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Figure 7-3. On-chip Data SRAM Access Cycles

7.3 EEPROM Data Memory
The ATmega329/3290/649/6490 contains 1/2K bytes of data EEPROM memory. It is organized
as a separate data space, in which single bytes can be read and written. The EEPROM has an
endurance of at least 100,000 write/erase cycles. The access between the EEPROM and the
CPU is described in the following, specifying the EEPROM Address Registers, the EEPROM
Data Register, and the EEPROM Control Register.

For a detailed description of SPI, JTAG and Parallel data downloading to the EEPROM, see
page 308, page 313, and page 296 respectively.

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

The write access time for the EEPROM is given in Table 7-1. A self-timing function, however,
lets the user software detect when the next byte can be written. If the user code contains instruc-
tions that write the EEPROM, some precautions must be taken. In heavily filtered power
supplies, VCC is likely to rise or fall slowly on power-up/down. This causes the device for some
period of time to run at a voltage lower than specified as minimum for the clock frequency used.
See “Preventing EEPROM Corruption” on page 21. for details on how to avoid problems in these
situations.

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

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

7.3.2 EEPROM Write During Power-down Sleep Mode
When entering Power-down sleep mode while an EEPROM write operation is active, the
EEPROM write operation will continue, and will complete before the Write Access time has
passed. However, when the write operation is completed, the clock continues running, and as a
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The following code examples show one assembly and one C function for writing to the
EEPROM. The examples assume that interrupts are controlled (e.g. by disabling interrupts glob-
ally) so that no interrupts will occur during execution of these functions. The examples also
assume that no Flash Boot Loader is present in the software. If such code is present, the
EEPROM write function must also wait for any ongoing SPM command to finish.

The next code examples show assembly and C functions for reading the EEPROM. The exam-
ples assume that interrupts are controlled so that no interrupts will occur during execution of
these functions.

Assembly Code Example

EEPROM_write:

; Wait for completion of previous write

sbic EECR,EEWE

rjmp EEPROM_write    

; Set up address (r18:r17) in address register

out  EEARH, r18

out  EEARL, r17

; Write data (r16) to Data Register

out  EEDR,r16

; Write logical one to EEMWE

sbi  EECR,EEMWE

; Start eeprom write by setting EEWE

sbi  EECR,EEWE

ret

C Code Example

void EEPROM_write(unsigned int uiAddress, unsigned char ucData)

{

/* Wait for completion of previous write */

while(EECR & (1<<EEWE))

;

/* Set up address and Data Registers */

EEAR = uiAddress;

EEDR = ucData;

/* Write logical one to EEMWE */

EECR |= (1<<EEMWE);

/* Start eeprom write by setting EEWE */

EECR |= (1<<EEWE);

}

24
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13.3.3 Alternate Functions of Port C
The Port C has an alternate function as SEG for the LCD Controller.

The alternate pin configuration is as follows:

• SEG – Port D, Bit 7:0
SEG, LCD front plane 5/5, 6/6, 11/7-16/12.

Table 13-10 and Table 13-11 relate the alternate functions of Port C to the overriding signals
shown in Figure 13-5 on page 65.

Table 13-8. Overriding Signals for Alternate Functions in PB3:PB0

Signal 
Name

PB3/MISO/
PCINT11

PB2/MOSI/
PCINT10

PB1/SCK/
PCINT9

PB0/SS/
PCINT8

PUOE SPE • MSTR SPE • MSTR SPE • MSTR SPE • MSTR

PUOV PORTB3 • PUD PORTB2 • PUD PORTB1 • PUD PORTB0 • PUD

DDOE SPE • MSTR SPE • MSTR SPE • MSTR SPE • MSTR

DDOV 0 0 0 0

PVOE SPE • MSTR SPE • MSTR SPE • MSTR 0

PVOV SPI SLAVE 
OUTPUT

SPI MSTR 
OUTPUT

SCK OUTPUT 0

PTOE – – – –

DIEOE PCINT11 • 
PCIE1

PCINT10 • 
PCIE1

PCINT9 • PCIE1 PCINT8 • PCIE1

DIEOV 1 1 1 1

DI PCINT11 INPUT
SPI MSTR 
INPUT

PCINT10 INPUT
SPI SLAVE 
INPUT

PCINT9 INPUT
SCK INPUT

PCINT8 INPUT
SPI SS

AIO – – – –

Table 13-9. Port C Pins Alternate Functions (SEG refers to 100-pin/64-pin pinout)

Port Pin Alternate Function

PC7 SEG (LCD Front Plane 5/5)

PC6 SEG (LCD Front Plane 6/6)

PC5 SEG (LCD Front Plane 11/7)

PC4 SEG (LCD Front Plane 12/8)

PC3 SEG (LCD Front Plane 13/9)

PC2 SEG (LCD Front Plane14/10)

PC1 SEG (LCD Front Plane 15/11)

PC0 SEG (LCD Front Plane 16/12)
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13.3.4 Alternate Functions of Port D
The Port D pins with alternate functions are shown in Table 13-12.

The alternate pin configuration is as follows:

• SEG – Port D, Bit 7:2
SEG, LCD front plane 19/15-24/20.

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

SEG, LCD front plane 25/21.

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

SEG, LCD front plane 26/22

Table 13-13 and Table 13-14 relates the alternate functions of Port D to the overriding signals
shown in Figure 13-5 on page 65. 

Table 13-12. Port D Pins Alternate Functions (SEG refers to 100-pin/64-pin pinout)

Port Pin Alternate Function

PD7 SEG (LCD front plane 19/15)

PD6 SEG (LCD front plane 20/16)

PD5 SEG (LCD front plane 21/17)

PD4 SEG (LCD front plane 22/18)

PD3 SEG (LCD front plane 23/19)

PD2 SEG (LCD front plane 24/20)

PD1 INT0/SEG (External Interrupt0 Input or LCD front plane 25/21)

PD0 ICP1/SEG (Timer/Counter1 Input Capture pin or LCD front plane 26/22)
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Table 13-29. Overriding Signals for Alternate Functions in PH3:0

Signal 
Name

PJ3/PCINT27/
SEG30

PJ2/PCINT26/
SEG31

PJ1/PCINT25/
SEG34

PJ0/PCINT24/
SEG35

PUOE LCDEN LCDEN LCDEN LCDEN

PUOV 0 0 0 0

DDOE LCDEN LCDEN LCDEN LCDEN

DDOV 0 0 0 0

PVOE 0 0 0 0

PVOV 0 0 0 0

PTOE – – – –

DIEOE PCINT27 • 
PCIE0 •LCDEN • 
LCDPM

PCINT26 • 
PCIE0 •LCDEN • 
LCDPM

PCINT25 • 
PCIE0 •LCDEN • 
LCDPM

PCINT24 • 
PCIE0 •LCDEN • 
LCDPM

DIEOV

DI

AIO LCDSEG LCDSEG LCDSEG LCDSEG
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decrements. The PWM frequency for the output when using phase correct PWM can be calcu-
lated by the following equation:

The N variable represents the prescale factor (1, 8, 64, 256, or 1024).

The extreme values for the OCR0A Register represent special cases when generating a PWM
waveform output in the phase correct PWM mode. If the OCR0A is set equal to BOTTOM, the
output will be continuously low and if set equal to MAX the output will be continuously high for
non-inverted PWM mode. For inverted PWM the output will have the opposite logic values.

At the very start of period 2 in Figure 14-7 OCn has a transition from high to low even though
there is no Compare Match. The point of this transition is to guarantee symmetry around BOT-
TOM. There are two cases that give a transition without Compare Match. 

• OCR0A changes its value from MAX, like in Figure 14-7. When the OCR0A value is MAX the 
OCn pin value is the same as the result of a down-counting Compare Match. To ensure 
symmetry around BOTTOM the OCn value at MAX must correspond to the result of an up-
counting Compare Match.

• The timer starts counting from a value higher than the one in OCR0A, and for that reason 
misses the Compare Match and hence the OCn change that would have happened on the 
way up.

14.8 Timer/Counter Timing Diagrams
The Timer/Counter is a synchronous design and the timer clock (clkT0) is therefore shown as a
clock enable signal in the following figures. The figures include information on when Interrupt
Flags are set. Figure 14-8 contains timing data for basic Timer/Counter operation. The figure
shows the count sequence close to the MAX value in all modes other than phase correct PWM
mode.

Figure 14-8. Timer/Counter Timing Diagram, no Prescaling

Figure 14-9 shows the same timing data, but with the prescaler enabled.

fOCnxPCPWM
fclk_I/O

N 510⋅
------------------=

clkTn
(clkI/O/1)

TOVn

clkI/O

TCNTn MAX - 1 MAX BOTTOM BOTTOM + 1
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Note: 1. The CTC0 and PWM0 bit definition names are now obsolete. Use the WGM01:0 definitions. 
However, the functionality and location of these bits are compatible with previous versions of 
the timer.

• Bit 5:4 – COM0A1:0: Compare Match Output Mode
These bits control the Output Compare pin (OC0A) behavior. If one or both of the COM0A1:0
bits are set, the OC0A output overrides the normal port functionality of the I/O pin it is connected
to. However, note that the Data Direction Register (DDR) bit corresponding to the OC0A pin
must be set in order to enable the output driver.

When OC0A is connected to the pin, the function of the COM0A1:0 bits depends on the
WGM01:0 bit setting. Table 14-3 shows the COM0A1:0 bit functionality when the WGM01:0 bits
are set to a normal or CTC mode (non-PWM).

Table 14-4 shows the COM0A1:0 bit functionality when the WGM01:0 bits are set to fast PWM
mode.

Note: 1. A special case occurs when OCR0A equals TOP and COM0A1 is set. In this case, the com-
pare match is ignored, but the set or clear is done at BOTTOM. See “Fast PWM Mode” on
page 98 for more details.

Table 14-5 shows the COM0A1:0 bit functionality when the WGM01:0 bits are set to phase cor-
rect PWM mode.

Table 14-2. Waveform Generation Mode Bit Description(1)

Mode
WGM01
(CTC0)

WGM00
(PWM0)

Timer/Counter 
Mode of Operation TOP

Update of 
OCR0A at

TOV0 Flag 
Set on

0 0 0 Normal 0xFF Immediate MAX

1 0 1 PWM, Phase Correct 0xFF TOP BOTTOM

2 1 0 CTC OCR0A Immediate MAX

3 1 1 Fast PWM 0xFF BOTTOM MAX

Table 14-3. Compare Output Mode, non-PWM Mode

COM0A1 COM0A0 Description

0 0 Normal port operation, OC0A disconnected.

0 1 Toggle OC0A on compare match

1 0 Clear OC0A on compare match

1 1 Set OC0A on compare match

Table 14-4. Compare Output Mode, Fast PWM Mode(1)

COM0A1 COM0A0 Description

0 0 Normal port operation, OC0A disconnected.

0 1 Reserved

1 0 Clear OC0A on compare match, set OC0A at BOTTOM,
(non-inverting mode)

1 1 Set OC0A on compare match, clear OC0A at BOTTOM,
(inverting mode)
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When the ICR1 is used as TOP value (see description of the WGM13:0 bits located in the
TCCR1A and the TCCR1B Register), the ICP1 is disconnected and consequently the Input Cap-
ture function is disabled.

• Bit 5 – Reserved Bit
This bit is reserved for future use. For ensuring compatibility with future devices, this bit must be
written to zero when TCCR1B is written.

• Bit 4:3 – WGM13:2: Waveform Generation Mode
See TCCR1A Register description.

• Bit 2:0 – CS12:0: Clock Select
The three Clock Select bits select the clock source to be used by the Timer/Counter, see Figure
16-10 and Figure 16-11.

If external pin modes are used for the Timer/Counter1, transitions on the T1 pin will clock the
counter even if the pin is configured as an output. This feature allows software control of the
counting.

16.11.3 TCCR1C – Timer/Counter1 Control Register C

• Bit 7 – FOC1A: Force Output Compare for Unit A

• Bit 6 – FOC1B: Force Output Compare for Unit B
The FOC1A/FOC1B bits are only active when the WGM13:0 bits specifies a non-PWM mode.
However, for ensuring compatibility with future devices, these bits must be set to zero when
TCCR1A is written when operating in a PWM mode. When writing a logical one to the
FOC1A/FOC1B bit, an immediate compare match is forced on the Waveform Generation unit.
The OC1A/OC1B output is changed according to its COM1x1:0 bits setting. Note that the
FOC1A/FOC1B bits are implemented as strobes. Therefore it is the value present in the
COM1x1:0 bits that determine the effect of the forced compare.

Table 16-6. Clock Select Bit Description

CS12 CS11 CS10 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/64 (From prescaler)

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

1 0 1 clkI/O/1024 (From prescaler)

1 1 0 External clock source on T1 pin. Clock on falling edge.

1 1 1 External clock source on T1 pin. Clock on rising edge.

Bit 7 6 5 4 3 2 1 0

(0x82) FOC1A FOC1B – – – – – – TCCR1C

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

Initial Value 0 0 0 0 0 0 0 0
135
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Figure 19-2. Clock Generation Logic, Block Diagram

Signal description:

txclk Transmitter clock (Internal Signal).

rxclk Receiver base clock (Internal Signal).

xcki Input from XCK pin (internal Signal). Used for synchronous slave
operation.

xcko Clock output to XCK pin (Internal Signal). Used for synchronous master
operation.

fosc XTAL pin frequency (System Clock).

19.3.1 Internal Clock Generation – The Baud Rate Generator
Internal clock generation is used for the asynchronous and the synchronous master modes of
operation. The description in this section refers to Figure 19-2.

The USART Baud Rate Register (UBRRn) and the down-counter connected to it function as a
programmable prescaler or baud rate generator. The down-counter, running at system clock
(fosc), is loaded with the UBRRn value each time the counter has counted down to zero or when
the UBRRnL Register is written. A clock is generated each time the counter reaches zero. This
clock is the baud rate generator clock output (= fosc/(UBRRn+1)). The Transmitter divides the
baud rate generator clock output by 2, 8 or 16 depending on mode. The baud rate generator out-
put is used directly by the Receiver’s clock and data recovery units. However, the recovery units
use a state machine that uses 2, 8 or 16 states depending on mode set by the state of the
UMSELn, U2Xn and DDR_XCK bits.

Table 19-1 contains equations for calculating the baud rate (in bits per second) and for calculat-
ing the UBRRn value for each mode of operation using an internally generated clock source.

Prescaling
Down-Counter /2

UBRR

/4 /2

fosc

UBRR+1

Sync
Register

OSC

XCK
Pin

txclk

U2X

UMSEL

DDR_XCK

0

1

0

1

xcki

xcko

DDR_XCK
rxclk

0

1

1

0
Edge

Detector

UCPOL
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19.3.4 Synchronous Clock Operation
When synchronous mode is used (UMSELn = 1), the XCK pin will be used as either clock input
(Slave) or clock output (Master). The dependency between the clock edges and data sampling
or data change is the same. The basic principle is that data input (on RxD) is sampled at the
opposite XCK clock edge of the edge the data output (TxD) is changed.

Figure 19-3. Synchronous Mode XCK Timing.

The UCPOLn bit UCRSC selects which XCK clock edge is used for data sampling and which is
used for data change. As Figure 19-3 shows, when UCPOLn is zero the data will be changed at
rising XCK edge and sampled at falling XCK edge. If UCPOLn is set, the data will be changed at
falling XCK edge and sampled at rising XCK edge.

19.4 Frame Formats
A serial frame is defined to be one character of data bits with synchronization bits (start and stop
bits), and optionally a parity bit for error checking. The USART accepts all 30 combinations of
the following as valid frame formats:

• 1 start bit

• 5, 6, 7, 8, or 9 data bits

• no, even or odd parity bit

• 1 or 2 stop bits

A frame starts with the start bit followed by the least significant data bit. Then the next data bits,
up to a total of nine, are succeeding, ending with the most significant bit. If enabled, the parity bit
is inserted after the data bits, before the stop bits. When a complete frame is transmitted, it can
be directly followed by a new frame, or the communication line can be set to an idle (high) state.
Figure 19-4 illustrates the possible combinations of the frame formats. Bits inside brackets are
optional.

RxD / TxD

XCK

RxD / TxD

XCKUCPOL = 0

UCPOL = 1

Sample

Sample
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19.7.3 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.

19.7.4 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 173 and “Parity Checker” on page 180.

19.7.5 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.
180
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A counter overflow interrupt will wake up the processor from Idle sleep mode.

• Bit 5 – USIPF: Stop Condition Flag
When Two-wire mode is selected, the USIPF Flag is set (one) when a stop condition is detected.
The flag is cleared by writing a one to this bit. Note that this is not an Interrupt Flag. This signal is
useful when implementing Two-wire bus master arbitration.

• Bit 4 – USIDC: Data Output Collision
This bit is logical one when bit 7 in the Shift Register differs from the physical pin value. The flag
is only valid when Two-wire mode is used. This signal is useful when implementing Two-wire
bus master arbitration.

• Bits 3..0 – USICNT3..0: Counter Value
These bits reflect the current 4-bit counter value. The 4-bit counter value can directly be read or
written by the CPU.

The 4-bit counter increments by one for each clock generated either by the external clock edge
detector, by a Timer/Counter0 Compare Match, or by software using USICLK or USITC strobe
bits. The clock source depends of the setting of the USICS1..0 bits. For external clock operation
a special feature is added that allows the clock to be generated by writing to the USITC strobe
bit. This feature is enabled by write a one to the USICLK bit while setting an external clock
source (USICS1 = 1).

Note that even when no wire mode is selected (USIWM1..0 = 0) the external clock input
(USCK/SCL) are can still be used by the counter.

20.5.3 USICR – USI Control Register

The Control Register includes interrupt enable control, wire mode setting, Clock Select setting,
and clock strobe.

• Bit 7 – USISIE: Start Condition Interrupt Enable
Setting this bit to one enables the Start Condition detector interrupt. If there is a pending inter-
rupt when the USISIE and the Global Interrupt Enable Flag is set to one, this will immediately be
executed. Refer to the USISIF bit description on page 203 for further details.

• Bit 6 – USIOIE: Counter Overflow Interrupt Enable
Setting this bit to one enables the Counter Overflow interrupt. If there is a pending interrupt when
the USIOIE and the Global Interrupt Enable Flag is set to one, this will immediately be executed.
Refer to the USIOIF bit description on page 203 for further details.

• Bit 5..4 – USIWM1..0: Wire Mode
These bits set the type of wire mode to be used. Basically only the function of the outputs are
affected by these bits. Data and clock inputs are not affected by the mode selected and will
always have the same function. The counter and Shift Register can therefore be clocked exter-
nally, and data input sampled, even when outputs are disabled. The relations between
USIWM1..0 and the USI operation is summarized in Table 20-1.

Bit 7 6 5 4 3 2 1 0

(0xB8) USISIE USIOIE USIWM1 USIWM0 USICS1 USICS0 USICLK USITC USICR

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

Initial Value 0 0 0 0 0 0 0 0
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• Differential Non-linearity (DNL): The maximum deviation of the actual code width (the 
interval between two adjacent transitions) from the ideal code width (1 LSB). Ideal value: 0 
LSB.

Figure 22-13. Differential Non-linearity (DNL)

• Quantization Error: Due to the quantization of the input voltage into a finite number of codes, 
a range of input voltages (1 LSB wide) will code to the same value. Always ± 0.5 LSB.

• Absolute Accuracy: The maximum deviation of an actual (unadjusted) transition compared 
to an ideal transition for any code. This is the compound effect of offset, gain error, 
differential error, non-linearity, and quantization error. Ideal value: ± 0.5 LSB.

22.6 ADC Conversion Result
After the conversion is complete (ADIF is high), the conversion result can be found in the ADC
Result Registers (ADCL, ADCH). 

For single ended conversion, the result is

where VIN is the voltage on the selected input pin and VREF the selected voltage reference (see
Table 22-3 on page 223 and Table 22-4 on page 224). 0x000 represents analog ground, and
0x3FF represents the selected reference voltage minus one LSB.

Output Code

0x3FF

0x000

0 VREF Input Voltage

DNL

1 LSB

ADC
VIN 1024⋅
VREF

--------------------------=

ADC
VPOS VNEG–( ) 512⋅

VREF
-----------------------------------------------------=
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Note: 1. PRIVATE_SIGNAL1 should always be scanned in as zero.

25.8 Boundary-scan Description Language Files
Boundary-scan Description Language (BSDL) files describe Boundary-scan capable devices in
a standard format used by automated test-generation software. The order and function of bits in
the Boundary-scan Data Register are included in this description. A BSDL fi le for
ATmega329/3290/649/6490 is available.

27 PA1.Pull-up_Enable

26 PA0.Data

25 PA0.Control

24 PA0.Pull-up_Enable

23 PH4.Data Port H

22 PH4.Control

21 PH4.Pull-up_Enable

20 PH5.Data

19 PH5.Control

18 PH5.Pull-up_Enable

17 PH6.Data

16 PH6.Control

15 PH6.Pull-up_Enable

14 PH7.Data

13 PH7.Control

12 PH7.Pull-up_Enable

11 PF3.Data Port F

10 PF3.Control

9 PF3.Pull-up_Enable

8 PF2.Data

7 PF2.Control

6 PF2.Pull-up_Enable

5 PF1.Data

4 PF1.Control

3 PF1.Pull-up_Enable

2 PF0.Data

1 PF0.Control

0 PF0.Pull-up_Enable

Table 25-8. ATmega3290/6490 Boundary-scan Order, 100-pin (Continued)

Bit Number Signal Name Module
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8. Power-off sequence (if needed):
Set RESET to “1”.
Turn VCC power off.

Figure 27-11. Serial Programming Waveforms

27.7.3 Serial Programming Instruction set
Table 27-15 and Figure 27-12 on page 312 describes the Instruction set.

Table 27-14. Minimum Wait Delay Before Writing the Next Flash or EEPROM Location

Symbol Minimum Wait Delay

tWD_FUSE 4.5ms

tWD_FLASH 4.5ms

tWD_EEPROM 9.0ms

tWD_ERASE 9.0ms

MSB

MSB

LSB

LSB

SERIAL CLOCK INPUT
(SCK)

SERIAL DATA INPUT
 (MOSI)

(MISO)

SAMPLE

SERIAL DATA OUTPUT

Table 27-15. Serial Programming Instruction Set

Instruction/Operation

Instruction Format

Byte 1 Byte 2 Byte 3 Byte4

Programming Enable $AC $53 $00 $00

Chip Erase (Program Memory/EEPROM) $AC $80 $00 $00

Poll RDY/BSY $F0 $00 $00 data byte out

Load Instructions

Load Extended Address byte(1) $4D $00 Extended adr $00

Load Program Memory Page, High byte $48 $00 adr LSB high data byte in

Load Program Memory Page, Low byte $40 $00 adr LSB low data byte in

Load EEPROM Memory Page (page access) $C1 $00 0000 00aa
/

0000 0aaa

data byte in

Read Instructions

Read Program Memory, High byte $28 adr MSB adr LSB high data byte out

Read Program Memory, Low byte $20 adr MSB adr LSB low data byte out

Read EEPROM Memory $A0 0000 00aa
/

0000 0aaa

aaaa aaaa data byte out
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28.5 System and Reset Characteristics

Notes: 1. The Power-on Reset will not work unless the supply voltage has been below VPOT (falling)

Notes: 1. VBOT may be below nominal minimum operating voltage for some devices. For devices where this is the case, the device is 
tested down to VCC = VBOT during the production test. This guarantees that a Brown-Out Reset will occur before VCC drops to 
a voltage where correct operation of the microcontroller is no longer guaranteed. The test is performed using 
BODLEVEL = 10 for ATmega329/3290/649/6490V and BODLEVEL = 01 for ATmega329/3290/649/6490L.

Table 28-4. Reset, Brown-out, and Internal Voltage Reference Characteristics

Symbol Parameter Condition Min Typ Max Units

VPOT

Power-on Reset Threshold Voltage (rising) TA = -40°C to 
85°C

0.7 1.0 1.4 V

Power-on Reset Threshold Voltage 
(falling)(1)

TA = -40°C to 
85°C

0.05 0.9 1.3 V

VPSR Power-on Slope Rate 0.01 4.5 V/ms

VRST  RESET Pin Threshold Voltage VCC = 3V 0.2 VCC 0.85 VCC V

tRST Minimum pulse width on RESET Pin VCC = 3V 800 ns

VHYST Brown-out Detector Hysteresis 50 mV

tBOD Min Pulse Width on Brown-out Reset 2 µs

VBG
Bandgap reference voltage VCC = 2.7V, 

TA = 25°C
1.0 1.1 1.2 V

tBG
Bandgap reference start-up time VCC = 2.7V, 

TA = 25°C
40 70 µs

IBG
Bandgap reference current consumption VCC = 2.7V, 

TA = 25°C
15 µA

Table 28-5. BODLEVEL Fuse Coding(1)

BODLEVEL 1:0 Fuses Min VBOT Typ VBOT Max VBOT Units

11 BOD Disabled

10 1.7 1.8 2.0

V01 2.5 2.7 2.9

00 4.1 4.3 4.5
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Figure 29-25. I/O Pin Source Current vs. Output Voltage, Port B (VCC = 2.7V)

Figure 29-26. I/O Pin Source Current vs. Output Voltage, Port B (VCC = 1.8V)
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Figure 29-43. Analog Comparator Offset Voltage vs. Common Mode Voltage (VCC = 5V)

Figure 29-44. Analog Comparator Offset Voltage vs. Common Mode Voltage (VCC = 2.7V)
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29.0.12 Current Consumption of Peripheral Units

Figure 29-49. Brownout Detector Current vs. VCC 

Figure 29-50. ADC Current vs. VCC (AREF = AVCC)
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