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5. Pin Configurations

5.1. Pin-out
Figure 5-1. 28-pin PDIP
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For the Crystall Oscillator connections refer to Low Power Crystal Oscillator.

Table 13-6. Start-Up Times for the Full Swing Crystal Oscillator Clock Selection

Oscillator Source / Power
Conditions

Start-Up Time from
Power-down and
Power-save

Additional Delay from
Reset 
(VCC = 5.0V)

CKSEL0 SUT[1:0]

Ceramic resonator, fast rising power 258 CK 14CK + 4.1ms(1) 0 00

Ceramic resonator, slowly rising
power

258 CK 14CK + 65ms(1) 0 01

Ceramic resonator, BOD enabled 1K CK 14CK(2) 0 10

Ceramic resonator, fast rising power 1K CK 14CK + 4.1ms(2) 0 11

Ceramic resonator, slowly rising
power

1K CK 14CK + 65ms(2) 1 00

Crystal Oscillator, BOD enabled 16K CK 14CK 1 01

Crystal Oscillator, fast rising power 16K CK 14CK + 4.1ms 1 10

Crystal Oscillator, slowly rising power 16K CK 14CK + 65ms 1 11

Note: 
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.

Related Links
Clock Source Connections on page 52

13.5. Low Frequency Crystal Oscillator
The Low-frequency Crystal Oscillator is optimized for use with a 32.768kHz watch crystal. When selecting
crystals, load capacitance and crystal’s Equivalent Series Resistance (ESR) must be taken into
consideration. Both values are specified by the crystal vendor. The oscillator is optimized for very low
power consumption, and thus when selecting crystals, consider the Maximum ESR Recommendations:

Table 13-7. Maximum ESR Recommendation for 32.768kHz Crystal

Crystal CL [pF] Max. ESR [kΩ](1)

6.5 75

9.0 65

12.5 30

Note: 
1. Maximum ESR is typical value based on characterization.

The Low-frequency Crystal Oscillator provides an internal load capacitance at each TOSC pin:
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14. PM - Power Management and Sleep Modes

14.1. Overview
Sleep modes enable the application to shut down unused modules in the MCU, thereby saving power.
The device provides various sleep modes allowing the user to tailor the power consumption to the
application requirements.

When enabled, the Brown-out Detector (BOD) actively monitors the power supply voltage during the
sleep periods. To further save power, it is possible to disable the BOD in some sleep modes. See also 
BOD Disable.

14.2. Sleep Modes
The following Table shows the different sleep modes, BOD disable ability and their wake-up sources.

Table 14-1. Active Clock Domains and Wake-up Sources in the Different Sleep Modes.

Active Clock Domains Oscillators Wake-up Sources Software
BOD Disable

Sleep Mode clkCPU clkFLASH clkIO clkADC clkASY Main Clock 
Source Enabled

Timer Oscillator
Enabled

INT and PCINT TWI Address 
Match

Timer2 SPM/EEPROM
Ready

ADC WDT Other I/O

Idle Yes Yes Yes Yes Yes(2) Yes Yes Yes Yes Yes Yes Yes

ADC Noise
Reduction

Yes Yes Yes Yes(2) Yes(3) Yes Yes(2) Yes Yes Yes

Power-down Yes(3) Yes Yes Yes

Power-save Yes Yes(2) Yes(3) Yes Yes Yes Yes

Standby(1) Yes Yes(3) Yes Yes Yes

Extended Standby Yes(2) Yes Yes(2) Yes(3) Yes Yes Yes Yes

Note: 
1. Only recommended with external crystal or resonator selected as clock source.
2. If Timer/Counter2 is running in asynchronous mode.
3. For INT1 and INT0, only level interrupt.

To enter any of the six sleep modes, the Sleep Enable bit in the Sleep Mode Control Register (SMCR.SE)
must be written to '1' and a SLEEP instruction must be executed. Sleep Mode Select bits
(SMCR.SM[2:0]) select which sleep mode (Idle, ADC Noise Reduction, Power-down, Power-save,
Standby, or Extended Standby) will be activated by the SLEEP instruction.

Note:  The block diagram in the section System Clock and Clock Options provides an overview over the
different clock systems in the device, and their distribution. This figure is helpful in selecting an
appropriate sleep mode.

If an enabled interrupt occurs while the MCU is in a sleep mode, the MCU wakes up. The MCU is then
halted for four cycles in addition to the start-up time, executes the interrupt routine, and resumes
execution from the instruction following SLEEP. The contents of the Register File and SRAM are
unaltered when the device wakes up from sleep. If a reset occurs during sleep mode, the MCU wakes up
and executes from the Reset Vector.

Related Links
System Clock and Clock Options on page 50
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17.2.5. Pin Change Interrupt Flag 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:  PCIFR
Offset:  0x3B
Reset:  0x00
Property:
 

When addressing as I/O Register: address offset is 0x1B

Bit 7 6 5 4 3 2 1 0  
      PCIF2 PCIF1 PCIF0  

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

Bit 2 – PCIF2: Pin Change Interrupt Flag 2
When a logic change on any PCINT[23:16] pin triggers an interrupt request, PCIF2 will be set. If the I-bit
in SREG and the PCIE2 bit in PCICR are set, the MCU will jump to the corresponding Interrupt Vector.
The flag is cleared when the interrupt routine is executed. Alternatively, the flag can be cleared by writing
'1' to it.

Bit 1 – PCIF1: Pin Change Interrupt Flag 1
When a logic change on any PCINT[14:8] pin triggers an interrupt request, PCIF1 will be set. If the I-bit in
SREG and the PCIE1 bit in PCICR are set, the MCU will jump to the corresponding Interrupt Vector. The
flag is cleared when the interrupt routine is executed. Alternatively, the flag can be cleared by writing '1' to
it.

Bit 0 – PCIF0: Pin Change Interrupt Flag 0
When a logic change on any PCINT[7:0] pin triggers an interrupt request, PCIF0 will be set. If the I-bit in
SREG and the PCIE0 bit in PCICR are set, the MCU will jump to the corresponding Interrupt Vector. The
flag is cleared when the interrupt routine is executed. Alternatively, the flag can be cleared by writing '1' to
it.
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18.4.3. Port B 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:  DDRB
Offset:  0x24
Reset:  0x00
Property:
 

When addressing as I/O Register: address offset is 0x04

Bit 7 6 5 4 3 2 1 0  
 DDRB7 DDRB6 DDRB5 DDRB4 DDRB3 DDRB2 DDRB1 DDRB0  

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 – DDRBn: Port B Data Direction [n = 7:0]
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Accessing the low byte triggers the 16-bit read or write operation: When the low byte of a 16-bit register is
written by the CPU, the high byte that is currently stored in TEMP and the low byte being written are both
copied into the 16-bit register in the same clock cycle. When the low byte of a 16-bit register is read by
the CPU, the high byte of the 16-bit register is copied into the TEMP register in the same clock cycle as
the low byte is read, and must be read subsequently.

Note:  To perform a 16-bit write operation, the high byte must be written before the low byte. For a 16-bit
read, the low byte must be read before the high byte.

Not all 16-bit accesses uses the temporary register for the high byte. Reading the OCR1A/B 16-bit
registers does not involve using the temporary register.

16-bit Access
The following code examples show how to access the 16-bit Timer Registers assuming that no interrupts
updates the temporary register. The same principle can be used directly for accessing the OCR1A/B and
ICR1 Registers. Note that when using C, the compiler handles the 16-bit access.

Assembly Code Example(1)

   ...
; Set TCNT1 to 0x01FF
ldi    r17,0x01
ldi    r16,0xFF
out    TCNT1H,r17
out    TCNT1L,r16
; Read TCNT1 into r17:r16
in    r16,TCNT1L
in    r17,TCNT1H
   ...

The assembly code example returns the TCNT1 value in the r17:r16 register pair.

C Code Example(1)

unsigned int i;
   ...
/* Set TCNT1 to 0x01FF */
TCNT1 = 0x1FF;
/* Read TCNT1 into i */
i = TCNT1;
   ...

Note: 
1. The example code assumes that the part specific header file is included. For I/O Registers located

in extended I/O map, “IN”, “OUT”, “SBIS”, “SBIC”, “CBI”, and “SBI” instructions must be replaced
with instructions that allow access to extended I/O. Typically “LDS” and “STS” combined with
“SBRS”, “SBRC”, “SBR”, and “CBR”.

Atomic Read
It is important to notice that accessing 16-bit registers are atomic operations. If an interrupt occurs
between the two instructions accessing the 16-bit register, and the interrupt code updates the temporary
register by accessing the same or any other of the 16-bit Timer Registers, then the result of the access
outside the interrupt will be corrupted. Therefore, when both the main code and the interrupt code update
the temporary register, the main code must disable the interrupts during the 16-bit access.

The following code examples show how to perform an atomic read of the TCNT1 Register contents. The
OCR1A/B or ICR1 Registers can be ready by using the same principle.
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the Analog Comparator Control and Status Register (ACSR). Be aware that changing trigger source can
trigger a capture. The Input Capture Flag must therefore be cleared after the change.

Both the Input Capture pin (ICP1) and the Analog Comparator output (ACO) inputs are sampled using the
same technique as for the T1 pin. The edge detector is also identical. However, when the noise canceler
is enabled, additional logic is inserted before the edge detector, which increases the delay by four system
clock cycles. The input of the noise canceler and edge detector is always enabled unless the Timer/
Counter is set in a Waveform Generation mode that uses ICR1 to define TOP.

An Input Capture can be triggered by software by controlling the port of the ICP1 pin.

Related Links
Timer/Counter 0, 1 Prescalers on page 192

20.9.2. Noise Canceler
The noise canceler improves noise immunity by using a simple digital filtering scheme. The noise
canceler input is monitored over four samples, and all four must be equal for changing the output that in
turn is used by the edge detector.

The noise canceler is enabled by setting the Input Capture Noise Canceler bit in the Timer/Counter
Control Register B (TCCR1B.ICNC). When enabled, the noise canceler introduces an additional delay of
four system clock cycles between a change applied to the input and the update of the ICR1 Register. The
noise canceler uses the system clock and is therefore not affected by the prescaler.

20.9.3. Using the Input Capture Unit
The main challenge when using the Input Capture unit is to assign enough processor capacity for
handling the incoming events. The time between two events is critical. If the processor has not read the
captured value in the ICR1 Register before the next event occurs, the ICR1 will be overwritten with a new
value. In this case the result of the capture will be incorrect.

When using the Input Capture interrupt, the ICR1 Register should be read as early in the interrupt handler
routine as possible. Even though the Input Capture interrupt has relatively high priority, the maximum
interrupt response time is dependent on the maximum number of clock cycles it takes to handle any of
the other interrupt requests.

Using the Input Capture unit in any mode of operation when the TOP value (resolution) is actively
changed during operation, is not recommended.

Measurement of an external signal’s duty cycle requires that the trigger edge is changed after each
capture. Changing the edge sensing must be done as early as possible after the ICR1 Register has been
read. After a change of the edge, the Input Capture Flag (ICF) must be cleared by software (writing a
logical one to the I/O bit location). For measuring frequency only, the clearing of the ICF Flag is not
required (if an interrupt handler is used).

20.10. Output Compare Units
The 16-bit comparator continuously compares TCNT1 with the Output Compare Register (OCR1x). If
TCNT equals OCR1x the comparator signals a match. A match will set the Output Compare Flag
(TIFR1.OCFx) at the next timer clock cycle. If enabled (TIMSK1.OCIEx = 1), the Output Compare Flag
generates an Output Compare interrupt. The OCFx Flag is automatically cleared when the interrupt is
executed. Alternatively the OCFx Flag can be cleared by software by writing a logical one to its I/O bit
location. The Waveform Generator uses the match signal to generate an output according to operating
mode set by the Waveform Generation mode (WGM1[3:0]) bits and Compare Output mode (COM1x[1:0])
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data to be sent into SPDR before reading the incoming data. The last incoming byte will be kept in the
Buffer Register for later use.

Figure 23-2. SPI Master-slave Interconnection

SHIFT
ENABLE

The system is single buffered in the transmit direction and double buffered in the receive direction. This
means that bytes to be transmitted cannot be written to the SPI Data Register before the entire shift cycle
is completed. When receiving data, however, a received character must be read from the SPI Data
Register before the next character has been completely shifted in. Otherwise, the first byte is lost.

In SPI Slave mode, the control logic will sample the incoming signal of the SCK pin. To ensure correct
sampling of the clock signal, the minimum low and high periods should be longer than two CPU clock
cycles.

When the SPI is enabled, the data direction of the MOSI, MISO, SCK, and SS pins is overridden
according to the table below. For more details on automatic port overrides, refer to the IO Port
description.

Table 23-1. SPI Pin Overrides

Pin Direction, Master SPI Direction, Slave SPI

MOSI User Defined Input

MISO Input User Defined

SCK User Defined Input

SS User Defined Input

Note:  1. See the IO Port description for how to define the SPI pin directions.

The following code examples show how to initialize the SPI as a Master and how to perform a simple
transmission. DDR_SPI in the examples must be replaced by the actual Data Direction Register
controlling the SPI pins. DD_MOSI, DD_MISO and DD_SCK must be replaced by the actual data direction
bits for these pins. E.g. if MOSI is placed on pin PB5, replace DD_MOSI with DDB5 and DDR_SPI with
DDRB.

Assembly Code Example

SPI_MasterInit:
   ; Set MOSI and SCK output, all others input
   ldi    r17,(1<<DD_MOSI)|(1<<DD_SCK)
   out    DDR_SPI,r17
   ; Enable SPI, Master, set clock rate fck/16
   ldi    r17,(1<<SPE)|(1<<MSTR)|(1<<SPR0)
   out    SPCR,r17
   ret
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24.12.3. USART Control and Status Register 0 B

Name:  UCSR0B
Offset:  0xC1
Reset:  0x00
Property:
 

-

Bit 7 6 5 4 3 2 1 0  
 RXCIE0 TXCIE0 UDRIE0 RXEN0 TXEN0 UCSZ02 RXB80 TXB80  

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

Bit 7 – RXCIE0: RX Complete Interrupt Enable 0
Writing this bit to one enables interrupt on the RXC0 Flag. A USART Receive Complete interrupt will be
generated only if the RXCIE0 bit is written to one, the Global Interrupt Flag in SREG is written to one and
the RXC0 bit in UCSR0A is set.

Bit 6 – TXCIE0: TX Complete Interrupt Enable 0
Writing this bit to one enables interrupt on the TXC0 Flag. A USART Transmit Complete interrupt will be
generated only if the TXCIE0 bit is written to one, the Global Interrupt Flag in SREG is written to one and
the TXC0 bit in UCSR0A is set.

Bit 5 – UDRIE0: USART Data Register Empty Interrupt Enable 0
Writing this bit to one enables interrupt on the UDRE0 Flag. A Data Register Empty interrupt will be
generated only if the UDRIE0 bit is written to one, the Global Interrupt Flag in SREG is written to one and
the UDRE0 bit in UCSR0A is set.

Bit 4 – RXEN0: Receiver Enable 0
Writing this bit to one enables the USART Receiver. The Receiver will override normal port operation for
the RxDn pin when enabled. Disabling the Receiver will flush the receive buffer invalidating the FE0,
DOR0, and UPE0 Flags.

Bit 3 – TXEN0: Transmitter Enable 0
Writing this bit to one enables the USART Transmitter. The Transmitter will override normal port operation
for the TxD0 pin when enabled. The disabling of the Transmitter (writing TXEN0 to zero) 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 TxD0 port.

Bit 2 – UCSZ02: Character Size 0
The UCSZ02 bits combined with the UCSZ0[1:0] bit in UCSR0C sets the number of data bits (Character
Size) in a frame the Receiver and Transmitter use.

This bit is reserved in Master SPI Mode (MSPIM).

Bit 1 – RXB80: Receive Data Bit 8 0
RXB80 is the ninth data bit of the received character when operating with serial frames with nine data
bits. Must be read before reading the low bits from UDR0.

This bit is reserved in Master SPI Mode (MSPIM).
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USART_MSPIM SPI Comments

XCKn SCK (Functionally identical)

(N/A) SS Not supported by USART in MSPIM

25.8. Register Description
Refer to the USART Register Description.

Related Links
Register Description on page 249
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data packets. In other words; All transmissions must contain the same number of data packets, otherwise
the result of the arbitration is undefined.

26.5. Overview of the TWI Module
The TWI module is comprised of several submodules, as shown in the following figure. The registers
drawn in a thick line are accessible through the AVR data bus.

Figure 26-9. Overview of the TWI Module
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26.5.1. SCL and SDA Pins
These pins interface the AVR TWI with the rest of the MCU system. The output drivers contain a slew-
rate limiter in order to conform to the TWI specification. The input stages contain a spike suppression unit
removing spikes shorter than 50ns. Note that the internal pull-ups in the AVR pads can be enabled by
setting the PORT bits corresponding to the SCL and SDA pins, as explained in the I/O Port section. The
internal pull-ups can in some systems eliminate the need for external ones.

26.5.2. Bit Rate Generator Unit
This unit controls the period of SCL when operating in a Master mode. The SCL period is controlled by
settings in the TWI Bit Rate Register (TWBRn) and the Prescaler bits in the TWI Status Register
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information when the TWI Interrupt Flag is asserted. At all other times, the TWSRn contains a special
status code indicating that no relevant status information is available. As long as the TWINT Flag is set,
the SCL line is held low. This allows the application software to complete its tasks before allowing the TWI
transmission to continue.

The TWINT Flag is set in the following situations:

• After the TWI has transmitted a START/REPEATED START condition
• After the TWI has transmitted SLA+R/W
• After the TWI has transmitted an address byte
• After the TWI has lost arbitration
• After the TWI has been addressed by own slave address or general call
• After the TWI has received a data byte
• After a STOP or REPEATED START has been received while still addressed as a Slave
• When a bus error has occurred due to an illegal START or STOP condition

26.6. Using the TWI
The AVR TWI is byte-oriented and interrupt based. Interrupts are issued after all bus events, like
reception of a byte or transmission of a START condition. Because the TWI is interrupt-based, the
application software is free to carry on other operations during a TWI byte transfer. Note that the TWI
Interrupt Enable (TWIE) bit in TWCRn together with the Global Interrupt Enable bit in SREG allow the
application to decide whether or not assertion of the TWINT Flag should generate an interrupt request. If
the TWIE bit is cleared, the application must poll the TWINT Flag in order to detect actions on the TWI
bus.

When the TWINT Flag is asserted, the TWI has finished an operation and awaits application response. In
this case, the TWI Status Register (TWSRn) contains a value indicating the current state of the TWI bus.
The application software can then decide how the TWI should behave in the next TWI bus cycle by
manipulating the TWCRn and TWDRn Registers.

The following figure illustrates a simple example of how the application can interface to the TWI
hardware. In this example, a Master wishes to transmit a single data byte to a Slave. A more detailed
explanation follows later in this section. Simple code examples are presented in the table below.

Figure 26-10. Interfacing the Application to the TWI in a Typical Transmission

START SLA+W A Data A STOP

1. Application
writes to TWCR to

initiate
transmission of

START

2.TWINT set.
Status code indicates
START condition sent

4.TWINT set.
Status code indicates

SLA+W sent, ACK
received

6.TWINT set.
Status code indicates

data sent, ACK received

3. Check TWSR to see if START was 
sent. Application loads SLA+W into 

TWDR, and loads appropriate control 
signals into TWCR, making sure that 

TWINT is written to one, 
and TWSTA is written to zero.

5. CheckTWSR to see if SLA+W was
sent and ACK received.

Application loads data into TWDR, and
loads appropriate control signals into
TWCR, making sure that TWINT is

written to one

7. CheckTWSR to see if data was sent
and ACK received.

Application loads appropriate control
signals to send STOP into TWCR,

making sure that TWINT is written to one

TWI bus
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Figure 26-18. Formats and States in the Slave Receiver Mode

S SLA W A DATA A

0x60 0x80

0x88

A

0x68

Reception of the o   wn
sla v e address and one or
more data b  ytes.  All are
acknowledged

Last data b   yte receiv   ed
is not ac kno wledged

Arbitration lost as master
and addressed as sla     v    e

Reception of the gener   al call
address and one or more data
bytes

Last data b  yte receiv  ed is
not ac knowledged

n

From master to sla   v  e

From sla v e to master

Any number of data b  ytes
and their associated ac    kno   wledge bits

This n umber (contained in   TWSR) corresponds
to a defined state of the 2-Wire Ser     ial Bus.     The 
prescaler bits are z    ero or mask     ed to z      ero

P or SDATA A

0x80 0xA0

P or SA

A DATA A

0x70 0x90

0x98

A

0x78

P or SDATA A

0x90 0xA0

P or SA

General Call

Arbitration lost as master and
addressed as sla    v   e b   y gener    al call

DATA A

26.7.5. Miscellaneous States
There are two status codes that do not correspond to a defined TWI state, see the table in this section.

Status 0xF8 indicates that no relevant information is available because the TWINT Flag is not set. This
occurs between other states, and when the TWI is not involved in a serial transfer.

Status 0x00 indicates that a bus error has occurred during a 2-wire Serial Bus transfer. A bus error occurs
when a START or STOP condition occurs at an illegal position in the format frame. Examples of such
illegal positions are during the serial transfer of an address byte, a data byte, or an acknowledge bit.
When a bus error occurs, TWINT is set. To recover from a bus error, the TWSTO Flag must set and
TWINT must be cleared by writing a logic one to it. This causes the TWI to enter the not addressed Slave
mode and to clear the TWSTO Flag (no other bits in TWCRn are affected). The SDA and SCL lines are
released, and no STOP condition is transmitted.
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Figure 28-6. ADC Timing Diagram, Auto Triggered Conversion
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Cycle Number 1 2
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Figure 28-7. ADC Timing Diagram, Free Running Conversion

11 12 13
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LSB of Result

ADC Clock

ADSC

ADIF

ADCH

ADCL

Cycle Number 1 2

One Conversion Next Conversion

3 4

Conversion
Complete

Sample and Hold
MUX and REFS
Update

Table 28-1. ADC Conversion Time

Condition Sample & Hold 
(Cycles from Start of Conversion)

Conversion Time 
(Cycles)

First conversion 13.5 25

Normal conversions, single ended 1.5 13

Auto Triggered conversions 2 13.5

28.5. Changing Channel or Reference Selection
The Analog Channel Selection bits (MUX) and the Reference Selection bits (REFS) bits in the ADC
Multiplexer Selection Register (ADMUX.MUX[3:0] and ADMUX.REFS[1:0]) are single buffered through a
temporary register to which the CPU has random access. This ensures that the channels and reference
selection only takes place at a safe point during the conversion. The channel and reference selection is
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30. Self-Programming the Flash

30.1. Overview
In ATmega48P/PV, there is no Read-While-Write support and no separate Boot Loader Section. The SPM
instruction can be executed from the entire Flash.

The device provides a Self-Programming mechanism for downloading and uploading program code by
the MCU itself. The Self-Programming can use any available data interface and associated protocol to
read code and write (program) that code into the Program Memory.

The Program Memory is updated in a page by page fashion. Before programming a page with the data
stored in the temporary page buffer, the page must be erased. The temporary page buffer is filled with
one word at a time using SPM, and the buffer can be filled either before the Page Erase command or
between a Page Erase and a Page Write operation:

Alternative 1, fill the buffer before a Page Erase
• Fill temporary page buffer
• Perform a Page Erase
• Perform a Page Write

Alternative 2, fill the buffer after Page Erase
• Perform a Page Erase
• Fill temporary page buffer
• Perform a Page Write

If only a part of the page needs to be changed, the rest of the page must be stored (for example in the
temporary page buffer) before the erase, and then be re-written. When using alternative 1, the Boot
Loader provides an effective Read-Modify-Write feature which allows the user software to first read the
page, do the necessary changes, and then write back the modified data. If alternative 2 is used, it is not
possible to read the old data while loading since the page is already erased. The temporary page buffer
can be accessed in a random sequence. It is essential that the page address used in both the Page
Erase and Page Write operation is addressing the same page.

30.1.1. Performing Page Erase by Store Program Memory (SPM)
To execute Page Erase, set up the address in the Z-pointer (R30 and R31), write “0x00000011” to Store
Program Memory Control and Status Register (SPMCSR) and execute Store Program Memory (SPM)
within four clock cycles after writing SPMCSR. The data in R1 and R0 is ignored. The page address must
be written to PCPAGE ([Z12:Z6]) in the Z-register. Other bits in the Z-pointer will be ignored during this
operation.

• The CPU is halted during the Page Erase operation
Note:  If an interrupt occurs in the time sequence the four cycle access cannot be guaranteed. In
order to ensure atomic operation you should disable interrupts before writing to SPMCSR.

30.1.2. Filling the Temporary Buffer (Page Loading)
To write an instruction word, set up the address in the Z-pointer (R30 and R31) and data in R1:R0, write
“0x00000001” to SPMCSR and execute SPM within four clock cycles after writing SPMCSR. The content
of PCWORD ([Z5:Z1]) in the Z-register is used to address the data in the temporary buffer. The temporary
buffer will auto-erase after a Page Write operation or by writing the RWWSRE bit in SPMCSR. It is also
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30.3.1. Store Program Memory Control and Status Register
The Store Program Memory Control and Status Register contains the control bits needed to control the
Program memory operations.

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:  SPMCSR
Offset:  0x57
Reset:  0x00
Property:
 

When addressing I/O Registers as data space the offset address is 0x37

Bit 7 6 5 4 3 2 1 0  
 SPMIE RWWSB SIGRD RWWSRE BLBSET PGWRT PGERS SPMEN  

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

Bit 7 – SPMIE: SPM Interrupt Enable
When the SPMIE bit is written to '1', and the I-bit in the Status Register is set ('1'), the SPM ready
interrupt will be enabled. The SPM ready Interrupt will be executed as long as the SPMEN bit in the
SPMCSR Register is cleared (SPMCSR.SPMEN). The interrupt will not be generated during EEPROM
write or SPM.

Bit 6 – RWWSB: Read-While-Write Section Busy
This bit is for compatibility with devices supporting Read-While-Write. It will always read as zero.

Bit 5 – SIGRD: Signature Row Read
If this bit is written to one at the same time as SPMEN, the next LPM instruction within three clock cycles
will read a byte from the signature row into the destination register. Please refer to Reading the Signature
Row from Software. An SPM instruction within four cycles after SIGRD and SPMEN are set will have no
effect. This operation is reserved for future use and should not be used.

Bit 4 – RWWSRE: Read-While-Write Section Read Enable
The functionality of this bit in ATmega48P/PV is a subset of the functionality in ATmega88P/PV and
ATmega168P/PV. If the RWWSRE bit is written while filling the temporary page buffer, the temporary
page buffer will be cleared and the data will be lost.

Bit 3 – BLBSET: Boot Lock Bit Set
The functionality of this bit in ATmega48P/PV is a subset of the functionality in ATmega88P/PV and
ATmega168P/PV. An LPM instruction within three cycles after BLBSET and SPMEN are set in the
SPMCSR Register, 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

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.
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Figure 31-1. Read-While-Write vs. No Read-While-Write
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33.4.1. Calibrated Internal RC Oscillator Accuracy
Table 33-6. Calibration Accuracy of Internal RC Oscillator

Frequency VCC Temperature Calibration Accuracy

Factory
Calibration

8.0MHz 3.0V 25°C ±10%

User
Calibration

7.3 - 8.1MHz 1.8V - 5.5V(1)

2.7V - 5.5V(2)

-40°C to - 85°C ±1%

Note: 
1. Voltage range for ATmega48PV/88PV/168PV .
2. Voltage range for ATmega48P/88P/168P .

33.4.2. External Clock Drive Waveforms
Figure 33-3. External Clock Drive Waveforms

VIL1

VIH1

33.4.3. External Clock Drive
Table 33-7. External Clock Drive

Symbol Parameter VCC= 1.8 - 5.5V VCC= 2.7 - 5.5V VCC= 4.5 - 5.5V Units

Min. Max. Min. Max. Min. Max.

1/tCLCL Oscillator Frequency 0 4 0 10 0 20 MHz

tCLCL Clock Period 250 - 100 - 50 - ns

tCHCX High Time 100 - 40 - 20 - ns

tCLCX Low Time 100 - 40 - 20 - ns

tCLCH Rise Time - 2.0 - 1.6 - 0.5 μs

tCHCL Fall Time - 2.0 - 1.6 - 0.5 μs

ΔtCLCL Change in period from one clock
cycle to the next

- 2 - 2 - 2 %

33.5. System and Reset Characteristics
Table 33-8. Reset, Brown-out and Internal Voltage Characteristics(1)

Symbol Parameter Condition Min. Typ Max Units

VPOT Power-on Reset Threshold Voltage (rising) 1.1 1.4 1.6 V

Power-on Reset Threshold Voltage (falling)(2) 0.6 1.3 1.6 V
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Figure 34-76. Reset Pin Input Hysteresis vs. VCC
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34.2.10. BOD Threshold
Figure 34-77. BOD Thresholds vs. Temperature (BODLEVEL is 1.8V)
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Figure 34-118. ATmega168P/PV: I/O Pin Input Threshold Voltage vs. VCC (VIL, I/O Pin read as ‘0’)
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Figure 34-119. ATmega168P/PV: I/O Pin Input Hysteresis vs. VCC
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Figure 34-120. ATmega168P/PV: Reset Input Threshold Voltage vs. VCC (VIH, I/O Pin read as ‘1’)
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