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13.4. EEPROM Data Memory
The device contains 256/512/512 bytes of data EEPROM memory. It is organized as a separate data
space, in which single bytes can be read and written. The EEPROM has an endurance of at least
100,000 write/erase cycles. The access between the EEPROM and the CPU is described in the following,
specifying the EEPROM Address Registers, the EEPROM Data Register, and the EEPROM Control
Register.

See the related links for a detailed description on EEPROM Programming in SPI or Parallel Programming
mode.

Related Links
Memory Programming on page 374

13.4.1. EEPROM Read/Write Access
The EEPROM Access Registers are accessible in the I/O space.

The write access time for the EEPROM is given in Table 13-2 EEPROM Programming Time. A self-timing
function, however, lets the user software detect when the next byte can be written. If the user code
contains instructions that write the EEPROM, some precautions must be taken. In heavily filtered power
supplies, VCC is likely to rise or fall slowly on power-up/down. This causes the device for some period of
time to run at a voltage lower than specified as minimum for the clock frequency used. Please refer to 
Preventing EEPROM Corruption for details on how to avoid problems in these situations.

In order to prevent unintentional EEPROM writes, a specific write procedure must be followed. Refer to
the description of the EEPROM Control Register for details on this.

When the EEPROM is read, the CPU is halted for four clock cycles before the next instruction is
executed. When the EEPROM is written, the CPU is halted for two clock cycles before the next instruction
is executed.

Related Links
Memory Programming on page 374

13.4.2. Preventing EEPROM Corruption
During periods of low VCC, the EEPROM data can be corrupted because the supply voltage is too low for
the CPU and the EEPROM to operate properly. These issues are the same as for board level systems
using EEPROM, and the same design solutions should be applied.

An EEPROM data corruption can be caused by two situations when the voltage is too low. First, a regular
write sequence to the EEPROM requires a minimum voltage to operate correctly. Secondly, the CPU itself
can execute instructions incorrectly, if the supply voltage is too low.

EEPROM data corruption can easily be avoided by following this design recommendation:

Keep the AVR RESET active (low) during periods of insufficient power supply voltage. This can be done
by enabling the internal Brown-out Detector (BOD). If the detection level of the internal BOD does not
match the needed detection level, an external low VCC reset Protection circuit can be used. If a reset
occurs while a write operation is in progress, the write operation will be completed provided that the
power supply voltage is sufficient.

Related Links
Memory Programming on page 374
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Address Labels Code Comments

;

0x0032 jmp SPM_RDY ; Store Program Memory
Ready Handler

;

.org 0x1C00

0x1C00 RESET: ldi r16,high(RAMEND) ; Main program start

0x1C01 out SPH,r16 ; Set Stack Pointer to
top of RAM

0x1C02 ldi r16,low(RAMEND)

0x1C03 out SPL,r16

0x1C04 sei ; Enable interrupts

0x1C05 <instr> xxx

When the BOOTRST Fuse is programmed, the Boot section size set to 2Kbytes and the IVSEL bit in the
MCUCR Register is set before any interrupts are enabled, the most typical and general program setup for
the Reset and Interrupt Vector Addresses in ATmega168PB is:

Address Labels Code Comments

;

.org 0x1C00

0x1C00 jmp RESET ; Reset handler

0x1C02 jmp EXT_INT0 ; IRQ0 Handler

0x1C04 jmp EXT_INT1 ; IRQ1 Handler

... ... ...

;

0x1C32 jmp SPM_RDY ; Store Program Memory
Ready Handler

;

0x1C33 RESET: ldi r16,high(RAMEND) ; Main program start

0x1C34 out SPH,r16 ; Set Stack Pointer to
top of RAM

0x1C35 ldi r16,low(RAMEND)

0x1C36 out SPL,r16

0x1C37 sei ; Enable interrupts

0x1C38 <instr> xxx

Related Links
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18.2.6. Pin Change Mask Register 2

Name:  PCMSK2
Offset:  0x6D
Reset:  0x00
Property:
 

-

Bit 7 6 5 4 3 2 1 0  
 PCINT23 PCINT22 PCINT21 PCINT20 PCINT19 PCINT18 PCINT17 PCINT16  

Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0 0  

Bits 0, 1, 2, 3, 4, 5, 6, 7 – PCINT16, PCINT17, PCINT18, PCINT19, PCINT20, PCINT21, PCINT22,
PCINT23: Pin Change Enable Mask
Each PCINT[23:16]-bit selects whether pin change interrupt is enabled on the corresponding I/O pin. If
PCINT[23:16] is set and the PCIE2 bit in PCICR is set, pin change interrupt is enabled on the
corresponding I/O pin. If PCINT[23:16] is cleared, pin change interrupt on the corresponding I/O pin is
disabled.

Atmel ATmega48PB/88PB/168PB [DATASHEET]
Atmel-42176G-ATmega48PB/88PB/168PB_Datasheet_Complete-03/2016

102



19.2. Ports as General Digital I/O
The ports are bi-directional I/O ports with optional internal pull-ups. The following figure shows the
functional description of one I/O-port pin, here generically called Pxn.

Figure 19-2. General Digital I/O(1)
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Note: 1. WRx, WPx, WDx, RRx, RPx, and RDx are common to all pins within the same port. clkI/O,
SLEEP, and PUD are common to all ports.

19.2.1. Configuring the Pin
Each port pin consists of three register bits: DDxn, PORTxn, and PINxn. As shown in the Register
Description, the DDxn bits are accessed at the DDRx I/O address, the PORTxn bits at the PORTx I/O
address, and the PINxn bits at the PINx I/O address.

The DDxn bit in the DDRx Register selects the direction of this pin. If DDxn is written to '1', Pxn is
configured as an output pin. If DDxn is written to '0', Pxn is configured as an input pin.

If PORTxn is written to '1' when the pin is configured as an input pin, the pull-up resistor is activated. To
switch the pull-up resistor off, PORTxn has to be written to '0' or the pin has to be configured as an output
pin. The port pins are tri-stated when reset condition becomes active, even if no clocks are running.

If PORTxn is written to '1' when the pin is configured as an output pin, the port pin is driven high. If
PORTxn is written logic zero when the pin is configured as an output pin, the port pin is driven low.
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 i = PINB;
 ...

19.2.5. Digital Input Enable and Sleep Modes
As shown in the figure of General Digital I/O, the digital input signal can be clamped to ground at the input
of the Schmitt Trigger. The signal denoted SLEEP in the figure, is set by the MCU Sleep Controller in
Power-down mode, Power-save mode, and Standby mode to avoid high power consumption if some input
signals are left floating, or have an analog signal level close to VCC/2.

SLEEP is overridden for port pins enabled as external interrupt pins. If the external interrupt request is not
enabled, SLEEP is active also for these pins. SLEEP is also overridden by various other alternate
functions as described in Alternate Port Functions.

If a logic high level is present on an asynchronous external interrupt pin configured as “Interrupt on Rising
Edge, Falling Edge, or Any Logic Change on Pin” while the external interrupt is not enabled, the
corresponding External Interrupt Flag will be set when resuming from the above mentioned Sleep mode,
as the clamping in these sleep mode produces the requested logic change.

19.2.6. Unconnected Pins
If some pins are unused, it is recommended to ensure that these pins have a defined level. Even though
most of the digital inputs are disabled in the deep sleep modes as described above, floating inputs should
be avoided to reduce current consumption in all other modes where the digital inputs are enabled (Reset,
Active mode and Idle mode).

The simplest method to ensure a defined level of an unused pin, is to enable the internal pull-up. In this
case, the pull-up will be disabled during reset. If low power consumption during reset is important, it is
recommended to use an external pull-up or pull-down. Connecting unused pins directly to VCC or GND is
not recommended, since this may cause excessive currents if the pin is accidentally configured as an
output.

19.3. Alternate Port Functions
Most port pins have alternate functions in addition to being general digital I/Os. The following figure
shows how the port pin control signals from the simplified Figure 19-2 General Digital I/O(1) can be
overridden by alternate functions. The overriding signals may not be present in all port pins, but the figure
serves as a generic description applicable to all port pins in the AVR microcontroller family.
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19.4.6. Port C Data Direction Register
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.

Name:  DDRC
Offset:  0x27
Reset:  0x00
Property:
 

When addressing as I/O Register: address offset is 0x07

Bit 7 6 5 4 3 2 1 0  
  DDRC6 DDRC5 DDRC4 DDRC3 DDRC2 DDRC1 DDRC0  

Access R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0  

Bits 6:0 – DDRCn: Port C Data Direction [n = 6:0]
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COM0B1 COM0B0 Description

1 0 Clear OC0B on Compare Match, set OC0B at BOTTOM, (non-inverting mode)

1 1 Set OC0B on Compare Match, clear OC0B at BOTTOM, (inverting mode)

Note: 
1. A special case occurs when OCR0B equals TOP and COM0B1 is set. In this case, the Compare

Match is ignored, but the set or clear is done at TOP. Refer to Fast PWM Mode for details.

The table below shows the COM0B[1:0] bit functionality when the WGM0[2:0] bits are set to phase
correct PWM mode.

Table 20-8. Compare Output Mode, Phase Correct PWM Mode(1)

COM0B1 COM0B0 Description

0 0 Normal port operation, OC0B disconnected.

0 1 Reserved

1 0 Clear OC0B on Compare Match when up-counting. Set OC0B on Compare Match
when down-counting.

1 1 Set OC0B on Compare Match when up-counting. Clear OC0B on Compare Match
when down-counting.

Note: 
1. A special case occurs when OCR0B equals TOP and COM0B1 is set. In this case, the Compare

Match is ignored, but the set or clear is done at TOP. Refer to Phase Correct PWM Mode for
details.

Bits 1:0 – WGM0n: Waveform Generation Mode [n = 1:0]
Combined with the WGM02 bit found in the TCCR0B Register, these bits control the counting sequence
of the counter, the source for maximum (TOP) counter value, and what type of waveform generation to be
used. Modes of operation supported by the Timer/Counter unit are: Normal mode (counter), Clear Timer
on Compare Match (CTC) mode, and two types of Pulse Width Modulation (PWM) modes (see Modes of
Operation).

Table 20-9. Waveform Generation Mode Bit Description

Mode WGM02 WGM01 WGM00 Timer/Counter
Mode of

Operation

TOP Update of
OCR0x at

TOV Flag Set
on(1)(2)

0 0 0 0 Normal 0xFF Immediate MAX
1 0 0 1 PWM, Phase

Correct
0xFF TOP BOTTOM

2 0 1 0 CTC OCRA Immediate MAX
3 0 1 1 Fast PWM 0xFF BOTTOM MAX
4 1 0 0 Reserved - - -
5 1 0 1 PWM, Phase

Correct
OCRA TOP BOTTOM

6 1 1 0 Reserved - - -
7 1 1 1 Fast PWM OCRA BOTTOM TOP

Note: 
1. MAX = 0xFF
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21.12.11. Output Compare Register 1 B High byte

Name:  OCR1BH
Offset:  0x8B
Reset:  0x00
Property:
 

-

Bit 7 6 5 4 3 2 1 0  
 OCR1BH[7:0]  

Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0 0  

Bits 7:0 – OCR1BH[7:0]: Output Compare 1 B High byte
Refer to OCR1AL.
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SPI Mode Conditions Leading Edge Trailing Edge

2 CPOL=1, CPHA=0 Sample (Falling) Setup (Rising)

3 CPOL=1, CPHA=1 Setup (Falling) Sample (Rising)

The SPI data transfer formats are shown in the following figure.

Figure 24-3. SPI Transfer Format with CPHA = 0
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Figure 24-4. SPI Transfer Format with CPHA = 1
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24.5. Register Description
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Register Empty interrupt routine must either write new data to UDRn in order to clear UDRE or disable
the Data Register Empty interrupt - otherwise, a new interrupt will occur once the interrupt routine
terminates.

The Transmit Complete (TXC) Flag bit is set when the entire frame in the Transmit Shift Register has
been shifted out and there are no new data currently present in the transmit buffer. The TXC Flag bit is
either automatically cleared when a transmit complete interrupt is executed, or it can be cleared by writing
a '1' to its bit location. The TXC Flag is useful in half-duplex communication interfaces (like the RS-485
standard), where a transmitting application must enter receive mode and free the communication bus
immediately after completing the transmission.

When the Transmit Compete Interrupt Enable (TXCIE) bit in UCSRnB is written to '1', the USART
Transmit Complete Interrupt will be executed when the TXC Flag becomes set (provided that global
interrupts are enabled). When the transmit complete interrupt is used, the interrupt handling routine does
not have to clear the TXC Flag, this is done automatically when the interrupt is executed.

25.7.4. Parity Generator
The Parity Generator calculates the parity bit for the serial frame data. When parity bit is enabled
(UCSRnC.UPM[1]=1), the transmitter control logic inserts the parity bit between the last data bit and the
first stop bit of the frame that is sent.

25.7.5. Disabling the Transmitter
When writing the TX Enable bit in the USART Control and Status Register n B (UCSRnB.TXEN) to zero,
the disabling of the Transmitter will not become effective until ongoing and pending transmissions are
completed, i.e., when the Transmit Shift Register and Transmit Buffer Register do not contain data to be
transmitted. When disabled, the Transmitter will no longer override the TxDn pin.

25.8. Data Reception – The USART Receiver
The USART Receiver is enabled by writing the Receive Enable (RXEN) bit in the UCSRnB Register to '1'.
When the Receiver is enabled, the normal pin operation of the RxDn pin is overridden by the USART and
given the function as the Receiver’s serial input. The baud rate, mode of operation and frame format must
be set up once before any serial reception can be done. If synchronous operation is used, the clock on
the XCKn pin will be used as transfer clock.

25.8.1. Receiving Frames with 5 to 8 Data Bits
The Receiver starts data reception when it detects a valid start bit. Each bit that follows the start bit will be
sampled at the baud rate or XCKn clock, and shifted into the Receive Shift Register until the first stop bit
of a frame is received. A second stop bit will be ignored by the Receiver. When the first stop bit is
received, i.e., a complete serial frame is present in the Receive Shift Register, the contents of the Shift
Register will be moved into the receive buffer. The receive buffer can then be read by reading the UDRn
I/O location.

The following code example shows a simple USART receive function based on polling of
the Receive Complete (RXC) Flag. When using frames with less than eight bits the most
significant bits of the data read from the UDR0 will be masked to zero. The USART 0 has
to be initialized before the function can be used. For the assembly code, the received
data will be stored in R16 after the code completes.

Assembly Code Example

USART_Receive:
   ; Wait for data to be received

Atmel ATmega48PB/88PB/168PB [DATASHEET]
Atmel-42176G-ATmega48PB/88PB/168PB_Datasheet_Complete-03/2016

249



Bit 0 – TXB80: Transmit Data Bit 8 0
TXB80 is the ninth data bit in the character to be transmitted when operating with serial frames with nine
data bits. Must be written before writing the low bits to UDR0.

This bit is reserved in Master SPI Mode (MSPIM).
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26. USARTSPI - USART in SPI Mode

26.1. Features
• Full Duplex, Three-wire Synchronous Data Transfer
• Master Operation
• Supports all four SPI Modes of Operation (Mode 0, 1, 2, and 3)
• LSB First or MSB First Data Transfer (Configurable Data Order)
• Queued Operation (Double Buffered)
• High Resolution Baud Rate Generator
• High Speed Operation (fXCKmax = fCK/2)
• Flexible Interrupt Generation

26.2. Overview
The Universal Synchronous and Asynchronous serial Receiver and Transmitter (USART) can be set to a
master SPI compliant mode of operation.

Setting both UMSELn[1:0] bits to one enables the USART in MSPIM logic. In this mode of operation the
SPI master control logic takes direct control over the USART resources. These resources include the
transmitter and receiver shift register and buffers, and the baud rate generator. The parity generator and
checker, the data and clock recovery logic, and the RX and TX control logic is disabled. The USART RX
and TX control logic is replaced by a common SPI transfer control logic. However, the pin control logic
and interrupt generation logic is identical in both modes of operation.

The I/O register locations are the same in both modes. However, some of the functionality of the control
registers changes when using MSPIM.

26.3. Clock Generation
The Clock Generation logic generates the base clock for the Transmitter and Receiver. For USART
MSPIM mode of operation only internal clock generation (i.e. master operation) is supported. The Data
Direction Register for the XCKn pin (DDR_XCKn) must therefore be set to one (i.e. as output) for the
USART in MSPIM to operate correctly. Preferably the DDR_XCKn should be set up before the USART in
MSPIM is enabled (i.e. TXENn and RXENn bit set to one).

The internal clock generation used in MSPIM mode is identical to the USART synchronous master mode.
The table below contains the equations for calculating the baud rate or UBRRn setting for Synchronous
Master Mode.

Table 26-1. Equations for Calculating Baud Rate Register Setting

Operating Mode Equation for Calculating Baud
Rate(1)

Equation for Calculating UBRRn
Value

Synchronous Master
mode BAUD = �OSC2 �����+ 1 ����� = �OSC2BAUD + − 1

Note: 1. The baud rate is defined to be the transfer rate in bit per second (bps)
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 /* IMPORTANT: The Baud Rate must be set after the transmitter is enabled */
 UBRRn = baud;
}

Related Links
About Code Examples on page 22

26.6. Data Transfer
Using the USART in MSPI mode requires the Transmitter to be enabled, i.e. the TXENn bit in the
UCSRnB register is set to one. When the Transmitter is enabled, the normal port operation of the TxDn
pin is overridden and given the function as the Transmitter's serial output. Enabling the receiver is
optional and is done by setting the RXENn bit in the UCSRnB register to one. When the receiver is
enabled, the normal pin operation of the RxDn pin is overridden and given the function as the Receiver's
serial input. The XCKn will in both cases be used as the transfer clock.

After initialization the USART is ready for doing data transfers. A data transfer is initiated by writing to the
UDRn I/O location. This is the case for both sending and receiving data since the transmitter controls the
transfer clock. The data written to UDRn is moved from the transmit buffer to the shift register when the
shift register is ready to send a new frame.

Note:  To keep the input buffer in sync with the number of data bytes transmitted, the UDRn register
must be read once for each byte transmitted. The input buffer operation is identical to normal USART
mode, i.e. if an overflow occurs the character last received will be lost, not the first data in the buffer. This
means that if four bytes are transferred, byte 1 first, then byte 2, 3, and 4, and the UDRn is not read
before all transfers are completed, then byte 3 to be received will be lost, and not byte 1.

The following code examples show a simple USART in MSPIM mode transfer function based on polling of
the Data Register Empty (UDREn) Flag and the Receive Complete (RXCn) Flag. The USART has to be
initialized before the function can be used. For the assembly code, the data to be sent is assumed to be
stored in Register R16 and the data received will be available in the same register (R16) after the function
returns.

The function simply waits for the transmit buffer to be empty by checking the UDREn Flag, before loading
it with new data to be transmitted. The function then waits for data to be present in the receive buffer by
checking the RXCn Flag, before reading the buffer and returning the value.

Assembly Code Example

USART_MSPIM_Transfer:
 ; Wait for empty transmit buffer
 in r16, UCSRnA
 sbrs r16, UDREn
 rjmp USART_MSPIM_Transfer
 ; Put data (r16) into buffer, sends the data
 out UDRn,r16
 ; Wait for data to be received
USART_MSPIM_Wait_RXCn:
 in r16, UCSRnA
 sbrs r16, RXCn
 rjmp USART_MSPIM_Wait_RXCn
 ; Get and return received data from buffer
 in r16, UDRn
 ret
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An LPM instruction within three cycles after BLBSET and SPMEN are set in the SPMCSR Register
(SPMCSR.BLBSET and SPMCSR.SPMEN), will read either the Lock bits or the Fuse bits (depending on
Z0 in the Z-pointer) into the destination register. Please refer to Reading the Fuse and Lock Bits from
Software in this chapter.

Bit 2 – PGWRT: Page Write
If this bit is written to one at the same time as SPMEN, the next SPM instruction within four clock cycles
executes Page Write, with the data stored in the temporary buffer. The page address is taken from the
high part of the Zpointer. The data in R1 and R0 are ignored. The PGWRT bit will auto-clear upon
completion of a Page Write, or if no SPM instruction is executed within four clock cycles. The CPU is
halted during the entire Page Write operation if the NRWW section is addressed.

Bit 1 – PGERS: Page Erase
If this bit is written to one at the same time as SPMEN, the next SPM instruction within four clock cycles
executes Page Erase. The page address is taken from the high part of the Z-pointer. The data in R1 and
R0 are ignored. The PGERS bit will auto-clear upon completion of a Page Erase, or if no SPM instruction
is executed within four clock cycles. The CPU is halted during the entire Page Write operation if the
NRWW section is addressed.

Bit 0 – SPMEN: Store Program Memory
This bit enables the SPM instruction for the next four clock cycles. If written to one together with either
RWWSRE, BLBSET, PGWRT or PGERS, the following SPM instruction will have a special meaning, see
description above. If only SPMEN is written, the following SPM instruction will store the value in R1:R0 in
the temporary page buffer addressed by the Z-pointer. The LSB of the Z-pointer is ignored. The SPMEN
bit will auto-clear upon completion of an SPM instruction, or if no SPM instruction is executed within four
clock cycles. During Page Erase and Page Write, the SPMEN bit remains high until the operation is
completed.
Writing any other combination than “0x10001”, “0x01001”, “0x00101”, “0x00011” or “0x00001” in the lower
five bits will have no effect.

Atmel ATmega48PB/88PB/168PB [DATASHEET]
Atmel-42176G-ATmega48PB/88PB/168PB_Datasheet_Complete-03/2016

373



Symbol Parameter Min. Max Units

tWLWH WR Pulse Width Low 150 - ns

tWLRL WR Low to RDY/BSY Low 0 1 μs

tWLRH WR Low to RDY/BSY High(1) 3.2 3.4 ms

tWLRH_CE WR Low to RDY/BSY High for Chip Erase(2) 9.8 10.5 ms

tXLOL XTAL1 Low to OE Low 0 - ns

tBVDV BS1 Valid to DATA valid 0 350 ns

tOLDV OE Low to DATA Valid - 350 ns

tOHDZ OE High to DATA Tri-stated - 250 ns

Note: 
1. tWLRH is valid for the Write Flash, Write EEPROM, Write Fuse bits and Write Lock bits commands.
2. tWLRH_CE is valid for the Chip Erase command.

Figure 34-6. Parallel Programming Timing, Including some General Timing Requirements

Data & Contol
(DATA, XA0/1, BS1, BS2)

XTAL1
tXHXL

tWLWH

tDVXH tXLDX

tPLWL

tWLRH

WR

RDY/BSY

PAGEL tPHPL

tPLBXtBVPH

tXLWL

tWLBXtBVWL

WLRL

Figure 34-7. Parallel Programming Timing, Loading Sequence with Timing Requirements

XTAL1

PAGEL

tPLXHXLXHt tXLPH

ADDR0 (Low Byte) DATA (Low Byte) DATA (High Byte) ADDR1 (Low Byte)DATA

BS1

XA0

XA1

LOAD ADDRESS
(LOW BYTE)

LOAD DATA 
(LOW BYTE)

LOAD DATA
(HIGH BYTE)

LOAD DATA LOAD ADDRESS
(LOW BYTE)

Note:  The timing requirements shown in Parallel Programming Characteristics (i.e., tDVXH, tXHXL, and
tXLDX) also apply to loading operation
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35.1.2. Idle Supply Current
Figure 35-6. ATmega48PB/88PB: Idle Supply Current vs. Low Frequency (0.1-1.0MHz)
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Figure 35-7. ATmega48PB/88PB: Idle Supply Current vs. Frequency (1-20MHz)
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Figure 35-8. ATmega48PB/88PB: Idle Supply Current vs. VCC (Internal RC Oscillator, 128kHz)
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Figure 35-64. ATmega168PB: I/O Pin Pull-up Resistor Current vs. Input Voltage (VCC = 2.7V)
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Figure 35-65. ATmega168PB: I/O Pin Pull-up Resistor Current vs. Input Voltage (VCC = 5V)
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Figure 35-66. ATmega168PB: Reset Pull-up Resistor Current vs. Reset Pin Voltage
(VCC = 1.8V)
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BRANCH INSTRUCTIONS

Mnemonics Operands Description Operation Flags #Clocks

ICALL Indirect Call to (Z) PC ← Z None 3

CALL(1) k Direct Subroutine Call 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 + 2 or 3 None 1/2/3

CP Rd,Rr Compare Rd - Rr Z, N,V,C,H 1

CPC Rd,Rr Compare with Carry Rd - Rr - C Z, N,V,C,H 1

CPI Rd,K Compare Register with Immediate Rd - K Z, N,V,C,H 1

SBRC Rr, b Skip if Bit in Register Cleared if (Rr(b)=0) PC ← PC + 2 or 3 None 1/2/3

SBRS Rr, b Skip if Bit in Register is Set if (Rr(b)=1) PC ← PC + 2 or 3 None 1/2/3

SBIC A, b Skip if Bit in I/O Register Cleared if (I/O(A,b)=1) PC ← PC + 2 or 3 None 1/2/3

SBIS A, b Skip if Bit in I/O Register is Set if (I/O(A,b)=1) PC ← PC + 2 or 3 None 1/2/3

BRBS s, k Branch if Status Flag Set if (SREG(s) = 1) then PC←PC+k + 1 None 1/2

BRBC s, k Branch if Status Flag Cleared if (SREG(s) = 0) then PC←PC+k + 1 None 1/2

BREQ k Branch if Equal if (Z = 1) then PC ← 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 if (C = 1) then PC ← PC + k + 1 None 1/2

BRCC k Branch if Carry Cleared if (C = 0) then PC ← PC + k + 1 None 1/2

BRSH k Branch if Same or Higher if (C = 0) then PC ← PC + k + 1 None 1/2

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

BRMI k Branch if Minus if (N = 1) then PC ← PC + k + 1 None 1/2

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

BRGE k Branch if Greater or Equal, Signed if (N ⊕ V= 0) then PC ← PC + k + 1 None 1/2

BRLT k Branch if Less Than Zero, Signed if (N ⊕ V= 1) then PC ← PC + k + 1 None 1/2

BRHS k Branch if Half Carry Flag Set if (H = 1) then PC ← PC + k + 1 None 1/2

BRHC k Branch if Half Carry Flag Cleared if (H = 0) then PC ← PC + k + 1 None 1/2

BRTS k Branch if T Flag Set if (T = 1) then PC ← PC + k + 1 None 1/2

BRTC k Branch if T Flag Cleared if (T = 0) then PC ← PC + k + 1 None 1/2

BRVS k Branch if Overflow Flag is Set if (V = 1) then PC ← PC + k + 1 None 1/2

BRVC k Branch if Overflow Flag is Cleared if (V = 0) then PC ← PC + k + 1 None 1/2

BRIE k Branch if Interrupt Enabled if ( I = 1) then PC ← PC + k + 1 None 1/2

BRID k Branch if Interrupt Disabled if ( I = 0) then PC ← PC + k + 1 None 1/2

BIT AND BIT-TEST INSTRUCTIONS

Mnemonics Operands Description Operation Flags #Clocks

SBI P,b Set Bit in I/O Register I/O(P,b) ← 1 None 2

CBI P,b Clear Bit in I/O Register I/O(P,b) ← 0 None 2
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