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ATmega325/3250/645/6450
Thus, when the BOD is not enabled, after setting the ACBG bit or enabling the ADC, the user
must always allow the reference to start up before the output from the Analog Comparator or
ADC is used. To reduce power consumption in Power-down mode, the user can avoid the three
conditions above to ensure that the reference is turned off before entering Power-down mode.

11.8 Watchdog Timer
The Watchdog Timer is clocked from a separate On-chip Oscillator which runs at 1 MHz. This is
the typical value at VCC = 5V. See characterization data for typical values at other VCC levels. By
controlling the Watchdog Timer prescaler, the Watchdog Reset interval can be adjusted as
shown in Table 11-2 on page 46. The WDR – Watchdog Reset – instruction resets the Watch-
dog Timer. The Watchdog Timer is also reset when it is disabled and when a Chip Reset occurs.
Eight different clock cycle periods can be selected to determine the reset period. If the reset
period expires without another Watchdog Reset, the Atmel ATmega325/3250/645/6450 resets
and executes from the Reset Vector. For timing details on the Watchdog Reset, refer to Table
11-2 on page 46.

To prevent unintentional disabling of the Watchdog or unintentional change of time-out period,
two different safety levels are selected by the fuse WDTON as shown in Table 11-1. Refer to
“Timed Sequences for Changing the Configuration of the Watchdog Timer” on page 46 for
details.

Figure 11-7. Watchdog Timer

Table 11-1. WDT Configuration as a Function of the Fuse Settings of WDTON

WDTON
Safety 
Level

WDT Initial 
State

How to Disable the 
WDT

How to Change 
Time-out

Unprogrammed 1 Disabled Timed sequence Timed sequence

Programmed 2 Enabled Always enabled Timed sequence

WATCHDOG
OSCILLATOR
45
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Figure 13-1. Pin Change Interrupt

13.2 Register Description

13.2.1 EICRA – External Interrupt Control Register A
The External Interrupt Control Register A contains control bits for interrupt sense control.

• Bit 1, 0 – ISC01, ISC00: Interrupt Sense Control 0 Bit 1 and Bit 0
The External Interrupt 0 is activated by the external pin INT0 if the SREG I-flag and the corre-
sponding interrupt mask are set. The level and edges on the external INT0 pin that activate the
interrupt are defined in Table 13-1. 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.

clk

PCINT(n)

pin_lat

pin_sync

pcint_in_(n)

pcint_syn

pcint_setflag

PCIF

PCINT(0)

pin_sync
pcint_syn

pin_lat
D     Q

LE

pcint_setflag
PCIF

clk

clk
PCINT(0) in PCMSK(x)

pcint_in_(0) 0

x

Bit 7 6 5 4 3 2 1 0

(0x69) – – – – – – ISC01 ISC00 EICRA

Read/Write R R R R R R R/W R/W

Initial Value 0 0 0 0 0 0 0 0

Table 13-1. 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.
56
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14.3.1 Alternate Functions of Port B
The Port B pins with alternate functions are shown in Table 14-3.

The alternate pin configuration is as follows:

• OC2A/PCINT15, Bit 7
OC2, Output Compare Match A output: The PB7 pin can serve as an external output for the
Timer/Counter2 Output Compare A. The pin has to be configured as an output (DDB7 set (one))
to serve this function. The OC2A pin is also the output pin for the PWM mode timer function.

PCINT15, Pin Change Interrupt source 15: The PB7 pin can serve as an external interrupt
source.

• OC1B/PCINT14, Bit 6
OC1B, Output Compare Match B output: The PB6 pin can serve as an external output for the
Timer/Counter1 Output Compare B. The pin has to be configured as an output (DDB6 set (one))
to serve this function. The OC1B pin is also the output pin for the PWM mode timer function.

PCINT14, Pin Change Interrupt Source 14: The PB6 pin can serve as an external interrupt
source.

Table 14-3. Port B Pins Alternate Functions

Port Pin Alternate Functions

PB7
OC2A/PCINT15 (Output Compare and PWM Output A for Timer/Counter2 or 
Pin Change Interrupt15).

PB6
OC1B/PCINT14 (Output Compare and PWM Output B for Timer/Counter1 or 
Pin Change Interrupt14).

PB5
OC1A/PCINT13 (Output Compare and PWM Output A for Timer/Counter1 or 
Pin Change Interrupt13).

PB4
OC0A/PCINT12 (Output Compare and PWM Output A for Timer/Counter0 or 
Pin Change Interrupt12).

PB3
MISO/PCINT11 (SPI Bus Master Input/Slave Output or Pin Change 
Interrupt11).

PB2
MOSI/PCINT10 (SPI Bus Master Output/Slave Input or Pin Change 
Interrupt10).

PB1 SCK/PCINT9 (SPI Bus Serial Clock or Pin Change Interrupt9).

PB0 SS/PCINT8 (SPI Slave Select input or Pin Change Interrupt8).
68
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14.3.2 Alternate Functions of Port D
The Port D pins with alternate functions are shown in Table 14-6.

The alternate pin configuration is as follows:

• INT0 – Port D, Bit 1
INT0, External Interrupt Source 0. The PD1 pin can serve as an external interrupt source to the
MCU.

• ICP1 – Port D, Bit 0
ICP1 – Input Capture pin1: The PD0 pin can act as an Input Capture pin for Timer/Counter1.

Table 14-7 relates the alternate functions of Port D to the overriding signals shown in Figure 14-
5 on page 66.  

Table 14-6. Port D Pins Alternate Functions

Port Pin Alternate Function

PD7 -

PD6 -

PD5 -

PD4 -

PD3 -

PD2 -

PD1 INT0 (External Interrupt0 Input)

PD0 ICP1 (Timer/Counter1 Input Capture pin)

Table 14-7. Overriding Signals for Alternate Functions in PD3:PD0

Signal 
Name PD3 PD2 PD1/INT0 PD0/ICP1

PUOE 0 0 0 0

PUOV 0 0 0 0

DDOE 0 0 0 0

DDOV 0 0 0 0

PVOE 0 0 0 0

PVOV 0 0 0 0

PTOE – – – –

DIEOE 0 0 INT0 ENABLE 0

DIEOV 0 0 INT0 ENABLE 0

DI – – INT0 INPUT ICP1 INPUT

AIO – – – –
71
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14.4 Register Description

14.4.1 MCUCR – MCU Control Register

• Bit 4 – PUD: Pull-up Disable
When this bit is written to one, the pull-ups in the I/O ports are disabled even if the DDxn and
PORTxn Registers are configured to enable the pull-ups ({DDxn, PORTxn} = 0b01). See “Con-
figuring the Pin” on page 61 for more details about this feature.

14.4.2 PORTA – Port A Data Register

14.4.3 DDRA – Port A Data Direction Register

14.4.4 PINA – Port A Input Pins Address

Table 14-21. Overriding Signals for Alternate Functions in PH3:0

Signal 
Name PJ3/PCINT27 PJ2/PCINT26 PJ1/PCINT25 PJ0/PCINT24

PUOE 0 0 0 0

PUOV 0 0 0 0

DDOE 0 0 0 0

DDOV 0 0 0 0

PVOE 0 0 0 0

PVOV 0 0 0 0

PTOE – – – –

DIEOE PCINT27 • 
PCIE0

PCINT26 • 
PCIE0

PCINT25 • 
PCIE0

PCINT24 • 
PCIE0

DIEOV 0 0 0 0

DI – – – –

AIO – – – –

Bit 7 6 5 4 3 2 1 0

0x35 (0x55) JTD – – PUD – – IVSEL IVCE MCUCR

Read/Write R/W R R R/W R R R/W R/W

Initial Value 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0

0x02 (0x22) PORTA7 PORTA6 PORTA5 PORTA4 PORTA3 PORTA2 PORTA1 PORTA0 PORTA

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Initial Value 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0

0x01 (0x21) DDA7 DDA6 DDA5 DDA4 DDA3 DDA2 DDA1 DDA0 DDRA

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Initial Value 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0

0x00 (0x20) PINA7 PINA6 PINA5 PINA4 PINA3 PINA2 PINA1 PINA0 PINA

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Initial Value N/A N/A N/A N/A N/A N/A N/A N/A
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14.4.21 DDRG – Port G Data Direction Register

14.4.22 PING – Port G Input Pins Address

14.4.23 PORTH – Port H Data Register(1)

14.4.24 DDRH – Port H Data Direction Register(1)

14.4.25 PINH – Port H Input Pins Address(1)

14.4.26 PORTJ – Port J Data Register(1)

14.4.27 DDRJ – Port J Data Direction Register(1)

14.4.28 PINJ – Port J Input Pins Address(1)

Note: 1. Register only available in ATmega3250/6450.

Bit 7 6 5 4 3 2 1 0

0x13 (0x33) – – – DDG4 DDG3 DDG2 DDG1 DDG0 DDRG

Read/Write R R R R/W R/W R/W R/W R/W

Initial Value 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0

0x12 (0x32) – – PING5 PING4 PING3 PING2 PING1 PING0 PING

Read/Write R R R R/W R/W R/W R/W R/W

Initial Value 0 0 0 N/A N/A N/A N/A N/A

Bit 7 6 5 4 3 2 1 0

(0xDA) PORTH7 PORTH6 PORTH5 PORTH4 PORTH3 PORTH2 PORTH1 PORTH0 PORTH

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Initial Value 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0

(0xD9) DDH7 DDH6 DDH5 DDH4 DDH3 DDH2 DDH1 DDH0 DDRH

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Initial Value 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0

(0xD8) PINH7 PINH6 PINH5 PINH4 PINH3 PINH2 PINH1 PINH0 PINH

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Initial Value N/A N/A N/A N/A N/A N/A N/A N/A

Bit 7 6 5 4 3 2 1 0

(0xDD) – PORTJ6 PORTJ5 PORTJ4 PORTJ3 PORTJ2 PORTJ1 PORTJ0 PORTJ

Read/Write R R/W R/W R/W R/W R/W R/W R/W

Initial Value 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0

(0xDC) – DDJ6 DDJ5 DDJ4 DDJ3 DDJ2 DDJ1 DDJ0 DDRJ

Read/Write R R/W R/W R/W R/W R/W R/W R/W

Initial Value 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0

(0xDB) – PINJ6 PINJ5 PINJ4 PINJ3 PINJ2 PINJ1 PINJ0 PINJ

Read/Write R R/W R/W R/W R/W R/W R/W R/W

Initial Value 0 N/A N/A N/A N/A N/A N/A N/A
84
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17. 16-bit Timer/Counter1

17.1 Features
The 16-bit Timer/Counter unit allows accurate program execution timing (event management),
wave generation, and signal timing measurement. The main features are:

• True 16-bit Design (i.e., Allows 16-bit PWM)
• Two independent Output Compare Units
• Double Buffered Output Compare Registers
• One Input Capture Unit
• Input Capture Noise Canceler
• Clear Timer on Compare Match (Auto Reload)
• Glitch-free, Phase Correct Pulse Width Modulator (PWM)
• Variable PWM Period
• Frequency Generator
• External Event Counter
• Four independent interrupt Sources (TOV1, OCF1A, OCF1B, and ICF1)

17.2 Overview
Most register and bit references in this section are written in general form. A lower case “n”
replaces the Timer/Counter number, and a lower case “x” replaces the Output Compare unit.
However, when using the register or bit defines in a program, the precise form must be used,
i.e., TCNT1 for accessing Timer/Counter1 counter value and so on. 

A simplified block diagram of the 16-bit Timer/Counter is shown in Figure 17-1. For the actual
placement of I/O pins, refer to “Pinout ATmega3250/6450” on page 2. CPU accessible I/O Reg-
isters, including I/O bits and I/O pins, are shown in bold. The device-specific I/O Register and bit
locations are listed in the “Register Description” on page 123.

The PRTIM1 bit in “Power Reduction Register” on page 37 must be written to zero to enable the
Timer/Counter1 module.
102
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0x0003), and the maximum resolution is 16-bit (ICR1 or OCR1A set to MAX). The PWM resolu-
tion in bits can be calculated by using the following equation:

In phase correct PWM mode the counter is incremented until the counter value matches either
one of the fixed values 0x00FF, 0x01FF, or 0x03FF (WGM13:0 = 1, 2, or 3), the value in ICR1
(WGM13:0 = 10), or the value in OCR1A (WGM13:0 = 11). The counter has then reached the
TOP and changes the count direction. The TCNT1 value will be equal to TOP for one timer clock
cycle. The timing diagram for the phase correct PWM mode is shown on Figure 17-8. The figure
shows phase correct PWM mode when OCR1A or ICR1 is used to define TOP. The TCNT1
value is in the timing diagram shown as a histogram for illustrating the dual-slope operation. The
diagram includes non-inverted and inverted PWM outputs. The small horizontal line marks on
the TCNT1 slopes represent compare matches between OCR1x and TCNT1. The OC1x Inter-
rupt Flag will be set when a compare match occurs.

Figure 17-8. Phase Correct PWM Mode, Timing Diagram

The Timer/Counter Overflow Flag (TOV1) is set each time the counter reaches BOTTOM. When
either OCR1A or ICR1 is used for defining the TOP value, the OC1A or ICF1 Flag is set accord-
ingly at the same timer clock cycle as the OCR1x Registers are updated with the double buffer
value (at TOP). The Interrupt Flags can be used to generate an interrupt each time the counter
reaches the TOP or BOTTOM value.

When changing the TOP value the program must ensure that the new TOP value is higher or
equal to the value of all of the Compare Registers. If the TOP value is lower than any of the
Compare Registers, a compare match will never occur between the TCNT1 and the OCR1x.
Note that when using fixed TOP values, the unused bits are masked to zero when any of the
OCR1x Registers are written. As the third period shown in Figure 17-8 illustrates, changing the
TOP actively while the Timer/Counter is running in the phase correct mode can result in an
unsymmetrical output. The reason for this can be found in the time of update of the OCR1x Reg-
ister. Since the OCR1x update occurs at TOP, the PWM period starts and ends at TOP. This

RPCPWM
TOP 1+( )log

2( )log
-----------------------------------=

OCRnx/TOP Update and
OCnA Interrupt Flag Set
or ICFn Interrupt Flag Set
(Interrupt on TOP)

1 2 3 4

TOVn Interrupt Flag Set
(Interrupt on Bottom)

TCNTn

Period

OCnx

OCnx

(COMnx1:0 = 2)

(COMnx1:0 = 3)
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the maximum resolution is 16-bit (ICR1 or OCR1A set to MAX). The PWM resolution in bits can
be calculated using the following equation:

In phase and frequency correct PWM mode the counter is incremented until the counter value
matches either the value in ICR1 (WGM13:0 = 8), or the value in OCR1A (WGM13:0 = 9). The
counter has then reached the TOP and changes the count direction. The TCNT1 value will be
equal to TOP for one timer clock cycle. The timing diagram for the phase correct and frequency
correct PWM mode is shown on Figure 17-9. The figure shows phase and frequency correct
PWM mode when OCR1A or ICR1 is used to define TOP. The TCNT1 value is in the timing dia-
gram shown as a histogram for illustrating the dual-slope operation. The diagram includes non-
inverted and inverted PWM outputs. The small horizontal line marks on the TCNT1 slopes repre-
sent compare matches between OCR1x and TCNT1. The OC1x Interrupt Flag will be set when a
compare match occurs.

Figure 17-9. Phase and Frequency Correct PWM Mode, Timing Diagram

The Timer/Counter Overflow Flag (TOV1) is set at the same timer clock cycle as the OCR1x
Registers are updated with the double buffer value (at BOTTOM). When either OCR1A or ICR1
is used for defining the TOP value, the OC1A or ICF1 Flag set when TCNT1 has reached TOP.
The Interrupt Flags can then be used to generate an interrupt each time the counter reaches the
TOP or BOTTOM value.

When changing the TOP value the program must ensure that the new TOP value is higher or
equal to the value of all of the Compare Registers. If the TOP value is lower than any of the
Compare Registers, a compare match will never occur between the TCNT1 and the OCR1x.

As Figure 17-9 shows the output generated is, in contrast to the phase correct mode, symmetri-
cal in all periods. Since the OCR1x Registers are updated at BOTTOM, the length of the rising
and the falling slopes will always be equal. This gives symmetrical output pulses and is therefore
frequency correct.

RPFCPWM
TOP 1+( )log

2( )log
-----------------------------------=

OCRnx/TOP Updateand
TOVn Interrupt Flag Set
(Interrupt on Bottom)

OCnA Interrupt Flag Set
or ICFn Interrupt Flag Set
(Interrupt on TOP)

1 2 3 4

TCNTn

Period

OCnx

OCnx

(COMnx1:0 = 2)

(COMnx1:0 = 3)
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For Timer/Counter2, the possible prescaled selections are: clkT2S/8, clkT2S/32, clkT2S/64,
clkT2S/128, clkT2S/256, and clkT2S/1024. Additionally, clkT2S as well as 0 (stop) may be selected.
Setting the PSR2 bit in GTCCR resets the prescaler. This allows the user to operate with a pre-
dictable prescaler.

18.11 Register Description

18.11.1 TCCR2A – Timer/Counter Control Register A

• Bit 7 – FOC2A: Force Output Compare A
The FOC2A bit is only active when the WGM bits specify a non-PWM mode. However, for ensur-
ing compatibility with future devices, this bit must be set to zero when TCCR2A is written when
operating in PWM mode. When writing a logical one to the FOC2A bit, an immediate compare
match is forced on the Waveform Generation unit. The OC2A output is changed according to its
COM2A1:0 bits setting. Note that the FOC2A bit is implemented as a strobe. Therefore it is the
value present in the COM2A1:0 bits that determines the effect of the forced compare.

A FOC2A strobe will not generate any interrupt, nor will it clear the timer in CTC mode using
OCR2A as TOP.

The FOC2A bit is always read as zero.

• Bit 6, 3 – WGM21:0: Waveform Generation Mode
These bits control the counting sequence of the counter, the source for the 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, Clear Timer on Compare match (CTC) mode, and
two types of Pulse Width Modulation (PWM) modes. See Table 18-2 and “Modes of Operation”
on page 135.

Note: 1. The CTC2 and PWM2 bit definition names are now obsolete. Use the WGM21:0 definitions. 
However, the functionality and location of these bits are compatible with previous versions of 
the timer.

Bit 7 6 5 4 3 2 1 0

(0xB0) FOC2A WGM20 COM2A1 COM2A0 WGM21 CS22 CS21 CS20 TCCR2A

Read/Write W R/W R/W R/W R/W R/W R/W R/W

Initial Value 0 0 0 0 0 0 0 0

Table 18-2. Waveform Generation Mode Bit Description(1)

Mode
WGM21
(CTC2)

WGM20
(PWM2)

Timer/Counter Mode 
of Operation TOP

Update of
OCR2A at

TOV2 Flag
Set on

0 0 0 Normal 0xFF Immediate MAX

1 0 1 PWM, Phase Correct 0xFF TOP BOTTOM

2 1 0 CTC OCR2A Immediate MAX

3 1 1 Fast PWM 0xFF BOTTOM MAX
143
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The following code example shows a simple USART receive function that handles both nine bit
characters and the status bits.

Note: 1. See “About Code Examples” on page 9.

The receive function example reads all the I/O Registers into the Register File before any com-
putation is done. This gives an optimal receive buffer utilization since the buffer location read will
be free to accept new data as early as possible.

Assembly Code Example(1)

USART_Receive:

; Wait for data to be received

sbis UCSR0A, RXC0

rjmp USART_Receive

; Get status and 9th bit, then data from buffer

in r18, UCSR0A

in r17, UCSR0B

in r16, UDR0

; If error, return -1

andi r18,(1<<FE0)|(1<<DOR0)|(1<<UPE0)

breq USART_ReceiveNoError

ldi r17, HIGH(-1)

ldi r16, LOW(-1)

USART_ReceiveNoError:

; Filter the 9th bit, then return

lsr r17

andi r17, 0x01

ret

C Code Example(1)

unsigned int USART_Receive( void )

{

unsigned char status, resh, resl;

/* Wait for data to be received */

while ( !(UCSR0A & (1<<RXC0)) )

;

/* Get status and 9th bit, then data */

/* from buffer */

status = UCSR0A;

resh = UCSR0B;

resl = UDR0;

/* If error, return -1 */

if ( status & (1<<FE0)|(1<<DOR0)|(1<<UPE0) )

return -1;

/* Filter the 9th bit, then return */

resh = (resh >> 1) & 0x01;

return ((resh << 8) | resl);

}

169
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20.7.3 Receive Compete Flag and Interrupt
The USART Receiver has one flag that indicates the Receiver state.

The Receive Complete (RXCn) Flag indicates if there are unread data present in the receive buf-
fer. This flag is one when unread data exist in the receive buffer, and zero when the receive
buffer is empty (i.e., does not contain any unread data). If the Receiver is disabled (RXENn = 0),
the receive buffer will be flushed and consequently the RXCn bit will become zero.

When the Receive Complete Interrupt Enable (RXCIEn) in UCSRnB is set, the USART Receive
Complete interrupt will be executed as long as the RXCn Flag is set (provided that global inter-
rupts are enabled). When interrupt-driven data reception is used, the receive complete routine
must read the received data from UDRn in order to clear the RXCn Flag, otherwise a new inter-
rupt will occur once the interrupt routine terminates.

20.7.4 Receiver Error Flags
The USART Receiver has three Error Flags: Frame Error (FEn), Data OverRun (DORn) and
Parity Error (UPEn). All can be accessed by reading UCSRnA. Common for the Error Flags is
that they are located in the receive buffer together with the frame for which they indicate the
error status. Due to the buffering of the Error Flags, the UCSRnA must be read before the
receive buffer (UDRn), since reading the UDRn I/O location changes the buffer read location.
Another equality for the Error Flags is that they can not be altered by software doing a write to
the flag location. However, all flags must be set to zero when the UCSRnA is written for upward
compatibility of future USART implementations. None of the Error Flags can generate interrupts.

The Frame Error (FEn) Flag indicates the state of the first stop bit of the next readable frame
stored in the receive buffer. The FEn Flag is zero when the stop bit was correctly read (as one),
and the FEn Flag will be one when the stop bit was incorrect (zero). This flag can be used for
detecting out-of-sync conditions, detecting break conditions and protocol handling. The FEn
Flag is not affected by the setting of the USBSn bit in UCSRnC since the Receiver ignores all,
except for the first, stop bits. For compatibility with future devices, always set this bit to zero
when writing to UCSRnA.

The Data OverRun (DORn) Flag indicates data loss due to a receiver buffer full condition. A
Data OverRun occurs when the receive buffer is full (two characters), it is a new character wait-
ing in the Receive Shift Register, and a new start bit is detected. If the DORn Flag is set there
was one or more serial frame lost between the frame last read from UDRn, and the next frame
read from UDRn. For compatibility with future devices, always write this bit to zero when writing
to UCSRnA. The DORn Flag is cleared when the frame received was successfully moved from
the Shift Register to the receive buffer.

The Parity Error (UPEn) Flag indicates that the next frame in the receive buffer had a Parity
Error when received. If Parity Check is not enabled the UPEn bit will always be read zero. For
compatibility with future devices, always set this bit to zero when writing to UCSRnA. For more
details see “Parity Bit Calculation” on page 163 and “Parity Checker” on page 170.

20.7.5 Parity Checker
The Parity Checker is active when the high USART Parity mode (UPMn1) bit is set. Type of Par-
ity Check to be performed (odd or even) is selected by the UPMn0 bit. When enabled, the Parity
Checker calculates the parity of the data bits in incoming frames and compares the result with
the parity bit from the serial frame. The result of the check is stored in the receive buffer together
with the received data and stop bits. The Parity Error (UPEn) Flag can then be read by software
to check if the frame had a Parity Error.
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Figure 25-4. General Port Pin Schematic Diagram

25.6.2 Scanning the RESET Pin
The RESET pin accepts 5V active low logic for standard reset operation, and 12V active high
logic for High Voltage Parallel programming. An observe-only cell as shown in Figure 25-5 is
inserted both for the 5V reset signal; RSTT, and the 12V reset signal; RSTHV. 

Figure 25-5. Observe-only Cell
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99 PD5.Pull-up_Enable

98 PD6.Data

97 PD6.Control

96 PD6.Pull-up_Enable

95 PD7.Data

94 PD7.Control

93 PD7.Pull-up_Enable

92 PG0.Data Port G

91 PG0.Control

90 PG0.Pull-up_Enable

89 PG1.Data

88 PG1.Control

87 PG1.Pull-up_Enable

86 PC0.Data Port C

85 PC0.Control

84 PC0.Pull-up_Enable

83 PC1.Data

82 PC1.Control

81 PC1.Pull-up_Enable

80 PC2.Data

79 PC2.Control

78 PC2.Pull-up_Enable

77 PC3.Data

76 PC3.Control

75 PC3.Pull-up_Enable

74 PC4.Data

73 PC4.Control

72 PC4.Pull-up_Enable

71 PC5.Data

70 PC5.Control

69 PC5.Pull-up_Enable

68 PH0.Data Port H

67 PH0.Control

66 PH0.Pull-up_Enable

65 PH1.Data

64 PH1.Control

Table 25-8. ATmega3250/6450 Boundary-scan Order, 100-pin (Continued)

Bit Number Signal Name Module
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Note: 1. “1” means unprogrammed, “0” means programmed

26.7 Addressing the Flash During Self-Programming
The Z-pointer is used to address the SPM commands.

Since the Flash is organized in pages (see Table 27-10 on page 270), the Program Counter can
be treated as having two different sections. One section, consisting of the least significant bits, is
addressing the words within a page, while the most significant bits are addressing the pages.
This is shown in Figure 26-3. Note that the Page Erase and Page Write operations are
addressed independently. Therefore it is of major importance that the Boot Loader software
addresses the same page in both the Page Erase and Page Write operation. Once a program-
ming operation is initiated, the address is latched and the Z-pointer can be used for other
operations. 

The only SPM operation that does not use the Z-pointer is Setting the Boot Loader Lock bits.
The content of the Z-pointer is ignored and will have no effect on the operation. The LPM
instruction does also use the Z-pointer to store the address. Since this instruction addresses the
Flash byte-by-byte, also the LSB (bit Z0) of the Z-pointer is used.

Figure 26-3. Addressing the Flash During SPM(1)

Note: 1. The different variables used in Figure 26-3 are listed in Table 26-8 on page 262.

2. PCPAGE and PCWORD are listed in Table 27-10 on page 270.

Bit 15 14 13 12 11 10 9 8

ZH (R31) Z15 Z14 Z13 Z12 Z11 Z10 Z9 Z8

ZL (R30) Z7 Z6 Z5 Z4 Z3 Z2 Z1 Z0

7 6 5 4 3 2 1 0

PROGRAM MEMORY

0115

Z - REGISTER

BIT

0

ZPAGEMSB

WORD ADDRESS
WITHIN A PAGE

PAGE ADDRESS
WITHIN THE FLASH

ZPCMSB

INSTRUCTION WORD

PAGE PCWORD[PAGEMSB:0]:

00

01

02

PAGEEND

PAGE

PCWORDPCPAGE

PCMSB PAGEMSB
PROGRAM
COUNTER
256
2570N–AVR–05/11



ATmega325/3250/645/6450
Note: 1. The SPIEN Fuse is not accessible in serial programming mode.

2. The default value of BOOTSZ1..0 results in maximum Boot Size. See Table 26-6 on page 262 
for details.

3. See “Register Description” on page 47 for details.

4. Never ship a product with the OCDEN Fuse programmed regardless of the setting of Lock bits 
and JTAGEN Fuse. A programmed OCDEN Fuse enables some parts of the clock system to 
be running in all sleep modes. This may increase the power consumption.

5. If the JTAG interface is left unconnected, the JTAGEN fuse should if possible be disabled. This 
to avoid static current at the TDO pin in the JTAG interface.

Note: 1. The default value of SUT1..0 results in maximum start-up time for the default clock source. 
See Table 28-4 on page 301 for details.

2. The default setting of CKSEL3..0 results in internal RC Oscillator @ 8 MHz. See Table 9-5 on 
page 29 for details.

3. The CKOUT Fuse allow the system clock to be output on PORTE7. See “Clock Output Buffer” 
on page 31 for details.

4. See “System Clock Prescaler” on page 32 for details.

Table 27-4. Fuse High Byte

Fuse High Byte Bit No Description Default Value

OCDEN(4) 7 Enable OCD
1 (unprogrammed, 
OCD disabled)

JTAGEN(5) 6 Enable JTAG
0 (programmed, JTAG 
enabled)

SPIEN(1) 5
Enable Serial Program and Data 
Downloading

0 (programmed, SPI 
prog. enabled)

WDTON(3) 4 Watchdog Timer always on 1 (unprogrammed)

EESAVE 3
EEPROM memory is preserved 
through the Chip Erase

1 (unprogrammed, 
EEPROM not 
preserved)

BOOTSZ1 2
Select Boot Size (see Table 27-6 
for details) 0 (programmed)(2)

BOOTSZ0 1
Select Boot Size (see Table 27-6 
for details) 0 (programmed)(2)

BOOTRST 0 Select Reset Vector 1 (unprogrammed)

Table 27-5. Fuse Low Byte

Fuse Low Byte Bit No Description Default Value

CKDIV8(4) 7 Divide clock by 8 0 (programmed)

CKOUT(3) 6 Clock output 1 (unprogrammed)

SUT1 5 Select start-up time 1 (unprogrammed)(1)

SUT0 4 Select start-up time 0 (programmed)(1)

CKSEL3 3 Select Clock source 0 (programmed)(2)

CKSEL2 2 Select Clock source 0 (programmed)(2)

CKSEL1 1 Select Clock source 1 (unprogrammed)(2)

CKSEL0 0 Select Clock source 0 (programmed)(2)
267
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1. A: Load Command “0000 0100”.

2. Set OE to “0”, BS2 to “0” and BS1 to “0”. The status of the Fuse Low bits can now be
read at DATA (“0” means programmed).

3. Set OE to “0”, BS2 to “1” and BS1 to “1”. The status of the Fuse High bits can now be
read at DATA (“0” means programmed).

4. Set OE to “0”, BS2 to “1”, and BS1 to “0”. The status of the Extended Fuse bits can now
be read at DATA (“0” means programmed).

5. Set OE to “0”, BS2 to “0” and BS1 to “1”. The status of the Lock bits can now be read at
DATA (“0” means programmed).

6. Set OE to “1”.

Figure 27-6. Mapping Between BS1, BS2 and the Fuse and Lock Bits During Read

27.6.13 Reading the Signature Bytes
The algorithm for reading the Signature bytes is as follows (refer to “Programming the Flash” on
page 272 for details on Command and Address loading):

1. A: Load Command “0000 1000”.

2. B: Load Address Low Byte (0x00 - 0x02).

3. Set OE to “0”, and BS1 to “0”. The selected Signature byte can now be read at DATA.

4. Set OE to “1”.

27.6.14 Reading the Calibration Byte
The algorithm for reading the Calibration byte is as follows (refer to “Programming the Flash” on
page 272 for details on Command and Address loading):

1. A: Load Command “0000 1000”.

2. B: Load Address Low Byte, 0x00.

3. Set OE to “0”, and BS1 to “1”. The Calibration byte can now be read at DATA.

4. Set OE to “1”.

Lock Bits 0

1

BS2

Fuse High Byte

0

1

BS1

DATA

Fuse Low Byte 0

1

BS2

Extended Fuse Byte
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Notes: 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.

27.7 Serial Downloading
Both the Flash and EEPROM memory arrays can be programmed using the serial SPI bus while
RESET is pulled to GND. The serial interface consists of pins SCK, MOSI (input) and MISO (out-
put). After RESET is set low, the Programming Enable instruction needs to be executed first
before program/erase operations can be executed. NOTE, in Table 27-13 on page 280, the pin
mapping for SPI programming is listed. Not all parts use the SPI pins dedicated for the internal
SPI interface.

27.7.1 Serial Programming Pin Mapping

Figure 27-10. Serial Programming and Verify(1)

Notes: 1. If the device is clocked by the internal Oscillator, it is no need to connect a clock source to the
XTAL1 pin.

2. VCC - 0.3V < AVCC < VCC + 0.3V, however, AVCC should always be within 1.8 - 5.5V

When programming the EEPROM, an auto-erase cycle is built into the self-timed programming
operation (in the Serial mode ONLY) and there is no need to first execute the Chip Erase
instruction. The Chip Erase operation turns the content of every memory location in both the
Program and EEPROM arrays into 0xFF.

Depending on CKSEL Fuses, a valid clock must be present. The minimum low and high periods
for the serial clock (SCK) input are defined as follows:

tBVDV BS1 Valid to DATA valid 0 250 ns

tOLDV OE Low to DATA Valid 250 ns

tOHDZ OE High to DATA Tri-stated 250 ns

Table 27-12. Parallel Programming Characteristics, VCC = 5V ± 10%  (Continued)

Symbol Parameter Min Typ Max Units

Table 27-13. Pin Mapping Serial Programming

Symbol Pins I/O Description

MOSI PB2 I Serial Data in

MISO PB3 O Serial Data out

SCK PB1 I Serial Clock

VCC

GND

XTAL1

SCK

MISO

MOSI

RESET

+1.8 - 5.5V

AVCC

+1.8 - 5.5V(2)
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Figure 27-14. Programming Command Register
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28.3 Speed Grades

Maximum frequency is dependent on VCC. As shown in Figure 28-1 on page 299 and Figure 28-
2 on page 299, the Maximum Frequency vs. VCC curve is linear between 1.8V < VCC < 2.7V and
between 2.7V < VCC < 4.5V.

Figure 28-1. Maximum Frequency vs. VCC (4 - 8 MHz).

Figure 28-2. Maximum Frequency vs. VCC (8 - 16 MHz).
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