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Table 6-15.  Start-up Times for the External Clock Selection

Start-up Time from Power- Additional Delay from
Power Conditions down and Power-save Reset (V¢ = 5.0V) SUT1..0
BOD enabled 6 CK 14CK 00
Fast rising power 6 CK 14CK + 4.1 ms 01
Slowly rising power 6 CK 14CK + 65 ms 10
Reserved 11

When applying an external clock, it is required to avoid sudden changes in the applied clock fre-
quency to ensure stable operation of the MCU. A variation in frequency of more than 2% from
one clock cycle to the next can lead to unpredictable behavior. If changes of more than 2% is
required, ensure that the MCU is kept in Reset during the changes.

Note that the System Clock Prescaler can be used to implement run-time changes of the internal
clock frequency while still ensuring stable operation. Refer to "System Clock Prescaler” on page
38 for details.

6.9 Timer/Counter Oscillator

ATmega164P/324P/644P uses the same type of crystal oscillator for Low-frequency Crystal
Oscillator and Timer/Counter Oscillator. See "Low Frequency Crystal Oscillator” on page 34 for
details on the oscillator and crystal requirements.

The device can operate its Timer/Counter2 from an external 32.768 kHz watch crystal or a exter-
nal clock source. See "Clock Source Connections” on page 31 for details.

Applying an external clock source to TOSC1 can be done if EXTCLK in the ASSR Register is
written to logic one. See "The Output Compare Register B contains an 8-bit value that is contin-
uously compared with the counter value (TCNT2). A match can be used to generate an Output
Compare interrupt, or to generate a waveform output on the OC2B pin.” on page 157 for further
description on selecting external clock as input instead of a 32.768 kHz watch crystal.

6.10 Clock Output Buffer

The device can output the system clock on the CLKO pin. To enable the output, the CKOUT
Fuse has to be programmed. This mode is suitable when the chip clock is used to drive other cir-
cuits on the system. The clock also will be output during reset, and the normal operation of 1/0
pin will be overridden when the fuse is programmed. Any clock source, including the internal RC
Oscillator, can be selected when the clock is output on CLKO. If the System Clock Prescaler is
used, it is the divided system clock that is output.

6.11 System Clock Prescaler

The ATmega164P/324P/644P has a system clock prescaler, and the system clock can be
divided by setting the "CLKPR — Clock Prescale Register’ on page 40. This feature can be used
to decrease the system clock frequency and the power consumption when the requirement for
processing power is low. This can be used with all clock source options, and it will affect the
clock frequency of the CPU and all synchronous peripherals. clkq, Clkapc, ClKgpy, and ClKg asn
are divided by a factor as shown in Table 6-16 on page 41.

When switching between prescaler settings, the System Clock Prescaler ensures that no
glitches occurs in the clock system. It also ensures that no intermediate frequency is higher than
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1. In the same operation, write a logic one to the Watchdog change enable bit (WDCE) and
WDE. A logic one must be written to WDE regardless of the previous value of the WDE

bit.

2. Within the next four clock cycles, write the WDE and Watchdog prescaler bits (WDP) as

desired, but with the WDCE bit cleared. This must be done in one operation.

Ee————————————————————— A Tmegai64P/324P/644P

The following code example shows one assembly and one C function for turning off the Watch-
dog Timer. The example assumes that interrupts are controlled (e.g. by disabling interrupts

globally) so that no interrupts will occur during the execution of these functions.

Assembly Code Example"

WDT_off:
; Turn off global interrupt
cli
; Reset Watchdog Timer
wdr
; Clear WDRF in MCUSR
in rl6, MCUSR
andi 1rl6, (Oxff & (0<<WDRF))
out MCUSR, rlé6
; Write logical one to WDCE and WDE
; Keep 0ld prescaler setting to prevent unintentional time-out
in rl6, WDTCSR
ori rl6, (1<<WDCE) | (1l<<WDE)
out WDTCSR, rlé6
; Turn off WDT
14i rl6, (O0<<WDE)
out WDTCSR, rlé6
; Turn on global interrupt
sei

ret

C Code Example"

void WDT_off (void)
{
_ disable_interrupt();
_ _watchdog_reset () ;
/* Clear WDRF in MCUSR */
MCUSR &= ~ (1<<WDRF) ;
/* Write logical one to WDCE and WDE */
/* Keep old prescaler setting to prevent unintentional time-out */
WDTCSR |= (1<<WDCE) | (1<<WDE) ;
/* Turn off WDT */
WDTCSR = 0x00;

__enable_interrupt () ;

Note: 1. The example code assumes that the part specific header file is included.

ATMEL
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Table 11-14. Overriding Signals for Alternate Functions in PD3:PD0(")

PD3/INT1/TXD1/ PD2/INTO/RXD1/ PD1/TXD0/ PDO/RXD0/
Signal Name PCINT27 PCINT26 PCINT25 PCINT27
PUOCE TXENA1 RXEN1 TXENO RXENT1
PUOV 0 PORTD2 « PUD 0 PORTDO « PUD
DDOE TXENT1 RXEN1 TXENO RXENT1
DDOV 1 0 1 0
PVOE TXENA1 0 TXENO 0
PVOV TXD1 0 TXDO 0
DIEOE g\l(-)l—l:\l"?glf‘FllgglEs ::,’\l(;I—IiI'II%QIGA-BIF:(EJIES PCINT25 « PCIE3 | PCINT24 « PCIE3
DIEOV 1 1 1 1
INTO INPUT
AlIO - - - -
Note: 1. When enabled, the 2-wire Serial Interface enables Slew-Rate controls on the output pins PDO

and PD1. This is not shown in this table. In addition, spike filters are connected between the
AlO outputs shown in the port figure and the digital logic of the TWI module.

ATMEL
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Register Description

11.3.5

11.3.6

11.3.7

11.3.8

11.3.9

11.3.10

11.3.11

8011N-AVR-01/10

MCUCR - MCU Control Register

Bit 7 6 5 4 3 2 1 0

ox35 (0xs5) | JTD | BODS BODSE PUD = = IVSEL IVCE | mcucr
Read/Write R/W R R RW R R R/W R/W

Initial Value 0 0 0 0 0 0 0 0

e Bit 4 — PUD: Pull-up Disable

When this bit is written to one, the pull-ups in the 1/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 73 for more details about this feature.

PORTA - Port A Data Register

Bit 7 6 5 4 3 2 1 0

0x02 (0x22) I PORTA7 | PORTA6 PORTA5 PORTA4 PORTA3 PORTA2 PORTA1 PORTAO I 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

DDRA - Port A Data Direction Register

Bit 7 6 5 4 3 2 1 0

0x01 (0x21) | DDA7 | DDA6 | DDA5 DDA4 DDA3 DDA2 DDA1 DDAO | 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

PINA - Port A Input Pins Address

Bit 7 6 5 4 3 2 1 0

0x00 (0x20) I PINA7 | PINA6 PINAS PINA4 PINA3 PINA2 PINA1 PINAO I 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

PORTB - Port B Data Register

Bit 7 6 5 4 3 2 1 0

0x05 (0x25) I PORTB7 | PORTB6 PORTB5 PORTB4 PORTB3 PORTB2 PORTB1 PORTBO I PORTB
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

DDRB - Port B Data Direction Register

Bit 7 6 5 4 3 2 1 0

0x04 (0x24) | DDB7 | DDB6 | DDB5 DDB4 DDB3 DDB2 DDB1 DDBO | DDRB
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

PINB - Port B Input Pins Address

Bit 7 6 5 4 3 2 1 0

0x03 (0x23) I PINB7 | PINB6 PINB5 PINB4 PINB3 PINB2 PINB1 PINBO I PINB
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

ATMEL o
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15.3 SS Pin Functionality

15.3.1 Slave Mode

15.3.2 Master Mode

15.4 Data Modes

8011N-AVR-01/10

When the SPI is configured as a Slave, the Slave Select (SS) pin is always input. When SS is
held low, the SPI is activated, and MISO becomes an output if configured so by the user. All
other pins are inputs. When SS is driven high, all pins are inputs, and the SPI is passive, which
means that it will not receive incoming data. Note that the SPI logic will be reset once the SS pin
is driven high.

The SS pin is useful for packet/byte synchronization to keep the slave bit counter synchronous
with the master clock generator. When the SS pin is driven high, the SPI slave will immediately
reset the send and receive logic, and drop any partially received data in the Shift Register.

When the SPI is configured as a Master (MSTR in SPCR is set), the user can determine the
direction of the SS pin.

If SS is configured as an output, the pin is a general output pin which does not affect the SPI
system. Typically, the pin will be driving the SS pin of the SPI Slave.

If SS is configured as an input, it must be held high to ensure Master SPI operation. If the SS pin
is driven low by peripheral circuitry when the SPI is configured as a Master with the SS pin
defined as an input, the SPI system interprets this as another master selecting the SPI as a
slave and starting to send data to it. To avoid bus contention, the SPI system takes the following
actions:

1. The MSTR bit in SPCR is cleared and the SPI system becomes a Slave. As a result of
the SPI becoming a Slave, the MOSI and SCK pins become inputs.
2. The SPIF Flag in SPSR is set, and if the SPI interrupt is enabled, and the I-bit in SREG is
set, the interrupt routine will be executed.
Thus, when interrupt-driven SPI transmission is used in Master mode, and there exists a possi-
bility that SS is driven low, the interrupt should always check that the MSTR bit is still set. If the
MSTR bit has been cleared by a slave select, it must be set by the user to re-enable SPI Master
mode.

There are four combinations of SCK phase and polarity with respect to serial data, which are
determined by control bits CPHA and CPOL. The SPI data transfer formats are shown in Figure
15-3 on page 167 and Figure 15-4 on page 167. Data bits are shifted out and latched in on
opposite edges of the SCK signal, ensuring sufficient time for data signals to stabilize. This is
clearly seen by summarizing Table 15-3 on page 168 and Table 15-4 on page 168, as done in
Table 15-2 on page 167

AImEl@ 166



Ee————————————————————— A Tmegai64P/324P/644P

15.5 Register Description

15.5.1 SPCR - SPI Control Register

Bit 7 6 5 4 3 2 1 0

0x2C (0x4C) I SPIE SPE DORD MSTR CPOL CPHA SPR1 SPRO I SPCR
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

e Bit 7 — SPIE: SPI Interrupt Enable
This bit causes the SPI interrupt to be executed if SPIF bit in the SPSR Register is set and the if
the Global Interrupt Enable bit in SREG is set.

¢ Bit 6 — SPE: SPI Enable
When the SPE bit is written to one, the SPI is enabled. This bit must be set to enable any SPI
operations.

¢ Bit 5 - DORD: Data Order
When the DORD bit is written to one, the LSB of the data word is transmitted first.

When the DORD bit is written to zero, the MSB of the data word is transmitted first.

¢ Bit 4 — MSTR: Master/Slave Select

This bit selects Master SPI mode when written to one, and Slave SPI mode when written logic
zero. If SS is configured as an input and is driven low while MSTR is set, MSTR will be cleared,
and SPIF in SPSR will become set. The user will then have to set MSTR to re-enable SPI Mas-
ter mode.

e Bit 3 - CPOL: Clock Polarity

When this bit is written to one, SCK is high when idle. When CPOL is written to zero, SCK is low
when idle. Refer to Figure 15-3 and Figure 15-4 for an example. The CPOL functionality is sum-
marized below:

Table 15-3. CPOL Functionality

CPOL Leading Edge Trailing Edge
0 Rising Falling
1 Falling Rising

e Bit 2 - CPHA: Clock Phase

The settings of the Clock Phase bit (CPHA) determine if data is sampled on the leading (first) or
trailing (last) edge of SCK. Refer to Figure 15-3 and Figure 15-4 for an example. The CPOL
functionality is summarized below:

Table 15-4. CPHA Functionality

8011N-AVR-01/10

CPHA Leading Edge Trailing Edge
0 Sample Setup
1 Setup Sample

ATMEL
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Table 18-4. Status Codes for Slave Receiver Mode
Status Code Application Software Response
(TWSR) Status of the 2-wire Serial Bus and To TWCR
Prescaler Bits 2-wire Serial Interface Hardware Tolfrom TWDR
are 0 STA STO | TWINT | TWEA | Next Action Taken by TWI Hardware
0x60 Own SLA+W has been received; No TWDR action or X 0 1 0 Data byte will be received and NOT ACK will be
ACK has been returned returned
No TWDR action X 0 Data byte will be received and ACK will be returned
0x68 Arbitration lost in SLA+R/W as | No TWDR action or X 0 Data byte will be received and NOT ACK will be
Master; own SLA+W has been returned
received; ACK has been returned | No TWDR action X 0 Data byte will be received and ACK will be returned
0x70 General call address has been No TWDR action or X 0 Data byte will be received and NOT ACK will be
received; ACK has been returned returned
No TWDR action X 0 Data byte will be received and ACK will be returned
0x78 Arbitration lost in SLA+R/W as | No TWDR action or X 0 Data byte will be received and NOT ACK will be
Master; General call address has returned
been received; ACK has been No TWDR action X 0 1 1 Data byte will be received and ACK will be returned
returned
0x80 Previously addressed with own | Read data byte or X 0 1 0 Data byte will be received and NOT ACK will be
SLA+W; data has been received; returned
ACK has been returned Read data byte X 0 Data byte will be received and ACK will be returned
0x88 Previously addressed with own | Read data byte or 0 0 Switched to the not addressed Slave mode;
SLA+W; data has been received; no recognition of own SLA or GCA
NOT ACK has been returned Read data byte or 0 0 1 1 Switched to the not addressed Slave mode;
own SLA will be recognized;
GCA will be recognized if TWGCE = “1”
Read data byte or 1 0 1 0 Switched to the not addressed Slave mode;
no recognition of own SLA or GCA,;
a START condition will be transmitted when the bus
becomes free
Read data byte 1 0 1 1 Switched to the not addressed Slave mode;
own SLA will be recognized,;
GCA will be recognized if TWGCE = “1";
a START condition will be transmitted when the bus
becomes free
0x90 Previously addressed with Read data byte or X 0 1 0 Data byte will be received and NOT ACK will be
general call; data has been re- returned
ceived; ACK has been returned Read data byte X 0 Data byte will be received and ACK will be returned
0x98 Previously addressed with Read data byte or 0 0 Switched to the not addressed Slave mode;
general call; data has been no recognition of own SLA or GCA
received; NOT ACK has been Read data byte or 0 0 1 1 Switched to the not addressed Slave mode;
returned own SLA will be recognized;
GCA will be recognized if TWGCE = “1"
Read data byte or 1 0 1 0 Switched to the not addressed Slave mode;
no recognition of own SLA or GCA,;
a START condition will be transmitted when the bus
becomes free
Read data byte 1 0 1 1 Switched to the not addressed Slave mode;
own SLA will be recognized;
GCA will be recognized if TWGCE = “1%;
a START condition will be transmitted when the bus
becomes free
0xAO0 A STOP condition or repeated | No action 0 0 1 0 Switched to the not addressed Slave mode;
START condition has been no recognition of own SLA or GCA
received while still addressed as 0 0 1 1 Switched to the not addressed Slave mode;
Slave own SLA will be recognized;
GCA will be recognized if TWGCE = “1”
1 0 1 0 Switched to the not addressed Slave mode;
no recognition of own SLA or GCA,;
a START condition will be transmitted when the bus
becomes free
1 0 1 1 Switched to the not addressed Slave mode;
own SLA will be recognized;
GCA will be recognized if TWGCE = “17;
a START condition will be transmitted when the bus
becomes free

226
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* Two or more masters are accessing different slaves. In this case, arbitration will occur in the
SLA bits. Masters trying to output a one on SDA while another Master outputs a zero will lose
the arbitration. Masters losing arbitration in SLA will switch to Slave mode to check if they are
being addressed by the winning Master. If addressed, they will switch to SR or ST mode,
depending on the value of the READ/WRITE bit. If they are not being addressed, they will
switch to not addressed Slave mode or wait until the bus is free and transmit a new START
condition, depending on application software action.

This is summarized in Figure 18-21. Possible status values are given in circles.

Figure 18-21. Possible Status Codes Caused by Arbitration

START SLA Data STOP

Arbitration lost in SLA Arbitration lost in Data

Own No 38 | TWI bus will be released and not addressed slave mode will be entered

Address / G_eneral Call '\LSTART condition will be transmitted when the bus becomes free
received

Yes

Orection~. Write ‘ 68/7\8,‘ __[Data byte will be received and NOT ACK wil be returned
'@a byte will be received and ACK will be returned

Read JGSI data byte will be transmitted and NOT ACK should be received
@(y'@a byte will be transmitted and ACK should be received

18.9 Register Description

18.9.1 TWBR - TWI Bit Rate Register

Bit 7 6 5 4 3 2 1 0

(0xB8) | TWBR7 TWBR6 TWBR5 TWBR4 TWBR3 TWBR2 TWBR1 TWBRO | TWBR
Read/Write R/IW R/W R/W R/W R/W R/W R/IW R/W

Initial Value 0 0 0 0 0 0 0 0

¢ Bits 7:0 — TWI Bit Rate Register

TWBR selects the division factor for the bit rate generator. The bit rate generator is a frequency
divider which generates the SCL clock frequency in the Master modes. See "Bit Rate Generator
Unit” on page 2183 for calculating bit rates.

18.9.2 TWCR - TWI Control Register

Bit 7 6 5 4 3 2 1 0

(0xBC) I TWINT TWEA TWSTA TWSTO TWWC TWEN - TWIE I TWCR
Read/Write R/W R/W R/W R/W R R/W R R/W

Initial Value 0 0 0 0 0 0 0 0

The TWCR is used to control the operation of the TWI. It is used to enable the TWI, to initiate a
Master access by applying a START condition to the bus, to generate a Receiver acknowledge,
to generate a stop condition, and to control halting of the bus while the data to be written to the

AImEl@ 232
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Table 19-1.  Analog Comparator Mulitiplexed Input

ACME ADEN MUX2..0 Analog Comparator Negative Input
1 0 001 ADC1
1 0 010 ADC2
1 0 011 ADC3
1 0 100 ADC4
1 0 101 ADC5
1 0 110 ADC6
1 0 111 ADC7

19.3 Register Description

19.3.1 ADCSRB - ADC Control and Status Register B

Bit 7 6 5 4 3 2 1 0

(0x7B) | = | ACME | = | - ADTS2 ADTS1 ADTSO | ADCSRB
Read/Write R R/W R R R R/W R/W R/W

Initial Value 0 0 0 0 0 0 0 0

e Bit 6 — ACME: Analog Comparator Multiplexer Enable

When this bit is written logic one and the ADC is switched off (ADEN in ADCSRA is zero), the
ADC multiplexer selects the negative input to the Analog Comparator. When this bit is written
logic zero, AIN1 is applied to the negative input of the Analog Comparator. For a detailed
description of this bit, see "Analog Comparator Multiplexed Input” on page 237.

19.3.2 ACSR - Analog Comparator Control and Status Register

Bit 7 6 5 4 3 2 1 0

0x30(0x50) | ACD | ACBG | ACO | ACI ACIE ACIC ACIS1 Aciso | Acsr
Read/Write R/W R/W R R/W R/W R/W RIW R/W

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

e Bit 7 - ACD: Analog Comparator Disable

When this bit is written logic one, the power to the Analog Comparator is switched off. This bit
can be set at any time to turn off the Analog Comparator. This will reduce power consumption in
Active and Idle mode. When changing the ACD bit, the Analog Comparator Interrupt must be
disabled by clearing the ACIE bit in ACSR. Otherwise an interrupt can occur when the bit is
changed.

¢ Bit 6 — ACBG: Analog Comparator Bandgap Select

When this bit is set, a fixed bandgap reference voltage replaces the positive input to the Analog
Comparator. When this bit is cleared, AINO is applied to the positive input of the Analog Compar-
ator. When bandgap reference is used as input to the Analog Comparator, it will take a certain
time for the voltage to stabilize. If not stabilized, the first conversion may give wrong value. See
”Internal Voltage Reference” on page 54.

e Bit 5 - ACO: Analog Comparator Output
The output of the Analog Comparator is synchronized and then directly connected to ACO. The
synchronization introduces a delay of 1 - 2 clock cycles.

AImEl@ 238
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* Bit 4 — ACI: Analog Comparator Interrupt Flag

This bit is set by hardware when a comparator output event triggers the interrupt mode defined
by ACIS1 and ACISO0. The Analog Comparator interrupt routine is executed if the ACIE bit is set
and the I-bit in SREG is set. ACl is cleared by hardware when executing the corresponding inter-
rupt handling vector. Alternatively, ACl is cleared by writing a logic one to the flag.

e Bit 3 — ACIE: Analog Comparator Interrupt Enable
When the ACIE bit is written logic one and the I-bit in the Status Register is set, the Analog Com-
parator interrupt is activated. When written logic zero, the interrupt is disabled.

e Bit 2 — ACIC: Analog Comparator Input Capture Enable

When written logic one, this bit enables the input capture function in Timer/Counter1 to be trig-
gered by the Analog Comparator. The comparator output is in this case directly connected to the
input capture front-end logic, making the comparator utilize the noise canceler and edge select
features of the Timer/Counter1 Input Capture interrupt. When written logic zero, no connection
between the Analog Comparator and the input capture function exists. To make the comparator
trigger the Timer/Counter1 Input Capture interrupt, the ICIE1 bit in the Timer Interrupt Mask
Register (TIMSK1) must be set.

e Bits 1:0 — ACIS1:ACIS0: Analog Comparator Interrupt Mode Select
These bits determine which comparator events that trigger the Analog Comparator interrupt. The
different settings are shown in Table 19-2.

Table 19-2.  ACIS1/ACISO0 Settings

ACIS1 ACISO Interrupt Mode
0 0 Comparator Interrupt on Output Toggle.
0 1 Reserved
1 0 Comparator Interrupt on Falling Output Edge.
1 1 Comparator Interrupt on Rising Output Edge.

When changing the ACIS1/ACISO0 bits, the Analog Comparator Interrupt must be disabled by
clearing its Interrupt Enable bit in the ACSR Register. Otherwise an interrupt can occur when the
bits are changed.

19.3.3 DIDR1 - Digital Input Disable Register 1

Bit 7 6 5 4 3 2 1 0

(0X7F) | = | = = = = = AIN1D AINOD | DIDR1
Read/Write R R R R R R R/W R/W

Initial Value 0 0 0 0 0 0 0 0

e Bit 1:0 — AIN1D:AINOD: AIN1:AINO Digital Input Disable

When this bit is written logic one, the digital input buffer on the AIN1/0 pin is disabled. The corre-
sponding PIN Register bit will always read as zero when this bit is set. When an analog signal is
applied to the AIN1/0 pin and the digital input from this pin is not needed, this bit should be writ-
ten logic one to reduce power consumption in the digital input buffer.

AImEl@ 239

8011N-AVR-01/10



Ee————————————————————— A Tmegai64P/324P/644P

22.4.2

2243

2244

22.4.5

IDCODE; 0x1

Optional JTAG instruction selecting the 32 bit ID-Register as Data Register. The ID-Register
consists of a version number, a device number and the manufacturer code chosen by JEDEC.
This is the default instruction after power-up.

The active states are:

» Capture-DR: Data in the IDCODE Register is sampled into the Boundary-scan Chain.
¢ Shift-DR: The IDCODE scan chain is shifted by the TCK input.

SAMPLE_PRELOAD; 0x2

Mandatory JTAG instruction for pre-loading the output latches and taking a snap-shot of the
input/output pins without affecting the system operation. However, the output latches are not
connected to the pins. The Boundary-scan Chain is selected as Data Register.

The active states are:

¢ Capture-DR: Data on the external pins are sampled into the Boundary-scan Chain.
* Shift-DR: The Boundary-scan Chain is shifted by the TCK input.

¢ Update-DR: Data from the Boundary-scan chain is applied to the output latches. However, the
output latches are not connected to the pins.

AVR_RESET; 0xC

BYPASS; OxF

The AVR specific public JTAG instruction for forcing the AVR device into the Reset mode or
releasing the JTAG reset source. The TAP controller is not reset by this instruction. The one bit
Reset Register is selected as Data Register. Note that the reset will be active as long as there is
a logic “one” in the Reset Chain. The output from this chain is not latched.

The active states are:

* Shift-DR: The Reset Register is shifted by the TCK input.

Mandatory JTAG instruction selecting the Bypass Register for Data Register.
The active states are:

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

22.5 Boundary-scan Chain

22.5.1

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

Scanning the Digital Port Pins

8011N-AVR-01/10

Figure 22-3 shows the Boundary-scan Cell for a bi-directional port pin. The pull-up function is
disabled during Boundary-scan when the JTAG IC contains EXTEST or SAMPLE_PRELOAD.
The cell consists of a bi-directional pin cell that combines the three signals Output Control -
OCxn, Output Data - ODxn, and Input Data - IDxn, into only a two-stage Shift Register. The port
and pin indexes are not used in the following description
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23.8.16 ATmega644P Boot Loader Parameters

In Table 23-13 through Table 23-15, the parameters used in the description of the Self-Programming are given.

Table 23-13. Boot Size Configuration"

Boot Reset
Address
Application Boot Loader End Application (Start Boot
BOOTSZ1 | BOOTSZ0 | Boot Size Pages | Flash Section Flash Section Section Loader Section)
1 1 512 words 4 0x0000 - Ox7DFF | 0x7E00 - Ox7FFF | Ox7DFF 0x7E00
1 0 1024 words 8 0x0000 - Ox7BFF | 0x7C00 - Ox7FFF | Ox7BFF 0x7C00
0 1 2048 words 16 0x0000 - Ox77FF | 0x7800 - Ox7FFF | Ox77FF 0x7800
0 0 4096 words 32 0x0000 - Ox6FFF | 0x7000 - Ox7FFF | Ox6FFF 0x7000
Note: 1. The different BOOTSZ Fuse configurations are shown in Figure 23-2 on page 279.
Table 23-14. Read-While-Write Limit™")
Section Pages Address
Read-While-Write section (RWW) 224 0x0000 - Ox6FFF
No Read-While-Write section (NRWW) 32 0xFO00 - Ox7FFF
Note: 1. For details about these two section, see "NRWW — No Read-While-Write Section” on page 277 and "TRWW — Read-While-
Write Section” on page 277.
Table 23-15.
Explanation of different variables used in Figure 23-3 on page 281 and the mapping to the Z-pointer
Correspondi
ng
Variable Z-value Description(")
PCMSB 14 Most significant bit in the Program Counter. (The Program Counter is 15 bits
PC[14:0])
PAGEMSB 7 Most s!gnlflcant bit Whlch is used 'to addre.ss the words within one page (128
words in a page requires seven bits PC [6:0]).
ZPCMSB 715 Bit in Z-pointer that is mapped to PCMSB. Because Z0 is not used, the ZPCMSB
equals PCMSB + 1.
Bit in Z-pointer that is mapped to PCMSB. Because Z0 is not used, the
ZPAGEMSB 28 ZPAGEMSB equals PAGEMSB + 1.
PCPAGE PC[14:7] 21527 Program Counter page address: Page select, for Page Erase and Page Write
PCWORD PCI6:0] 77-71 Program_ Counter wo_rd addres:fs: Word select, for filling temporary buffer (must be
zero during Page Write operation)
Note: 1. ZO0: should be zero for all SPM commands, byte select for the (E)LPM instruction.

See "Addressing the Flash During Self-Programming” on page 281 for details about the use of Z-pointer during Self-
Programming.
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24.21 Latching of Fuses

The fuse values are latched when the device enters programming mode and changes of the
fuse values will have no effect until the part leaves Programming mode. This does not apply to
the EESAVE Fuse which will take effect once it is programmed. The fuses are also latched on
Power-up in Normal mode.

24.3 Signature Bytes

All Atmel microcontrollers have a three-byte signature code which identifies the device. This
code can be read in both serial and parallel mode, also when the device is locked. The three
bytes reside in a separate address space. For the ATmega164P/324P/644P the signature bytes
are given in Table 24-6.

Table 24-6. Device and JTAG ID

Signature Bytes Address JTAG
Part 0x000 0x001 0x002 Part Number Manufacture ID
ATmega164P Ox1E 0x94 0x0A 940A Ox1F
ATmega324P Ox1E 0x95 0x08 9508 Ox1F
ATmega644P Ox1E 0x96 0x0A 960A Ox1F

24.4 Calibration Byte

The ATmega164P/324P/644P has a byte calibration value for the internal RC Oscillator. This
byte resides in the high byte of address 0x000 in the signature address space. During reset, this
byte is automatically written into the OSCCAL Register to ensure correct frequency of the cali-
brated RC Oscillator.

24.5 Page Size

Table 24-7. No. of Words in a Page and No. of Pages in the Flash

Device Flash Size Page Size PCWORD No. of Pages PCPAGE PCMSB
ATmega164P 8K words (16 Kbytes) 64 words PC[5:0] 128 PC[12:6] 12
ATmega324P 16K words (32 Kbytes) 64 words PC[5:0] 256 PC[13:6] 13
ATmega644P 32K words (64 Kbytes) 128 words PC[6:0] 256 PC[14:7] 14

Table 24-8. No. of Words in a Page and No. of Pages in the EEPROM

Device EEPROM Size Page Size PCWORD No. of Pages PCPAGE EEAMSB
ATmegal164P 512 bytes 4 bytes EEA[1:0] 128 EEA[8:2] 8
ATmega324P 1 Kbytes 4 bytes EEA[1:0] 256 EEA[9:2] 9
ATmega644P 2 Kbytes 8 bytes EEA[2:0] 256 EEA[10:3] 10
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Figure 26-10. Idle Supply Current vs. V. (Internal RC Oscillator, 128 kHz).
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26.1.3 Supply Current of 10 modules

The tables and formulas below can be used to calculate the additional current consumption for
the different 1/0 modules in Active and Idle mode. The enabling or disabling of the I/O modules
are controlled by the Power Reduction Register. See "PRR — Power Reduction Register” on
page 48 for details.

Table 26-1.  Additional Current Consumption for the different I/O modules (absolute values)
PRR bit Typical numbers
Ve =2V, F = 1MHz Ve = 3V, F = 4MHz Ve = 5V, F = 8MHz

PRUSART1 6.0 UA 38.5 UA 150.0 uA
PRUSARTO 7.9 UA 50.3 UA 197.0 UA
PRTWI 16.9 UA 116.2 UA 489.3 UA
PRTIM2 14.4 uA 95.8 UA 393.2 UA
PRTIM1 9.0 UA 57.3 uA 234.8 uA
PRTIMO 5.1uA 33.3UA 132.5 uA
PRADC 18.1 UA 86.3 UA 335.3 UA
PRSPI 11.1 UA 70.5 uA 285.0 UA

8011N-AVR-01/10
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26.1.6 Standby Supply Current
Figure 26-14. Standby Supply Current vs. V- (Watchdog Timer Disabled).

0.18 -

6MHz_xtal
0.16
6MHz_res
0.14
0.12 4MHz_xtal
’ 4MHz_res
E 0.1 — _— /
8 008 — — | — | 2MHz_res
T |_—— 2MHz_xtal
0.06 —— 1MHz_res
| _—— | 450kHz_res
0.04 f— __,-’4_—,_-’-’/-"
0.02 —
0 |
15 2 25 3 35 4 45 5 55

26.1.7 Pin Pull-up

Figure 26-15. 1/0O Pin Pull-up Resistor Current vs. Input Voltage (V¢ = 1.8V).
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Figure 26-40. Analog Comparator Current vs. V¢ .
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Figure 26-41. AREF External Reference Current vs. V¢ .
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26.2.3

Example

8011N-AVR-01/10

Supply Current of I/0 modules

The tables and formulas below can be used to calculate the additional current consumption for
the different I/O modules in Active and Idle mode. The enabling or disabling of the 1/0 modules
are controlled by the Power Reduction Register. See "PRR — Power Reduction Register” on
page 48 for details.

Table 26-3.  Additional Current Consumption for the different I/O modules (absolute values)

PRR bit Typical humbers
Ve =2V, F = 1MHz Ve = 3V, F = 4MHz Ve = 5V, F = 8MHz
PRUSART1 7.8 A 50.0 pA 215.5 A
PRUSARTO 7.6 pA 51.2 uA 237.2 pA
PRTWI 11.7 pA 73.3 YA 309.3 A
PRTIM2 14.6 pA 91.3 pA 393.0 pA
PRTIM1 9.9 YA 64.0 uA 271.7 yA
PRTIMO 6.0 A 39.2 uA 176.3 pA
PRADC 21.1 pA 114.5 pA 437.2 pA
PRSPI 10.7 pA 67.7 uA 288.2 pA
Table 26-4.  Additional Current Consumption (percentage) in Active and Idle mode
Additional Current consumption Additional Current consumption
compared to Active with external | compared to Idle with external
clock (see Figure 26-48 on page clock (see Figure 26-53 on page
363 and Figure 26-49 on page 365 and Figure 26-54 on page
PRR bit 363) 366)
PRUSART1 21 % 7.6%
PRUSARTO 2.2% 8.0%
PRTWI 3.1% 11.2%
PRTIM2 3.8% 14.1%
PRTIM1 2.6% 9.7%
PRTIMO 1.6% 6.1%
PRADC 4.8% 17.7%
PRSPI 2.8% 10.4%

It is possible to calculate the typical current consumption based on the numbers from Table 26-4
on page 368 for other V¢ and frequency settings than listed in Table 26-3 on page 368.

Calculate the expected current consumption in idle mode with TIMER1, ADC, and SPI enabled
at Voc =2.0V and F = 1MHz. From Table 26-4 on page 368, third column, we see that we need
to add 9.7% for the TIMER1, 17.7 % for the ADC, and 10.4 % for the SPI module. Reading from
Figure 26-53 on page 365, we find that the idle current consumption is ~0.125 mA at V¢ = 2.0V
and F = 1MHz. The total current consumption in idle mode with TIMER1, ADC, and SPI enabled,
gives:

ICCtotal # 0.125 mA - (1+ 0.097 + 0.177 + 0.104) = 0.172 mA
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ATmegal164P/324P/644P

Figure 26-74. 1/0O Pin Input Hysteresis vs. V¢
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Figure 26-75. Reset Pin Input Threshold vs. V¢ (V iy, I/O Pin Read as ‘1°).
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Mnemonics Operands Description Operation Flags #Clocks
SPM Store Program Memory (Z) < R1:RO None -
IN Rd, P In Port Rd « P None 1
out P, Rr Out Port P < Rr None 1

&H Rr Push Register on Stack STAgK < Rr N% 2
POP Rd Pop Reglister from St&ck Rd <~ STACK None 2
MCU CONTROL INSTRUCTIONS
NOP No Operation None 1
SLEEP Sleep (see specific descr. for Sleep function) None 1
WDR Watchdog Reset (see specific descr. for WDR/timer) None 1
BREAK Break For On-chip Debug Only None N/A
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Updated ATmega644P “Errata” on page 426.
Added 49-ball VFBGA pinout for ATmega164P/324P in ™ on page 3.
Added 49-ball VFBGA (49C2) to "Packaging Information” on page 423.

Updated description in "AVCC” on page 7.

Updated "Stack Pointer” on page 13.

Updated Data Memory Map addresses, Figure 5-2 on page 20.

Updated description of use of external capacitors in "Low Frequency Crystal Oscillator”
on page 34.

Updated typo in”Alternate Functions of Port C” on page 85.

Updated bit description in "TWSR — TWI Status Register” on page 234.

Updated typo in "Programming via the JTAG Interface” on page 312.

Updated conditions for Vg, in the table of "DC Characteristics” on page 325.

Updated "External Clock Drive” on page 330.

Updated conditions for V1, in Table 25-11 (Single Ended channels) in ’ADC Charac-
teristics” on page 335.

Updated Minimum Reference Voltage in Table 25-12 (Differential channels) in "JADC
Characteristics” on page 335.

Updated bit field typos in "Register Summary” on page 413.

Added 49-ball VFBGA pinout for ATmega164P/324P in ™ on page 3.

Added 49-ball VFBGA (49C2) to "Packaging Information” on page 423.

Added 44-pad DRQFN pinout for ATmega164P in "Pinout - DRQFN” on page 3.
Added 49-ball VFBGA pinout for ATmega164P/324P in ™ on page 3.

Added note to "Address Match Unit” on page 214.

Updated ATmega164P "Ordering Information” on page 420.

Added 44-lead QFN (44MC) to "Packaging Information” on page 423.

Added 49-ball VFBGA (49C2) to "Packaging Information” on page 423.

Updated "Features” on page 1

Added "Data Retention” on page 8.

Updated "SPH and SPL — Stack Pointer High and Stack pointer Low” on page 14.
LCD reference removed from table note in "Sleep Modes” on page 42.

Updated code example in "Bit 0 — IVCE: Interrupt Vector Change Enable” on page 65.
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