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e Bits 15..9 — Res: Reserved Bits
These bits are reserved bits in the Atmel® ATmega48/88/168 and will always read as zero.

» Bits 8..0 — EEARS8..0: EEPROM Address

The EEPROM address registers — EEARH and EEARL specify the EEPROM address in the 256/512/512 bytes EEPROM
space. The EEPROM data bytes are addressed linearly between 0 and 255/511/511. The initial value of EEAR is undefined.
A proper value must be written before the EEPROM may be accessed.

EEARS is an unused bit in ATmega48 and must always be written to zero.

5.3.3 The EEPROM Data Register — EEDR

Bit 7 6 5 4 3 2 1 0
| vsB | | | LSB | EEDR
Read/Write RIW R/W RIW RIW RIW R/W R/W RIW
Initial Value 0 0 0 0 0 0 0 0

* Bits 7..0 — EEDR7.0: EEPROM Data

For the EEPROM write operation, the EEDR register contains the data to be written to the EEPROM in the address given by
the EEAR register. For the EEPROM read operation, the EEDR contains the data read out from the EEPROM at the address
given by EEAR.

5.3.4 The EEPROM Control Register — EECR

Bit 7 6 5 4 3 2 1 0

| - | - | EEPM1 | EEPMO | EERIE | EEMPE | EEPE EERE | EECR
Read/Write R R RIW R/W R/W RIW R/W R/W
Initial Value 0 0 X X 0 0 X 0

* Bits 7..6 — Res: Reserved Bits

These bits are reserved bits in the Atmel ATmega48/88/168 and will always read as zero.

e Bits 5, 4 - EEPM1 and EEPMO: EEPROM Programming Mode Bits

The EEPROM programming mode bit setting defines which programming action that will be triggered when writing EEPE. It
is possible to program data in one atomic operation (erase the old value and program the new value) or to split the erase and
write operations in two different operations. The programming times for the different modes are shown in Table 5-1. While
EEPE is set, any write to EEPMn will be ignored. During reset, the EEPMn bits will be reset to Ob00 unless the EEPROM is
busy programming.

Table 5-1. EEPROM Mode Bits

EEPM1 EEPMO Programming Time | Operation
0 0 3.4 ms Erase and write in one operation (atomic operation)
0 1 1.8 ms Erase only
1 0 1.8 ms Write only
1 1 - Reserved for future use

* Bit 3 - EERIE: EEPROM Ready Interrupt Enable

Writing EERIE to one enables the EEPROM ready interrupt if the | bit in SREG is set. Writing EERIE to zero disables the
interrupt. The EEPROM ready interrupt generates a constant interrupt when EEPE is cleared.
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7.1

Power Management and Sleep Modes

Sleep modes enable the application to shut down unused modules in the MCU, thereby saving power. The AVR® provides
various sleep modes allowing the user to tailor the power consumption to the application’s requirements.

To enter any of the five sleep modes, the SE bit in SMCR must be written to logic one and a SLEEP instruction must be
executed. The SM2, SM1, and SMO bits in the SMCR register select which sleep mode (idle, ADC noise reduction,
power-down, power-save, or standby) will be activated by the SLEEP instruction. See Table 7-1 for a summary. If an enabled
interrupt occurs while the MCU is in a sleep mode, the MCU wakes up. The MCU is then halted for four cycles in addition to
the start-up time, executes the interrupt routine, and resumes execution from the instruction following SLEEP. The contents
of the register file and SRAM are unaltered when the device wakes up from sleep. If a reset occurs during sleep mode, the
MCU wakes up and executes from the reset vector.

Figure 6-1 on page 23 presents the different clock systems in the Atmel® ATmega48/88/168, and their distribution. The
figure is helpful in selecting an appropriate sleep mode.

Sleep Mode Control Register — SMCR

The sleep mode control register contains control bits for power management.

Bit 7 6 5 4 3 2 1 0

| - | - | - | - | sm2 | svmi | smo SE | SMCR
R/W RIW R/IW R/W
0 0 0

Read/Write
Initial Value

o X
o
(SR Y
(=R
o

» Bits 7..4 Res: Reserved Bits
These bits are unused bits in the Atmel ATmega48/88/168, and will always read as zero.

e Bits 3..1 — SM2..0: Sleep Mode Select Bits 2, 1, and 0

These bits select between the five available sleep modes as shown in Table 7-1.

Table 7-1.  Sleep Mode Select

92]
<
N

SM1 SMO Sleep Mode
Idle
ADC noise reduction
Power-down
Power-save
Reserved
Reserved
Standby™"

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

- O O = =~ 0O O
o -~ O -~ O =~ O

a2 A a0 O o o

Note:

« 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, it is recommended to write the sleep enable
(SE) bit to one just before the execution of the SLEEP instruction and to clear it immediately after waking up.
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8.4 External Reset

An external reset is generated by a low level on the RESET pin. Reset pulses longer than the minimum pulse width (see
Table 8-1 on page 40) will generate a reset, even if the clock is not running. Shorter pulses are not guaranteed to generate a
reset. When the applied signal reaches the reset threshold voltage — Vggt — 0On its positive edge, the delay counter starts the
MCU after the time-out period — tyoyt —has expired. The external reset can be disabled by the RSTDISBL fuse, see

Table 25-6 on page 244.

Figure 8-4. External Reset During Operation
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8.5 Brown-out Detection

Atmel® ATmega48/88/168 has an on-chip brown-out detection (BOD) circuit for monitoring the V. level during operation by
comparing it to a fixed trigger level. The trigger level for the BOD can be selected by the BODLEVEL fuses. The trigger level
has a hysteresis to ensure spike free brown-out detection. The hysteresis on the detection level should be interpreted as
Veot+ = Veot * Vhyst/2 and Vgor. = Vot — Viyst/2.

Table 8-2. BODLEVEL Fuse Coding®

BODLEVEL 2..0 Fuses Min Vgor Typ Vot Max Vgor Unit
111 BOD Disabled
110 1.7 1.8 2.0@
101 2.5 2.7 2.9@ Y
100 4.1 4.3 4.5
011
010
001 Reserved
000

Notes: 1. Vpor may be below nominal minimum operating voltage for some devices. For devices where this is the case,
the device is tested down to V¢ = Vgor during the production test. This guarantees that a brown-out reset will
occur before V¢ drops to a voltage where correct operation of the microcontroller is no longer guaranteed.
The test is performed using BODLEVEL = 110 and BODLEVEL = 101 for Atmel ATmega48V/88V/168V, and
BODLEVEL = 101 and BODLEVEL = 101 for Atmel ATmega48/88/168.

2. Min/max values applicable for Atmel ATmega48.

Table 8-3. Brown-out Characteristics

Parameter
Brown-out detector hysteresis Viyst 50 mV
Min pulse width on brown-out reset tsop ns
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12.6.1

12.6.2

82

Normal Mode

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 = OxFF) and then restarts from the bottom (0x00). In normal operation the Timer/Counter overflow flag (TOVO0) 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 output 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

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.

Figure 12-5. CTC Mode, Timing Diagram
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An interrupt can be generated each time the counter value reaches the TOP value by using the OCFOA flag. If the interrupt
is enabled, the interrupt handler routine can be used for updating the TOP value. However, changing TOP to a value close to
BOTTOM when the counter is running with none or a low prescaler value must be done with care since the CTC mode does
not have the double buffering feature. If the new value written to OCROA is lower than the current value of TCNTO, the
counter will miss the compare match. The counter will then have to count to its maximum value (0xFF) and wrap around
starting at 0x00 before the compare match can occur.

For generating a waveform output in CTC mode, the OCOA output can be set to toggle its logical level on each compare
match by setting the compare output mode bits to toggle mode (COMOA1:0 = 1). The OCOA value will not be visible on the
port pin unless the data direction for the pin is set to output. The waveform generated will have a maximum frequency of
foco = fak 1102 when OCROA is set to zero (0x00). The waveform frequency is defined by the following equation:

f _ fclk 1/0
OCnx ™ 2. N (1+ OCRnx)

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

As for the normal mode of operation, the TOVO flag is set in the same timer clock cycle that the counter counts from MAX to
0x00.
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12.6.3 Fast PWM Mode

The fast pulse width modulation or fast PWM mode (WGMO02:0 = 3 or 7) provides a high frequency PWM waveform
generation option. The fast PWM differs from the other PWM option by its single-slope operation. The counter counts from
BOTTOM to TOP then restarts from BOTTOM. TOP is defined as OxFF when WGM2:0 = 3, and OCROA when WGM2:0 =7.
In non-inverting compare output mode, the output compare (OCOx) is cleared on the compare match between TCNTO and
OCROx, and set at BOTTOM. In inverting compare output mode, the output is set on compare match and cleared at
BOTTOM. Due to the single-slope operation, the operating frequency of the fast PWM mode can be twice as high as the
phase correct PWM mode that use dual-slope operation. This high frequency makes the fast PWM mode well suited for
power regulation, rectification, and DAC applications. High frequency allows physically small sized external components
(coils, capacitors), and therefore reduces total system cost.

In fast PWM mode, the counter is incremented until the counter value matches the TOP value. The counter is then cleared at
the following timer clock cycle. The timing diagram for the fast PWM mode is shown in Figure 12-6. The TCNTO value is in
the timing diagram shown as a histogram for illustrating the single-slope operation. The diagram includes non-inverted and
inverted PWM outputs. The small horizontal line marks on the TCNTO slopes represent compare matches between OCROx
and TCNTO.

Figure 12-6. Fast PWM Mode, Timing Diagram
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The Timer/Counter overflow flag (TOVO0) is set each time the counter reaches TOP. If the interrupt is enabled, the interrupt
handler routine can be used for updating the compare value.

In fast PWM mode, the compare unit allows generation of PWM waveforms on the OCOx pins. Setting the COMO0x1:0 bits to
two will produce a non-inverted PWM and an inverted PWM output can be generated by setting the COMO0x1:0 to three:
Setting the COMOA1:0 bits to one allows the OCOA pin to toggle on compare matches if the WGMO02 bit is set. This option is
not available for the OCOB pin (see Table 12-6 on page 88). The actual OCOx value will only be visible on the port pin if the
data direction for the port pin is set as output. The PWM waveform is generated by setting (or clearing) the OCOx register at
the compare match between OCROx and TCNTO, and clearing (or setting) the OCOx register at the timer clock cycle the
counter is cleared (changes from TOP to BOTTOM).

The PWM frequency for the output can be calculated by the following equation:

£ _ f(:Ik 1/0
OCnxPWM N - 256

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

The extreme values for the OCROA register represents special cases when generating a PWM waveform output in the fast
PWM mode. If the OCROA is set equal to BOTTOM, the output will be a narrow spike for each MAX+1 timer clock cycle.
Setting the OCROA equal to MAX will result in a constantly high or low output (depending on the polarity of the output set by
the COMOA1:0 bits.)
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12.8.6

12.8.7

Timer/Counter Interrupt Mask Register — TIMSKO

Bit 7 6 5 4 3 2 1 0

| - | - | - | - | - |OCIEOB | OCIEOA | TOIEO | TIMSKO
Read/Write R R R R R R/W R/W RIW
Initial Value 0 0 0 0 0 0 0 0

* Bits 7..3 — Res: Reserved Bits
These bits are reserved bits in the Atmel® ATmega48/88/168 and will always read as zero.

* Bit 2 - OCIEOB: Timer/Counter Output Compare Match B Interrupt Enable

When the OCIEOB bit is written to one, and the I-bit in the status register is set, the Timer/Counter compare match B interrupt
is enabled. The corresponding interrupt is executed if a compare match in Timer/Counter occurs, i.e., when the OCFOB bit is
set in the Timer/Counter interrupt flag register — TIFRO.

e Bit 1 — OCIEOA: Timer/Counter0 Output Compare Match A Interrupt Enable

When the OCIEOA bit is written to one, and the I-bit in the status register is set, the Timer/Counter0 compare match A
interrupt is enabled. The corresponding interrupt is executed if a compare match in Timer/Counter0 occurs, i.e., when the
OCFOA bit is set in the Timer/Counter 0 interrupt flag register — TIFRO.

e Bit 0 — TOIEO: Timer/Counter0 Overflow Interrupt Enable

When the TOIEOQ bit is written to one, and the I-bit in the status register is set, the Timer/Counter0 overflow interrupt is
enabled. The corresponding interrupt is executed if an overflow in Timer/CounterQ occurs, i.e., when the TOVO bit is set in
the Timer/Counter 0 interrupt flag register — TIFRO.

Timer/Counter O Interrupt Flag Register — TIFRO

Bit 7 6 5 4 3 2 1 0

| - | - | - | - | - ][ocroB | OCFOA | TOVO | TIFRO
Read/Write R R R R R RIW R/W R/W
Initial Value 0 0 0 0 0 0 0 0

* Bits 7..3 — Res: Reserved Bits

These bits are reserved bits in the Atmel ATmega48/88/168 and will always read as zero.

* Bit 2 - OCFOB: Timer/Counter 0 Output Compare B Match Flag

The OCFOB bit is set when a compare match occurs between the Timer/Counter and the data in OCROB — output compare
register0 B. OCFOB is cleared by hardware when executing the corresponding interrupt handling vector. Alternatively,
OCFOB is cleared by writing a logic one to the flag. When the I-bit in SREG, OCIEOB (Timer/Counter compare B match
interrupt enable), and OCFOB are set, the Timer/Counter compare match interrupt is executed.

e Bit 1 — OCFOA: Timer/Counter 0 Output Compare A Match Flag

The OCFOA bit is set when a compare match occurs between the Timer/Counter0 and the data in OCROA - output compare
register0. OCFOA is cleared by hardware when executing the corresponding interrupt handling vector. Alternatively, OCFOA
is cleared by writing a logic one to the flag. When the I-bit in SREG, OCIEOA (Timer/Counter0 compare match interrupt
enable), and OCFOA are set, the Timer/CounterO compare match interrupt is executed.

* Bit 0 — TOVO: Timer/Counter0 Overflow Flag

The bit TOVO is set when an overflow occurs in Timer/Counter0. TOVO is cleared by hardware when executing the
corresponding interrupt handling vector. Alternatively, TOVO is cleared by writing a logic one to the flag. When the

SREG I-bit, TOIEO (Timer/Counter0 overflow interrupt enable), and TOVO are set, the Timer/Counter0 overflow interrupt is
executed.

The setting of this flag is dependent of the WGMO02:0 bit setting. Refer to Table 12-8 on page 89 in Section 12-8 “Waveform
Generation Mode Bit Description” on page 89.
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14.4

100

Counter Unit
The main part of the 16-bit Timer/Counter is the programmable 16-bit bi-directional counter unit. Figure 14-2 shows a block
diagram of the counter and its surroundings.
Figure 14-2. Counter Unit Block Diagram
DATA BUS (8-bit)
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TCNTRH (16-bit Counter) - 2irection rom Proscalen
TOP T T BOTTOM
Signal description (internal signals):
Count Increment or decrement TCNT1 by 1.
Direction Select between increment and decrement.
Clear Clear TCNT1 (set all bits to zero).
clkyy Timer/Counter clock.
TOP Signalize that TCNT1 has reached maximum value.
BOTTOM Signalize that TCNT1 has reached minimum value (zero).

The 16-bit counter is mapped into two 8-bit I/O memory locations: counter high (TCNT1H) containing the upper eight bits of
the counter, and counter low (TCNT1L) containing the lower eight bits. The TCNT1H register can only be indirectly accessed
by the CPU. When the CPU does an access to the TCNT1H I/O location, the CPU accesses the high byte temporary register
(TEMP). The temporary register is updated with the TCNT1H value when the TCNT1L is read, and TCNT1H is updated with
the temporary register value when TCNT1L 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 TCNT1
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 (clkT1).
The clkT1 can be generated from an external or internal clock source, selected by the clock select bits (CS12:0). When no
clock source is selected (CS12:0 = 0) the timer is stopped. However, the TCNT1 value can be accessed by the CPU,
independent of whether clkT1 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 (WGM13:0) located in the
Timer/Counter control registers A and B (TCCR1A and TCCR1B). There are close connections between how the counter
behaves (counts) and how waveforms are generated on the output compare outputs OC1x. For more details about
advanced counting sequences and waveform generation, see Section 14.8 “Modes of Operation” on page 105.

The Timer/Counter overflow flag (TOV1) is set according to the mode of operation selected by the WGM13:0 bits. TOV1 can
be used for generating a CPU interrupt.
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14.8.5 Phase and Frequency Correct PWM Mode

110

The phase and frequency correct pulse width modulation, or phase and frequency correct PWM mode (WGM13:0 = 8 or 9)
provides a high resolution phase and frequency correct PWM waveform generation option. The phase and frequency correct
PWM mode is, like the phase correct PWM mode, based on a dual-slope operation. The counter counts repeatedly from
BOTTOM (0x0000) to TOP and then from TOP to BOTTOM. In non-inverting compare output mode, the output compare
(OC1x) is cleared on the compare match between TCNT1 and OCR1x while upcounting, and set on the compare match
while downcounting. In inverting compare output mode, the operation is inverted. The dual-slope operation gives a lower
maximum operation frequency compared to the single-slope operation. However, due to the symmetric feature of the
dual-slope PWM modes, these modes are preferred for motor control applications.

The main difference between the phase correct, and the phase and frequency correct PWM mode is the time the OCR1x
register is updated by the OCR1x buffer register, (see Figure 14-8 on page 109 and Figure 14-9).

The PWM resolution for the phase and frequency correct PWM mode can be defined by either ICR1 or OCR1A. The
minimum resolution allowed is 2-bit (ICR1 or OCR1A set to 0x0003), and the maximum resolution is 16-bit (ICR1 or OCR1A
set to MAX). The PWM resolution in bits can be calculated using the following equation:

log(TOP +1)

Roecpwm = log(2)

In phase and frequency correct PWM mode the counter is incremented until the counter value matches either the value in
ICR1 (WGM13:0 = 8), or the value in OCR1A (WGM13:0 = 9). The counter has then reached the TOP and changes the
count direction. The TCNT1 value will be equal to TOP for one timer clock cycle. The timing diagram for the phase correct
and frequency correct PWM mode is shown on Figure 14-9. The figure shows phase and frequency correct PWM mode
when OCR1A or ICR1 is used to define TOP. The TCNT1 value is in the timing diagram shown as a histogram for illustrating
the dual-slope operation. The diagram includes non-inverted and inverted PWM outputs. The small horizontal line marks on
the TCNT1 slopes represent compare matches between OCR1x and TCNT1. The OC1x interrupt flag will be set when a
compare match occurs.

Figure 14-9. Phase and Frequency Correct PWM Mode, Timing Diagram
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The Timer/Counter overflow flag (TOV1) is set at the same timer clock cycle as the OCR1x registers are updated with the
double buffer value (at BOTTOM). When either OCR1A or ICR1 is used for defining the TOP value, the OC1A or ICF1 flag
set when TCNT1 has reached TOP. The interrupt flags can then be used to generate an interrupt each time the counter
reaches the TOP or BOTTOM value.
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17.6.7 Flushing the Receive Buffer

The receiver buffer FIFO will be flushed when the receiver is disabled, i.e., the buffer will be emptied of its contents. Unread
data will be lost. If the buffer has to be flushed during normal operation, due to for instance an error condition, read the UDRn
I/O location until the RXCn flag is cleared. The following code example shows how to flush the receive buffer.

Assembly Code Example("

USART_Fl ush:
shi s UCSRnA, RXCn
ret
in r16, UDRn

rimp  USART_Fl ush
C Code Example"

voi d USART_FI ush(voi d)
{

unsi gned char dummy;
whil e (UCSRnA & (1<<RXCn)) dunmmy = UDRn;
}
Note: 1. The example code assumes that the part specific header file is included. For I/O registers located in extended

I/0 map, “IN”, “OUT”, “SBIS”, “SBIC”, “CBI”, and “SBI” instructions must be replaced with instructions that allow
access to extended 1/O. Typically “LDS” and “STS” combined with “SBRS”, “SBRC”, “SBR”, and “CBR".

17.7 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.

17.7.1 Asynchronous Clock Recovery

The clock recovery logic synchronizes internal clock to the incoming serial frames. Figure 17-5 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 eight 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 (U2Xn = 1) of operation. Samples denoted zero are
samples done when the RxDn line is idle (i.e., no communication activity).

Figure 17-5. 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. 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.
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18.4.1 USART MSPIM Initialization

The USART in MSPIM mode has to be initialized before any communication can take place. The initialization process
normally consists of setting the baud rate, setting master mode of operation (by setting DDR_XCKn to one), setting frame
format and enabling the transmitter and the receiver. Only the transmitter can operate independently. For interrupt driven
USART operation, the global interrupt flag should be cleared (and thus interrupts globally disabled) when doing the
initialization.

Note:

To ensure immediate initialization of the XCKn output the baud-rate register (UBRRn) must be zero at the time
the transmitter is enabled. Contrary to the normal mode USART operation the UBRRn must then be written to
the desired value after the transmitter is enabled, but before the first transmission is started. Setting UBRRn to
zero before enabling the transmitter is not necessary if the initialization is done immediately after a reset since

UBRRn is reset to zero.

Before doing a re-initialization with changed baud rate, data mode, or frame format, be sure that there is no ongoing
transmissions during the period the registers are changed. The TXCn flag can be used to check that the transmitter has
completed all transfers, and the RXCn flag can be used to check that there are no unread data in the receive buffer. Note
that the TXCn flag must be cleared before each transmission (before UDRn is written) if it is used for this purpose.

The following simple USART initialization code examples show one assembly and one C function that are equal in
functionality. The examples assume polling (no interrupts enabled). The baud rate is given as a function parameter. For the
assembly code, the baud rate parameter is assumed to be stored in the r17:r16 registers.

Assembly Code Example("

USART Init:
clr r18
out UBRRnH, r18
out UBRRNL,r18
; Setting the XCKn port pin as output, enables naster node.
shi XCKn_DDR, XCKn
; Set MSPI node of operation and SPI data node O.
Idi r18, (1<<UMSELN1)| (1<<UMSELNO) | (0<<UCPHAN) | (0<<UCPQOLN)
out UCSRnC, r18
: Enabl e receiver and transmtter.
Idi r18, (1<<RXENn)| (1<<TXENn)
out UCSRnB, r18
; Set baud rate.

;| MPORTANT: The Baud Rate nust be set after the transmitter is

enabl ed!
out UBRRnH, r17
out UBRRnL, r18
ret

C Code Example"

void USART I nit( unsigned int baud )

{
UBRRn = 0;

/* Setting the XCKn port pin as output, enables master npde.

XCKn_DDR | = (1<<XCKn);

/* Set MSPI nmode of operation and SPI data node 0. */
UCSRNC = (1<<UMSBELN1) | ( 1<<UMSELNO) | ( 0<<UCPHAnN) | ( 0<<UCPQLn);
/* Enabl e receiver and transmtter. */

UCSRNB = (1<<RXENn) | ( 1<<TXENn);

/* Set baud rate. */

/* | MPORTANT: The Baud Rate nust be set after the transmtter

is enabl ed * [
UBRRn = baud,;

}

*/

Note:

The example code assumes that the part specific header file is included. For I/O registers located in extended
I/0 map, “IN”, “OUT”, “SBIS”, “SBIC”, “CBI”, and “SBI” instructions must be replaced with instructions that allow
access to extended 1/0. Typically “LDS” and “STS” combined with “SBRS”, “SBRC”, “SBR”, and “CBR".
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19.6.3

By writing the TWEA bit to zero, the device can be virtually disconnected from the 2-wire serial bus temporarily. Address
recognition can then be resumed by writing the TWEA bit to one again.

e Bit 5— TWSTA: TWI START Condition Bit

The application writes the TWSTA bit to one when it desires to become a master on the 2-wire serial bus. The TWI hardware
checks if the bus is available, and generates a START condition on the bus if it is free. However, if the bus is not free, the
TWI waits until a STOP condition is detected, and then generates a new START condition to claim the bus master status.
TWSTA must be cleared by software when the START condition has been transmitted.

* Bit4 - TWSTO: TWI STOP Condition Bit

Writing the TWSTO bit to one in master mode will generate a STOP condition on the 2-wire serial bus. When the STOP
condition is executed on the bus, the TWSTO bit is cleared automatically. In slave mode, setting the TWSTO bit can be used
to recover from an error condition. This will not generate a STOP condition, but the TWI returns to a well-defined
unaddressed Slave mode and releases the SCL and SDA lines to a high impedance state.

e Bit 3—-TWWC: TWI Write Collision Flag

The TWWC bit is set when attempting to write to the TWI data register — TWDR when TWINT is low. This flag is cleared by
writing the TWDR register when TWINT is high.

* Bit 2 - TWEN: TWI Enable Bit

The TWEN bit enables TWI operation and activates the TWI interface. When TWEN is written to one, the TWI takes control
over the 1/0 pins connected to the SCL and SDA pins, enabling the slew-rate limiters and spike filters. If this bit is written to
zero, the TWI is switched off and all TWI transmissions are terminated, regardless of any ongoing operation.

* Bit 1 — Res: Reserved Bit

This bit is a reserved bit and will always read as zero.

e Bit 0— TWIE: TWI Interrupt Enable

When this bit is written to one, and the I-bit in SREG is set, the TWI interrupt request will be activated for as long as the
TWINT flag is high.

TWI Status Register - TWSR

Bit 7 6 5 4 3 2 1 0

| Tws7 | Twse | Twss5 | Tws4 TWS3 - TWPSL | TWPSO | TWSR
Read/Write R R R R R R R/W R/W
Initial Value 1 1 1 1 1 0 0 0

e Bits 7..3 — TWS: TWI Status

These 5 bits reflect the status of the TWI logic and the 2-wire serial bus. The different status codes are described later in this
section. Note that the value read from TWSR contains both the 5-bit status value and the 2-bit prescaler value. The
application designer should mask the prescaler bits to zero when checking the status bits. This makes status checking
independent of prescaler setting. This approach is used in this datasheet, unless otherwise noted.

* Bit 2 - Res: Reserved Bit
This bit is reserved and will always read as zero.

¢ Bits 1..0 - TWPS: TWI Prescaler Bits

These bits can be read and written, and control the bit rate prescaler.
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Table 19-7. Status Codes for Slave Transmitter Mode

Status
Code
(TWSR)
Prescaler
Bits are O

O0xA8

0xB0

0xB8

0xCO

0xC8

Atmel

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

Own SLA+R has been

received;

ACK has been returned

Arbitration lost in SLA+R/W
as Master; own SLA+R has
been received; ACK has

been returned

Data byte in TWDR has
been transmitted; ACK has

been received

Data byte in TWDR has
been transmitted; NOT ACK

has been received

Last data byte in TWDR has
been transmitted (TWEA =
“0"); ACK has been received

Application Software Response
To/from TWDR To TWCR

STA | STO [ TWINT TWEA Next Action Taken by TWI Hardware
Load data byte X 0 1 0 Last data byte will be transmitted and NOT

or
Load data byte

Load data byte
or
Load data byte

Load data byte
or
Load data byte

No TWDR action
or

No TWDR action
or

No TWDR action
or

No TWDR action

No TWDR action
or

No TWDR action
or

No TWDR action
or

No TWDR action

ACK should be received
Data byte will be transmitted and ACK should
be received

Last data byte will be transmitted and NOT
ACK should be received

Data byte will be transmitted and ACK should
be received

Last data byte will be transmitted and NOT
ACK should be received

Data byte will be transmitted and ACK should
be received

Switched to the not addressed slave mode;
no recognition of own SLA or GCA
Switched to the not addressed slave mode;
own SLA will be recognized; GCA will be
recognized if TWGCE = “1”

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

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

Switched to the not addressed slave mode;
no recognition of own SLA or GCA
Switched to the not addressed slave mode;
own SLA will be recognized; GCA will be
recognized if TWGCE = “1”

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

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
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20.3 Analog Comparator Multiplexed Input
It is possible to select any of the ADC7..0 pins to replace the negative input to the analog comparator. The ADC multiplexer
is used to select this input, and consequently, the ADC must be switched off to utilize this feature. If the analog comparator
multiplexer enable bit (ACME in ADCSRB) is set and the ADC is switched off (ADEN in ADCSRA is zero), MUX2..0 in
ADMUX select the input pin to replace the negative input to the analog comparator, as shown in Table 20-2. If ACME is
cleared or ADEN is set, AIN1 is applied to the negative input to the analog comparator.
Table 20-2. Analog Comparator Multiplexed Input
ACME ADEN MUX2..0 Analog Comparator Negative Input
0 X XXX AIN1
1 1 XXX AIN1
1 0 000 ADCO
1 0 001 ADCA1
1 0 010 ADC2
1 0 011 ADC3
1 0 100 ADC4
1 0 101 ADC5
1 0 110 ADC6
1 0 111 ADC7
20.3.1 Digital Input Disable Register 1 — DIDR1
Bit 7 6 5 4 3 2 1 0
| - | - | - | - 1 - - AINID | 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 7..2 — Res: Reserved Bits
These bits are unused bits in the Atmel® ATmega48/88/168, and will always read as zero.
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 corresponding 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 written logic one to reduce power consumption in the digital input buffer.
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21.4 Changing Channel or Reference Selection

The MUXn and REFS1:0 bits in the ADMUX register are single buffered through a temporary register to which the CPU has
random access. This ensures that the channels and reference selection only takes place at a safe point during the
conversion. The channel and reference selection is continuously updated until a conversion is started. Once the conversion
starts, the channel and reference selection is locked to ensure a sufficient sampling time for the ADC. Continuous updating
resumes in the last ADC clock cycle before the conversion completes (ADIF in ADCSRA is set). Note that the conversion
starts on the following rising ADC clock edge after ADSC is written. The user is thus advised not to write new channel or
reference selection values to ADMUX until one ADC clock cycle after ADSC is written.

If auto triggering is used, the exact time of the triggering event can be indeterministic. Special care must be taken when
updating the ADMUX register, in order to control which conversion will be affected by the new settings.

If both ADATE and ADEN is written to one, an interrupt event can occur at any time. If the ADMUX register is changed in this
period, the user cannot tell if the next conversion is based on the old or the new settings. ADMUX can be safely updated in
the following ways:

a. When ADATE or ADEN is cleared.

b.  During conversion, minimum one ADC clock cycle after the trigger event.

c. After a conversion, before the Interrupt Flag used as trigger source is cleared.

When updating ADMUX in one of these conditions, the new settings will affect the next ADC conversion.

21.4.1 ADC Input Channels

When changing channel selections, the user should observe the following guidelines to ensure that the correct channel is
selected:

In single conversion mode, always select the channel before starting the conversion. The channel selection may be changed
one ADC clock cycle after writing one to ADSC. However, the simplest method is to wait for the conversion to complete
before changing the channel selection.

In free running mode, always select the channel before starting the first conversion. The channel selection may be changed
one ADC clock cycle after writing one to ADSC. However, the simplest method is to wait for the first conversion to complete,
and then change the channel selection. Since the next conversion has already started automatically, the next result will
reflect the previous channel selection. Subsequent conversions will reflect the new channel selection.

21.4.2 ADC Voltage Reference

The reference voltage for the ADC (Vgge) indicates the conversion range for the ADC. Single ended channels that exceed
Vger Will result in codes close to 0x3FF. Ve can be selected as either AV, internal 1.1V reference, or external AREF pin.

AV is connected to the ADC through a passive switch. The internal 1.1V reference is generated from the internal bandgap
reference (Vgg) through an internal amplifier. In either case, the external AREF pin is directly connected to the ADC, and the
reference voltage can be made more immune to noise by connecting a capacitor between the AREF pin and ground. Vggr
can also be measured at the AREF pin with a high impedant voltmeter. Note that Vg is a high impedant source, and only a
capacitive load should be connected in a system.

If the user has a fixed voltage source connected to the AREF pin, the user may not use the other reference voltage options
in the application, as they will be shorted to the external voltage. If no external voltage is applied to the AREF pin, the user

may switch between AV and 1.1V as reference selection. The first ADC conversion result after switching reference voltage
source may be inaccurate, and the user is advised to discard this result.
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25.2.1

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.

25.3 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.
25.3.1 ATmega48 Signature Bytes
1. 0x000: Ox1E (indicates manufactured by Atmel).
2. 0x001: 0x92 (indicates 4KB flash memory).
3. 0x002: 0x05 (indicates Atmel ATmega48 device when 0x001 is 0x92).
25.3.2 ATmega88 Signature Bytes
1. 0x000: Ox1E (indicates manufactured by Atmel).
2. 0x001: 0x93 (indicates 8KB flash memory).
3. 0x002: OxOA (indicates ATmega88 device when 0x001 is 0x93).
25.3.3 ATmegal68 Signature Bytes
1. 0x000: 0x1E (indicates manufactured by Atmel).
2. 0x001: 0x94 (indicates 16KB flash memory).
3. 0x002: 0x06 (indicates Atmel ATmega168 device when 0x001 is 0x94).
25.4 Calibration Byte
The Atmel ATmega48/88/168 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 calibrated RC oscillator.
25.5 Parallel Programming Parameters, Pin Mapping, and Commands
This section describes how to parallel program and verify flash program memory, EEPROM data memory, memory lock bits,
and fuse bits in the Atmel ATmega48/88/168. Pulses are assumed to be at least 250ns unless otherwise noted.
25.5.1 Signal Names
In this section, some pins of the ATmega48/88/168 are referenced by signal names describing their functionality during
parallel programming, see Figure 25-1 on page 246 and Table 25-8 on page 246. Pins not described in the following table
are referenced by pin names.
The XA1/XAO0 pins determine the action executed when the XTAL1 pin is given a positive pulse. The bit coding is shown in
Table 25-10 on page 246.
When pulsing WR or ﬁ, the command loaded determines the action executed. The different Commands are shown in
Table 25-11 on page 247.
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Figure 25-1. Parallel Programming
+4.5V to 5.5V

RDY/BSY ~+—— PD1 vee
o FD2 +4.5V to 5.5V
WR —{ PD3
AVCC
BS1 ——| PD4
XAQ ——{ PD5
A1 — »| ppg  PCI1:01:PB[5:0] [&——> DATA
PAGEL ——| PD7
+12V ——» RESET
BS2 — PC2

— XTAL1

f GND

Table 25-8. Pin Name Mapping

Signal Name in Programming Mode Pin Name I/O |Function
RDY/BSY PD1 o 0: Device is busy programming, 1: Device is ready
for new command
OE PD2 | Output enable (active low)
WR PD3 | Write pulse (active low)
BS1 PD4 | Byte select 1 (“0” selects low byte, “1” selects
high byte)
XAO0 PD5 I XTAL Action Bit 0
XA1 PD6 | XTAL Action Bit 1
PAGEL PD7 I ' Program memory and EEPROM data page load
BS2 PC2 | Byte select 2 (“0” selects low byte, “1” selects 2'nd
high byte)
DATA {PC[1:0]: PBI[5:0]} I/O Bi-directional data bus (output when OE is low)

Table 25-9. Pin Values Used to Enter Programming Mode

PAGEL Prog_enable[3] 0
XA1 Prog_enable[2] 0
XAO0 Prog_enable[1] 0
BS1 Prog_enable[0] 0

Table 25-10. XA1 and XAO Coding

Action when XTAL1 is Pulsed

0 0 Load flash or EEPROM address (high or low address byte determined by BS1).
0 1 Load data (high or low data byte for flash determined by BS1).
1 0 Load command
1 1 No action, idle
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F. Repeat B through E until the entire buffer is filled or until all data within the page is loaded.

While the lower bits in the address are mapped to words within the page, the higher bits address the pages within the
FLASH. This is illustrated in Figure 25-2. Note that if less than eight bits are required to address words in the page (page
size < 256), the most significant bit(s) in the address low byte are used to address the page when performing a page write.
G. Load address high byte

Set XA1, XAO to “00”. This enables address loading.
Set BS1 to “1”. This selects high address.

Set DATA = address high byte (0x00 - OxFF).

Give XTAL1 a positive pulse. This loads the address high byte.
H. Program page

1.

Give WR a negative pulse. This starts programming of the entire page of data. RDY/BSY goes low.
2. Wait until RDY/BSY goes high (See Figure 25-3 on page 250 for signal waveforms).

1.
2.
3.
4.

J. End page programming
1.

2.
3.

I. Repeat B through H until the entire flash is programmed or until all data has been programmed.
1. Set XA1, XA0 to “10”. This enables command loading.
Set DATA to “0000 0000”. This is the command for No operation.
Give XTAL1 a positive pulse. This loads the command, and the internal write signals are reset.

Figure 25-2. Addressing the Flash Which is Organized in Pages("

PCMSB

PAGEMSB
PROGRAM
COUNTER PCPAGE | Pcworp |
PAGE ADDRESS WORD ADDRESS
WITHIN THE FLASH WITHIN PAGE
Program Memory Page PCWORD [PAGEMSB : 0]
Page Instruction Word 00
B \
\ 01
|
\ 02
! I
! I
! I
! I
! I
! |
! |
—— ! |
! |
\
\ PAGEEND

Note: 1. PCPAGE and PCWORD are listed in Table 25-12 on page 247.

Atmel
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26.2 DC Characteristics (Continued)
Ty =—-40°C to +125°C, V¢ = 2.7V to 5.5V (unless otherwise noted)

Parameter Condition Symbol Min.®)
Active 4MHz, V¢ = 3V
(ATmega48/88/168L) 129 S mA
Active 8MHz, Vg = 5V
(ATmega48/88/168) el 1 1
Active 15MHz, V¢ = 5V
. (ATmega48/88/168) i 13 g
Power supply current®
Idle 4MHz, V¢ = 3V 04 1 "
(ATmega48/88/168V) :
— |
Idle 8MHz, Vg = 5V cc
(ATmega48/88/168L) s s g
Idle 15MHz, Vg = 5V
(ATmega48/88/168) it = g
WDT enabled, V¢ = 3V 8 30 HA
WDT enabled, Vqc = 5V 12.6 50 HA
Power-down mode -
WDT disabled, V¢ = 3V 5 24 MA
WDT disabled, V¢ = 5V 6.6 36 HA
Analog comparator _ _
input offset voltage Vee = 8V Vin = Veof2 Vacio o <L mV
Analog comparator _ _ .
input leakage current Ve = 5V Vin = Veo/2 acti o el iR
Analog comparator _
propagation delay Ve =4.5V tacio 140 ns

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 (20mA at V¢ = 5V, 10mA at V¢ = 3V) under steady
state conditions (non-transient), the following must be observed:
Atmel ATmega48:
1] The sum of all IOL, for ports CO - C5, should not exceed 70mA.
2] The sum of all IOL, for ports C6, DO - D4, should not exceed 70mA.
3] The sum of all IOL, for ports BO - B7, D5 - D7, should not exceed 70mA.
ATmega88/168:
1] The sum of all IOL, for ports CO - C5, should not exceed 100mA.
2] The sum of all IOL, for ports C6, DO - D4, should not exceed 100mA.
3] The sum of all IOL, for ports BO - B7, D5 - D7, should not exceed 100mA.
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 I/O port can source more than the test conditions (20mA at Vo = 5V, 10mA at V¢ = 3V) under steady
state conditions (non-transient), the following must be observed:
ATmega48:
1] The sum of all IOH, for ports CO - C5, should not exceed 70mA.
2] The sum of all IOH, for ports C6, DO - D4, should not exceed 70mA.
3] The sum of all IOH, for ports BO - B7, D5 - D7, should not exceed 70mA.
ATmega88/168:
1] The sum of all IOH, for ports CO - C5, should not exceed 100mA.
2] The sum of all IOH, for ports C6, DO - D4, should not exceed 100mA.
3] The sum of all IOH, for ports BO - B7, D5 - D7, should not exceed 100mA.
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.

5. All DC characteristics contained in this datasheet are based on actual ATmega88 microcontrollers characterization.
6. Values with Section 7.7.1 “Power Reduction Register - PRR” on page 35 enabled (OxEF).
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29. Register Summary

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 Page
(OxFF) Reserved - - = = = — — _
(OXFE) Reserved - - = = — — — _
(OxFD) Reserved - - = = — — — _
(0xFC) Reserved - - = = = - - _
0xFB) Reserved - - = = = — - —

O0xFA) Reserved - - = = = — - —

0xF9) Reserved - - - = = — - _

0xF8) Reserved - - - = = - - _

(
(
(
(
(0OxF7) Reserved - - = = — — — _
(0OxF6) Reserved - - = = = - - _
(OxF5) Reserved - - = = = — - —
(
(
(
(
(
(

0xF4) Reserved - - - = = — - —

0xF3) Reserved - - - = = — - _

0xF2) Reserved - — - = = — - _

0xF1) Reserved - — - = = — - _

0xFO) Reserved - - = = = - - _

OXEF) Reserved - - - = = — - —
(OXEE) Reserved - - - = = — - —
(OXED) Reserved - - - = = = - —
(OXEC) Reserved - - - = = - - _
(OXEB) Reserved - - - = = = - _
(OxEA) Reserved - - = = = - - _
O0xE9) Reserved - - - = = — - —
O0xE8) Reserved - - - = = — - _
O0xE7) Reserved - - - = = — - _
O0xE6) Reserved - - - = = - - _
0xE5) Reserved - - = = = - - _
O0xE4) Reserved - - = = = - - _
OxE3) Reserved - - - = = — - —
0xE2) Reserved - - - = = — - _
0xE1) Reserved - - - = = — - _
0xEOQ) Reserved - - - = = - - _
(OxDF) Reserved - - = = = - - _
(0OxDE) Reserved - - = = = - - _
(0xDD) Reserved - - - = = — - —
(0xDC) Reserved - - - = = — - _

Notes: 1. For compatibility with future devices, reserved bits should be written to zero if accessed. Reserved /O memory
addresses should never be written.

2. 1/O registers within the address range 0x00 - Ox1F are directly bit-accessible using the SBI and CBI instructions. In
these registers, the value of single bits can be checked by using the SBIS and SBIC instructions.

3. Some of the status flags are cleared by writing a logical one to them. Note that, unlike most other AVR®, the CBI and
SBI instructions will only operate on the specified bit, and can therefore be used on registers containing such status
flags. The CBI and SBI instructions work with registers 0x00 to 0x1F only.

4. When using the I/O specific commands IN and OUT, the I/O addresses 0x00 - 0x3F must be used. When addressing I/O
registers as data space using LD and ST instructions, 0x20 must be added to these addresses. The ATmega48/88/168
is a complex microcontroller with more peripheral units than can be supported within the 64 location reserved in opcode
for the IN and OUT instructions. For the extended I/O space from 0x60 - OxFF in SRAM, only the ST/STS/STD and
LD/LDS/LDD instructions can be used.

5. Only valid for Atmel® ATmega88/168
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30. Instruction Set Summary (Continued)

#Clocks

Mnemonics |Operands

ST Z,Rr
ST Z+, Rr
ST -Z, Rr
STD Z+q,Rr
STS k, Rr
LPM

LPM Rd, Z
LPM Rd, Z+
SPM

IN Rd, P
ouT P, Rr
PUSH Rr
POP Rd

MCU Control Instructions
NOP

SLEEP

WDR

BREAK

Description

Store indirect

Store indirect and post-inc.
Store ndirect and pre-dec.
Store indirect with displacement
Store direct to SRAM

Load program memory

Load program memory

Load program memory and post-inc
Store program memory

In port

Out port

Push register on stack

Pop register from stack

No operation

Sleep

Watchdog reset

Break

Operation

(Z) <« Rr
(Z)«<RrZ«Z+1
Z+7Z-1,(Z)y«<Rr
(Z+q)«Rr

(k) « Rr

RO « (2)

Rd « (2)

Rd « (Z2),Z« Z+1
(Z) <« R1:RO

Rd « P

P« Rr

STACK « Rr

Rd « STACK

(see specific description for
sleep function)

(see specific description for
WDR/timer)

For on-chip debug Only

Note: 1. These instructions are only available in Atmel® ATmega168.

Atmel

Flags
None
None
None
None
None
None
None
None
None
None
None
None
None

None

None

None

None
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