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2. Overview

The ATmega164P/324P/644P is a low-power CMOS 8-bit microcontroller based on the AVR
enhanced RISC architecture. By executing powerful instructions in a single clock cycle, the
ATmega164P/324P/644P achieves throughputs approaching 1 MIPS per MHz allowing the sys-

tem designer to optimize power consumption versus processing speed.

2.1 Block Diagram

Figure 2-1.  Block Diagram
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The AVR core combines a rich instruction set with 32 general purpose working registers. All the
32 registers are directly connected to the Arithmetic Logic Unit (ALU), allowing two independent
registers to be accessed in one single instruction executed in one clock cycle. The resulting
architecture is more code efficient while achieving throughputs up to ten times faster than con-
ventional CISC microcontrollers.
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Figure 4-5. The Parallel Instruction Fetches and Instruction Executions
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Figure 4-6 shows the internal timing concept for the Register File. In a single clock cycle an ALU
operation using two register operands is executed, and the result is stored back to the destina-
tion register.

Figure 4-6. Single Cycle ALU Operation
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4.7 Reset and Interrupt Handling

The AVR provides several different interrupt sources. These interrupts and the separate Reset
Vector each have a separate program vector in the program memory space. All interrupts are
assigned individual enable bits which must be written logic one together with the Global Interrupt
Enable bit in the Status Register in order to enable the interrupt. Depending on the Program
Counter value, interrupts may be automatically disabled when Boot Lock bits BLB02 or BLB12
are programmed. This feature improves software security. See the section "Memory Program-
ming” on page 293 for details.

The lowest addresses in the program memory space are by default defined as the Reset and
Interrupt Vectors. The complete list of vectors is shown in "Interrupts” on page 61. The list also
determines the priority levels of the different interrupts. The lower the address the higher is the
priority level. RESET has the highest priority, and next is INTO — the External Interrupt Request
0. The Interrupt Vectors can be moved to the start of the Boot Flash section by setting the IVSEL
bit in the MCU Control Register (MCUCR). Refer to "Interrupts” on page 61 for more information.
The Reset Vector can also be moved to the start of the Boot Flash section by programming the
BOOTRST Fuse, see "Memory Programming” on page 293.

When an interrupt occurs, the Global Interrupt Enable I-bit is cleared and all interrupts are dis-
abled. The user software can write logic one to the I-bit to enable nested interrupts. All enabled

ATMEL 1

8011N-AVR-01/10



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

12.6.1

Compare Output Mode and Waveform Generation

The Waveform Generator uses the COMOx1:0 bits differently in Normal, CTC, and PWM modes.
For all modes, setting the COMOx1:0 = 0 tells the Waveform Generator that no action on the
OCO0x Register is to be performed on the next Compare Match. For compare output actions in
the non-PWM modes refer to Table 12-2 on page 104. For fast PWM mode, refer to Table 12-3
on page 104, and for phase correct PWM refer to Table 12-4 on page 105.

A change of the COMOx1:0 bits state will have effect at the first Compare Match after the bits are
written. For non-PWM modes, the action can be forced to have immediate effect by using the
FOCOx strobe bits.

12.7 Modes of Operation

12.7.1

12.7.2

Normal Mode

The mode of operation, i.e., the behavior of the Timer/Counter and the Output Compare pins, is
defined by the combination of the Waveform Generation mode (WGM02:0) and Compare Output
mode (COMOx1:0) bits. The Compare Output mode bits do not affect the counting sequence,
while the Waveform Generation mode bits do. The COMOx1:0 bits control whether the PWM out-
put generated should be inverted or not (inverted or non-inverted PWM). For non-PWM modes
the COMOx1:0 bits control whether the output should be set, cleared, or toggled at a Compare
Match (See Section “13.8” on page 122.).

For detailed timing information see "Timer/Counter Timing Diagrams” on page 102.

The simplest mode of operation is the Normal mode (WGMO02:0 = 0). In this mode the counting
direction is always up (incrementing), and no counter clear is performed. The counter simply
overruns when it passes its maximum 8-bit value (TOP = 0xFF) and then restarts from the bot-
tom (0x00). In normal operation the Timer/Counter Overflow Flag (TOVO) will be set in the same
timer clock cycle as the TCNTO becomes zero. The TOVO Flag in this case behaves like a ninth
bit, except that it is only set, not cleared. However, combined with the timer overflow interrupt
that automatically clears the TOVO Flag, the timer resolution can be increased by software.
There are no special cases to consider in the Normal mode, a new counter value can be written
anytime.

The Output Compare Unit can be used to generate interrupts at some given time. Using the Out-
put Compare to generate waveforms in Normal mode is not recommended, since this will
occupy too much of the CPU time.

Clear Timer on Compare Match (CTC) Mode

8011N-AVR-01/10

In Clear Timer on Compare or CTC mode (WGMO02:0 = 2), the OCROA Register is used to
manipulate the counter resolution. In CTC mode the counter is cleared to zero when the counter
value (TCNTO) matches the OCROA. The OCROA defines the top value for the counter, hence
also its resolution. This mode allows greater control of the Compare Match output frequency. It
also simplifies the operation of counting external events.

The timing diagram for the CTC mode is shown in Figure 12-5. The counter value (TCNTO)
increases until a Compare Match occurs between TCNTO and OCROA, and then counter
(TCNTO) is cleared.

ATMEL L
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13.5 Counter Unit

The main part of the 16-bit Timer/Counter is the programmable 16-bit bi-directional counter unit.
Figure 13-2 shows a block diagram of the counter and its surroundings.

Figure 13-2. Counter Unit Block Diagram
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The 16-bit counter is mapped into two 8-bit I/O memory locations: Counter High (TCNTnH) con-
taining the upper eight bits of the counter, and Counter Low (TCNTnL) containing the lower eight
bits. The TCNTnH Register can only be indirectly accessed by the CPU. When the CPU does an
access to the TCNTnH I/O location, the CPU accesses the high byte temporary register (TEMP).
The temporary register is updated with the TCNTnH value when the TCNTnL is read, and
TCNTnH is updated with the temporary register value when TCNTnL is written. This allows the
CPU to read or write the entire 16-bit counter value within one clock cycle via the 8-bit data bus.
It is important to notice that there are special cases of writing to the TCNTn Register when the
counter is counting that will give unpredictable results. The special cases are described in the
sections where they are of importance.

Depending on the mode of operation used, the counter is cleared, incremented, or decremented
at each timer clock (clky,). The clky, can be generated from an external or internal clock source,
selected by the Clock Select bits (CSn2:0). When no clock source is selected (CSn2:0 = 0) the
timer is stopped. However, the TCNTn value can be accessed by the CPU, independent of
whether clky,, is present or not. A CPU write overrides (has priority over) all counter clear or
count operations.

The counting sequence is determined by the setting of the Waveform Generation mode bits
(WGMn3:0) located in the Timer/Counter Control Registers A and B (TCCRnA and TCCRnB).
There are close connections between how the counter behaves (counts) and how waveforms
are generated on the Output Compare outputs OCnx. For more details about advanced counting
sequences and waveform generation, see "Modes of Operation” on page 123.

AImEl@ 117
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Assembly Code Example!"

SPI_MasterInit:
; Set MOSI and SCK output, all others input

1di rl17, (1<<DD_MOSI) | (1<<DD_SCK)

out DDR_SPI,rl7

; Enable SPI, Master, set clock rate fck/1l6

1di 117, (1<<SPE) | (1<<MSTR) | (1<<SPRO)

out SPCR,rl7

ret

SPI_MasterTransmit:
; Start transmission of data (rlé6)
out SPDR,rl6

Wait_Transmit:

; Wait for transmission complete
sbis SPSR, SPIF

rjmp Wait_Transmit

ret

C Code Example"

void SPI_MasterInit (void)

{
/* Set MOSI and SCK output, all others input */

DDR_SPI = (1<<DD_MOSI) | (1<<DD_SCK) ;
/* Enable SPI, Master, set clock rate fck/16 */
SPCR = (1<<SPE) | (1<<MSTR) | (1<<SPRO) ;

void SPI_MasterTransmit (char cData)
{
/* Start transmission */

SPDR = cData;

/* Wait for transmission complete */

while (! (SPSR & (1<<SPIF)))

7

Note: 1. See “About Code Examples” on page 8.

ATMEL

164



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

e Bit 0 — UCPOLn: Clock Polarity

This bit is used for synchronous mode only. Write this bit to zero when asynchronous mode is
used. The UCPOLnN bit sets the relationship between data output change and data input sample,
and the synchronous clock (XCKn).

Table 16-8. UCPOLn Bit Settings

Transmitted Data Changed (Output of Received Data Sampled (Input on RxDn
UCPOLN TxDn Pin) Pin)
0 Rising XCKn Edge Falling XCKn Edge
1 Falling XCKn Edge Rising XCKn Edge

16.11.5 UBRRnL and UBRRnH — USART Baud Rate Registers

Bit 15 14 13 12 11 10 9 8
- | - | - | - | UBRR[11:8] UBRRHn
UBRR[7:0] UBRRLN
7 6 5 4 3 2 1 0
Read/Write R R R R R/W R/W R/W R/W
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
0 0

¢ Bit 15:12 — Reserved Bits

These bits are reserved for future use. For compatibility with future devices, these bit must be
written to zero when UBRRH is written.

e Bit 11:0 — UBRR11:0: USART Baud Rate Register

This is a 12-bit register which contains the USART baud rate. The UBRRH contains the four
most significant bits, and the UBRRL contains the eight least significant bits of the USART baud
rate. Ongoing transmissions by the Transmitter and Receiver will be corrupted if the baud rate is
changed. Writing UBRRL will trigger an immediate update of the baud rate prescaler.

AImEl@ 193
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This scheme is repeated until the last byte has been sent and the transfer is ended by generat-
ing a STOP condition or a repeated START condition. A STOP condition is generated by writing
the following value to TWCR:

TWCR

value

TWCR

TWINT TWEA TWSTA TWSTO TWWC TWEN - TWIE
1 X 0 1 X 1 0 X
A REPEATED START condition is generated by writing the following value to TWCR:
TWINT TWEA TWSTA TWSTO TWWC TWEN - TWIE
1 X 1 0 X 1 0 X

value

After a repeated START condition (state 0x10) the 2-wire Serial Interface can access the same
Slave again, or a new Slave without transmitting a STOP condition. Repeated START enables
the Master to switch between Slaves, Master Transmitter mode and Master Receiver mode with-
out losing control of the bus.

Table 18-2.  Status codes for Master Transmitter Mode
Status Code Application Software Response
(TWSR) Status of the 2-wire Serial Bus To/from TWDR To TWCR
Prescaler Bits and 2-wire Serial Interface Hard-
are 0 ware STA STO | TWINT | TWEA | Next Action Taken by TWI Hardware
0x08 A START condition has been | Load SLA+W 0 0 1 X SLA+W will be transmitted;
transmitted ACK or NOT ACK will be received
0x10 A repeated START condition | Load SLA+W or 0 0 1 X SLA+W will be transmitted;
has been transmitted ACK or NOT ACK will be received
Load SLA+R 0 0 1 X SLA+R will be transmitted;
Logic will switch to Master Receiver mode
0x18 SLA+W has been transmitted; Load data byte or 0 0 1 X Data byte will be transmitted and ACK or NOT ACK will
ACK has been received be received
No TWDR action or 1 0 1 X Repeated START will be transmitted
No TWDR action or 0 1 1 X STOP condition will be transmitted and
TWSTO Flag will be reset
No TWDR action 1 1 1 X STOP condition followed by a START condition will be
transmitted and TWSTO Flag will be reset
0x20 SLA+W has been transmitted; Load data byte or 0 0 1 X Data byte will be transmitted and ACK or NOT ACK wiill
NOT ACK has been received be received
No TWDR action or 1 0 1 X Repeated START will be transmitted
No TWDR action or 0 1 1 X STOP condition will be transmitted and
TWSTO Flag will be reset
No TWDR action 1 1 1 X STOP condition followed by a START condition will be
transmitted and TWSTO Flag will be reset
0x28 Data byte has been transmitted; | Load data byte or 0 0 1 X Data byte will be transmitted and ACK or NOT ACK wiill
ACK has been received be received
No TWDR action or 1 0 1 X Repeated START will be transmitted
No TWDR action or 0 1 1 X STOP condition will be transmitted and
TWSTO Flag will be reset
No TWDR action 1 1 1 X STOP condition followed by a START condition will be
transmitted and TWSTO Flag will be reset
0x30 Data byte has been transmitted; | Load data byte or 0 0 1 X Data byte will be transmitted and ACK or NOT ACK will
NOT ACK has been received be received
No TWDR action or 1 0 1 X Repeated START will be transmitted
No TWDR action or 0 1 1 X STOP condition will be transmitted and
TWSTO Flag will be reset
No TWDR action 1 1 1 X STOP condition followed by a START condition will be
transmitted and TWSTO Flag will be reset
0x38 Arbitration lost in SLA+W or data | No TWDR action or 0 0 1 X 2-wire Serial Bus will be released and not addressed
bytes Slave mode entered
No TWDR action 1 0 1 X A START condition will be transmitted when the bus be-
comes free

8011N-AVR-01/10
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The upper 7 bits are the address to which the 2-wire Serial Interface will respond when
addressed by a Master. If the LSB is set, the TWI will respond to the general call address (0x00),
otherwise it will ignore the general call address.

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN - TWIE
value 0 1 0 0 0 1 0 X

TWEN must be written to one to enable the TWI. The TWEA bit must be written to one to enable
the acknowledgement of the device’s own slave address or the general call address. TWSTA
and TWSTO must be written to zero.

When TWAR and TWCR have been initialized, the TWI waits until it is addressed by its own
slave address (or the general call address if enabled) followed by the data direction bit. If the
direction bit is “0” (write), the TWI will operate in SR mode, otherwise ST mode is entered. After
its own slave address and the write bit have been received, the TWINT Flag is set and a valid
status code can be read from TWSR. The status code is used to determine the appropriate soft-
ware action. The appropriate action to be taken for each status code is detailed in Table 18-4 on
page 226. The Slave Receiver mode may also be entered if arbitration is lost while the TWI is in
the Master mode (see states 0x68 and 0x78).

If the TWEA bit is reset during a transfer, the TWI will return a “Not Acknowledge” (“1”) to SDA
after the next received data byte. This can be used to indicate that the Slave is not able to
receive any more bytes. While TWEA is zero, the TWI does not acknowledge its own slave
address. However, the 2-wire Serial Bus is still monitored and address recognition may resume
at any time by setting TWEA. This implies that the TWEA bit may be used to temporarily isolate
the TWI from the 2-wire Serial Bus.

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

Note that the 2-wire Serial Interface Data Register —- TWDR does not reflect the last byte present
on the bus when waking up from these Sleep modes.
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* 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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of a lost bus arbitration, no data is lost in the transition from Master to Slave. Handling of the
ACK bit is controlled automatically by the TWI logic, the CPU cannot access the ACK bit directly.

e Bits 7:0 - TWD: TWI Data Register

These eight bits constitute the next data byte to be transmitted, or the latest data byte received

on the 2-wire Serial Bus.

18.9.5 TWAR - TWI (Slave) Address Register

Bit 7 6 5 4 3 2 1 0
(0xBA) I TWAG TWAS TWA4 TWA3 TWA2 TWA1 TWAO TWGCE I
Read/Write R/IW R/W R/W R/W R/W R/W R/W R/W
Initial Value 1 1 1 1 1 1 1 0

TWAR

The TWAR should be loaded with the 7-bit Slave address (in the seven most significant bits of
TWAR) to which the TWI will respond when programmed as a Slave Transmitter or Receiver,
and not needed in the Master modes. In multimaster systems, TWAR must be set in masters

which can be addressed as Slaves by other Masters.

The LSB of TWAR is used to enable recognition of the general call address (0x00). There is an
associated address comparator that looks for the slave address (or general call address if
enabled) in the received serial address. If a match is found, an interrupt request is generated.

e Bits 7:1 — TWA: TWI (Slave) Address Register
These seven bits constitute the slave address of the TWI unit.

* Bit 0 - TWGCE: TWI General Call Recognition Enable Bit
If set, this bit enables the recognition of a General Call given over the 2-wire Serial Bus.

18.9.6 TWAMR - TWI (Slave) Address Mask Register

8011N-AVR-01/10

Bit 7 6 5 4 3 2 1 0

(0xBD) | TWAM[6:0] - | TWAMR
Read/Write RIW RIW RIW RIW RIW RIW RIW

Initial Value 0 0 0 0 0 0 0

e Bits 7:1 — TWAM: TWI Address Mask

The TWAMR can be loaded with a 7-bit Slave Address mask. Each of the bits in TWAMR can
mask (disable) the corresponding address bit in the TWI Address Register (TWAR). If the mask
bit is set to one then the address match logic ignores the compare between the incoming
address bit and the corresponding bit in TWAR. Figure 18-22 shows the address match logic in

detail.
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Table 20-4. Input Channel and Gain Selections

Single Ended Positive Differential Negative Differential
MUX4..0 Input Input Input Gain
00000 ADCO
00001 ADC1
00010 ADC2
00011 ADC3 N/A
00100 ADC4
00101 ADC5
00110 ADC6
00111 ADC7
01000 ADCO ADCO 10x
01001 ADC1 ADCO 10x
01010 ADCO ADCO 200x
01011™M ADC1 ADCO 200x
01100 ADC2 ADC2 10x
01101 ADC3 ADC2 10x
01110M ADC2 ADC2 200x
01111M ADC3 ADC2 200x
10000 ADCO ADCH 1x
10001 ADC1 ADCH 1x
10010 N/A ADC2 ADC1 1x
10011 ADC3 ADC1 1x
10100 ADC4 ADC1 1x
10101 ADC5 ADCH 1x
10110 ADC6 ADCH 1x
10111 ADC7 ADCT 1x
11000 ADCO ADC2 1x
11001 ADC1 ADC2 1x
11010 ADC2 ADC2 1x
11011 ADC3 ADC2 1x
11100 ADC4 ADC2 1x
11101 ADCS5 ADC2 1x
11110 1.1V (Vgg)

5e N/A

11111 0V (GND)

Note: 1. The differential input channels are not tested for devices in PDIP Package. This feature is only
guaranteed to work for devices in TQFP and VQFN/QFN/MLF Packages

AImEl@ 256
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24.10.15 Performing Chip Erase

1.
2.
3.

Enter JTAG instruction PROG_COMMANDS.
Start Chip Erase using programming instruction 1a.

Poll for Chip Erase complete using programming instruction 1b, or wait for ty, gy ce (refer
to Table 24-14 on page 306).

24.10.16 Programming the Flash

Before programming the Flash a Chip Erase must be performed, see “Performing Chip Erase”
on page 322.

© o N O Dd =

Enter JTAG instruction PROG_COMMANDS.

Enable Flash write using programming instruction 2a.

Load address Extended High byte using programming instruction 2b.
Load address High byte using programming instruction 2c.

Load address Low byte using programming instruction 2d.

Load data using programming instructions 2e, 2f and 2g.

Repeat steps 5 and 6 for all instruction words in the page.

Write the page using programming instruction 2h.

Poll for Flash write complete using programming instruction 2i, or wait for t,, gy (refer to
Table 24-14 on page 306).

10. Repeat steps 3 to 9 until all data have been programmed.
A more efficient data transfer can be achieved using the PROG_PAGELOAD instruction:

1.
2.
3.

9.

24.10.17 Reading the Flash

1
2

3.
4.
5.
A
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Enter JTAG instruction PROG_COMMANDS.
Enable Flash write using programming instruction 2a.

Load the page address using programming instructions 2b, 2c and 2d. PCWORD (refer
to Table 24-7 on page 296) is used to address within one page and must be written as 0.

Enter JTAG instruction PROG_PAGELOAD.

Load the entire page by shifting in all instruction words in the page byte-by-byte, starting
with the LSB of the first instruction in the page and ending with the MSB of the last
instruction in the page. Use Update-DR to copy the contents of the Flash Data Byte Reg-
ister into the Flash page location and to auto-increment the Program Counter before
each new word.

Enter JTAG instruction PROG_COMMANDS.
Write the page using programming instruction 2h.

Poll for Flash write complete using programming instruction 2i, or wait for t, gy (refer to
Table 24-14 on page 306).

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

Enter JTAG instruction PROG_COMMANDS.

Enable Flash read using programming instruction 3a.

Load address using programming instructions 3b, 3¢ and 3d.
Read data using programming instruction 3e.

Repeat steps 3 and 4 until all data have been read.

more efficient data transfer can be achieved using the PROG_PAGEREAD instruction:
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T, =-40°C to 85°C, V¢ = 1.8V to 5.5V (unless otherwise noted) (Continued)

Symbol | Parameter Condition Min. Typ. Max. Units
Analog Comparator Voo =5V
Vacio Input Offset Voltage Vin = Vo2 <10 40 my
Analog Comparator Vee =5V i
acLk Input Leakage Current Vi, = Vg/2 50 50 nA
t Analog Comparator Vee=2.7V 750 ns
ACID Propagation Delay Vee = 4.0V 500
Notes: 1. "Max" means the highest value where the pin is guaranteed to be read as low
2. "Min" means the lowest value where the pin is guaranteed to be read as high
3. Although each I/O port can sink more than the test conditions (20 mA at VCC = 5V, 10 mA at VCC = 3V) under steady state
conditions (non-transient), the following must be observed:
1.)The sum of all IOL, for ports PB0-PB7, XTAL2, PD0-PD7 should not exceed 100 mA.
2.)The sum of all IOL, for ports PAO-PA3, PC0-PC7 should not exceed 100 mA.
If IOL exceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater
than the listed test condition.
4. Although each 1/O port can source more than the test conditions (20 mA at VCC = 5V, 10 mA at VCC = 3V) under steady

state conditions (non-transient), the following must be observed:

1.)The sum of all IOH, for ports PB0-PB7, XTAL2, PD0-PD7 should not exceed 100 mA.

2.)The sum of all IOH, for ports PA0-PA3, PCO-PC7 should not exceed 100 mA.

If IOH exceeds the test condition, VOH may exceed the related specification. Pins are not guaranteed to source current

greater than the listed test condition.
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Figure 26-2. Active Supply Current vs. Frequency (1 - 20 MHz).
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Figure 26-3. Active Supply Current vs. V¢ (Internal RC Oscillator, 8 MHz).
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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).
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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 26-70. I/O Pin Output Voltage vs. Source Current (V¢ = 3V).
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Figure 26-113.Reset Pull-up Resistor Current vs. Reset Pin Voltage (V¢ = 2.7V).
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Figure 26-114.Reset Pull-up Resistor Current vs. Reset Pin Voltage (V¢ = 5V).
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32.13 Rev. 8011B - 09/06

1. Updated "DC Characteristics” on page 325.
32.14 Rev. 8011A - 08/06

1. Initial revision.
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