers with Carny IRd —Rd-Ri-C ZONMH A k: Constant address

SECI Rd, kK Subtract Constant from Regwith Carny. Rd+—Rd- K-C ZCHMH |1 b Bit in the Register File or /O Register (3-bit)
Sy Rl k Subtract Imme diate from Ward Rdh:Rdl+— Rdh:Rdl- K ZCHWS ' 2 s Bit in the Status Register (3-bit)

AND Fd. Rr Logical AHD Regiters Fd+—FRd- Rr M 1 XY.Z. Indirect Address Register

ANDI R K Logical AND Register and Corstant Rd —FRd - K TN I (X=R27:R26, Y=R29:R28 and Z=R31:R30)
OR Fd, Rr Logical OR Registers Rd +—FRdv Rr .Z.N.‘J 1 A /O location address

ORI Rd kK Logical OR Register and Canstant Rd—FRdwk ZHW 1 q: Displacement for direct addressing (6-bit)
EOR 'Rd, Rr Exclusive OR Registers 'Rd—FRd @ Rr ZHM |1

COhd Fd One's Complement Rd —0Ox=FF - Rd ZC N 1

NEG Rd Twio's Complement Rd —0+00- Rd ZoHMH |1 SREG: Status Register

SBR Rdk Set Bittz) in Register Rd +—Rdwv I ZHV 1 - Carry Flag

CER :Rd.K Clear Bitz) in Register :Rd+—Rd-(EI><FF- 4] :Z.N.‘J :1 7 Zero Flag

INC .R-:I Increment .R-:I+—H-:I+ 1 = W . 1 N: Negative Flag

DEC Rd Decrement Rd +—Rd- 1 ZHV 1

= == e e T e V: Two's complement overflow indicator
CLR Rd Clear Register Rd —FRd @ Rd ZHY 1 S N @V, For signed tests

SER Rd Set R egister Rd —OxFF [Hore i H: Half Carry Flag

hLIL Rd,Rr Miutiphy Ursigne d R1:RO—FRdx R [&E 2 T: Transfer bit used by BLD and BST instructions
i SRS oA it [k 2 I: Global Interrupt Enable/Disable Flag
hLILSU Fd, Rr hultiphy Signed with Un=igned FA4:RO+—Fdx= Rr i z

F il L Rd Rr Fractional bdultip by Unsigned R4:RO+—(Rd=FRr) << 1 ZC .2 SCO - UNIVASF

FhULS Fd Fr Fractional hdultip by Signed FA:RO+—(Rd=Fr) << 1 T z

FmULEL Rd, Rr Fractional hdultip by Signed with Unsigned R1:RO+—(Rd=Rr) <= 1 ZC 2 CECOMP




ERANCH INSTRUCTIONS

Operands i piti o Oper=tion
RJiF ke Relative Jump FC+—FC+k+1 Naone 2
. IIhiF Indirect Jump to (£) FC +—Z MNaone z
JhAFL 1 :k -Dire-::t..lump .F'E+—k . Maone .3
RCALL k Relative Subroutine Call .PE+—PE+k+1 . None .3

EIT AND BIT-TEST INSTRUCTIONS

bMreronics Operands | Description Operation
SBI F.b SetBitin VO Register WP b —1 Mone 2
CHI F.b Clear Bitin /0 Fegister IfOCF b +—0 | Mane 2

DATATRAMNSFER INSTRUCTIONS

hrrmonics Operands De=cription Operation

A, | Rd, Rr hlowe Between Registars FEd+—FRr Mane 1
QAN . Rd, Rr Copy Register WMiard Rt 1:Rd+— Rr+1:Rr Mane .1
LL . Rd, K - Load Immediate . Fd+— K .N-:-ne .1
LL» . Rd, - Load Indirect . Rd —(x]) .Nune .2
LL . Rid, 7+ - Load Indirect and Fost Incrament . Fd —(x], a—2+ 1 .Nl:-ne 2
LL» . Rd, - . Laad Indirect and Pre-Decrament .X*—X- 1, Rd — (%) .N-:-ne .2
LL . Rd, Laad Indirect Fd+—r7 . Mane .2
LL» . Rd, "+ - Load Indirect and Post Increment . Bd— (v, v —"r + 1 .N-:-ne 2

MCU CONTROL INSTRUCTIONS

Mnemonics |Operands |Description Operation ai #Clocks

MOP Mo Operation | Mo Cperation Mone |1
SLEEF : Sleep :I:SEE specific descr. for Sleep function) .Nnne . 1
WDR | WWatchdog Reset _{See specific descr. for WDRAimer) Mone |1
BREAK Break For On-chip Debug Only None | N/
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ERAMCH INSTRUCTIONS

Operands | Description

Indirect Call to [ FC+—Z Maone

CALLT k Crirect Subroutine Call FC —k Maone 4
RET Subroutine Retarn PC+—STAC K None 4
RETI .Interrup‘tHeturn PC +—STACK | -4
CPSE Rd.Rr .Enmpare. Skip if Equal if(Rd= RO PC+—PC+20or3 Maone - 1203
CP .R-:I.Rr .l:l:-mpare .Hl:l- Fr .Z.N.‘J.C.H -1
CFC Rd,Rr Compare with Carry Rd- Rr-C Z HWEH 1
CFI .R-:I.K .Enmpare R egister with Immediate Fd - K = HWEH - 1
SBRC Rr, b Skip if Bit in Register Cleared if(Rrb)=0) PC +—FPC +20r3 Mone 123
SBRS Rr. b .SkipifEl'rt in Register = Set if(RIE)=11 PC —FC +2 013 Mone - 122
SBIC .A,I:- .SkipifEli‘t in X0 Register Cleared .if(l."I:(ﬁc,b:Fﬂ FPC—PFC+20r3 . Maone - 120
SBIS .A.I:- .SkipifEli‘t in W0 Register is Set .if(|."|:(.ﬁ,h:l='1) PC+—PC+2ar3 . Mone - 122
BRBES .S.k .Elranchifﬁtatus Flag Set if(SREZ(s)= 1) then PC—PCH + 1 Maone - 12
BRBELC =k Branch if Status Flag Cleared if(SREG(s) = 0) then PC—PCHo + 1 Maone 12
BREL k Branch if Equal ifiZ =11then PC—FC +k + 1 Maone 12
ERMHE k Branch if Mot Equal it =0 then PC+—FC +k +1 Maone -1.'2
BRC S .k .Elranchifli.arr;rSet .if(E=1jthen FC —FLC +k +1 .Nnne -1.l‘2
BRCC .k .Elranchifl:.arryrllleared .if(l:=I:Ijthen PC +—PLC +k+1 .Nl:-ne -1."2
BRSH k Branch f Same or Higher if(C =071then PC —FPLC +k + 1 Mane 12
BRLO k Branch if Lower if(C =131then PC+—FC +k + 1 Maone 12
ER 1 k Branch if Minus if(M = 11 then PC+—FPC +k + 1 Mone 12
BRFL .k .ElranchifF'Ius if(N =071then PC—FC +k + 1 Mane - 12
BRiGE .k .ElranchifGreater-:-rEqual,Signed .if(N @ = 0 then PC+—PC +k +1 .Nu:-ne -1."2
BELT .k .Elranchi'fLEs Than £ero, Signed .if(N & W= 1 then PC+—PC +k +1 .Nnne -1.l‘2
BRHS .k .ElranchifH.aIf Carry Flag Set ift(H=131then PC+—FLC +k + 1 Maone - 12
BRHLC k Branch if Half Carry Flag Cleared if(H=01then PC +—FC +k + 1 Maone 12
BRTS k Branch if TFlag Set if(T=11then PC +—FC +k +1 Mone 12
ERTC k Branch if TFlag Cleared if(T=0)then PC+—FC +k +1 Maone 12

BRWS

Branch if Cwerflow Flag i Set

Branch if Cwerflom Flag i Cleared

Branch i Interrupt Enabled

Branch if Interrupt Dis abled

if(W= T1then FC+— FC + ki + 1

(W= O then PG — PT + k+ 1

if( 1= T1then PC +— PC +k +1

it( 1= M then PC +—PC +k +1

Maone

MHone
Mane

Maone

12




AVR CPU Core

BIT AMD BIT-TEST INSTRUCTIONS

hnermonics

SAP
BSET
BCLRE
BST
BLD
SEC
CLC
SEN
CLH
SEZ
CLE
SEIl
cu
SES
CLS
SEW
CLY
SET

Operands

Rd

.Hd
.Rd
.Hd
.R-:I

Description

Logical Shitt Lett

Lagizal Shit Right

Fiotate Left Through Carry

Rotate Riight Through Carny
Arithmetic Shift Right

S ap Mibbles

Flag Set

Flag Clear

Bit Store fromRegisterta T

Bit load from Tto Register

SetCarny

Clear Carry

SetMegative Flag

Clear Meg ative Flag

SetZera Flag
Clear £erao Flag

lob al Interrupt Enable

zlob al Interrupt Dis able

SetSigned TestFlag

Clear Signed Test Flag

Set Two's Complement Owe rflow.
Clear Two's Complement Cheerflon

SetTin SREG

Clear T in 5SREZ

SetHalf Carry Flag in SREG

Clear Half Carry Flag in SREG

W10
T+—1

Rdirm+ 11— Rd(ni, R0 —0
Fediril — R i1, R T —0
R di0—E  Rdire 11— Rd(ri), SR di7)

| Rd(Ty—i. Reirie— R diret 1), Co—R d(0)
R — R 1), r=0...6

Rdi2 . O—Rd7. 4,Rd7. H-Rd(z. 0
SREG(z) — 1

SREG(s)—0

T — Rt

Rdttye— T

C—1

C+—0
M—1

HN+—0

Z—1

Z+—0

l+—1

| +—0

51
S—0
Ve

ULA

Flzgs
Z, 0N
Z0 N
Z 0N
Z.C N
Z 0N

Hone

SREG(E)
SREG(=)
:

Mane

o R T T W I s e

i e il 5L G T 0= -l e R




AVR CPU Core - ULA

DATATRANSFER INSTRUCTIONS

hMhemonics ] Description

Rd, - Load Indirect and Pre Decreme nt ae—="r- 1, Bd —(7] Mane 2
LL L . Rd,r+q Load Indirect with Dis placement Rd+— + q) MNone .2
LL . Rd, £ . Load Indirect . Rd +—(Z) Nane .2
LL . Rd, £+ . Load Indirect and Post Increment . Rd +—(Z), & +—Z+1 Mane .2
LL Rd, -Z Load Indirect and Pre [Decrement Z—Z- 1, Rd+—(Z) Nane 2
L[ . Fd, £+gq Load Indirect with Cris placement Fd+—(Z+ q1 Mane 2
LOS Rd, k Load Crirect from SREAM Rd+—k) Mone 2
5T .)C. Rr Store Indirect [+ — Rr MNane .2
ST .X+,Rr . Store Indirect and Post-Increment .(X;|+—Hr,><+—x+1 .N-:-ne .2
5T .-K Rr . Store Indirect and Pre-Cecr ement A= 1, —Rr .Nnne .2
5T .Y.Rr Store Indirect 1 +— Rr Mane .2
5T 4+, R Store Indirect and P ost-Iner eme nt (1 +— R +—"+1 Hane 2
5T .-Y.Rr Store Indirect and Pre-Crecr ement =" 1, 1 — Rr MNane 2
STD g, Rr Store Indirectwith Dis placement '+ q)+—FRr HNone 2
5T .Z.Rr . Store Indirect .(Z'J+—Rr .Nnne .2
ST .Z+, Er . Store Indirect and Fost-Inerement .(Z;|+—Rr,Z+—Z+ 1 .N-:-ne .2
5T .-Z.Rr Stare Indirect and Pre-Lrecr emenit Z—Z-1.(Z1+— Rr Nane .2
5T .Z+q.Ftr Stare Indirectwith 0is placement =+ q1+— Fir Mane 2
5TS k, Rr Store Drirect to SRAR (k1+—FRr Hane 2
LF hd . Load Program hdemory RO —1(Z) MNane .3
LF hd . Rd, £ . Load Program hdemory . Fd+—(Z) .N-:-ne .3
LF hd . Rd, £+ . Load Frogram hemory and Post-Ine . Rd (&), & —Z+1 .Nnne .3
SP . Store Program hlemony [Z1+— R4 RO Mane .
IM In from W0 Location Rd +— 0 (A Hane 1

Rd, A

COutto W3 Location

Fush Register on Stack

Fop Register from Stack

VO (A — Rr
STACK— Rr

Rd — STACK




AVR CPU Core - Registrador STATUS

v Contém informacdes sobre o resultado das
instrucoes aritméticas executadas.

v STATUS é atualizado apds qualquer uma das
operagoes da ULA.

v Ndo é automaticamente armazenado quando ocorre
uma interrupgdo e restaurado apds o retorno da
interrupgdo. Isso deve ser manipulado por software.
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AVR CPU Core - Registrador STATUS

Name: SREG

Offset: OxOF

Reset: 0Ox00

Property: When addressing as 1/O Register: address offset is 0x3F

Bit 7
I

6 5 4 3 2 1 0
T H S v N ¥ C
Access RAMV RAY RMV R RAN R RAV R
Reset 0 0 0 0 0 0 0 0

Bit O - C (Carry flag).
Bit 1 - Z (Zero flag).
Bit 2 - N (negative flag).
Bit 3 - V (flag de overflow comp. de 2).
Bit 4 - S (Sign flag) - XOR entre Ne V.

Universidade Federal do Vale do Sao Francisco - UNIVASF
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AVR CPU Core - Registrador STATUS

Name: SREG

Offset: Ox5F

Reset: 0Ox00

Property: When addressing as 1/O Register: address offset is 0x3F

Bit 7
I

6 5 4 3 2 1 0
T H s vV N z C
Access RAN RAN RAN RN R RV RAV RAN
Reset 0 0 0 0 0 0 0 0

Bit 5 - H (Half carry).

Bit 6 - T (Copy storage) - As instrugoes BLD (Bit LoaD)
e BST (Bit Store) usam o bit T como fonte ou destino
para uma operagdo de bit.

Bit 7 - I (Global interrupt enable) - Se I=1, a interrupgdo
global € habilitada. Se I=0, a interrupgdo global é desabilitada.
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AVR CPU Core - Arquivo de Registrador

v' Registradores de propdsito geral.

T 0 Addr,
R0 0=00
Rl 0=01
RZ 0=02
Rl3 0=z0D
General Rl14 N=0E 18 XH XL 0
X-register I 7 0 I 7 0 I
Purpoze Elx 0=z0F
R27 R26
Working R16 0x1 0 15 Mk s °
Y-register I 7 0 I 7 1] I
FRegisters R17 0zll R29 R28
15 ZH L 0
Z-register I 7 UI T 0 I
R26 Ih:4 R31 R30
R27 0zlB H-register High Byte
Rzg Dxl1C Y-register Low Byte
R29 0zl Y¥-re gister High Byte
Zregister Low Byte
5co - UNIVASF
Z-register High Byte il CECOMP




AVR CPU Core - Pilha

v Alocada na SRAM de dados geral. O tamanho é

limitado pelo famanho total da SRAM e o uso da
SRAM.

v' A pilha é implementada de modo crescente a partir
das locagdes de memdria superiores para inferiores.

Universidade Federal do Vale do Sao Francisco - UNIVASF
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AVR CPU Core - Pilha

v O apontador de pilha (SP) é implementado em dois
registradores de 8 bits no espago de E/S.

Name: SPH

Offset: OxbE

Reset: RAMEND

Property: VWhen addressing 1/O Registers as data space the offset address is Ox3E

Bit 7 6 5 4 3 2 1 0
| | | | | (SP[108]) SPH
Access Rw RW RW
Reset 0 0 0

Bits 2:0 — (SP[10:8]) SPH: Stack Pointer Register
SPH and SPL are combined into SP. It means SPH[2:0] is SP[10:8].

Name: SPL

Offset: 0Oxb6D

Reset:  Ox11111111

Property: VWWhen addressing I/O Registers as data space the offset address is 0x3D

Bit 7 6 5 4 3 2 1 0
(SP[7:0]) SPL
Access RW RW RW RW RW RW RW RW
Reset 0 0 0 0 0 0 0 1

Bits 7:0 — (SP[7:0]) SPL: Stack Pointer Register
SPH and SPL are combined into SP. It means SPL[7:0]is SP[7:0].




AVR CPU Core - Pilha

v' SP sempre aponta para o topo da pilha.

PUSH Decremented by 1 Data is pushed onto the stack

CALL Decremented by 2 Retum address is pushed onto the stack with a subroutine call or
interrupt

ICALL

RCALL

POP Incremented by 1 Data is popped from the stack

RET Incremented by 2 Retum address is popped from the stack with return from subroutine or

retum from interrupt
RETI

Universidade Federal do Vale do Sao Francisco - UNIVASF
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Memorias

v' Ha dois principais espagos de memdria: programa e
dados. Além disso, ha uma meméria EEPROM para
armazenamento de dados.

v Memoéria de programa flash.

- 32 Kbytes - 16K x 16 (devido as instrugoes serem de
16 e 32 bits).

- E dividida em duas secoes:

* boot loader e aplication program.

Universidade Federal do Vale do Sao Francisco - UNIVASF
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Memorias

v Memoéria de programa flash.

Frogram Memory

(x0000

PC possui 14 bits.

Application Flash Section

00 0000 0000 0000 (0000h)
11 1111 1111 1111 (3FFFh)

am—

Boot Flash Section ale do Sao Francisco - UNIVASF
weiEddria da Computacao - CECOMP




Memorias

v Memoéria SRAM de dados.

IN/OUT

0x0000 — O0x001F

Load/Store
- N
8 32 registers ) 0x0000 — 0x001F
7 S
§ 64 1/0 registers ) 0x0020 — Ox005F
P <
. 160 Ext I/O registers ) 0x0060 — OxO0FF
[ ) 0x0100 \
Internal SRAM Apenas as instrugoes
{2046xC) ST/STS/STD e
. ) OxO08FF LD/LDS/LDD

podem ser usadas
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Clocks do Sistema e Opgoes de Clock

clkapc
clkepy
> 4

clkio AVR Clock

Control Uni
/ Clkasy / ClkeLask
A
frequéncia

Watchdog clock

Clksys

System Clock - Watcdog
Prescaler Oscillator |

Clock
Multiplexer

Timer/Coun Calibrated Internal
Oscillator

‘Oscillator Crysta y | Oscillator "RC 0SC

vivix B g
ewix —

1osoL l— %
zoso1r l—— :




Clocks do Sistema e Opgoes de Clock

v Ha seis opgoes de clock para o sistema clkSYS,
selecionaveis via flash fuse (CKSEL).

Device Clocking Option CKSEL[3:0]

Low Power Crystal Oscillator 1111 - 1000
.FuII Swing Crystal Oscillator .D’l’l’l - 0110
Low Freguency Crystal Oscillator 0101 - 0100
Internal 128kHz RC Oscillator 0011
.Calibrated Intemal RC Oscillator .DD’HZJ
.Extemal Clock .DDDD
.Resewed .DDD’I

v Clock default (calibrated internal RC oscilator - em 8
MHz) com o fuse CKDIV8 selecionado, resultando em 1
MHz de clkSYS.

Universidade Federal do Vale do Sao Francisco - UNIVASF
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Clocks do Sistema

v Inicializagdo do clock.

- Qualquer fonte de clock - Vcc suficiente e um
himero minimo de ciclos de oscilacdes (considerado
estavel).

- Garantir Vcc suficiente > Reset interno com um
atraso de time-out, marcado pelo oscilador do
watchdog, com ndmero de ciclos setado pelos bits

fuses SUTx e CKSELXx.
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Clocks do Sistema

v Inicializagdo do clock.

- Para garantir a estabilidade do clock, o reset é
mantido por um ndmero minimo de ciclos de clock -
oscilador start-up time - dependente do tipo de
clock.

- Por exemplo, no tipo "low frequency cristal”, os ciclos
variam de 6 a 32K.

- O tempo de inicializagdo do clock = atraso time-out +
start-up time.

Universidade Federal do Vale do Sao Francisco - UNIVASF
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Opgoes de Clock

v Low Power Cristal Oscillator.

v Full Swing Cristal Oscillator.

v' Low Frequency Cristal Oscillator.
v' Calibrated Internal RC Oscillator.
v' 128 KHz Internal Oscillator.

v’ External Clock.

v’ Timer/Counter Oscillator.

Universidade Federal do Vale do Sao Francisco - UNIVASF
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Opgoes de Clock

v’ Low Power Cristal Oscillator.

- Baixo consumo de energia, ndo € capaz de fornecer
para outras entradas de clock e € mais susceptivel a
ruidos em ambientes ruidosos.

- Funciona em trés diferentes modos.

Frequency Range CKSEL[3:1]@) Range for
[MHz] Capacitors C1 and C2 [pF]

o 13 2
.0.4 0.9 .100 | c2 S
09-30 101 {293 S

=z = 1
30-80 .110 .12 22 ) : ] SCTALI
8.0-160 111 12-22

GHD
Note:
1. Ifthe crystal frequency exceeds the specification of the device (depends on Vee), the CKDIVSE Fuse =

can be programmed in orderto divide the internal frequency by 8. It must be ensured that the
resulting divided clock meets the freguency specification of the device.

2. This isthe recommended CKSEL settings forthe difference freguency ranges.

2. This option should not be used with crystals, only with ceramic resonators.



Opgoes de Clock

v’ Low Power Cristal Oscillator.

- Os fuses CKSELO e SUTI[1:0] selecionam os start-up
Times.

Oscillator Source f Power Start-up Time from Additional Delay from CKSELO | SUT[1:0]
Conditions Power-down and Reset
Power-save Voo =5.0V)

Ceramic resonator, fast rising power | 258 CK 14CK + 4 1mstl) 0 0o
Ceramic resonator, slowly rising 258 CK 14CK + 65msll) 0 01
power
Ceramic resonator, BOD enabled 1K CK 14CK) 0 10
Ceramic resonator, fast rising power 1K CK 14CK + 4 1mst 0 11
Ceramic resonator, slowly rising 1 CK 14CK + B5msle) 1 0o
power
Crystal Oscillator, BOD enabled 16K CK 14 CHK 1 01
Crystal Oscillator, fast nsing power 16K CK 14CK + 4 1ms 1 10
Crystal Oscillator, slowly nsing power | 168K CK 14CHK + B2ms 1 i

Mote:

1. These options should only be used when not operating close to the maximum frequency of the
device, and only if frequency stability at start-up is not important for the application. These options
are not suitable for crystals.

2 These options are intended for use with ceramic resonators and will ensure frequency stability at

start-up. They can also be used with crystals when not operating close to the maximum frequency
of the device, and if frequency stability at start-up is not important for the application.




Opgoes de Clock

v Full Swing Cristal Oscillator.

- Maior consumo de energia, € capaz de fornecer (pino
XTAL2) para outras entradas de clock e em

ambientes ruidosos.

- Funciona somente com Vccde 2,7ab55b V.

Frequency Range" [MHz] CKSEL[3:1] |Recommended Range for Capacitors C1 and C2 [pF]
-2

04-20 011 12-22 il T XTALZ
. . =
Note: e S STAL
1. Ifthe crystal frequency exceeds the specification of the device (depends on Ve ), the CKDIVE Fuse
can be programmed in orderto divide the internal frequency by 8. It must be ensured that the GHND
resulting divided clock meets the frequency specification of the device.
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Opgoes de Clock

v Full Swing Cristal Oscillator.

- Os fuses CKSELO e SUTI[1:0] selecionam os start-up
Times.

Oscillator Source / Power Start-Up Time from Additional Delay from CKSELQ | SUT[1:0]
Conditions Power-down and Reset
Power-save (Voo = 5.0V)

Ceramic resonator, fast rising power | 258 CK 14CK + 4 1msll) 0 00
Ceramic resonator, slowly rising 258 CK 14CK + 65m sl 0 01
powwer
Ceramic resonator, BOD enabled 1K CK 14CKE) 0 10
Ceramic resonator, fast rising power | 1K CK 14CK + 4 1ms@ 0 "
Ceramic resonator, slowly rising 1K CK 14CK + B5m ) 1 00
power
Crystal Oscillator, BOD enabled 16k Ck 14CK 1 01
Crystal Oscillator, fast dsing power 16k CK 14CK + 4 1ms 1 10
Crystal Oscillator, slowly rising power 16K CK 14CK + B5ms 1 11

MNote:

1. These options should only be used when not operating close to the maximum frequency ofthe
device, and only if frequency stability at start-up is not important for the application. These options
are not suitable for crystals.

2. These options are intended for use with ceramic resonators and will ensure frequency stability at
start-up. They can also be used with crystals when not operating close to the maximum frequency
of the device and if frequency stability at start-up is not impodant for the application.




Opgoes de Clock

v’ Calibrated Internal RC Oscillator.

- Por default, fornece um clock de 8 MHz com o fuse
CKDIV8 programado.

- Funciona sem componentes externos.
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Opgoes de Clock

v Calibrated Internal RC Oscillator.

Frequency Range(!) [MHz] |EKSEL[3:0]
Z3 0o 00100
MNote:

1. If 8BMHZ freguency exceeds the specification of the device (depends on Ve, the CRDIVE Fuse can
be programmed in order to divide the intemal frequency by 8.

2. The device is shipped with this option selected.

Power Conditions | Start-Up Time from Power-down Additional Delay from Reset (Ve = SUT[1:0]
and Power-Save 5.0V)
BOD enabled 6 Ch 14CHK 0o
.Fast Fsing power .BCH .14CH+4.’1m5 :D’l
' Slowly rising power 6 CK |14CK + 65ms 100
.Resewed .’H
Note:

1. The device is shipped with this option selected.




Opgoes de Clock

v 128 KHz Internal Oscillator.

- Frequéncia hominal de 128 KHz em 3 V e 25 °C.
- Baixo consumo.

Nominal Frequencyll CKSEL[3:0]

128kHz 0011

save
BOD enabled 6 CHK 14 CK .DD
.Faat FSing power .6 CK | 14CK + 4dms .[21'1
.Slowly nsing power.ﬁ L | 142K + B4dms | 10

Feserved 11
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Opgoes de Clock

v' External Clock.

EXTERMAL
CLOCK EXTCLK

SIGNAL

GMD

Frequency | CKSEL[3:0]

0- 20MHz 0000
Power Conditions ‘Start-Up Time from Power-down iAdditinnaI Delay from Reset (Vcc = SUT[1:0]
and Power-save 5.0V)
'BOD enabled B CK 14CK 00
"Faat MSING power EBCH i’14CH+4.1m5 i[]’l
:-Slowly nsing power.ﬁ CHK | 14CK + B5ms | 10

Fecserved i



Opgoes de Clock

v’ Buffer de saida do clock.

- O sinal do clock do sistema sai no pino CLKO (pino
14), se o fuse CKOUT for programado.

- Utilizado para fornecer um clock para outros
circuitos.
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Opgoes de Clock

v’ Prescaler do clock do sistema.

Bit

ACCESS
Feset

- Usado para diminuir a frequéncia de clock do sistema
e o consumo de energia.

- O clock do sistema é dividido por um fator
configurado nos bits CLKPS [3:0] do registrador
CLKPR.

Name: CLKFRE

Offset: OxG61
Reset: Feferto the bit description
Property: -
7 B ] il 3 2 1 0
CLPCE CLKPS3 CLHPS2 CLKEPS CLKPSO
R RN =R R R
0 Hd ® b4 b4
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Opgoes de Clock

v’ Prescaler do clock do sistema.

Name: CLKPR

Offset: (Ox61
Reset: Fefertothe bit description
Property: -
Bit 7 6 5 4 3 2 1 0
CLKPCE CLKPS3 CLKPSZ2 CLKPST CLKPSD
ACCESS =F R =HH =Ht (=R
Reset 0 ¥ ¥ b ¥
0000 1
0001 | 2
0010 4
0011 8
0100 | 16
0101 32
0110 | 64
0111 | 128
1000 256

1001 Reserved



Opgoes de Clock

v’ Prescaler do clock do sistema.

Name: CLKPR

Offset: 0xB1
Reset: Fefertothe bit description
Property: -
Bit 7 6 a2 4 3 2 1 0
CLPCE CLKPS3 CLKPSZ CLHPS1 CLKPS0
ACCESS R R AN R R

Feset 0 ¥ ® " "

- Bit 7 - CLKPCE: Deve ser '1' para habilitar a mudanga dos
bits CLKPS.

- CLKPCE é atualizado somente se os outros bits (CLKPS)
forem escritos com 'O’

+ CLKPCE é zerado automaticamente apds 4 ciclos de
clock ou quando CLKPS for escrito.
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Opgoes de Clock

v’ Prescaler do clock do sistema.

- Procedimento para mudanga do prescaler.

- CLKPR = 0x80.

- Dentro de 4 ciclos de clock, escreva o valor desejado
em CLKPS[3:0] e zere o bit CLKPCE.

- CLKPR = OxON.
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Programagado Assembly

v Faga um programa que realiza a soma de dois
ndmeros com 8 bits.

v Faga um programa que realiza a soma de dois
nimeros de 8 bits e se houver carry, armazene o
resultado real da soma no registrador X (r27:r26).

v Faga um programa que realiza a soma de dois
ndmeros de 16 bits.

v Faga um programa que resolve a sequinte equagdo:
(a/2) + (b/2), sendo a e b nimeros de 8 bits. se
houver carry, armazene o resultado real no
registrador X (r27:r26).
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Programagdo Assembly

v Faga um programa em assembly que seta
(OxFF) as posigoes da memoria SRAM 0x0100
a 0x0120.

v Faga um programa em assembly que zera
(0x00) as posigoes impares e seta (OxFF) as
posigoes pares da memoria SRAM 0x0100 a
0x0120.

v Faga um programa que implementa um delay de
1us, 100 us, 1 ms, 100 ms e 1s.
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