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To ensure sufficient V¢, the device issues an internal reset with a time-out delay (ttoyTt) after the device

reset is released by all other reset sources. See the Related Links for a description of the start conditions
for the internal reset. The delay (ttoyT) is timed from the Watchdog Oscillator and the number of cycles in
the delay is set by the SUTx and CKSELXx fuse bits. The selectable delays are shown in the Table below.

The frequency of the Watchdog Oscillator is voltage dependent.

Table 14-2. Number of Watchdog Oscillator Cycles

Typ. Time-out (Ve = 5.0V) Typ. Time-out (Ve = 3.0V) Number of Cycles

Oms Oms 0
4.1ms 4.3ms 512
65ms 69ms 8K (8,192)

Main purpose of the delay is to keep the device in reset until it is supplied with minimum V¢c. The delay
will not monitor the actual voltage, so it is required to select a delay longer than the V¢ rise time. If this is
not possible, an internal or external Brown-Out Detection circuit should be used. A BOD circuit will ensure
sufficient V¢ before it releases the reset, and the time-out delay can be disabled. Disabling the time-out
delay without utilizing a Brown-Out Detection circuit is not recommended.

The oscillator is required to oscillate for a minimum number of cycles before the clock is considered
stable. An internal ripple counter monitors the oscillator output clock, and keeps the internal reset active
for a given number of clock cycles. The reset is then released and the device will start to execute. The
recommended oscillator start-up time is dependent on the clock type, and varies from 6 cycles for an
externally applied clock to 32K cycles for a low frequency crystal.

The start-up sequence for the clock includes both the time-out delay and the start-up time when the
device starts up from reset. When starting up from Power-save or Power-down mode, V¢ is assumed to
be at a sufficient level and only the start-up time is included.

Related Links
System Control and Reset on page 70

14.3. Low Power Crystal Oscillator

Pins XTAL1 and XTAL2 are input and output, respectively, of an inverting amplifier which can be
configured for use as an On-chip Oscillator, as shown in the Figure below. Either a quartz crystal or a
ceramic resonator may be used.

This Crystal Oscillator is a low power oscillator, with reduced voltage swing on the XTAL2 output. It gives
the lowest power consumption, but is not capable of driving other clock inputs, and may be more
susceptible to noise in noisy environments.

C1 and C2 should always be equal for both crystals and resonators. The optimal value of the capacitors
depends on the crystal or resonator in use, the amount of stray capacitance, and the electromagnetic
noise of the environment. Some initial guidelines for choosing capacitors for use with crystals are given in
the next Table. For ceramic resonators, the capacitor values given by the manufacturer should be used.
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17.  Interrupts

This section describes the specifics of the interrupt handling of the device. For a general explanation of
the AVR interrupt handling, refer to the description of Reset and Interrupt Handling.

The interrupt vectors in ATmega48PB, ATmega88PB and ATmega168PB are generally the same, with the

following differences:

«  Each Interrupt Vector occupies two instruction words in ATmega168PB; and one instruction word in
ATmega48PB and ATmega88PB

*  ATmega48PB does not have a separate Boot Loader Section. In ATmega88PB and ATmega168PB
the Reset Vector is affected by the BOOTRST fuse, and the Interrupt Vector start address is
affected by the IVSEL bit in MCUCR

Related Links

Reset and Interrupt Handling on page 31

17.1. Interrupt Vectors in ATmega48PB
Table 17-1. Reset and Interrupt Vectors in ATmega48PB

.| Program Address M Interrupt Definition

0x000
2 0x001
3 0x002
4 0x003
5 0x004
6 0x005
7 0x006
8 0x007
9 0x008
10 0x009
1 0x00A
12 0x00B
13 0x00C
14 0x00D
15 0x00E
16 0x00F
17 0x010
18 0x011
19 0x012

Atmel

RESET

INTO

INT1

PCINTO

PCINT1

PCINT2

WDT

TIMER2 COMPA
TIMER2 COMPB
TIMER2 OVF
TIMER1 CAPT
TIMER1 COMPA
TIMER1 COMPB
TIMER1 OVF
TIMERO COMPA
TIMERO COMPB
TIMERO OVF
SPI, STC
USART, RX

External Pin, Power-on Reset, Brown-out Reset and
Watchdog System Reset

External Interrupt Request 0
External Interrupt Request 1

Pin Change Interrupt Request 0
Pin Change Interrupt Request 1
Pin Change Interrupt Request 2
Watchdog Time-out Interrupt
Timer/Counter2 Compare Match A
Timer/Counter2 Compare Match B
Timer/Counter2 Overflow
Timer/Counter1 Capture Event
Timer/Counter1 Compare Match A
Timer/Coutner1 Compare Match B
Timer/Counter1 Overflow
Timer/Counter0 Compare Match A
Timer/Counter0 Compare Match B
Timer/Counter0 Overflow

SPI Serial Transfer Complete

USART Rx Complete
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18.2.3. External Interrupt Flag 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.

Name: EIFR
Offset: 0x3C
Reset: 0x00

Property: When addressing as I/O Register: address offset is 0x1C

Bit 7 6 5 4 3 2 1 0
INTF1 INTFO
Access R/W R/W
Reset 0 0

Bit 1 — INTF1: External Interrupt Flag 1

When an edge or logic change on the INT1 pin triggers an interrupt request, INTF1 will be set. If the I-bit
in SREG and the INT1 bit in EIMSK are set, the MCU will jump to the corresponding Interrupt Vector. The
flag is cleared when the interrupt routine is executed. Alternatively, the flag can be cleared by writing '1' to
it. This flag is always cleared when INT1 is configured as a level interrupt.

Bit 0 — INTFO0: External Interrupt Flag 0

When an edge or logic change on the INTO pin triggers an interrupt request, INTFO will be set. If the I-bit
in SREG and the INTO bit in EIMSK are set, the MCU will jump to the corresponding Interrupt Vector. The
flag is cleared when the interrupt routine is executed. Alternatively, the flag can be cleared by writing '1' to
it. This flag is always cleared when INTO is configured as a level interrupt.
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19.4.2. Port B Data 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.

Name: PORTB

Offset: 0x25

Reset:  0x00

Property: When addressing as /O Register: address offset is 0x05

Bit 7 6 5 4 3 2 1 0
PORTB7 PORTB6 PORTBS PORTB4 PORTB3 PORTB2 PORTB1 PORTBO
Access R/W R/wW R/W R/W R/W R/wW R/wW R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:0 — PORTBnN: Port B Data [n = 0:7]
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21.12.7. Input Capture Register 1 High byte

Name: ICR1H

Offset: 0x87
Reset: 0x00
Property: -
Bit 7 6 5 4 3 2 1 0
ICR1H[7:0]
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 — ICR1H[7:0]: Input Capture 1 High byte
Refer to ICR1L.
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23.11.2. TC2 Control Register B

Name: TCCR2B

Offset: 0xB1
Reset: 0x00
Property: -

7 6 5 4 3 2 1 0
FOC2A FOC2B WGM22 CS22 CS21 CS20
R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0

Bit 7 — FOC2A: Force Output Compare A
The FOC2A bit is only active when the WGM bits specify a non-PWM mode.

To ensure compatibility with future devices, this bit must be set to zero when TCCR2B is written when
operating in PWM mode. When writing a logical one to the FOC2A bit, an immediate Compare Match is
forced on the Waveform Generation unit. The OC2A output is changed according to its COM2A1:0 bits
setting. Note that the FOC2A bit is implemented as a strobe. Therefore it is the value present in the
COM2A1:0 bits that determines the effect of the forced compare.

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

The FOC2A bit is always read as zero.

Bit 6 — FOC2B: Force Output Compare B
The FOCZ2B bit is only active when the WGM bits specify a non-PWM mode.

To ensure compatibility with future devices, this bit must be set to zero when TCCR2B is written when
operating in PWM mode. When writing a logical one to the FOC2B bit, an immediate Compare Match is
forced on the Waveform Generation unit. The OC2B output is changed according to its COM2B1:0 bits
setting. Note that the FOC2B bit is implemented as a strobe. Therefore it is the value present in the
COM2B1:0 bits that determines the effect of the forced compare.

A FOC2B strobe will not generate any interrupt, nor will it clear the timer in CTC mode using OCR2B as
TOP.

The FOC2B bit is always read as zero.

Bit 3 - WGM22: Waveform Generation Mode
Refer to TCCR2A.

Bits 2:0 — CS2n: Clock Select [n =0..2]
The three Clock Select bits select the clock source to be used by the Timer/Counter.

Table 23-10. Clock Select Bit Description

No clock source (Timer/Counter stopped).

0 1 clk;;o/1 (No prescaling)
0 1 0 clky;0/8 (From prescaler)
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23.11.7.

Bit

Access
Reset

TC2 Interrupt Flag 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.

Name: TIFR2

Offset: 0x37

Reset:  0x00

Property: When addressing as I/O Register: address offset is 0x17

7 6 5 4 3 2 1 0
OCF2B OCF2A TOV2
R/W R/wW R/W
0 0 0

Bit 2 - OCF2B: Timer/Counter2, Output Compare B Match Flag

The OCF2B bit is set (one) when a compare match occurs between the Timer/Counter2 and the data in
OCR2B — Output Compare Register2. OCF2B is cleared by hardware when executing the corresponding
interrupt handling vector. Alternatively, OCF2B is cleared by writing a logic one to the flag. When the I-bit
in SREG, OCIE2B (Timer/Counter2 Compare match Interrupt Enable), and OCF2B are set (one), the
Timer/Counter2 Compare match Interrupt is executed.

Bit 1 — OCF2A: Timer/Counter2, Output Compare A Match Flag

The OCF2A bit is set (one) when a compare match occurs between the Timer/Counter2 and the data in
OCR2A - Output Compare Register2. OCF2A is cleared by hardware when executing the corresponding
interrupt handling vector. Alternatively, OCF2A is cleared by writing a logic one to the flag. When the I-bit
in SREG, OCIE2A (Timer/Counter2 Compare match Interrupt Enable), and OCF2A are set (one), the
Timer/Counter2 Compare match Interrupt is executed.

Bit 0 — TOV2: Timer/Counter2, Overflow Flag

The TOV2 bit is set (one) when an overflow occurs in Timer/Counter2. TOV2 is cleared by hardware
when executing the corresponding interrupt handling vector. Alternatively, TOV2 is cleared by writing a
logic one to the flag. When the SREG I-bit, TOIE2A (Timer/Counter2 Overflow Interrupt Enable), and
TOV2 are set (one), the Timer/Counter2 Overflow interrupt is executed. In PWM mode, this bit is set
when Timer/Counter2 changes counting direction at 0x00.
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25.91.

25.9.2.

Asynchronous Data Reception

The USART includes a clock recovery and a data recovery unit for handling asynchronous data reception.
The clock recovery logic is used for synchronizing the internally generated baud rate clock to the
incoming asynchronous serial frames at the RxDn pin. The data recovery logic samples and low pass
filters each incoming bit, thereby improving the noise immunity of the Receiver. The asynchronous
reception operational range depends on the accuracy of the internal baud rate clock, the rate of the
incoming frames, and the frame size in number of bits.

Asynchronous Clock Recovery

The clock recovery logic synchronizes internal clock to the incoming serial frames. The figure below
illustrates the sampling process of the start bit of an incoming frame. The sample rate is 16-times the
baud rate for Normal mode, and 8 times the baud rate for Double Speed mode. The horizontal arrows
illustrate the synchronization variation due to the sampling process. Note the larger time variation when
using the Double Speed mode (UCSRnA.U2Xn=1) of operation. Samples denoted '0' are samples taken
while the RxDn line is idle (i.e., no communication activity).

Figure 25-5. Start Bit Sampling
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When the clock recovery logic detects a high (idle) to low (start) transition on the RxDn line, the start bit
detection sequence is initiated. Let sample 1 denote the first zero-sample as shown in the figure. The
clock recovery logic then uses samples 8, 9, and 10 for Normal mode, and samples 4, 5, and 6 for Double
Speed mode (indicated with sample numbers inside boxes on the figure), to decide if a valid start bit is
received. If two or more of these three samples have logical high levels (the majority wins), the start bit is
rejected as a noise spike and the Receiver starts looking for the next high to low-transition on RxDn. If

however, a valid start bit is detected, the clock recovery logic is synchronized and the data recovery can
begin. The synchronization process is repeated for each start bit.

Asynchronous Data Recovery

When the receiver clock is synchronized to the start bit, the data recovery can begin. The data recovery
unit uses a state machine that has 16 states for each bit in Normal mode and eight states for each bit in
Double Speed mode. The figure below shows the sampling of the data bits and the parity bit. Each of the
samples is given a number that is equal to the state of the recovery unit.

Figure 25-6. Sampling of Data and Parity Bit
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fosc = 3.6864MHz fosc = 4.0000MHz fosc = 7.3728MHz
U2Xn =0 U2Xn =1 U2Xn =0 U2Xn =1 U2Xn=0 U2Xn =1

250k 7.8% 1 7.8% 0 0.0% 1 0.0% 1 78% 3 7.8%
05M - - 0 7.8% - - 0 0.0% 0 7.8% 1 -7.8%
1M - - - - - - - - - - 0 7.8%
Max.(1) 230.4kbps 460.8Kbps 250kbps 0.5Mbps 460.8Kkbps 921.6kbps

(1) UBRRn =0, Error = 0.0%

Table 25-8. Examples of UBRRn Settings for Commonly Used Oscillator Frequencies

fosc = 8.0000MHz fose = 11.0592MHz fosc = 14.7456MHz

u2Xn = 1 U2Xn =0 m U2Xn =0 u2Xn = 1

2400 02% 416 -0.1% 287 0.0% 0.0% 0.0% 0.0%
4800 103 02% 207 02% 143 0.0% 287 0.0% 191 0.0% 383 0.0%
9600 51 02% 103 02% 71 0.0% 143 0.0% 95 0.0% 191 0.0%
14.4k 34 -0.8% 68 0.6% 47 0.0% 95 0.0% 63 0.0% 127 0.0%
192k 25 0.2% 51 02% 35 0.0% 71 0.0% 47 0.0% 95 0.0%
28.8k 16 21% 34 -0.8% 23 0.0% 47 0.0% 31 0.0% 63 0.0%
384k 12 02% 25 02% 17 0.0% 35 0.0% 23 0.0% 47 0.0%
576k 8 35% 16 21% 11 0.0% 23 00% 15 0.0% 31 0.0%
76.8k 6 7.0% 12 02% 8 0.0% 17 0.0% 11 0.0% 23 0.0%
1152k 3 85% 8 35% 5 0.0% 11 00% 7 0.0% 15 0.0%
230.4k 1 85% 3 8.5% 2 0.0% 5 00% 3 00% 7 0.0%
250k 1 00% 3 0.0% 2 7.8% 5 78% 3 7.8% 6 5.3%
05M 0 0.0% 1 0.0% - - 2 7.8% 1 7.8% 3 -7.8%
1M - - 0 0.0% - - - - 0 7.8% 1 7.8%
Max.(1) 0.5Mbps 1Mbps 691.2kbps 1.3824Mbps  921.6kbps 1.8432Mbps

(1) UBRRn = 0, Error = 0.0%
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/* IMPORTANT: The Baud Rate must be set after the transmitter is enabled */
UBRRn = baud;
}

Related Links
About Code Examples on page 22

Data Transfer

Using the USART in MSPI mode requires the Transmitter to be enabled, i.e. the TXENn bit in the
UCSRnNB register is set to one. When the Transmitter is enabled, the normal port operation of the TxDn
pin is overridden and given the function as the Transmitter's serial output. Enabling the receiver is
optional and is done by setting the RXENnN bit in the UCSRnNB register to one. When the receiver is
enabled, the normal pin operation of the RxDn pin is overridden and given the function as the Receiver's
serial input. The XCKn will in both cases be used as the transfer clock.

After initialization the USART is ready for doing data transfers. A data transfer is initiated by writing to the
UDRnN I/O location. This is the case for both sending and receiving data since the transmitter controls the
transfer clock. The data written to UDRn is moved from the transmit buffer to the shift register when the
shift register is ready to send a new frame.

Note: To keep the input buffer in sync with the number of data bytes transmitted, the UDRn register
must be read once for each byte transmitted. The input buffer operation is identical to normal USART
mode, i.e. if an overflow occurs the character last received will be lost, not the first data in the buffer. This
means that if four bytes are transferred, byte 1 first, then byte 2, 3, and 4, and the UDRn is not read
before all transfers are completed, then byte 3 to be received will be lost, and not byte 1.

The following code examples show a simple USART in MSPIM mode transfer function based on polling of
the Data Register Empty (UDRERN) Flag and the Receive Complete (RXCn) Flag. The USART has to be
initialized before the function can be used. For the assembly code, the data to be sent is assumed to be
stored in Register R16 and the data received will be available in the same register (R16) after the function
returns.

The function simply waits for the transmit buffer to be empty by checking the UDREnR Flag, before loading
it with new data to be transmitted. The function then waits for data to be present in the receive buffer by
checking the RXCn Flag, before reading the buffer and returning the value.

Assembly Code Example

USART MSPIM Transfer:
; Wait for empty transmit buffer
in rl6, UCSRnA
sbrs rl6, UDREn
rjmp USART MSPIM Transfer
; Put data (rl6) into buffer, sends the data
out UDRn, rlé6
; Wait for data to be received
USART MSPIM Wait RXCn:
in rl6, UCSRnA
sbrs rl6, RXCn
rjmp USART MSPIM Wait RXCn
; Get and return received data from buffer
in rl6, UDRn
ret
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27.3.2.

27.3.3.

START and STOP Conditions

The Master initiates and terminates a data transmission. The transmission is initiated when the Master
issues a START condition on the bus, and it is terminated when the Master issues a STOP condition.
Between a START and a STOP condition, the bus is considered busy, and no other master should try to
seize control of the bus. A special case occurs when a new START condition is issued between a START
and STOP condition. This is referred to as a REPEATED START condition, and is used when the Master
wishes to initiate a new transfer without relinquishing control of the bus. After a REPEATED START, the
bus is considered busy until the next STOP. This is identical to the START behavior, and therefore START
is used to describe both START and REPEATED START for the remainder of this datasheet, unless
otherwise noted. As depicted below, START and STOP conditions are signalled by changing the level of
the SDA line when the SCL line is high.

Figure 27-3. START, REPEATED START and STOP conditions

s NN

I AT,

START STOP  START REPEATED START STOP

Address Packet Format

All address packets transmitted on the TWI bus are 9 bits long, consisting of 7 address bits, one READ/
WRITE control bit and an acknowledge bit. If the READ/WRITE bit is set, a read operation is to be
performed, otherwise a write operation should be performed. When a Slave recognizes that it is being
addressed, it should acknowledge by pulling SDA low in the ninth SCL (ACK) cycle. If the addressed
Slave is busy, or for some other reason can not service the Master’s request, the SDA line should be left
high in the ACK clock cycle. The Master can then transmit a STOP condition, or a REPEATED START
condition to initiate a new transmission. An address packet consisting of a slave address and a READ or
a WRITE bit is called SLA+R or SLA+W, respectively.

The MSB of the address byte is transmitted first. Slave addresses can freely be allocated by the designer,
but the address '0000 000' is reserved for a general call.

When a general call is issued, all slaves should respond by pulling the SDA line low in the ACK cycle. A
general call is used when a Master wishes to transmit the same message to several slaves in the system.
When the general call address followed by a Write bit is transmitted on the bus, all slaves set up to
acknowledge the general call will pull the SDA line low in the ACK cycle. The following data packets will
then be received by all the slaves that acknowledged the general call. Note that transmitting the general
call address followed by a Read bit is meaningless, as this would cause contention if several slaves
started transmitting different data.

All addresses of the format 1111 xxx' should be reserved for future purposes.
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Bits 1:0 — ACISn: Analog Comparator Interrupt Mode Select [n = 1:0]
These bits determine which comparator events that trigger the Analog Comparator interrupt.

Table 28-3. ACIS[1:0] Settings

ACIS1 ACISO Interrupt Mode

0
0
1
1

0
1
0
1

Comparator Interrupt on Output Toggle.
Reserved

Comparator Interrupt on Falling Output Edge.
Comparator Interrupt on Rising Output Edge.

When changing the ACIS1/ACISO 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.

Atmel
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29.9.2,

Bit

Access
Reset

ADC Control and Status Register A

Name: ADCSRA

Offset: O0x7A
Reset: 0x00
Property: -
7 6 5 4 3 2 1 0
ADEN ADSC ADATE ADIF ADIE ADPS2 ADPS1 ADPS0
R/W R/W R/W R/W R/W R/W R/W RIW
0 0 0 0 0 0 0 0

Bit 7 — ADEN: ADC Enable
Writing this bit to one enables the ADC. By writing it to zero, the ADC is turned off. Turning the ADC off
while a conversion is in progress, will terminate this conversion.

Bit 6 — ADSC: ADC Start Conversion

In Single Conversion mode, write this bit to one to start each conversion. In Free Running mode, write
this bit to one to start the first conversion. The first conversion after ADSC has been written after the ADC
has been enabled, or if ADSC is written at the same time as the ADC is enabled, will take 25 ADC clock
cycles instead of the normal 13. This first conversion performs initialization of the ADC.

ADSC will read as one as long as a conversion is in progress. When the conversion is complete, it returns
to zero. Writing zero to this bit has no effect.

Bit 5 — ADATE: ADC Auto Trigger Enable

When this bit is written to one, Auto Triggering of the ADC is enabled. The ADC will start a conversion on
a positive edge of the selected trigger signal. The trigger source is selected by setting the ADC Trigger
Select bits, ADTS in ADCSRB.

Bit 4 — ADIF: ADC Interrupt Flag

This bit is set when an ADC conversion completes and the Data Registers are updated. The ADC
Conversion Complete Interrupt is executed if the ADIE bit and the I-bit in SREG are set. ADIF is cleared
by hardware when executing the corresponding interrupt handling vector. Alternatively, ADIF is cleared by
writing a logical one to the flag. Beware that if doing a Read-Modify-Write on ADCSRA, a pending
interrupt can be disabled. This also applies if the SBI and CBI instructions are used.

Bit 3 — ADIE: ADC Interrupt Enable
When this bit is written to one and the I-bit in SREG is set, the ADC Conversion Complete Interrupt is
activated.

Bits 2:0 — ADPSn: ADC Prescaler Select [n = 2:0]
These bits determine the division factor between the system clock frequency and the input clock to the
ADC.

Table 29-5. Input Channel Selection
000 2
001 2
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completion of a Page Write, or if no SPM instruction is executed within four clock cycles. The CPU is
halted during the entire Page Write operation.

Bit 1 - PGERS: Page Erase

If this bit is written to one at the same time as SPMEN, the next SPM instruction within four clock cycles
executes Page Erase. The page address is taken from the high part of the Z-pointer. The data in R1 and
RO are ignored. The PGERS bit will auto-clear upon completion of a Page Erase, or if no SPM instruction
is executed within four clock cycles. The CPU is halted during the entire Page Write operation.

Bit 0 — SPMEN: Store Program Memory

This bit enables the SPM instruction for the next four clock cycles. If written to one together with either
RWWSRE, BLBSET, PGWRT, or PGERS, the following SPM instruction will have a special meaning, see
description above. If only SPMEN is written, the following SPM instruction will store the value in R1:R0 in
the temporary page buffer addressed by the Z-pointer. The LSB of the Z-pointer is ignored. The SPMEN
bit will auto-clear upon completion of an SPM instruction, or if no SPM instruction is executed within four
clock cycles. During Page Erase and Page Write, the SPMEN bit remains high until the operation is
completed.

Writing any other combination than “0x10001”, “0x01001”, “0x00101”, “0x00011” or “0x00001” in the lower
five bits will have no effect.
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*  Low: > 2 CPU clock cycles for fox < 12MHz, 3 CPU clock cycles for fy = 12MHz
*  High: > 2 CPU clock cycles for f, < 12MHz, 3 CPU clock cycles for fy = 12MHz

33.8.1. Serial Programming Pin Mapping
Table 33-16. Pin Mapping Serial Programming
m-
MOSI Serial Data in
MISO PB4 (@) Serial Data out
SCK PB5 I Serial Clock
Note: The pin mapping for SPI programming is listed. Not all parts use the SPI pins dedicated for the
internal SPI interface.

33.8.2. Serial Programming Algorithm
When writing serial data to the device, data is clocked on the rising edge of SCK.
When reading data from the device, data is clocked on the falling edge of SCK. Please refer to the figure,
Serial Programming Waveforms in SPI Serial Programming Characteristics section for timing details.
To program and verify the device in the serial programming mode, the following sequence is
recommended (See Serial Programming Instruction set in Table 33-18 Serial Programming Instruction
Set (Hexadecimal values):

1. Power-up sequence:

Apply power between V¢ and GND while RESET and SCK are set to “0”. In some systems, the
programmer can not guarantee that SCK is held low during power-up. In this case, RESET must be
given a positive pulse of at least two CPU clock cycles duration after SCK has been set to “0”.

2.  Wait for at least 20ms and enable serial programming by sending the Programming Enable serial
instruction to pin MOSI.

3. The serial programming instructions will not work if the communication is out of synchronization.
When in sync. the second byte (0x53), will echo back when issuing the third byte of the
Programming Enable instruction. Whether the echo is correct or not, all four bytes of the instruction
must be transmitted. If the 0x53 did not echo back, give RESET a positive pulse and issue a new
Programming Enable command.

4. The Flash is programmed one page at a time. The memory page is loaded one byte at a time by
supplying the 6 LSB of the address and data together with the Load Program Memory Page
instruction. To ensure correct loading of the page, the data low byte must be loaded before data
high byte is applied for a given address. The Program Memory Page is stored by loading the Write
Program Memory Page instruction with the 7 MSB of the address. If polling (RDY/BSY) is not used,
the user must wait at least typ FLasH before issuing the next page . Accessing the serial
programming interface before the Flash write operation completes can result in incorrect
programming.

5. A: The EEPROM array is programmed one byte at a time by supplying the address and data
together with the appropriate Write instruction. An EEPROM memory location is first automatically
erased before new data is written. If polling (RDY/BSY) is not used, the user must wait at least
twp eeprom before issuing the next byte. In a chip erased device, no OxFFs in the data file(s) need
to be programmed.

B: The EEPROM array is programmed one page at a time. The Memory page is loaded one byte at
a time by supplying the 6 LSB of the address and data together with the Load EEPROM Memory
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Figure 35-60. ATmega168PB: Power-Down Supply Current vs. V¢oc (Watchdog Timer Enabled)
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35.2.5. Power-save Supply Current
Figure 35-61. ATmega168PB: Power-Save Supply Current vs. V¢c
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35.2.6. Power-Standby Supply Current

Figure 35-62. ATmega168PB: Power-Standby Supply Current vs. V¢
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35.2.7. Pin Pull-Up

——0.455 MHz - Res

——1MHz-
2 MHz -
——2MHz -
——— 4 MHz -
———4 MHz -
~————6MHz -
——— 6 MHz -

Figure 35-63. ATmega168PB: I/0 Pin Pull-up Resistor Current vs. Input Voltage (V¢c = 1.8V)
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Figure 35-83. ATmega168PB: Calibrated Bandgap Voltage vs. Vcc
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35.2.11. Internal Oscillator Speed
Figure 35-84. ATmega168PB: Watchdog Oscillator Frequency vs. Temperature
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Figure 35-85. ATmega168PB: Watchdog Oscillator Frequency vs. V¢
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Figure 35-86. ATmega168PB: Calibrated 8MHz RC Oscillator Frequency vs. V¢c
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DATA TRANSFER INSTRUCTIONS --

LDD
LD
LD
LD
LDD
LDS
ST
ST
ST
ST
ST
ST
STD
ST
ST
ST
STD
STS
LPM
LPM
LPM
SPM

ouT
PUSH
POP

MCU CONTROL INSTRUCTIONS

Rd, -Y
Rd,Y+q
Rd, Z
Rd, Z+
Rd, -Z
Rd, Z+q
Rd, k
X, Rr
X+, Rr
- X, Rr
Y, Rr
Y+, Rr
-Y,Rr
Y+q,Rr
Z,Rr
Z+, Rr
-Z, Rr
Z+q,Rr
k, Rr

Rd, Z
Rd, Z+

Load Indirect and Pre-Decrement
Load Indirect with Displacement
Load Indirect

Load Indirect and Post-Increment
Load Indirect and Pre-Decrement
Load Indirect with Displacement
Load Direct from SRAM

Store Indirect

Store Indirect and Post-Increment
Store Indirect and Pre-Decrement
Store Indirect

Store Indirect and Post-Increment
Store Indirect and Pre-Decrement
Store Indirect with Displacement
Store Indirect

Store Indirect and Post-Increment
Store Indirect and Pre-Decrement
Store Indirect with Displacement
Store Direct to SRAM

Load Program Memory

Load Program Memory

Load Program Memory and Post-Inc
Store Program Memory

In from 1/O Location

Out to I/O Location

Push Register on Stack

Pop Register from Stack

Y —Y-1,Rd—(Y)
Rd < (Y +q)
Rd « (2)

Rd « (Z), Z < Z+1
Z—Z-1,Rd—(2)
Rd —(Z+q)
Rd — (k)

(X) < Rr

(X) —Rr, X — X + 1
X —X-1,(X) < Rr
(Y) —Rr
(Y)<Rr,Y<Y+1
Y —Y-1,(Y) <Rr
(Y+g) <Rr
(Z) < Rr
(Z)—=Rr,Z—2Z+1
Z—27Z-1,(2)<Rr
(Z+q) <Rr
(k) — Rr

RO « (2)
Rd « (2)

Rd « (Z), Z — Z+1
(Z) — R1:RO

Rd < I/0 (A)

I/0 (A) < Rr
STACK < Rr

Rd <« STACK

None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

None

W W W NN DN DN DN DN DN DD DN NN DN DN NN DNDNDNDNDN

SLEEP
WDR
BREAK

Atmel

No Operation

Sleep (see specific descr. for Sleep function)

Watchdog Reset

No Operation

(see specific descr. for WDR/timer)

Break For On-chip Debug Only

None
None
None

None

N/A
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