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1. Refer to Data Retention.

Related Links
Data Retention on page 20
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The Timer/Counter2 can be clocked both synchronously and asynchronously in Power-save mode. If
Timer/Counter2 is not using the asynchronous clock, the Timer/Counter Oscillator is stopped during
sleep. If Timer/Counter2 is not using the synchronous clock, the clock source is stopped during sleep.
Even if the synchronous clock is running in Power-save, this clock is only available for Timer/Counter2.

11.8. Standby Mode

When the SM[2:0] bits are written to 110" and an external crystal/resonator clock option is selected, the
SLEEP instruction makes the MCU enter Standby mode. This mode is identical to Power-Down with the
exception that the Oscillator is kept running. From Standby mode, the device wakes up in six clock
cycles.

11.9. Extended Standby Mode

When the SM[2:0] bits are written to 111" and an external crystal/resonator clock option is selected, the
SLEEP instruction makes the MCU enter Extended Standby mode. This mode is identical to Power-Save
mode with the exception that the Oscillator is kept running. From Extended Standby mode, the device
wakes up in six clock cycles.

11.10. Power Reduction Register

The Power Reduction Register (PRR) provides a method to stop the clock to individual peripherals to
reduce power consumption. The current state of the peripheral is frozen and the I/O registers can not be
read or written. Resources used by the peripheral when stopping the clock will remain occupied, hence
the peripheral should in most cases be disabled before stopping the clock. Waking up a module, which is
done by clearing the corresponding bit in the PRR, puts the module in the same state as before
shutdown.

Module shutdown can be used in Idle mode and Active mode to significantly reduce the overall power
consumption. In all other sleep modes, the clock is already stopped.

Related Links

PRRO on page 67

11.11. Minimizing Power Consumption

There are several possibilities to consider when trying to minimize the power consumption in an AVR
controlled system. In general, sleep modes should be used as much as possible, and the sleep mode
should be selected so that as few as possible of the device’s functions are operating. All functions not
needed should be disabled. In particular, the following modules may need special consideration when
trying to achieve the lowest possible power consumption.

11.11.1. Analog to Digital Converter

If enabled, the ADC will be enabled in all sleep modes. To save power, the ADC should be disabled
before entering any sleep mode. When the ADC is turned off and on again, the next conversion will be an
extended conversion.

Related Links

Analog-to-Digital Converter on page 304
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11.121.

Bit

Access
Reset

Sleep Mode Control Register
The Sleep Mode Control Register contains control bits for power management.

When addressing I/0O Registers as data space using LD and ST instructions, the provided offset must be
used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - 0x3F.

The device is a complex microcontroller with more peripheral units than can be supported within the 64
locations reserved in Opcode for the IN and OUT instructions. For the Extended 1/O space from 0x60 in
SRAM, only the ST/STS/STD and LD/LDS/LDD instructions can be used.

Name: SMCR

Offset: 0x53

Reset:  0x00

Property: When addressing as I/O Register: address offset is 0x33

7 6 5 4 3 2 1 0
SM2 SM1 SMO SE
R/W R/W R/W R/W
0 0 0 0

Bit 3 — SM2: Sleep Mode Select 2
The SM[2:0] bits select between the five available sleep modes.

Table 11-2. Sleep Mode Select

000 Idle

001 ADC Noise Reduction
010 Power-down

011 Power-save

100 Reserved

101 Reserved

110 Standby!")

111 Extended Standby!")

Note:
1. Standby mode is only recommended for use with external crystals or resonators.

Bit 2 — SM1: Sleep Mode Select 1
Refer to SM2.

Bit 1 — SMO0: Sleep Mode Select 0
Refer to SM2.

Bit 0 — SE: Sleep Enable
The SE bit must be written to logic one to make the MCU enter the sleep mode when the SLEEP
instruction is executed. To avoid the MCU entering the sleep mode unless it is the programmer’s purpose,
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13.3.2.

Bit

Access

Reset

MCU Control Register
When addressing I/O Registers as data space using LD and ST instructions, the provided offset must be

used. When using the I/O specific commands IN and OUT, the offset is reduced by 0x20, resulting in an
I/O address offset within 0x00 - Ox3F.

The device is a complex microcontroller with more peripheral units than can be supported within the 64
locations reserved in Opcode for the IN and OUT instructions. For the Extended 1/O space from 0x60 in
SRAM, only the ST/STS/STD and LD/LDS/LDD instructions can be used.

Name: MCUCR

Offset:  0x55

Reset:  0x00

Property: When addressing as I/O Register: address offset is 0x35

7 6 5 4 3 2 1 0
JTD BODS BODSE PUD IVSEL IVCE
R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0
Bit 7 - JTD

When this bit is zero, the JTAG interface is enabled if the JTAGEN Fuse is programmed. If this bit is one,
the JTAG interface is disabled. In order to avoid unintentional disabling or enabling of the JTAG interface,
a timed sequence must be followed when changing this bit: The application software must write this bit to
the desired value twice within four cycles to change its value. Note that this bit must not be altered when

using the On-chip Debug system.

Bit 6 —- BODS: BOD Sleep

The BODS bit must be written to '1" in order to turn off BOD during sleep. Writing to the BODS bit is
controlled by a timed sequence and the enable bit BODSE. To disable BOD in relevant sleep modes, both
BODS and BODSE must first be written to '1'. Then, BODS must be written to '1' and BODSE must be
written to zero within four clock cycles.

The BODS bit is active three clock cycles after it is set. A sleep instruction must be executed while BODS
is active in order to turn off the BOD for the actual sleep mode. The BODS bit is automatically cleared
after three clock cycles.

Bit 5 — BODSE: BOD Sleep Enable
BODSE enables setting of BODS control bit, as explained in BODS bit description. BOD disable is
controlled by a timed sequence.

Bit 4 — PUD: Pull-up Disable
When this bit is written to one, the pull-ups in the I/O ports are disabled even if the DDxn and PORTxn
Registers are configured to enable the pull-ups ({DDxn, PORTxn} = 0b01).

Bit 1 — IVSEL: Interrupt Vector Select

When the IVSEL bit is cleared (zero), the Interrupt Vectors are placed at the start of the Flash memory.
When this bit is set (one), the Interrupt Vectors are moved to the beginning of the Boot Loader section of
the Flash. The actual address of the start of the Boot Flash Section is determined by the BOOTSZ Fuses.
To avoid unintentional changes of Interrupt Vector tables, a special write procedure must be followed to
change the IVSEL bit:
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16. TCO - 8-bit Timer/Counter0 with PWM
Related Links

Timer/Counter0 and Timer/Counter] Prescalers on page 186

16.1. Features

Two independent Output Compare Units

Double Buffered Output Compare Registers

Clear Timer on Compare Match (Auto Reload)

Glitch free, phase correct Pulse Width Modulator (PWM)

Variable PWM period

Frequency generator

Three independent interrupt sources (TOV0O, OCFOA, and OCFO0B)

16.2. Overview

Timer/Counter0 (TCO) is a general purpose 8-bit Timer/Counter module, with two independent Output
Compare Units, and PWM support. It allows accurate program execution timing (event management) and
wave generation.

A simplified block diagram of the 8-bit Timer/Counter is shown below. CPU accessible I/O Registers,
including 1/0 bits and 1/O pins, are shown in bold. The device-specific I/O Register and bit locations are
listed in the Register Description. For the actual placement of I/O pins, refer to the pinout diagram.

The TCO is enabled by writing the PRTIMO bit in "Minimizing Power Consumption” to '0'".

The TCO is enabled when the PRTIMO bit in the Power Reduction Register (0.PRTIMO) is written to '1".

Atmel
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Figure 17-5. Compare Match Output Unit, Schematic
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Note: The “n” in the register and bit names indicates the device number (n = 1 for Timer/Counter 1), and
the “x” indicates Output Compare unit (A/B).

The general I/O port function is overridden by the Output Compare (OC1x) from the Waveform Generator
if either of the TCCR1A.COM1x[1:0] bits are set. However, the OC1x pin direction (input or output) is still
controlled by the Data Direction Register (DDR) for the port pin. The Data Direction Register bit for the
OC1x pin (DDR_OC1x) must be set as output before the OC1x value is visible on the pin. The port
override function is generally independent of the Waveform Generation mode, but there are some
exceptions.

The design of the Output Compare pin logic allows initialization of the OC1x state before the output is
enabled. Note that some TCCR1A.COM1x[1:0] bit settings are reserved for certain modes of operation.

The TCCR1A.COM1x[1:0] bits have no effect on the Input Capture unit.

17.11.1. Compare Output Mode and Waveform Generation

The Waveform Generator uses the TCCR1A.COM1x[1:0] bits differently in normal, CTC, and PWM
modes. For all modes, setting the TCCR1A.COM1x[1:0] = O tells the Waveform Generator that no action
on the OC1x Register is to be performed on the next compare match. Refer also to the descriptions of the
output modes.

A change of the TCCR1A.COM1x[1:0] 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
TCCR1C.FOC1x strobe bits.

17.12. Modes of Operation

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 (WGM1[3:0]) and Compare Output mode
(TCCR1A.COM1x[1:0]) bits. The Compare Output mode bits do not affect the counting sequence, while
the Waveform Generation mode bits do. The TCCR1A.COM1x[1:0] bits control whether the PWM output
generated should be inverted or not (inverted or non-inverted PWM). For non-PWM modes the
TCCR1A.COM1x[1:0] bits control whether the output should be set, cleared, or toggle at a compare
match.
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17.13.

Note:

*  The “n” in the register and bit names indicates the device number (n = 1 for Timer/Counter 1), and

the “x” indicates Output Compare unit (A/B).
*  Nrepresents the prescale divider (1, 8, 64, 256, or 1024).

The extreme values for the OCR1x Register represents special cases when generating a PWM waveform
output in the phase correct PWM mode. If the OCR1x is set equal to BOTTOM the output will be
continuously low and if set equal to TOP the output will be set to high for non-inverted PWM mode. For
inverted PWM the output will have the opposite logic values. If OCR1A is used to define the TOP value
(WGM1[3:0]=0x9) and COM1A[1:0]=0x1, the OC1A output will toggle with a 50% duty cycle.

Timer/Counter Timing Diagrams

The Timer/Counter is a synchronous design and the timer clock (clkt1) is therefore shown as a clock
enable signal in the following figures. The figures include information on when Interrupt Flags are set, and
when the OCR1x Register is updated with the OCR1x buffer value (only for modes utilizing double
buffering). The first figure shows a timing diagram for the setting of OCF1x.

Figure 17-10. Timer/Counter Timing Diagram, Setting of OCF1x, no Prescaling

clk,o

clk,
(clk,o/1)
TCNTn —X OCRnx -1 X OCRnNx OCRnx + 1 OCRnx + 2
OCRnx OCRnx Value

OCFnx

Note: The “n” in the register and bit names indicates the device number (n = 1 for Timer/Counter 1), and
the “x” indicates Output Compare unit (A/B).

The next figure shows the same timing data, but with the prescaler enabled.

Figure 17-11. Timer/Counter Timing Diagram, Setting of OCF1x, with Prescaler (f._,0/8)
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19.10.

19.11.

unpredictable, as it depends on the wake-up time. The recommended procedure for reading
TCNT2 is thus as follows:

1. Wait for the corresponding Update Busy Flag to be cleared.
2. Read TCNT2.

«  During asynchronous operation, the synchronization of the Interrupt Flags for the asynchronous
timer takes 3 processor cycles plus one timer cycle. The timer is therefore advanced by at least one
before the processor can read the timer value causing the setting of the Interrupt Flag. The Output
Compare pin is changed on the timer clock and is not synchronized to the processor clock.

Timer/Counter Prescaler
Figure 19-12. Prescaler for TC2
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TIMER/ COUNTER2 CLOCK SOURCE

clkp
The clock source for TC2 is named clkt,s. It is by default connected to the main system 1/O clock clko.
By writing a '1' to the Asynchronous TC2 bit in the Asynchronous Status Register (ASSR.AS2), TC2 is
asynchronously clocked from the TOSC1 pin. This enables use of TC2 as a Real Time Counter (RTC).
When AS2 is set, pins TOSC1 and TOSC2 are disconnected from Port B. A crystal can then be
connected between the TOSC1 and TOSC2 pins to serve as an independent clock source for TC2. The
Oscillator is optimized for use with a 32.768kHz crystal.

For TC2, the possible prescaled selections are: clktos/8, clkto5/32, clktos/64, clktos/128, clkto5/256, and
clktos/1024. Additionally, clktog as well as 0 (stop) may be selected. The prescaler is reset by writing a '1'
to the Prescaler Reset TC2 bit in the General TC2 Control Register (GTCCR.PSRASY). This allows the
user to operate with a defined prescaler.

Register Description
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22,

USARTSPI - USART in SPI Mode

22.1. Features
*  Full Duplex, Three-wire Synchronous Data Transfer
*  Master Operation
*  Supports all four SPI Modes of Operation (Mode 0, 1, 2, and 3)
*  LSB First or MSB First Data Transfer (Configurable Data Order)
*  Queued Operation (Double Buffered)
»  High Resolution Baud Rate Generator
*  High Speed Operation (fxckmax = fck/2)
*  Flexible Interrupt Generation
22.2. Overview
The Universal Synchronous and Asynchronous serial Receiver and Transmitter (USART) can be set to a
master SPI compliant mode of operation.
Setting both UMSELN[1:0] bits to one enables the USART in MSPIM logic. In this mode of operation the
SPI master control logic takes direct control over the USART resources. These resources include the
transmitter and receiver shift register and buffers, and the baud rate generator. The parity generator and
checker, the data and clock recovery logic, and the RX and TX control logic is disabled. The USART RX
and TX control logic is replaced by a common SPI transfer control logic. However, the pin control logic
and interrupt generation logic is identical in both modes of operation.
The 1/O register locations are the same in both modes. However, some of the functionality of the control
registers changes when using MSPIM.
22.3. Clock Generation
The Clock Generation logic generates the base clock for the Transmitter and Receiver. For USART
MSPIM mode of operation only internal clock generation (i.e. master operation) is supported. The Data
Direction Register for the XCKn pin (DDR_XCKn) must therefore be set to one (i.e. as output) for the
USART in MSPIM to operate correctly. Preferably the DDR_XCKn should be set up before the USART in
MSPIM is enabled (i.e. TXENn and RXENnN bit set to one).
The internal clock generation used in MSPIM mode is identical to the USART synchronous master mode.
The table below contains the equations for calculating the baud rate or UBRRn setting for Synchronous
Master Mode.
Table 22-1. Equations for Calculating Baud Rate Register Setting
Operating Mode Equation for Calculating Baud Equation for Calculating UBRRn
Rate(!) Value
Synchronous Master fosc fosc
mode BAUD = - BRRn + D) UBRRn = 530D ~
Note: 1. The baud rate is defined to be the transfer rate in bit per second (bps)
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USART_MSPIM Comments

XCKn SCK (Functionally identical)

SS Not supported by USART in MSPIM

(N/A)

22.8. Register Description
Refer to the USART Register Description.

Related Links
Register Description on page 243
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Figure 23-4. Address Packet Format

Addr MSB Addr LSB ACK

DX

START

23.3.4. Data Packet Format
All data packets transmitted on the TWI bus are nine bits long, consisting of one data byte and an
acknowledge bit. During a data transfer, the Master generates the clock and the START and STOP
conditions, while the Receiver is responsible for acknowledging the reception. An Acknowledge (ACK) is
signalled by the Receiver pulling the SDA line low during the ninth SCL cycle. If the Receiver leaves the
SDA line high, a NACK is signalled. When the Receiver has received the last byte, or for some reason
cannot receive any more bytes, it should inform the Transmitter by sending a NACK after the final byte.
The MSB of the data byte is transmitted first.

Figure 23-5. Data Packet Format

Data MSB Data LSB ACK

|
|

. .
Aggregate \ |
SDA | |
| |

. I 1l ___.
SDA from \ i i
Tansmitter  \ | » !
|
|

SDA from /| ) R

Receiver /| !
| |
| |

Master ‘ SS .
| 1 2 7 8 9 |
! ! STOP REPEATED

SLA+R/W } Data Byte } START or Next

i : Data Byte

23.3.5. Combining Address and Data Packets into a Transmission
A transmission basically consists of a START condition, a SLA+R/W, one or more data packets and a
STOP condition. An empty message, consisting of a START followed by a STOP condition, is illegal. Note
that the "Wired-ANDing" of the SCL line can be used to implement handshaking between the Master and
the Slave. The Slave can extend the SCL low period by pulling the SCL line low. This is useful if the clock
speed set up by the Master is too fast for the Slave, or the Slave needs extra time for processing between
the data transmissions. The Slave extending the SCL low period will not affect the SCL high period, which
is determined by the Master. As a consequence, the Slave can reduce the TWI data transfer speed by
prolonging the SCL duty cycle.

The following figure depicts a typical data transmission. Note that several data bytes can be transmitted
between the SLA+R/W and the STOP condition, depending on the software protocol implemented by the
application software.
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Figure 23-7. SCL Synchronization Between Multiple Masters
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\ \ \ \

I e ] |

SCL from \ L,/ \ |
Master A ‘ L’ } }
\ \

TB TB

SCL Bus
Line

|
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Master B
|
|
|
|
|
|

|
1 ]
\ Masters Start \ Masters Start

Counting Low Period Counting High Period

Arbitration is carried out by all masters continuously monitoring the SDA line after outputting data. If the
value read from the SDA line does not match the value the Master had output, it has lost the arbitration.
Note that a Master can only lose arbitration when it outputs a high SDA value while another Master
outputs a low value. The losing Master should immediately go to Slave mode, checking if it is being
addressed by the winning Master. The SDA line should be left high, but losing masters are allowed to
generate a clock signal until the end of the current data or address packet. Arbitration will continue until
only one Master remains, and this may take many bits. If several masters are trying to address the same
Slave, arbitration will continue into the data packet.

Figure 23-8. Arbitration Between Two Masters

START Master A Loses
|| | Arbitration, SD A, # SDA
SDA from

Master A —‘—L/ &
\ \
\

SDA from |

Master B m—/—\—
\

Synchroniz ed
| |

Note that arbitration is not allowed between:

. A REPEATED START condition and a data bit
e A STOP condition and a data bit
« A REPEATED START and a STOP condition

It is the user software’s responsibility to ensure that these illegal arbitration conditions never occur. This
implies that in multi-master systems, all data transfers must use the same composition of SLA+R/W and

AtmeL Atmel ATmega644P/V [DATASHEET] 264

Atmel-42744B-ATmega644P/V_Datasheet_Complete-08/2016



TWINT clears the flag. The TWI n will then commence executing whatever operation was specified
by the TWCRn setting.

The following table lists assembly and C implementation examples for TWI0. Note that the code below
assumes that several definitions have been made, e.g. by using include-files.

Table 23-2. Assembly and C Code Example

1di rle6, (1<<TWINT)
(L<<TWSTA) | (1<<TWEN

out TWCRO, rl6

waitl:

in rl6, TWCRO
sbrs rl6, TWINT
rijmp waitl

in rl6, TWSRO
andi rlé6, OxF8
cpi rl6, START
brne ERROR

1di rl6, SLA W
out TWDRO, rlé6

1di rl6, (1<<TWINT)

(1<<TWEN)
out TWCRO, rl6

wait2:

in rl6, TWCRO
sbrs rl6, TWINT
rijmp wait2

in rl6, TWSRO
andi rlé6, OxF8

cpi rl6, MT SLA ACK

brne ERROR

1di rle, DATA
out TWDRO, rlé6

1di rl6, (1<<TWINT)

(1<<TWEN)
out TWCR, rlé6

wait3:

in rl6, TWCRO
sbrs rl6, TWINT
rijmp wait3

Atmel

TWCRO = (1<<TWINT) |
(1<<TWSTA) | (L<<TWEN)

while (! (TWCRO &
(1<<TWINT))) ;

if ((TWSRO & 0OxF8) !=
START)
ERROR() ;

TWDRO = SLA W;
TWCRO = (1<<TWINT) |
(1<<TWEN) ;

while (! (TWCRO &
(1<<TWINT))) ;

if ((TWSRO & OxF8) !=
MT SLA ACK) ERROR();

TWDRO = DATA;
TWCRO (1<<TWINT) |
(1<<TWEN) ;

while (! (TWCRO &
(1<<TWINT))) ;

Send START condition

Wait for TWINT Flag set. This indicates
that the START condition has been
transmitted.

Check value of TWI Status Register. Mask
prescaler bits. If status different from
START go to ERROR.

Load SLA_W into TWDR Register. Clear
TWINT bit in TWCR to start transmission of
address.

Wait for TWINT Flag set. This indicates
that the SLA+W has been transmitted, and
ACK/NACK has been received.

Check value of TWI Status Register. Mask
prescaler bits. If status different from
MT_SLA_ACK go to ERROR.

Load DATA into TWDR Register. Clear
TWINT bit in TWCR to start transmission of
data.

Wait for TWINT Flag set. This indicates
that the DATA has been transmitted, and
ACK/NACK has been received.
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to switch between Slaves, Master Transmitter mode and Master Receiver mode without losing control of

the bus.

Table 23-3. Status Codes for Master Transmitter Mode

Status Code
(TWSR)

Status of the 2-wire Serial
Bus and 2-wire Serial
Interface Hardware

Prescaler
Bits are 0

0x08 A START condition has been
transmitted

0x10 A repeated START condition
has been transmitted

0x18 SLA+W has been transmitted;
ACK has been received

0x20 SLA+W has been transmitted;

NOT ACK has been received

Atmel

Application Software Response Next Action Taken by TWI

To TWCRn Hardware

TWINT | TWEA
X

Load SLA+W |0 0 1

Tol/from
TWDR

SLA+W will be transmitted;
ACK or NOT ACK will be

received

Load SLA+W 0 0 1 X SLA+W will be transmitted;

or 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

Load data 0 0 1 X Data byte will be transmitted

byte or and ACK or NOT ACK will be
received

No TWDR 1 0 1 X Repeated START will be

action or transmitted

No TWDR 0 1 1 X STOP condition will be

action or transmitted and TWSTO Flag
will be reset

No TWDR 1 1 1 X STOP condition followed by a

action START condition will be
transmitted and TWSTO Flag
will be reset

Load data 0 0 1 X Data byte will be transmitted

byte or and ACK or NOT ACK will be
received

No TWDR 1 0 1 X Repeated START will be

action or transmitted

No TWDR 0 1 1 X STOP condition will be

action or transmitted and TWSTO Flag
will be reset

No TWDR 1 1 1 X STOP condition followed by a

action START condition will be

transmitted and TWSTO Flag
will be reset
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Table 23-4. Status codes for Master Receiver Mode

Status Code

(TWSRn)

Prescaler Bits
are 0

0x08

0x10

0x38

0x40

0x48

0x50

Atmel

Status of the 2-wire Serial
Bus and 2-wire Serial
Interface Hardware

A START condition has been
transmitted

A repeated START condition
has been transmitted

Arbitration lost in SLA+R or
NOT ACK bit

SLA+R has been transmitted;
ACK has been received

SLA+R has been transmitted;
NOT ACK has been received

Data byte has been received;
ACK has been returned

Application Software Response

To TWCRn

Load SLA+R 0

Load SLA+R 0

Load SLA+W 0

No TWDR 0
action

1
No TWDR 0
action

0

1

0

1
Read data 0
byte

0

0

TWINT
1
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><.

Next Action Taken by TWI
Hardware

SLA+R will be transmitted
ACK or NOT ACK will be
received

SLA+R will be transmitted
ACK or NOT ACK will be
received

SLA+W will be transmitted

Logic will switch to Master
Transmitter mode

2-wire Serial Bus will be
released and not addressed
Slave mode will be entered

A START condition will be
transmitted when the bus
becomes free

Data byte will be received and
NOT ACK will be returned

Data byte will be received and
ACK will be returned

Repeated START will be
transmitted

STOP condition will be
transmitted and TWSTO Flag
will be reset

STOP condition followed by a
START condition will be
transmitted and TWSTO Flag
will be reset

Data byte will be received and
NOT ACK will be returned

Data byte will be received and
ACK will be returned
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23.9.1. TWI Bit Rate Register

Name: TWBR

Offset: 0xB8
Reset: 0x00
Property: -
Bit 7 6 5 4 3 2 1 0
TWBR7 TWBR6 TWBR5 TWBR4 TWBR3 TWBR2 TWBR1 TWBRO
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:0 —- TWBRn: TWI Bit Rate Register [n = 7:0]

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.
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25.8.5. ADC Control and Status Register B
Name: ADCSRB
Offset: 0x7B
Reset:  0x00
Property: -
7 6 5 4 3 2 1 0
ACME ADTS2 ADTSH1 ADTS0
Access R/W R/W R/W R/W
Reset 0 0 0 0
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..
Bits 2:0 — ADTSn: ADC Auto Trigger Source [n = 2:0]
If ADATE in ADCSRA is written to one, the value of these bits selects which source will trigger an ADC
conversion. If ADATE is cleared, the ADTS[2:0] settings will have no effect. A conversion will be triggered
by the rising edge of the selected Interrupt Flag. Note that switching from a trigger source that is cleared
to a trigger source that is set, will generate a positive edge on the trigger signal. If ADEN in ADCSRA is
set, this will start a conversion. Switching to Free Running mode (ADTS[2:0]=0) will not cause a trigger
event, even if the ADC Interrupt Flag is set.
Table 25-6. ADC Auto Trigger Source Selection
ADTS[2:0] Trigger Source
000 Free Running mode
001 Analog Comparator
010 External Interrupt Request 0
011 Timer/CounterO Compare Match A
100 Timer/Counter0 Overflow
101 Timer/Counter1 Compare Match B
110 Timer/Counter1 Overflow
111 Timer/Counter1 Capture Event
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Figure 28-4. Programming the FUSES Waveforms

Write Fuse Low byte Write Fuse high byte Write Extended Fuse byte
A C /_M A C /_H A C /_H

DAT. A:X o0 X pama X xx X oo X pam ¥ xx X o X pam Y xx

XA/ \ / \ / \

XA0

BSI / \

b2 [\
WR \_/ \_/ \_/

RDY/BSY \_/ \_/ \_/_

RESET +12V

OE

PAGEL

28.8.11. Programming the Lock Bits

The algorithm for programming the Lock bits is as follows (Please refer to Programming the Flash for
details on Command and Data loading):

1. Step A: Load Command “0010 0000”.

2. Step C: Load Data Low Byte. Bit n = “0” programs the Lock bit. If LB mode 3 is programmed (LB1
and LB2 is programmed), it is not possible to program the Boot Lock bits by any External
Programming mode.

3. Give WR a negative pulse and wait for RDY/BSY to go high.

The Lock bits can only be cleared by executing Chip Erase.

28.8.12. Reading the Fuse and Lock Bits

The algorithm for reading the Fuse and Lock bits is as follows (Please refer to Programming the Flash for
details on Command loading):

1. Step A: Load Command “0000 0100”.

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

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

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

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

6. SetOE to “1".
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Instruction/Operation Instruction Format

Byte 1 | Byte 2 Byte 3 Byte 4

Write Fuse High bits OxAC | OxA8 0x00 data byte in
Write Extended Fuse Bits O0xAC O0xA4 0x00 data byte in
Note:

1. Not all instructions are applicable for all parts.

2. a=address.

3. Bits are programmed ‘0’, unprogrammed ‘1’.

4. To ensure future compatibility, unused Fuses and Lock bits should be unprogrammed (‘1’) .

5. Refer to the corresponding section for Fuse and Lock bits, Calibration and Signature bytes and

Page size.

6. Instructions accessing program memory use a word address. This address may be random within
the page range.

7. See http://www.atmel.com/avr for Application Notes regarding programming and programmers.

8. WORDS.

If the LSB in RDY/BSY data byte out is “1’, a programming operation is still pending. Wait until this bit
returns ‘0’ before the next instruction is carried out.

Within the same page, the low data byte must be loaded prior to the high data byte.
After data is loaded to the page buffer, program the EEPROM page, Please refer to the following figure.

Figure 28-7. Serial Programming Instruction example
Serial Programming Instruction

Load Program Memory Page (High/Low Byte)/ Write Program Memory Page/
Load EEPROM Memory Page (page access) Write EEPROM Memory Page
Byte 1 Byte 2 Byte 3 Byte 4 Byte 1 Byte 2 Byte 3 Byte 4
777005555 47 s A 200 e | 55557 7
Bit15 B 0 Bit15 B 0
|
% Page Buffer
Page Offset J\J
Page 0
Page 1
Page 2
Page Number
Page N-1
Program Memory/
EEPROM Memory
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http://www.atmel.com/avr

Figure 30-46. Reset supply current vs. Frequency (1 - 20Mhz)
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Figure 30-47. Minimum Reset Pulsewidth vs. V¢c
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