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C Code Example

void Move_interrupts(void)
{ 
   /* Enable change of Interrupt Vectors */ 
   GICR = (1<<IVCE); 
   /* Move interrupts to boot Flash section */ 
   GICR = (1<<IVSEL);
}
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16.1.1. MCUCR – MCU Control Register
When using the I/O specific commands IN and OUT, the I/O addresses 0x00 - 0x3F must be used. When
addressing I/O Registers as data space using LD and ST instructions, 0x20 must be added to these offset
addresses.

Name:  MCUCR
Offset:  0x35
Reset:  0
Property:
 

When addressing I/O Registers as data space the offset address is 0x55

Bit 7 6 5 4 3 2 1 0  
     ISC11 ISC10 ISC01 ISC00  

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

Bits 3:2 – ISC1n: Interrupt Sense Control 1 Bit 1 and Bit 0 [n = 1:0]
The External Interrupt 1 is activated by the external pin INT1 if the SREG I-bit and the corresponding
interrupt mask in the GICR are set. The level and edges on the external INT1 pin that activate the
interrupt are defined in the next table. The value on the INT1 pin is sampled before detecting edges. If
edge or toggle interrupt is selected, pulses that last longer than one clock period will generate an
interrupt. Shorter pulses are not guaranteed to generate an interrupt. If low level interrupt is selected, the
low level must be held until the completion of the currently executing instruction to generate an interrupt.
Table 16-1. Interrupt 1 Sense Control

ISC11 ISC10 Description

0 0 The low level of INT1 generates an interrupt request.

0 1 Any logical change on INT1 generates an interrupt request.

1 0 The falling edge of INT1 generates an interrupt request.

1 1 The rising edge of INT1 generates an interrupt request.

Bits 1:0 – ISC0n: Interrupt Sense Control 0 Bit 1 and Bit 0 [n = 1:0]
The External Interrupt 0 is activated by the external pin INT0 if the SREG I-flag and the corresponding
interrupt mask are set. The level and edges on the external INT0 pin that activate the interrupt are defined
in the next table. The value on the INT0 pin is sampled before detecting edges. If edge or toggle interrupt
is selected, pulses that last longer than one clock period will generate an interrupt. Shorter pulses are not
guaranteed to generate an interrupt. If low level interrupt is selected, the low level must be held until the
completion of the currently executing instruction to generate an interrupt.
Table 16-2. Interrupt 0 Sense Control

ISC01 ISC00 Description

0 0 The low level of INT0 generates an interrupt request.

0 1 Any logical change on INT0 generates an interrupt request.

1 0 The falling edge of INT0 generates an interrupt request.

1 1 The rising edge of INT0 generates an interrupt request.
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17.3.3. Alternate Functions of Port C
The Port C pins with alternate functions are shown in the table below. If the JTAG interface is enabled,
the pull-up resistors on pins PC5(TDI), PC3(TMS) and PC2(TCK) will be activated even if a reset occurs.

Table 17-9. Port C Pins Alternate Functions

Port Pin Alternate Function

PC7 TOSC2 (Timer Oscillator Pin 2)

PC6 TOSC1 (Timer Oscillator Pin 1)

PC5 TDI (JTAG Test Data In)

PC4 TDO (JTAG Test Data Out)

PC3 TMS (JTAG Test Mode Select)

PC2 TCK (JTAG Test Clock)

PC1 SDA (Two-wire Serial Bus Data Input/Output Line)

PC0 SCL (Two-wire Serial Bus Clock Line)

The alternate pin configuration is as follows:

• TOSC2 – Port C, Bit 7

TOSC2, Timer Oscillator pin 2: When the AS2 bit in ASSR is set (one) to enable asynchronous clocking
of Timer/Counter2, pin PC7 is disconnected from the port, and becomes the inverting output of the
Oscillator amplifier. In this mode, a Crystal Oscillator is connected to this pin, and the pin can not be used
as an I/O pin.

• TOSC1 – Port C, Bit 6

TOSC1, Timer Oscillator pin 1: When the AS2 bit in ASSR is set (one) to enable asynchronous clocking
of Timer/Counter2, pin PC6 is disconnected from the port, and becomes the input of the inverting
Oscillator amplifier. In this mode, a Crystal Oscillator is connected to this pin, and the pin can not be used
as an I/O pin.

• TDI – Port C, Bit 5

TDI, JTAG Test Data In: Serial input data to be shifted in to the Instruction Register or Data Register
(scan chains). When the JTAG interface is enabled, this pin can not be used as an I/O pin.

• TDO – Port C, Bit 4

TDO, JTAG Test Data Out: Serial output data from Instruction Register or Data Register. When the JTAG
interface is enabled, this pin can not be used as an I/O pin.

The TD0 pin is tri-stated unless TAP states that shifts out data are entered.

• TMS – Port C, Bit 3

TMS, JTAG Test Mode Select: This pin is used for navigating through the TAP-controller state machine.
When the JTAG interface is enabled, this pin can not be used as an I/O pin.

• TCK – Port C, Bit 2

TCK, JTAG Test Clock: JTAG operation is synchronous to TCK. When the JTAG interface is enabled, this
pin can not be used as an I/O pin.

• SDA – Port C, Bit 1
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17.4.12. DDRD – The Port D Data Direction Register
When using the I/O specific commands IN and OUT, the I/O addresses 0x00 - 0x3F must be used. When
addressing I/O Registers as data space using LD and ST instructions, 0x20 must be added to these offset
addresses.

Name:  DDRD
Offset:  0x11
Reset:  0x00
Property:
 

When addressing I/O Registers as data space the offset address is 0x31

Bit 7 6 5 4 3 2 1 0  
 DDD7 DDD6 DDD5 DDD4 DDD3 DDD2 DDD1 DDD0  

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 – DDDn: Port D Data Direction [n = 7:0]
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the TCNTn value can be accessed by the CPU, independent of whether clkTn is present or not. A CPU
write overrides (has priority over) all counter clear or count operations.

The counting sequence is determined by the setting of the Waveform Generation mode bits (WGMn3:0)
located in the Timer/Counter Control Registers A and B (TCCRnA and TCCRnB). There are close
connections between how the counter behaves (counts) and how waveforms are generated on the Output
Compare Outputs OCnx. For more details about advanced counting sequences and waveform
generation, see Modes of Operation.

The Timer/Counter Overflow (TOVn) flag is set according to the mode of operation selected by the
WGMn3:0 bits. TOVn can be used for generating a CPU interrupt.

19.6. Input Capture Unit
The Timer/Counter incorporates an Input Capture unit that can capture external events and give them a
timestamp indicating time of occurrence. The external signal indicating an event, or multiple events, can
be applied via the ICPn pin or alternatively, via the Analog Comparator unit. The time-stamps can then be
used to calculate frequency, duty-cycle, and other features of the signal applied. Alternatively the time-
stamps can be used for creating a log of the events.

The Input Capture unit is illustrated by the block diagram below. The elements of the block diagram that
are not directly a part of the Input Capture unit are gray shaded. The small “n” in register and bit names
indicates the Timer/Counter number.

Figure 19-3. Input Capture Unit Block Diagram

ICFn (Int.Req.)

Analog
Comparator

WRITE ICRn (16-bit Register)

ICRnH (8-bit)

Noise
Canceler

ICPn

Edge
Detector

TEMP  (8-bit)

DATA BUS (8-bit)

ICRnL (8-bit)

TCNTn (16-bit Counter)

TCNTnH (8-bit) TCNTnL (8-bit)

ACIC* ICNC ICESACO*

When a change of the logic level (an event) occurs on the Input Capture Pin (ICPn), alternatively on the
Analog Comparator Output (ACO), and this change confirms to the setting of the edge detector, a capture
will be triggered. When a capture is triggered, the 16-bit value of the counter (TCNTn) is written to the
Input Capture Register (ICRn). The Input Capture Flag (ICFn) is set at the same system clock as the
TCNTn value is copied into ICRn Register. If enabled (TICIEn = 1), the Input Capture Flag generates an
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Bits 2:0 – CS2n: Clock Select [n = 2:0]
The three Clock Select bits select the clock source to be used by the Timer/Counter.

Table 20-6. Clock Select Bit Description

CS22 CS21 CS20 Description

0 0 0 No clock source (Timer/Counter stopped).

0 0 1 clkI/O/1 (No prescaling)

0 1 0 clkI/O/8 (From prescaler)

0 1 1 clkI/O/32 (From prescaler)

1 0 0 clkI/O/64 (From prescaler)

1 0 1 clkI/O/128 (From prescaler)

1 1 0 clkI/O/256 (From prescaler)

1 1 1 clkI/O/1024 (From prescaler)
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Figure 24-16. Formats and States in the Slave Receiver Mode
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24.6.5. Slave Transmitter Mode
In the Slave Transmitter (ST) mode, a number of data bytes are transmitted to a Master Receiver, as in
the figure below. All the status codes mentioned in this section assume that the prescaler bits are zero or
are masked to zero.
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Figure 24-17. Data Transfer in Slave Transmitter Mode
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To initiate the SR mode, the TWI (Slave) Address Register (TWAR) and the TWI Control Register
(TWCR) must be initialized as follows:

The upper seven bits of TWAR are the address to which the 2-wire Serial Interface will respond when
addressed by a Master (TWAR.TWA[6:0]). If the LSB of TWAR is written to TWAR.TWGCI=1, the TWI will
respond to the general call address (0x00), otherwise it will ignore the general call address.

TWCR must hold a value of the type TWCR=0100010x - TWEN must be written to one to enable the TWI.
The TWEA bit must be written to one to enable the acknowledgement of the device’s own slave address
or the general call address. TWSTA and TWSTO must be written to zero.

When TWAR and TWCR have been initialized, the TWI waits until it is addressed by its own slave
address (or the general call address if enabled) followed by the data direction bit. If the direction bit is “1”
(read), the TWI will operate in ST mode, otherwise SR mode is entered. After its own slave address and
the write bit have been received, the TWINT Flag is set and a valid status code can be read from TWSR.
The status code is used to determine the appropriate software action. The appropriate action to be taken
for each status code is detailed in the table below. The ST mode may also be entered if arbitration is lost
while the TWI is in the Master mode (see state 0xB0).

If the TWCR.TWEA bit is written to zero during a transfer, the TWI will transmit the last byte of the
transfer. State 0xC0 or state 0xC8 will be entered, depending on whether the Master Receiver transmits a
NACK or ACK after the final byte. The TWI is switched to the not addressed Slave mode, and will ignore
the Master if it continues the transfer. Thus the Master Receiver receives all '1' as serial data. State 0xC8
is entered if the Master demands additional data bytes (by transmitting ACK), even though the Slave has
transmitted the last byte (TWEA zero and expecting NACK from the Master).

While TWCR.TWEA is zero, the TWI does not respond to its own slave address. However, the 2-wire
Serial Bus is still monitored and address recognition may resume at any time by setting TWEA. This
implies that the TWEA bit may be used to temporarily isolate the TWI from the 2-wire Serial Bus.

In all sleep modes other than Idle mode, the clock system to the TWI is turned off. If the TWEA bit is set,
the interface can still acknowledge its own slave address or the general call address by using the 2-wire
Serial Bus clock as a clock source. The part will then wake up from sleep and the TWI will hold the SCL
clock will low during the wake up and until the TWINT Flag is cleared (by writing '1' to it). Further data
transmission will be carried out as normal, with the AVR clocks running as normal. Observe that if the
AVR is set up with a long start-up time, the SCL line may be held low for a long time, blocking other data
transmissions.

Note:  The 2-wire Serial Interface Data Register (TWDR) does not reflect the last byte present on the bus
when waking up from these Sleep modes.
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24.8.4. TWDR – TWI Data Register
When using the I/O specific commands IN and OUT, the I/O addresses 0x00 - 0x3F must be used. When
addressing I/O Registers as data space using LD and ST instructions, 0x20 must be added to these offset
addresses.

In Transmit mode, TWDR contains the next byte to be transmitted. In Receive mode, the TWDR contains
the last byte received. It is writable while the TWI is not in the process of shifting a byte. This occurs when
the TWI Interrupt Flag (TWINT) is set by hardware. Note that the Data Register cannot be initialized by
the user before the first interrupt occurs. The data in TWDR remains stable as long as TWINT is set.
While data is shifted out, data on the bus is simultaneously shifted in. TWDR always contains the last
byte present on the bus, except after a wake up from a sleep mode by the TWI interrupt. In this case, the
contents of TWDR is undefined. In the case of a lost bus arbitration, no data is lost in the transition from
Master to Slave. Handling of the ACK bit is controlled automatically by the TWI logic, the CPU cannot
access the ACK bit directly.

Name:  TWDR
Offset:  0x03
Reset:  0xFF
Property:
 

When addressing I/O Registers as data space the offset address is 0x23

Bit 7 6 5 4 3 2 1 0  
 TWD7 TWD6 TWD5 TWD4 TWD3 TWD2 TWD1 TWD0  

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 1  

Bits 7:0 – TWDn: TWI Data [n = 7:0]
These eight bits constitute the next data byte to be transmitted, or the latest data byte received on the 2-
wire Serial Bus.
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26.8.5. ADCL – ADC Data Register Low (ADLAR=1)
When using the I/O specific commands IN and OUT, the I/O addresses 0x00 - 0x3F must be used. When
addressing I/O Registers as data space using LD and ST instructions, 0x20 must be added to these offset
addresses.

Name:  ADCL
Offset:  0x04
Reset:  0x00
Property:
 

When addressing I/O Registers as data space the offset address is 0x24

Bit 7 6 5 4 3 2 1 0  
 ADC1 ADC0        

Access R R  
Reset 0 0  

Bit 7 – ADC1: ADC Conversion Result
Refer to ADCL

Bit 6 – ADC0: ADC Conversion Result
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Table 27-1. AVR JTAG Part Number

Part Number JTAG Part Number (Hex)

ATmega32A 0x9502

27.11.2.3. Manufacturer ID
The Manufacturer ID is a 11-bit code identifying the manufacturer. The JTAG manufacturer ID for ATMEL
is listed in the table below.

Table 27-2. Manufacturer ID

Manufacturer JTAG Manufacturer ID (Hex)

ATMEL 0x01F

27.11.3. Reset Register
The Reset Register is a Test Data Register used to reset the part. Since the AVR tri-states Port Pins
when reset, the Reset Register can also replace the function of the unimplemented optional JTAG
instruction HIGHZ.

A high value in the Reset Register corresponds to pulling the External Reset low. The part is reset as long
as there is a high value present in the Reset Register. Depending on the Fuse settings for the clock
options, the part will remain reset for a Reset Time-Out Period (refer to Clock Sources) after releasing the
Reset Register. The output from this Data Register is not latched, so the Reset will take place
immediately, as shown in the figure below.

Figure 27-4. Reset Register

D Q
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TDI

ClockDR · AVR_RESET

To 
TDO

From Other Inte rna l and
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Inte rna l Rese t

Related Links
Clock Sources on page 40

27.11.4. Boundary-scan Chain
The Boundary-scan Chain has the capability of driving and observing the logic levels on the digital I/O
pins, as well as the boundary between digital and analog logic for analog circuitry having off-chip
connections. Refer to Boundary-scan Chain for a complete description.
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• Shift-DR: The Reset Register is shifted by the TCK input.

27.12.5. BYPASS; 0xF
Mandatory JTAG instruction selecting the Bypass Register for Data Register.

The active states are:

• Capture-DR: Loads a logic “0” into the Bypass Register.
• Shift-DR: The Bypass Register cell between TDI and TDO is shifted.

27.13. Boundary-scan Chain
The Boundary-scan chain has the capability of driving and observing the logic levels on the digital I/O
pins, as well as the boundary between digital and analog logic for analog circuitry having off-chip
connections.

27.13.1. Scanning the Digital Port Pins
The first figure below shows the Boundary-scan Cell for a bi-directional port pin with pull-up function. The
cell consists of a standard Boundary-scan cell for the Pull-up Enable – PUExn – function, and a bi-
directional pin cell that combines the three signals, Output Control – OCxn, Output Data – ODxn, and
Input Data – IDxn, into only a two-stage Shift Register. The port and pin indexes are not used in the
following description

The Boundary-scan logic is not included in the figures in the Data Sheet. Figure 27-6 shows a simple
digital Port Pin as described in the section I/O Ports. The Boundary-scan details from the first figure below
replaces the dashed box in Figure 27-6.

When no alternate port function is present, the Input Data – ID corresponds to the PINxn Register value
(but ID has no synchronizer), Output Data corresponds to the PORT Register, Output Control
corresponds to the Data Direction – DD Register, and the Pull-up Enable – PUExn – corresponds to logic
expression PUD · DDxn · PORTxn.

Digital alternate port functions are connected outside the dotted box in Figure 27-6 to make the scan
chain read the actual pin value. For Analog function, there is a direct connection from the external pin to
the analog circuit, and a scan chain is inserted on the interface between the digital logic and the analog
circuitry.
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29.6.1. Signal Names
In this section, some pins of this device are referenced by signal names describing their functionality
during parallel programming, refer to the following figure and table Pin Name Mapping in this section.
Pins not described in the following table are referenced by pin names.

The XA1/XA0 pins determine the action executed when the XTAL1 pin is given a positive pulse. The bit
coding is shown in Table 29-9.

When pulsing WR or OE, the command loaded determines the action executed. The different Commands
are shown in Table 29-10.

Figure 29-1. Parallel Programming
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Table 29-7. Pin Name Mapping

Signal Name in
Programming Mode

Pin Name I/O Function

RDY/BSY PD1 O 0: Device is busy programming, 1: Device is ready for new
command

OE PD2 I Output Enable (Active low)

WR PD3 I Write Pulse (Active low)

BS1 PD4 I Byte Select 1 (“0” selects Low byte, “1” selects High byte)

XA0 PD5 I XTAL Action Bit 0

XA1 PD6 I XTAL Action Bit 1

PAGEL PD7 I Program memory and EEPROM Data Page Load
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4. Give XTAL1 a positive pulse. This loads the address high byte.

Step H. Program Page.
1. Set BS1 = “0”
2. Give WR a negative pulse. This starts programming of the entire page of data. RDY/BSY goes low.
3. Wait until RDY/BSY goes high (Refer to the last figure on programming the Flash waveforms in this

section).

Step I. Repeat B through H until the entire Flash is programmed or until all data has been
programmed.

Step J. End Page Programming.
1. 1. Set XA1, XA0 to “10”. This enables command loading.
2. Set DATA to “0000 0000”. This is the command for No Operation.
3. Give XTAL1 a positive pulse. This loads the command, and the internal write signals are reset.

Figure 29-2. Addressing the Flash Which is Organized in Pages
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Note:  PCPAGE and PCWORD are listed in Table 29-11.
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6. Enter JTAG instruction PROG_COMMANDS.
7. Repeat steps 3 to 6 until all data have been read.

Related Links
Parallel Programming Characteristics on page 339

29.10.19. Programming the EEPROM
Before programming the EEPROM a Chip Erase must be performed. See Performing Chip Erase.

1. Enter JTAG instruction PROG_COMMANDS.
2. Enable EEPROM write using programming instruction 4a.
3. Load address high byte using programming instruction 4b.
4. Load address low byte using programming instruction 4c.
5. Load data using programming instructions 4d and 4e.
6. Repeat steps 4 and 5 for all data bytes in the page.
7. Write the data using programming instruction 4f.
8. Poll for EEPROM write complete using programming instruction 4g, or wait for tWLRH (refer to table

Parallel Programming Characteristics, VCC = 5V ±10% in chapter Parallel Programming
Characteristics).

9. Repeat steps 3 to 8 until all data have been programmed.

Note that the PROG_PAGELOAD instruction can not be used when programming the EEPROM

Related Links
Parallel Programming Characteristics on page 339

29.10.20. Reading the EEPROM
1. Enter JTAG instruction PROG_COMMANDS.
2. Enable EEPROM read using programming instruction 5a.
3. Load address using programming instructions 5b and 5c.
4. Read data using programming instruction 5d.
5. Repeat steps 3 and 4 until all data have been read.

Note that the PROG_PAGEREAD instruction can not be used when reading the EEPROM

29.10.21. Programming the Fuses
1. Enter JTAG instruction PROG_COMMANDS.
2. Enable Fuse write using programming instruction 6a.
3. Load data high byte using programming instructions 6b. A bit value of “0” will program the

corresponding fuse, a “1” will unprogram the fuse.
4. Write high Fuse byte using programming instruction 6c.
5. Poll for Fuse write complete using programming instruction 6d, or wait for tWLRH (refer to table

Parallel Programming Characteristics, VCC = 5V ±10% in chapter Parallel Programming
Characteristics).

6. Load data low byte using programming instructions 6e. A bit value of “0” will program the
corresponding fuse, a “1” will unprogram the fuse.

7. Write Fuse low byte using programming instruction 6f.
8. Poll for Fuse write complete using programming instruction 6g, or wait for tWLRH (refer to table

Parallel Programming Characteristics, VCC = 5V ±10% in chapter Parallel Programming
Characteristics).
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Symbol Parameter Condition Min Typ Max Units

RREF Reference Input Resistance 32 kΩ

RAIN Analog Input Resistance 100 MΩ

Note: 
1. Minimum for AVCC is 2.7V.
2. Maximum for AVCC is 5.5V.
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31. Typical Characteristics
Some of the Status Flags are cleared by writing a logical one to them. Note that the CBI and SBI
instructions will operate on all bits in the I/O Register, writing a one back into any flag read as set, thus
clearing the flag. The CBI and SBI instructions work with registers $00 to $1F only.

The power consumption in Power-down mode is independent of clock selection.

The current consumption is a function of several factors such as: operating voltage, operating frequency,
loading of I/O pins, switching rate of I/O pins, code executed and ambient temperature. The dominating
factors are operating voltage and frequency.

The current drawn from capacitive loaded pins may be estimated (for one pin) as CL*VCC*f where CL =
load capacitance, VCC = operating voltage and f = average switching frequency of I/O pin.

The parts are characterized at frequencies higher than test limits. Parts are not guaranteed to function
properly at frequencies higher than the ordering code indicates.

The difference between current consumption in Power-down mode with Watchdog Timer enabled and
Power-down mode with Watchdog Timer disabled represents the differential current drawn by the
Watchdog Timer.

31.1. Active Supply Current
Figure 31-1. Active Supply Current vs. Low Frequency (0.1 - 1.0 MHz)
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Figure 31-30. Reset Input Pin Hysteresis vs. VCC
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31.9. BOD Thresholds and Analog Comparator Offset
Figure 31-31. BOD Thresholds vs. Temperature (BOD Level is 4.0V)
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Figure 31-38. Calibrated 4MHz RC Oscillator Frequency vs. Temperature
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Figure 31-39. Calibrated 4MHz RC Oscillator Frequency vs. VCC
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DATA TRANSFER INSTRUCTIONS

Mnemonics Operands Description Operation Flags #Clocks

LD Rd, Y+ Load Indirect and Post-Inc. Rd ← (Y), Y ← Y + 1 None 2

LD Rd, - Y Load Indirect and Pre-Dec. Y ← Y - 1, Rd ← (Y) None 2

LDD Rd,Y+q Load Indirect with Displacement Rd ← (Y + q) None 2

LD Rd, Z Load Indirect Rd ← (Z) None 2

LD Rd, Z+ Load Indirect and Post-Inc. Rd ← (Z), Z ← Z+1 None 2

LD Rd, -Z Load Indirect and Pre-Dec. Z ← Z - 1, Rd ← (Z) None 2

LDD Rd, Z+q Load Indirect with Displacement Rd ← (Z + q) None 2

LDS Rd, k Load Direct from SRAM Rd ← (k) None 2

ST X, Rr Store Indirect (X) ← Rr None 2

ST X+, Rr Store Indirect and Post-Inc. (X) ← Rr, X ← X + 1 None 2

ST - X, Rr Store Indirect and Pre-Dec. X ← X - 1, (X) ← Rr None 2

ST Y, Rr Store Indirect (Y) ¬ Rr None 2

ST Y+, Rr Store Indirect and Post-Inc. (Y) ← Rr, Y ← Y + 1 None 2

ST - Y, Rr Store Indirect and Pre-Dec. Y ← Y - 1, (Y) ← Rr None 2

STD Y+q,Rr Store Indirect with Displacement (Y + q) ← Rr None 2

ST Z, Rr Store Indirect (Z) ← Rr None 2

ST Z+, Rr Store Indirect and Post-Inc. (Z) ← Rr, Z ← Z + 1 None 2

ST - Z, Rr Store Indirect and Pre-Dec. Z ← Z - 1, (Z) ← Rr None 2

STD Z+q,Rr Store Indirect with Displacement (Z + q) ← Rr None 2

STS k, Rr Store Direct to SRAM (k) ← Rr None 2

LPM Load Program Memory R0 ← (Z) None 3

LPM Rd, Z Load Program Memory Rd ← (Z) None 3

LPM Rd, Z+ Load Program Memory and Post-Inc Rd ← (Z), Z ← Z+1 None 3

SPM Store Program Memory (Z) ← R1:R0 None -

IN Rd, P In Port Rd ← P None 1

OUT P, Rr Out Port P ← Rr None 1

PUSH Rr Push Register on Stack STACK ← Rr None 2

POP Rd Pop Register from Stack Rd ← STACK None 2
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