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SREG - AVR Status Register
The AVR Status Register — SREG - is defined as:

Bit 7 5 5 4 3 2 1 0

Ox3F (0x5F) | 1 | T | H \ S | v | N | z | c | SREG
Read/Write RW RW RW RW RW RAW RW R/W

Initial Value o] 0 0 0 ] 0 0 0

* Bit 7 —I: Global Interrupt Enable

The Global Interrupt Enable bit must be set for the interrupts to be enabled. The individual interrupt enable control
is then performed in separate control registers. If the Global Interrupt Enable Register is cleared, none of the inter-
rupts are enabled independent of the individual interrupt enable settings. The I-bit is cleared by hardware after an
interrupt has occurred, and is set by the RETI instruction to enable subsequent interrupts. The I-bit can also be set
and cleared by the application with the SEl and CLI instructions, as described in the instruction set reference.

* Bit 6 — T: Bit Copy Storage

The Bit Copy instructions BLD (Bit LoaD) and BST (Bit STore) use the T-bit as source or destination for the oper-
ated bit. A bit from a register in the Register File can be copied into T by the BST instruction, and a bitin T can be
copied into a bit in a register in the Register File by the BLD instruction.

* Bit 5 — H: Half Carry Flag
The Half Carry Flag H indicates a Half Carry in some arithmetic operations. Half Carry Is useful in BCD arithmetic.
See the “Instruction Set Description” for detailed information.

» Bit4-S:SignBit,S=N@V
The S-bit is always an exclusive or between the Negative Flag N and the Two’s Complement Overflow Flag V. See
the “Instruction Set Description” for detailed information.

* Bit 3 - V: Two’s Complement Overflow Flag
The Two's Complement Overflow Flag V supports two’s complement arithmetic. See the “Instruction Set Descrip-
tion™ for detailed information.

* Bit 2 — N: Negative Flag
The Negative Flag N indicates a negative result in an arithmetic or logic operation. See the “Instruction Set
Description” for detailed information.

* Bit1-Z: Zero Flag
The Zero Flag Z indicates a zero result in an arithmetic or logic operation. See the “Instruction Set Description” for
detailed information.

* Bit 0 - C: Carry Flag

The Carry Flag C indicates a carry in an arithmetic or logic operation. See the “Instruction Set Description” for
detailed information.

Figure 7-2. AVR CPU General Purpose Working Registers

7 0 Addr.
RO 0x00
R1 0x01
R2 0x02
R13 0x0D
General R14 Ox0E
Purpose Ri5 Oox0F
Working Ri6 0x10
Registers R17 Ox11
Ras Ox1A X-register Low Byte
R27 0x1B X-register High Byte
R28 ox1G Y -register Low Byte
R29 0x1D Y-register High Byte
R30 0x1E Z-register Low Byte
R31 ox1F Z-register High Byte




The X-register, Y-register, and Z-register
The registers R26...R31 have some added functions to their general purpose usage. These registers are 16-bit
address pointers for indirect addressing of the data space. The three indirect address registers X, Y, and Z are

defined as described in Figure 7-3.

Figure 7-3.

X-register

Y-register

Z-register

The X-, Y-, and Z-registers

15 XL 0
17 [ K 0]

R27 (0x1B) R26 (0x1A)

15 YL 0
17 [ K 0]

R29 (0x1D) R2a (0x1C)

15 7L 0
L 1’ |

R31 (0x1F) R30 (0x1E)

In the different addressing modes these address registers have functions as fixed displacement, automatic incre-
ment, and automatic decrement (see the instruction set reference for details).

SPH and SPL - Stack Pointer High and Stack Pointer Low Register

Bit
0x3E (0x5E)
0x3D (0xsD)

Read/Write

Initial Value

15 14 13 12 11 10 9 8
SP15 S5P14 SP13 SP12 SP11 SP10 SP9 SPs
SP7 SPe SP5 SPa SP3 SP2 SP1 SPo

7 6 5 4 3 2 1 0
RW RwW RAW RW RW RW RW RW
RW RwW RAW RW RW RW RW RW

RAMEND RAMEND RAMEND RAMEND RAMEND RAMEND RAMEND RAMEND
RAMEND RAMEND RAMEND RAMEND RAMEND RAMEND RAMEND RAMEND

SPH
SPL

Program Memory Map ATmega88A, ATmega88PA, ATmega168A, ATmega168PA, ATmega328 and

ATmega328P

Program Memory

Application Flash Section

e

Boot Flash Section

0x0000

OXOFFF/0x1FFF/0X3FFF



Data Memory Map

Data Memory

32 Registers 0x0000 - O0x001F
64 1/0 Registers 0x0020 - 0x005F
160 Ext I/0 Reg. 0x0060 - Ox00FF
0x0100
Internal SRAM
(512/1024/1024/2048 x 8)
0x02FF/0x04FF/0x4FF/0x08FF




Instruction Set Nomenclature

Status Register (SREG)

SREG:

Status Register

Carry Flag

Zero Flag

Negative Flag

Two's complement overflow indicator

N & V, For signed tests

Half Carry Flag

Transfer bit used by BLD and BST instructions
Global Interrupt Enable/Disable Flag

Registers and Operands

Rd:
Rr:
R:
K:

Destination (and source) register in the Register File
Source register in the Register File

Result after instruction is executed

Constant data

Constant address

Bit in the Register File or 11O Register (3-bit)

Bit in the Status Register (3-bit)

Indirect Address Register

(X=R27:R26, Y=R29:R28 and Z=R31:R30)

|/O location address

Displacement for direct addressing (6-bit)



I/O Registers

RAMPX, RAMPY, RAMPZ

Registers concatenated with the X-, Y-, and Z-registers enabling indirect addressing of the whole data space on MCUs with
more than 64K bytes data space, and constant data fetch on MCUs with more than 84K bytes program space.

RAMPD

Register concatenated with the Z-register enabling direct addressing of the whole data space on MCUs with more than 64K
bytes data space.

EIND

Register concatenated with the Z-register enabling indirect jump and call to the whole program space on MCUs with more
than 64K words (128K bytes) program space.

Stack

STACK: Stack for return address and pushed registers
SP: Stack Pointer to STACK

Flags

o Flag affected by instruction

0: Flag cleared by instruction

1: Flag set by instruction

- Flag not affected by instruction

The Program and Data Addressing Modes

The AVR Enhanced RISC microcontroller supports powerful and efficient addressing modes for access to the Program
memory (Flash) and Data memory (SRAM, Register file, VO Memory, and Extended 1/O Memory). This section describes
the various addressing modes supported by the AVR architecture. In the following figures, OP means the operation code
part of the instruction word. To simplify, not all figures show the exact location of the addressing bits. To generalize, the
abstract terms RAMEND and FLASHEND have been used to represent the highest location in data and program space,
respectively.

Note:  Not all addressing modes are present in all devices. Refer to the device spesific instruction summary.
Register Direct, Single Register Rd

Figure 1. Direct Single Register Addressing
REGISTER FILE

oP | re |

31

The operand is contained in register d (Rd).
Register Direct, Two Registers Rd and Rr

Figure 2. Direct Register Addressing, Two Registers
REGISTER FILE

oP Rr | Rd |

31

Operands are contained in register r (Rr) and d (Rd). The result is stored in register d (Rd).



I/O Direct

Figure 3. 1/O Direct Addressing
/O MEMORY

83

Operand address is contained in 6 bits of the instruction word. n is the destination or source register address.

Note:  Some complex AVR Microcontrollers have more peripheral units than can be supported within the 64 locations reserved in the
opcode for /O direct addressing. The extended /0 memory from address 64 to 255 can only be reached by data addressing,
not 1/0 addressing.

Data Direct

Figure 4. Direct Data Addressing

Data Space
31 2019 16 0x0000

OoP Rr/Rd

Data Address

RAMEND

A 16-bit Data Address is contained in the 16 LSBs of a two-word instruction. Rd/Rr specify the destination or source
register.



Data Indirect with Displacement

Figure 5. Data Indirect with Displacement

Data Space

0x0000

Y OR Z - REGISTER

RAMEND

Operand address is the result of the Y- or Z-register contents added to the address contained in 6 bits of the instruction
word. Rd/Rr specify the destination or source register.

Data Indirect

Figure 6. Data Indirect Addressing

Data Space

0x0000
15 0

X, Y OR Z - REGISTER

RAMEND

Operand address is the contents of the X-, Y-, or the Z-register. In AVR devices without SRAM, Data Indirect Addressing is
called Register Indirect Addressing. Register Indirect Addressing is a subset of Data Indirect Addressing since the data
space form 0 to 31 is the Register File.

Data Indirect with Pre-decrement

Figure 7. Data Indirect Addressing with Pre-decrement

Data Space

0x0000
15

> X, Y OR Z - REGISTER

RAMEND

The X,- Y-, or the Z-register is decremented before the operation. Operand address is the decremented contents of the X-,
Y-, or the Z-register.

Data Indirect with Post-increment

Figure 8. Data Indirect Addressing with Post-increment
Data Space

0x0000
15 0

_)I X, Y OR Z - REGISTER I_

RAMEND

The X-, Y-, or the Z-register is incremented after the operation. Operand address is the content of the X-, Y-, or the Z-regis-
ter prior to incrementing.



Program Memory Constant Addressing using the LPM, ELPM, and SPM Instructions

Figure 9. Program Memory Constant Addressing
PROGRAM MEMORY

0x0000

Z = REGISTER

LSB T T

FLASHEND

Constant byte address is specified by the Z-register contents. The 15 MSBs select word address. For LPM, the LSB selects
low byte if cleared (LSB = 0) or high byte if set (LSB = 1). For SPM, the LSB should be cleared. If ELPM is used, the
RAMPZ Register is used to extend the Z-register.

Program Memory with Post-increment using the LPM Z+ and ELPM Z+ Instruction

Figure 10. Program Memory Addressing with Post-increment
PROGRAM MEMORY

0x0000

Z- REGISTER

=)

FLASHEND

Constant byte address is specified by the Z-register contents. The 15 MSBs select word address. The LSB selects low byte
if cleared (LSB = 0) or high byte if set (LSB = 1). If ELPM Z+ is used, the RAMPZ Register is used to extend the Z-register.



Direct Program Addressing, JMP and CALL

Figure 11. Direct Program Memory Addressing
PROGRAM MEMORY

1 1 0x0000
oP 6 MSB
16 LSB
15
21 0
PC -
FLASHEND
Program execution continues at the address immediate in the instruction word.
Indirect Program Addressing, IJMP and ICALL
Figure 12. Indirect Program Memory Addressing
PROGRAM MEMORY
0x0000
15 0
| Z - REGISTER
15 0
I P |
FLASHEND

Program execution continues at address contained by the Z-register (i.e., the PC is loaded with the contents of the Z-
register).

Relative Program Addressing, RIMP and RCALL

Figure 13. Relative Program Memory Addressing
PROGRAM MEMORY

0x0000
15 0
X e —
N

1 + >

[
15 12 11 0
[or ] k |

I FLASHEND

Program execution continues at address PC + k + 1. The relative address k is from -2048 to 2047.



Instruction Set Summary

#Clocks
Mnemonics | Operands | Description Operation Flags #Clocks XMEGA
Arlthmetic and Logic Instructions
ADD Rd, Rr Add without Carry Rd «— Rd+Rr ZCNVSH 1
ADC Rd, Rr Add with Carry Rd «— Rd+Rr+C ZCNVSH 1
ADIW Rd, K Add Immediate to Word Rd «— Rd+1:Rd+K ZCNVS 2
SUB Rd. Rr Subtract without Carry Rd « Rd-Rr ZCNVSH 1
suBl Rd, K Subtract Immeadiate Rd «— Rd-K ZCNVSH 1
SBC Rd, Rr Subtract with Carry Rd «— Rd-Rr-C ZCNVSH 1
SBCI Rd, K Subtract Immediate with Carry Rd «— Rd-K-GC Z,CNV.5H 1
SBIWM Rd, K Subtract Immediate from Word Rd+1:Rd « Rd+1:Rd-K Z.CNVS 2
AND Rd. Rr Logical AND Rd « RdeRr ZNVS 1
ANDI Rd, K Logical AND with Immeadiate Rd «— RdeK ZNNVS 1
OR Rd, Rr Logical OR Rd «— RdvRAr ZNNVS 1
ORI Rd, K Logical OR with Immediate Rd «— RdvK ZNNVS 1
ECR Rd, Rr Exclusive OR Rd «— Rd=Rr ZNVS 1
CcOoM Rd One's Complement Rd « $FF-Rd ZCNVS 1
NEG Rd Two's Complement Rd « $00-Rd ZCNVSH 1
SBR Rd.K Set Bit(s) in Register Rd «— RdvK ZNNVS 1
CBR Rd.K Clear Bit(s) in Register Rd « Rde($FFh-K) ZNVS 1
INC Rd Incremeant Rd « Rd+1 ZNVS 1
DEC Rd Decremant Rd « Rd-1 ZNV.S 1
TST Rd Test for Zero or Minus Rd «— RdeRd ZNNVS 1
CLR Rd Clear Register Rd «— Rd@®Rd ZNNVS 1
SER Rd Set Register Rd « $FF Nong 1
MUL( Rd,Rr Multiply Unsigned R1:R0 « RdxRr{Uuy) Z.C 2
MuLst Rd,Ar Multiply Signed R1:R0  « RdxAr(ss) ZC 2
MuLSUM™ Rd,Rr Multiply Signed with Unsigned R1:R0  « RdxRr(su) ZC 2
FMUL™ Rd,Rr Fractional Multiply Unsigned R1:R0  « RdxRre=1 (UU) zec 2
FMULSM Rd,Rr Fractional Multiply Signed R1:R0 & RdxRr<<i (SS) ZC 2
FMULSU™ Rd.Rr Fractional Multiply Signed with Unsigned R1:R0 « RdxRr<<1(SU) ZC 2
DES K Data Encrypticn if (H=0)then R15:B0 «  Encrypt{R15:R0, K) 12
clseif (H=1)then R15:R0  «  Decrypt(R15:R0, K}
Branch Instructions
RJMP k Relative Jump PC « PC+k+1 MNone 2
1JMPTT Indirect Jump to (Z) PC(15:0) « Z Mone 2
PC{21:16) «— 0
EIMPT Extended Indirect Jump to (Z) PC(15:0) « Z Mone 2
PC(21:16) « EIND
JMPH k Jump PC « &k Nonhe 3




#Clocks

Mnemonics Operands | Description Operation Flags #Clocks XMEGA

RCALL K Relative Gall Subroutine PC « PC+k+1 None 3 /41308 2/38

ICALL™ Indirect Call to (Z) PC(150) « Z None 3/4% 238
PC(21:16) « 0

EICALLI™ Extended Indirect Call to (Z) PC(15:0) « 2Z, None 4@ 3@
PC(21:16) « EIND

CALL™M K call Subroutine PC « k None 453 3748

RET Subroutine Return PC  « STACK None 4/5%

RETI Interrupt Return PC « STACK I 4/53

CPSE Rd,Rr Compare, Skip if Equal f(Rd=RNPC « PC+20r3 None 1/2/3

CP Rd,Rr Compare Rd - Rr Z,CNV,SH 1

CcpPC Rd,Rr Compare with Carry Rd-Rr-C Z,CNV,SH 1

CPI Rd.K Compare with Immediate Rd-K Z,CNV,SH 1

SBRC Rr. b Skip If Bit In Register Clearad IM(Rrb)=0)PC « PC+20r3 MNone 1/2/3

SBRS Rr. b Skip If Bit In Register Set It(Rr(b)=1)PC « PC+20r3 MNone 1/2/3

SBIC ADb SKip If Bit In VO Register Clearad MVOAL =0)PC  « PC+2o0r3 None 1/2/3 2/3/4

SBIS ADb Skip if Bit in 'O Register Set If(fO(AL)=1)PC « PC+2o0r3 None 1/2/3 2/3/4

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+Kk+1 None 1/2

BREQ k Branch If Equal if{Z=1)thenPC « PC+k+1 None 1/2

BRNE K Branch if Not Equal if {Z=0) then PC «— PC+k+1 None 1/2

BRCS K Branch if Carry Set it (C=1)then PC «— PC+k+1 None 1/2

BRCC K Branch if Carry Cleared it (C =0)then PC «— PC+k+1 None 1/2

BRSH K Branch if Same or Higher it (C=0)then PC «— PC+k+1 None 1/2

BRLO k Branch if Lower it (C=1)then PC «— PC+k+1 None 1/2

BRMI k Branch if Minus it (N = 1) then PC «— PC+k+1 None 1/

BRPL k Branch if Plus it (N =0) then PC «— PC+k+1 None 1/2

BRGE k Branch if Greater or Equal, Signed if(NE&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=1thenPC « 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+Kk+1 None 1/2

BRTC K Branch if T Flag Cleared if(T=0)thenPC « PC+K+1 None 1/2

BRVS Kk Branch if Overflow Flag is Set if(V=1)thenPC « PC+Kk+1 None 1/2

BRVC Kk Branch if Overflow Flag is Cleared if(V=0)thenPC « PC+Kk+1 None 1/2

BRIE K Branch If Interrupt Enabled if(l=1)thenPC « PC+K+1 None 1/2

BRID K Branch If Interrupt Disabled itil=0)thenPC « PC+K+1 None 1/2

Data Transfer Instructions

MOV Rd, Rr Capy Register Rd <« Rr None 1

Mo Rd, Rr Copy Register Pair Rd+1:Rd  « Rr+1:Rr None 1

LDl Rd, K Load Immediate Rd — K None 1

LDsM Rd, k Load Direct from data space Rd « (K None 1Ey2E) 2304

LD® Rd, X Load Indirect Rd  « (X None 161263 1@




#Clocks

Mnemonics | Operands | Description Operation Flags #Clocks | XMEGA
LD@ Rd, X+ Load Indirect and Post-Increment Rd o« (X Naone 26 14
X «— X+1
LD Rd, -X Load Indirect and Pre-Decrement Xe=X-1, « X-1 None 28)aiE Pl
Rd « (X) — (X)
LD® Rd, Y Load Indirect Rd«(Y) <« (V) None 1E2 1638
LD Rd, Y+ Load Indirect and Post-Increment Rd  « (Y) None 26 1034
Y o« Y41
LD Rd, -Y Load Indirect and Pre-Decrement Y o« Y-1 None 283308 21314
Rd  « (Y)
Lopi Rd, Y+g Load Indirect with Displacement Rd (Y +q) None 28 23
LD Rd, Z Load Indirect Rd (2) None 1Ey2E) 11304
LD® Rd, Z+ Load Indirect and Post-Increment Rd « (Z) None 28 1=
z — I+
LD Rd, -Z Load Indirect and Pre-Decrement Z « Z-1, None AR 2034
Rd «— (Z)
LDD Rd, Z+q Load Indirect with Displacement Rd « (Z+q) None 26 2=
sTs! k, Rr Store Direct to Data Space (k) Rd None 1628 2l
ST X, Rr Store Indirect (%) Rr None 1628 1@
ST X+, Rr Store Indirect and Post-Increment (X) < AR None 1E)28) 163
X — X+1
ST X, Rr Store Indirect and Pra-Decrement X o« X-1, None 26 213
(X} <« Ar
sT® Y, Rr Store Indirect (Y) « Rr None 1628 103
ST Y+, Rr Store Indirect and Post-Increment (Y) « R None 1E)28) 1@
Y —  Y+1
sT@ -Y, Ar Store Indirect and Pre-Decrement Yo e Y-1, None 26 28
(Y) <« Ar
sTD" Y+g, Rr Store Indirect with Displacement (Y+q) <« Rr None 28 2l
ST Z. Rr Store Indirect (Z) « Rr None 1828 1@
sT@ Z+, Rr Store Indirect and Post-Increment (Z) <« Br None 1 &2 1@
zZ — Z+1
sT® Z,Rr Store Indirect and Pre-Dacrement Z <« Z-1 None 28 2l
STDM Z+q,Rr Store Indirect with Displacement (Z+0q) Rr None 26 23
LPMiThi2) Load Program Memory RO (Z) Nane 3 3
LPMTH2 Rd, Z Load Program Memory Rd « (2) None 3 3
LPMiThi2) Rd, Z+ Load Program Memeory and Post- Rd « (2) None 3 3
Increment Z o« Z+1
ELPMM Extended Load Program Memory R0 « (RAMPZ:Z) None 3
ELPMI! Rd, Z Extended Load Program Memory Rd (RAMPZ:Z) None 3
ELPM Rd, Z+ Extended Load Program Memeory and Rd <« (RAMPZ:Z), None 3
Post-Increment Z «— Z+1
spm Store Program Memory (RAMPZ:Z) « R1:R0 None - -
spm Z+ Store Program Memory and Post- (RAMPZ:Z) « R1:RO, None - -
Increment by 2 Z « Z+2
IN Rd. A In From 17O Location Rd « VO[A) None 1
ouT A, Rr Out To I/O Location IFO(A) «— Rr Nonga 1
PUSH!" Rr Push Register on Stack STACK <« Rr None 2 103
POPM Rd Pop Register from Stack Rd <« STACK None 2 23




#Clocks
Mnemonics | Operands | Description Operation Flags #Clocks XMEGA
XCH Z, Rd Exchange (Z) «— Rd, None 1
Rd — (Z)
LAS Z, Rd Load and Set (Z) «— Rdv(2) None 1
Rd — (Z)
LAC Z, Rd Load and Clear (Z) « ($FF—Rd) =(2Z) None 1
Rd — (Z)
LAT Z. Rd Load and Teggle Z) = RdZ(Z None 1
Rd — (Z)
Bit and Bit-test Instructions
LsL Rd Logical Shift Left Rd{n+1) < Rd(n), Z.CNVH 1
Rd(0) «— 0
C  « RdT)
LSR Rd Logical Shift Right Rd(n) <« RAd{n+1), ZCNV 1
Rd(7) «— 0
C o« Rdi0)
ROL Rd Rotate Left Through Carry Rd(0) «— G Z,CNV.H 1
Rd{n+1) <«  Rdin),
[ ]
ROR Rd Rotate Right Through Carry Rd(7) — G ZCNV 1
Rdin) «— Rdin+1),
C o« Rdi0)
ASR Rd Arithmetic Shift Right Rd(n) « Rd{n+1), n=0..6 ZCNV 1
SWAP Rd Swap Nibbles Rd(2.0) <« Rd(7.4) None 1
BSET s Flag Set SREG(s) «— 1 SREGI(s) 1
BCLR s Flag Clear SREGI(s) «— 0 SREGI(s) 1
SBI Ab Set Bit in I/0 Register VO(A, b))  « 1 None 1612 1
CBI Ab Clear Bit in /O Register IO{A,b) « O None 182 1
BST Rr. b Bit Store from Registerto T T <« BRrb) T 1
BLD Rd, b Bit load from T to Register Rd(b) — T MNong 1
SEC Set Carry C o« 1 C 1
CLC Clear Carry C « 0 C 1
SEN Set Negative Flag N e i N 1
CLN Clear Negative Flag N« 0 N 1
SEZ Set Zero Flag Z o« A z 1
CLZ Clear Zero Flag Z « 0 z 1
SEI Global Interrupt Enable | — 1 | 1
CLI Global Interrupt Disable | «— 0 | 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 Voo 1 v 1
CLv Clear Two's Complement Overflow V. o« 0 v 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 « 0 H 1
MCU Control Instructions
BREAK'" Break (See specific descr. for BREAK) None ‘ 1 ‘
#Clocks
Mnemonics | Operands | Description Operation Flags #Clocks XMEGA
NOP No Operation MNone 1
SLEEP Sleep (see specific descr. for Sleep) MNone 1
WDR Watchdog Resat (see specific descr. for WDR) None 1
Notes: 1. This instruction is not available in all devices. Refer to the device specific instruction set summary.
2. Not all variants of this instruction are available in all devices. Refer to the device specific instruction set summary.
3. Cycle times for Data memory accesses assume internal memory accesses, and are not valid for accesses via the external
RAM interface.
4. One extra cycle must be added when accessing Internal SRAM.
5. Number of clock cycles for Reduced Core tinyAVR.




SEZ - Set Zero Flag

Description:
Sets the Zero Flag (Z) in SREG (Status Register).

Operation:
(i) Z <« 1

Syntax: Operands: Program Counter:
(i) SEZ None PC « PC +1

16-bit Opcode:

| 1001 0100 0001 1000 |

Status Register (SREG) and Boolean Formula:

I T H S Vv N z C

- - - - - - 1 -

Z 1
Zero Flag set
Example:
add r2,rl9 ; Add rl9 to r2
Sez ; Set Zero Flag

Words: 1 (2 bytes)
Cycles: 1



INC — Increment

Description:
Adds one -1- to the contents of register Rd and places the result in the destination register Rd.

The C Flag in SREG is not affected by the operation, thus allowing the INC instruction to be used on a loop counter in mul-
tiple-precision computations.

When operating on unsigned numbers, only BREQ and BRNE branches can be expected to perform consistently. When
operating on two’s complement values, all signed branches are available.

Operation:
() Rd <« Rd + 1

Syntax: Operands: Program Counter:
(i) INC Rd 0<d<31 PC « PC + 1

16-bit Opcode:

| 1001 | 010d | addd | 0011 |

Status Register and Boolean Formula:

I T  H s vV N z c
| -l -] -J=]=]=]=1]"]

S: N&V
For signed tests.

V: R7 *R6 «R5 «R4 «R3« R2 *R1 «R0O
Setif two’s complement overflow resulted from the operation; cleared otherwise. Two’s complement overflow occurs
if and only if Rd was $7F before the operation.

N: R7
Set if MSB of the result is set; cleared otherwise.

Z: R7 *R6 *R5 *R4+R3 «R2« R1+ RO
Set if the resultis $00; Cleared otherwise.

R (Result) equals Rd after the operation.

Words: 1 (2 bytes)
Cycles: 1



MOV - Copy Register

Description:

This instruction makes a copy of one register into another. The source register Rr is left unchanged, while the destination
register Rd is loaded with a copy of Rr.

Operation:
(i) Rd « Rr

Syntax:
(i) MOV Rd,Rr

16-bit Opcode:

| 0010 | 11ra |

Operands: Program Counter:
0=d=<31,0<r=<31 PC <« PC +1
dddd | rrrr |

Status Register (SREG) and Boolean Formula:

| T H v N z C
Example:
mowv rle, r0 ; Copy r0d to rle
call check ; Call subroutine
checlk: cpi rle, $11 ; Compare rlé to $11
ret ; Return from subroutine

Words: 1 (2 bytes)
Cycles: 1



ADD - Add without Carry

Description:

Adds two registers without the C Flag and places the result in the destination register Rd.

Operation:
(i) Rd « Rd + Rr

Syntax: Operands: Program Counter:
(i) ADD Rd,Rr 0<d<31,0=<r <31 PC « PC + 1

16-bit Opcode:

| 0000 | 11rd ‘ dddd ‘ rrrr

Status Register (SREG) and Boolean Formula:

| T H S V' N Z C
- - = = = = s
H: Rd3«Rr3+Rr3sR3+R3«Rd3
Set if there was a carry from bit 3; cleared otherwise
S: N & V, For signed tests.
V: Rd7«Rr7¢R7+Rd7+Rr7«R7

Set if two’s complement overflow resulted from the operation; cleared otherwise.

N: R7
Set if MSB of the result is set; cleared otherwise.

Z: R7« RG «R5« R4 «R3 «R2 «R1 «R0O
Set if the result is $00; cleared otherwise.

C: Rd7 «Rr7 +Rr7 «R7+ R7 «Rd7
Set if there was carry from the MSB of the result; cleared otherwise.

R (Result) equals Rd after the operation.

Example:
add rl,r2 ; Add r2 to rl (rl=rl+rZ)
add r28,r28 ; Add r28 to itself (r28=r2Z8+rIf)

Words: 1 (2 byles)
Cycles: 1



LDI - Load Immediate

Description:

Loads an 8 bit constant directly to register 16 to 31.

L

; memory pointed to by Z

Words: 1 (2 bytes)
Cycles: 1

Operation:
(i) Rd « K
Syntax: Operands: Program Counter:
(i) LDI Rd,K 16<d<31,0<K <255 PC « PC + 1
16-bit Opcode:
| 1110 KKEKK dddd KKEK |
Status Register (SREG) and Boolean Formula:
I T H S Vv N C
Example:
clr r3l ; Clear Z high byte
1di r3o, 5F0 ; Set Z low byte to SFO
lpm ; Load constant from Program



STS - Store Direct to Data Space

Description:

Stores one byte from a Register to the data space. For parts with SRAM, the data space consists of the Register File, I/O
memory and internal SRAM (and external SRAM if applicable). For parts without SRAM, the data space consists of the
Register File only. The EEPROM has a separate address space.

A 16-bit address must be supplied. Memory access is limited to the current data segment of 64K bytes. The STS instruction
uses the RAMPD Register to access memory above 64K bytes. To access another data segment in devices with more than
64K bytes data space, the RAMPD in register in the I/O area has to be changed.

This instruction is not available in all devices. Refer to the device specific instruction set summary.

Operation:
(i) (k) < Rr

Syntax: Operands: Program Counter:
(i) STS k,Rr 0<r=<31,0<k=65535 PC« PC+2

32-bit Opcode:

1001 0014 dddd 0000
kkkk kkkk kkkk kkkk

Status Register (SREG) and Boolean Formula:

| T H S A N Z C
Example:
lds r2,5FF00 ; Load r2 with the contents of data space location SFF00
add rz,rl ; add rl to ri
sts SFFO0, r2 ; Write back

Words: 2 (4 bytes)
Cycles: 2



JMP — Jump

Description:
Jump to an address within the entire 4M (words) Program memory. See also RJIMP.

This instruction is not available in all devices. Refer to the device specific instruction set summary.

Opetration:
(i) PC « k
Syntax: Operands: Program Counter: Stack:
(i) JMP k 0<k<4M PC « k Unchanged
32-bit Opcode:
1001 010k Kkkk 110k
kkkk kkkk kkkk kkkk
Status Register (SREG) and Boolean Formula:
I T H S \Y N z c
Example:
mov rl,r0 ; Copy r0 to rl
jmp farple ; Unconditiconal jump
farple: nop ; Jump destination (do nothing)

Words: 2 (4 bytes)

Cycles: 3



CP - Compare

Description:

This instruction performs a compare between two registers Rd and Rr. None of the registers are changed. All conditional
branches can be used after this instruction.

Operation:
(i) Rd - Rr

Syntax: Operands: Program Counter:
(i) CP Rd,Rr 0=d=81,0=r=31 PC « PC + 1

16-bit Opcode:

| 0001 | 0lrd | adadd | TrTYr |

Status Register (SREG) and Boolean Formula:

I T H S Vv N Z C
-l -l=l=l=]=]=]¢<]
H: Rd3 «Rr3+ Rr3 «R3 +R3e« Rd3

Set if there was a borrow from bit 3; cleared otherwise
S: N @& V, For signed tests.
V: Rd7e Br7 *R7+ Rd7 «Rr7 «R7

Set if two's complement overflow resulted from the operation; cleared otherwise.

N: R7
Set if MSB of the result is set; cleared otherwise.

Z R7+ R6 *R5« R4 «R3 +R2 sR1 «RO
Set if the result is $00; cleared otherwise.

C: Rd7 «Rr7+ Rr7« R7 +R7« Rd7
Set if the absolute value of the contents of Rr is larger than the absolute value of Rd; cleared otherwise.

R (Result) after the operation.

Example:
op rd,rls ; Compare rd with rl9
brne notegq ; Branch if r4d <> rl9
noteq: nop ; Branch destination (do nothing)

Words: 1 (2 bytes)
Cycles: 1



CPI - Compare with Immediate

Description:

This instruction performs a compare between register Rd and a constant. The register is not changed. All conditional
branches can be used after this instruction.

Operation:
(i) Rd-K

Syntax: Operands: Program Counter:
(i) CPIRd,K 16<d=31,0=K<255 PC « PC +1

16-bit Opcode:

| 0011 | KKKK | addaa | KKKK |

Status Register (SREG) and Boolean Formula:

| T H S V' N z C
(- [ -J=el=]=]=]l=]¢=]
H: Rd3 «K3+ K3e R3+ R3 «Rd3

Set if there was a borrow from bit 3; cleared otherwise
S: N @ V, For signed tests.
V: Rd7 «K7 «R7 +Rd7 «K7 «R7

Set if two’s complement overflow resulted from the operation; cleared otherwise.

N: R7
Set if MSB of the result is set; cleared otherwise.

Z R7 *R6e RS *R4« R3¢ R2 «R1 «RO
Set if the result is $00; cleared otherwise.

C: Rd7 «K7 +K7 «R7+ R7 «Rd7
Set if the absolute value of K is larger than the absolute value of Rd; cleared otherwise.

R (Result) after the operation.

Example:
opi rlg,3 ; Compare rl9 with 3
brne error ; Branch if rl9<>3
error: nop ; Branch destinatien (deo neothing)

Words: 1 (2 bytes)
Cycles: 1



BREQ - Branch if Equal

Description:

Conditional relative branch. Tests the Zero Flag (Z) and branches relatively to PC if Z is set. If the instruction is executed
immediately after any of the instructions CP, CPI, SUB or SUBI, the branch will occur if and only if the unsigned or signed
binary number represented in Rd was equal to the unsigned or signed binary number represented in Rr. This instruction
branches relatively to PC in either direction (PC - 63 < destination < PC + 64). The parameter k is the offset from PC and is
represented in two’s complement form. (Equivalent to instruction BRBS 1,k).

Operation:
(i) If Rd = Rr (Z = 1) then PC « PC +k + 1, else PC « PC + 1

Syntax: Operands: Program Counter:
(i) BREQk -84 < k < +63 PC« PC+k+1

PC « PC + 1, if condition is false

16-bit Opcode:

| 1111 | 00kk | Kkl ‘ k001

Status Register (SREG) and Boolean Formula:

| T H S v N Z C
Example:
cp rl,r0 ; Compare registers rl and r0
breg equal ; Branch if registers equal
equal: nop ; Branch destination [do nothing)

Words: 1 (2 bytes)
Cycles: 1 if condition is false
2 if condition is true



LDS - Load Direct from Data Space

Description:

Loads one byte from the data space to a register. For parts with SRAM, the data space consists of the Register File, 1/O
memory and internal SRAM (and external SBAM if applicable). For parts without SRAM, the data space consists of the reg-
ister file only. The EEPROM has a separate address space.

A 16-bit address must be supplied. Memory access is limited to the current data segment of 64K bytes. The LDS instruction
uses the RAMPD Register to access memory above 64K bytes. To access another data segment in devices with more than
64K bytes data space, the RAMPD in register in the 1/O area has to be changed.

This instruction is not available in all devices. Refer to the device specific instruction set summary.

Operation:
(i) Rd « (k)

Syntax: Operands: Program Counter:
(i) LDS Rd k 0<d<31,0<k<65535 PC«+—PC+2

32-bit Opcode:

1001 oood dddd 0000
kkkk klkkk klkkk kkkk

Status Register (SREG) and Boolean Formula:

| T H S \' N z C
Example:
1ds r2,sFF00 ; Load r2 with the contents of data space location SFFO00
add r2,rl ; add rl teo r2
sts SFFO00,r2 ; Write back

Words: 2 (4 bytes)
Cycles: 2
Cycles XMEGA: 2 If the LDS instruction is accessing internal SRAM, one extra cycle is inserted.



