
Microchip Technology - ATMEGA48PB-ANR Datasheet

Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade

Details

Product Status Active

Core Processor AVR

Core Size 8-Bit

Speed 20MHz

Connectivity I²C, SPI, UART/USART

Peripherals Brown-out Detect/Reset, POR, PWM, WDT

Number of I/O 27

Program Memory Size 4KB (2K x 16)

Program Memory Type FLASH

EEPROM Size 256 x 8

RAM Size 512 x 8

Voltage - Supply (Vcc/Vdd) 1.8V ~ 5.5V

Data Converters A/D 8x10b

Oscillator Type Internal

Operating Temperature -40°C ~ 105°C (TA)

Mounting Type Surface Mount

Package / Case 32-TQFP

Supplier Device Package 32-TQFP (7x7)

Purchase URL https://www.e-xfl.com/product-detail/microchip-technology/atmega48pb-anr

Email: info@E-XFL.COM Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong

https://www.e-xfl.com/product/pdf/atmega48pb-anr-4400679
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers


13.6.2. EEPROM Address Register High
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 - 0x3F.

Note:  EEAR9 and EEAR8 are unused bits in ATmega48PB and must always be written to zero.

Name:  EEARH
Offset:  0x42
Reset:  0x0X
Property:
 

When addressing as I/O Register: address offset is 0x22

Bit 7 6 5 4 3 2 1 0  
       EEAR9 EEAR8  

Access R/W R/W  
Reset x x  

Bit 1 – EEAR9: EEPROM Address 9
Refer to EEARL.

Bit 0 – EEAR8: EEPROM Address 8
Refer to EEARL.
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Thus, when the BOD is not enabled, after setting ACSR.ACBG or enabling the ADC, the user must
always allow the reference to start up before the output from the Analog Comparator or ADC is used. To
reduce power consumption in Power-Down mode, the user can avoid the three conditions above to
ensure that the reference is turned off before entering Power-Down mode.

16.8. Watchdog Timer
If the watchdog timer is not needed in the application, the module should be turned off. If the watchdog
timer is enabled, it will be enabled in all sleep modes and hence always consume power. In the deeper
sleep modes, this will contribute significantly to the total current consumption.

Refer to Watchdog System Reset for details on how to configure the watchdog timer.

16.8.1. Overview
The device has an Enhanced Watchdog Timer (WDT). The WDT is a timer counting cycles of a separate
on-chip 128kHz oscillator. The WDT gives an interrupt or a system reset when the counter reaches a
given time-out value. In normal operation mode, it is required that the system uses the Watchdog Timer
Reset (WDR) instruction to restart the counter before the time-out value is reached. If the system doesn't
restart the counter, an interrupt or system reset will be issued.

Figure 16-7. Watchdog Timer
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In Interrupt mode, the WDT gives an interrupt when the timer expires. This interrupt can be used to wake
the device from sleep-modes, and also as a general system timer. One example is to limit the maximum
time allowed for certain operations, giving an interrupt when the operation has run longer than expected.
In System Reset mode, the WDT gives a reset when the timer expires. This is typically used to prevent
system hang-up in case of runaway code. The third mode, Interrupt and System Reset mode, combines
the other two modes by first giving an interrupt and then switch to System Reset mode. This mode will for
instance allow a safe shutdown by saving critical parameters before a system reset.

The Watchdog always on (WDTON) fuse, if programmed, will force the Watchdog Timer to System Reset
mode. With the fuse programmed the System Reset mode bit (WDE) and Interrupt mode bit (WDIE) are
locked to 1 and 0 respectively. To further ensure program security, alterations to the Watchdog set-up
must follow timed sequences. The sequence for clearing WDE and changing time-out configuration is as
follows:
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Signal
Name

PD3/OC2B/INT1/
PCINT19

PD2/INT0/
PCINT18

PD1/TXD0/
PCINT17

PD0/RXD0/
PCINT16

DI PCINT19 INPUT
/ INT1 INPUT

PCINT18 INPUT
/ INT0 INPUT

PCINT17 INPUT PCINT16 INPUT
/ RXD0

AIO – – – –

19.3.4. Alternate Functions of Port E
The Port E pins with alternate functions are shown in this table:

Table 19-12. Port E Pins Alternate Functions

Port Pin Alternate Function

PE3 ADC7 (ADC Input Channel 7)

T3 (Timer/Counter 3 External Counter Input)

PCINT27

PE2 ADC6 (ADC Input Channel 6)

ICP3 (Timer/Counter3 Input Capture Input)

SS1 (SPI1 Bus Master Slave select)

PCINT26

PE1 T4 (Timer/Counter 4 External Counter Input)

SCL1 (2-wire Serial1 Bus Clock Line)

PCINT25

PE0 ACO (AC Output Channel 0)

ICP4 (Timer/Counter4 Input Capture Input)

SDA1 (2-wire Serial1 Bus Data Input/Output Line)

PCINT24

The alternate pin configuration is as follows:

• ADC7/T3/MOSI1/PCINT27– Port E, Bit 3
– PE3 can also be used as ADC input Channel 7.
– T3: Timer/Counter3 counter source.
– MOSI1: SPI1 Master Data output, Slave Data input for SPI1 channel. When the SPI1 is

enabled as a Slave, this pin is configured as an input regardless of the setting of DDE3. When
the SPI1 is enabled as a Master, the data direction of this pin is controlled by DDE3. When
the pin is forced by the SPI1 to be an input, the pull-up can still be controlled by the PORTE3
bit.

– PCINT27: Pin Change Interrupt source 27. The PE3 pin can serve as an external interrupt
source.

• ADC6/ICP3/SS1/PCINT26 – Port E, Bit 2
– PE2 can also be used as ADC input Channel 6.
– ICP3: Input Capture Pin. The PE2 pin can act as an Input Capture Pin for Timer/Counter3.
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placed in the Application section and Boot Lock bit BLB12 is programed, interrupts are disabled while
executing from the Boot Loader section.

Bit 0 – IVCE: Interrupt Vector Change Enable
The IVCE bit must be written to logic one to enable change of the IVSEL bit. IVCE is cleared by hardware
four cycles after it is written or when IVSEL is written. Setting the IVCE bit will disable interrupts, as
explained in the IVSEL description above. See Code Example below.

Assembly Code Example

Move_interrupts:
; Get MCUCR
in    r16, MCUCR
mov   r17, r16
; Enable change of Interrupt Vectors
ori   r16, (1<<IVCE)
out   MCUCR, r16
; Move interrupts to Boot Flash section
ori   r17, (1<<IVSEL)
out   MCUCR, r17
ret

C Code Example

void Move_interrupts(void)
{
uchar temp;
/* GET MCUCR*/
temp = MCUCR;
/* Enable change of Interrupt Vectors */
MCUCR = temp|(1<<IVCE);
/* Move interrupts to Boot Flash section */
MCUCR = temp|(1<<IVSEL);
}
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Table 20-1. Definitions

Constant Description

BOTTOM The counter reaches the BOTTOM when it becomes zero (0x00 for 8-bit counters, or 0x0000
for 16-bit counters).

MAX The counter reaches its Maximum when it becomes 0xFF (decimal 255, for 8-bit counters) or
0xFFFF (decimal 65535, for 16-bit counters).

TOP The counter reaches the TOP when it becomes equal to the highest value in the count
sequence. The TOP value can be assigned to be the fixed value MAX or the value stored in
the OCR1A Register. The assignment is dependent on the mode of operation.

20.2.2. Registers
The Timer/Counter 0 register (TCNT0) and Output Compare TC0x registers (OCR0x) are 8-bit registers.
Interrupt request (abbreviated to Int.Req. in the block diagram) signals are all visible in the Timer Interrupt
Flag Register 0 (TIFR0). All interrupts are individually masked with the Timer Interrupt Mask Register 0
(TIMSK0). TIFR0 and TIMSK0 are not shown in the figure.

The TC can be clocked internally, via the prescaler, or by an external clock source on the T0 pin. The
Clock Select logic block controls which clock source and edge is used by the Timer/Counter to increment
(or decrement) its value. The TC is inactive when no clock source is selected. The output from the Clock
Select logic is referred to as the timer clock (clkT0).

The double buffered Output Compare Registers (OCR0A and OCR0B) are compared with the Timer/
Counter value at all times. The result of the compare can be used by the Waveform Generator to
generate a PWM or variable frequency output on the Output Compare pins (OC0A and OC0B). See 
Output Compare Unit for details. The compare match event will also set the Compare Flag (OCF0A or
OCF0B) which can be used to generate an Output Compare interrupt request.

20.3. Timer/Counter Clock Sources
The TC can be clocked by an internal or an external clock source. The clock source is selected by writing
to the Clock Select (CS0[2:0]) bits in the Timer/Counter Control Register (TCCR0B).

20.4. Counter Unit
The main part of the 8-bit Timer/Counter is the programmable bi-directional counter unit. Below is the
block diagram of the counter and its surroundings.

Figure 20-2. Counter Unit Block Diagram
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Figure 20-3. Output Compare Unit, Block Diagram
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Note:  The “n” in the register and bit names indicates the device number (n = 0 for Timer/Counter 0), and
the “x” indicates Output Compare unit (A/B).

The OCR0x Registers are double buffered when using any of the Pulse Width Modulation (PWM) modes.
When double buffering is enabled, the CPU has access to the OCR0x Buffer Register. The double
buffering synchronizes the update of the OCR0x Compare Registers to either top or bottom of the
counting sequence. The synchronization prevents the occurrence of odd-length, non-symmetrical PWM
pulses, thereby making the output glitch-free.

The double buffering is disabled for the normal and Clear Timer on Compare (CTC) modes of operation,
and the CPU will access the OCR0x directly.

Related Links
Modes of Operation on page 145

20.5.1. Force Output Compare
In non-PWM waveform generation modes, the match output of the comparator can be forced by writing a
'1' to the Force Output Compare (FOCnx) bit. Forcing compare match will not set the OCFnx Flag or
reload/clear the timer, but the OCnx pin will be updated as if a real compare match had occurred (the
COMnx[1:0] bits define whether the OCnx pin is set, cleared or toggled).

20.5.2. Compare Match Blocking by TCNTn Write
All CPU write operations to the TCNTn Register will block any compare match that occur in the next timer
clock cycle, even when the timer is stopped. This feature allows OCRnx to be initialized to the same value
as TCNTn without triggering an interrupt when the Timer/Counter clock is enabled.

20.5.3. Using the Output Compare Unit
Since writing TCNTn in any mode of operation will block all compare matches for one timer clock cycle,
there are risks involved when changing TCNTn when using the Output Compare Unit, independently of
whether the Timer/Counter is running or not. If the value written to TCNTn equals the OCRnx value, the
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Pin Configurations on page 14
I/O-Ports on page 105
USART in SPI Mode on page 272
Power Management and Sleep Modes on page 60
About Code Examples on page 22

24.3. SS Pin Functionality

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

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

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

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

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

1. The MSTR bit in SPCR is cleared and the SPI system becomes a Slave. As a result of the SPI
becoming a Slave, the MOSI and SCK pins become inputs.

2. The SPIF Flag in SPSR is set, and if the SPI interrupt is enabled, and the I-bit in SREG is set, the
interrupt routine will be executed.

Thus, when interrupt-driven SPI transmission is used in Master mode, and there exists a possibility that
SS is driven low, the interrupt should always check that the MSTR bit is still set. If the MSTR bit has been
cleared by a slave select, it must be set by the user to re-enable SPI Master mode.

24.4. Data Modes
There are four combinations of SCK phase and polarity with respect to serial data, which are determined
by control bits CPHA and CPOL. Data bits are shifted out and latched in on opposite edges of the SCK
signal, ensuring sufficient time for data signals to stabilize. The following table, summarizes SPCR.CPOL
and SPCR.CPHA settings.

Table 24-2. SPI Modes

SPI Mode Conditions Leading Edge Trailing Edge

0 CPOL=0, CPHA=0 Sample (Rising) Setup (Falling)

1 CPOL=0, CPHA=1 Setup (Rising) Sample (Falling)
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The UCPOL bit UCRSC selects which XCKn clock edge is used for data sampling and which is used for
data change. As the above timing diagram shows, when UCPOL is zero, the data will be changed at
rising XCKn edge and sampled at falling XCKn edge. If UCPOL is set, the data will be changed at falling
XCKn edge and sampled at rising XCKn edge.

25.5. Frame Formats
A serial frame is defined to be one character of data bits with synchronization bits (start and stop bits),
and optionally a parity bit for error checking. The USART accepts all 30 combinations of the following as
valid frame formats:

• 1 start bit
• 5, 6, 7, 8, or 9 data bits
• no, even or odd parity bit
• 1 or 2 stop bits

A frame starts with the start bit, followed by the data bits (from five up to nine data bits in total): first the
least significant data bit, then the next data bits ending with the most significant bit. If enabled, the parity
bit is inserted after the data bits, before the one or two stop bits. When a complete frame is transmitted, it
can be directly followed by a new frame, or the communication line can be set to an idle (high) state. the
figure below illustrates the possible combinations of the frame formats. Bits inside brackets are optional.

Figure 25-4. Frame Formats

10 2 3 4 [5] [6] [7] [8] [P]St Sp1 [Sp2] (St / IDLE)(IDLE)

FRAME

St Start bit, always low.

(n) Data bits (0 to 8).

P Parity bit. Can be odd or even.

Sp Stop bit, always high.

IDLE No transfers on the communication line (RxDn or TxDn). An IDLE line must be high.

The frame format used by the USART is set by:
• Character Size bits (UCSRnC.UCSZn[2:0]) select the number of data bits in the frame.
• Parity Mode bits (UCSRnC.UPMn[1:0]) enable and set the type of parity bit.
• Stop Bit Select bit (UCSRnC.USBSn) select the number of stop bits. The Receiver ignores the

second stop bit.

The Receiver and Transmitter use the same setting. Note that changing the setting of any of these bits
will corrupt all ongoing communication for both the Receiver and Transmitter. An FE (Frame Error) will
only be detected in cases where the first stop bit is zero.

25.5.1. Parity Bit Calculation
The parity bit is calculated by doing an exclusive-or of all the data bits. If odd parity is used, the result of
the exclusive or is inverted. The relation between the parity bit and data bits is as follows:�even = ��+ − 1⊕…⊕�3⊕�2⊕�1⊕�0⊕ 0�odd = ��+ − 1⊕…⊕�3⊕�2⊕�1⊕�0⊕ 1
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The Data OverRun (DOR) Flag indicates data loss due to a receiver buffer full condition. A Data OverRun
occurs when the receive buffer is full (two characters), a new character is waiting in the Receive Shift
Register, and a new start bit is detected. If the DOR Flag is set, one or more serial frames were lost
between the last frame read from UDR, and the next frame read from UDR. For compatibility with future
devices, always write this bit to zero when writing to UCSRnA. The DOR Flag is cleared when the frame
received was successfully moved from the Shift Register to the receive buffer.

The Parity Error (UPE) Flag indicates that the next frame in the receive buffer had a Parity Error when
received. If Parity Check is not enabled the UPE bit will always read '0'. For compatibility with future
devices, always set this bit to zero when writing to UCSRnA. For more details see Parity Bit Calculation
and 'Parity Checker' below.

25.8.5. Parity Checker
The Parity Checker is active when the high USART Parity Mode bit 1 in the USART Control and Status
Register n C (UCSRnC.UPM[1]) is written to '1'. The type of Parity Check to be performed (odd or even)
is selected by the UCSRnC.UPM[0] bit. When enabled, the Parity Checker calculates the parity of the
data bits in incoming frames and compares the result with the parity bit from the serial frame. The result
of the check is stored in the receive buffer together with the received data and stop bits. The USART
Parity Error Flag in the USART Control and Status Register n A (UCSRnA.UPE) can then be read by
software to check if the frame had a Parity Error.

The UPEn bit is set if the next character that can be read from the receive buffer had a Parity Error when
received and the Parity Checking was enabled at that point (UPM[1] = 1). This bit is valid until the receive
buffer (UDRn) is read.

25.8.6. Disabling the Receiver
In contrast to the Transmitter, disabling of the Receiver will be immediate. Data from ongoing receptions
will therefore be lost. When disabled (i.e., UCSRnB.RXEN is written to zero) the Receiver will no longer
override the normal function of the RxDn port pin. The Receiver buffer FIFO will be flushed when the
Receiver is disabled. Remaining data in the buffer will be lost.

25.8.7. 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 shows how to flush the receive buffer of USART0.

Assembly Code Example

USART_Flush:
   in      r16, UCSR0A
   sbrs    r16, RXC
   ret
   in      r16, UDR0
   rjmp    USART_Flush

C Code Example

void USART_Flush( void )
{
   unsigned char dummy;
   while ( UCSR0A & (1<<RXC) ) dummy = UDR0;
}

Related Links
About Code Examples on page 22
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Table 27-4. Status codes for Master Receiver Mode

Status
Code
(TWSRn)

Prescaler
Bits are 0

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

Application Software Response Next Action Taken by TWI Hardware

To/from TWD To TWCRn

STA STO TWINT TWEA

0x08 A START condition has
been transmitted

Load SLA+R 0 0 1 X SLA+R will be transmitted
ACK or NOT ACK will be received

0x10 A repeated START
condition has been
transmitted

Load SLA+R 0 0 1 X SLA+R will be transmitted
ACK or NOT ACK will be received

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

Logic will switch to Master Transmitter
mode

0x38 Arbitration lost in SLA+R
or NOT ACK bit

No TWDR
action

0 0 1 X 2-wire Serial Bus will be released and not
addressed Slave mode will be entered

1 0 1 X A START condition will be transmitted
when the bus becomes free

0x40 SLA+R has been
transmitted;
ACK has been received

No TWDR
action

0 0 1 0 Data byte will be received and NOT ACK
will be returned

0 0 1 1 Data byte will be received and ACK will be
returned

0x48 SLA+R has been
transmitted;
NOT ACK has been
received

1 0 1 X Repeated START will be transmitted

0 1 1 X STOP condition will be transmitted and
TWSTO Flag will be reset

1 1 1 X STOP condition followed by a START
condition will be transmitted and TWSTO
Flag will be reset

0x50 Data byte has been
received;
ACK has been returned

Read data byte 0 0 1 0 Data byte will be received and NOT ACK
will be returned

0 0 1 1 Data byte will be received and ACK will be
returned

0x58 Data byte has been
received;
NOT ACK has been
returned

Read data byte 1 0 1 X Repeated START will be transmitted

0 1 1 X STOP condition will be transmitted and
TWSTO Flag will be reset

1 1 1 X STOP condition followed by a START
condition will be transmitted and TWSTO
Flag will be reset

Atmel ATmega48PB/88PB/168PB [DATASHEET]
Atmel-42176G-ATmega48PB/88PB/168PB_Datasheet_Complete-03/2016

295



Status
Code
(TWSR)

Prescaler
Bits are 0

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

Application SofTWARne Response Next Action Taken by TWI Hardware

To/from
TWDRn

To TWCRn

STA STO TWINT TWEA

0x98 Previously addressed
with general call;

data has been received;

NOT ACK has been
returned

Read data byte 0 0 1 0 Switched to the not addressed Slave
mode;
no recognition of own SLA or GCA

0 0 1 1 Switched to the not addressed Slave
mode;

own SLA will be recognized;

GCA will be recognized if TWGCE = “1”

1 0 1 0 Switched to the not addressed Slave
mode;

no recognition of own SLA or GCA;

a START condition will be transmitted
when the bus becomes free

1 0 1 1 Switched to the not addressed Slave
mode;

own SLA will be recognized;

GCA will be recognized if TWGCE = “1”; a
START condition will be transmitted when
the bus becomes free

0xA0 A STOP condition or
repeated START
condition has been
received while still
addressed as Slave

No action 0 0 1 0 Switched to the not addressed Slave
mode;
no recognition of own SLA or GCA

0 0 1 1 Switched to the not addressed Slave
mode;

own SLA will be recognized;

GCA will be recognized if TWGCE = “1”

1 0 1 0 Switched to the not addressed Slave
mode;

no recognition of own SLA or GCA;

a START condition will be transmitted
when the bus

becomes free

1 0 1 1 Switched to the not addressed Slave
mode;

own SLA will be recognized;

GCA will be recognized if TWGCE = “1”; a
START condition will be transmitted when
the bus becomes free
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29.8. Temperature Measurement
The temperature measurement is based on an on-chip temperature sensor that is coupled to a single
ended ADC8 channel. Selecting the ADC8 channel by writing ADMUX.MUX[3:0] to '1000' enables the
temperature sensor. The internal 1.1V voltage reference must also be selected for the ADC voltage
reference source in the temperature sensor measurement. When the temperature sensor is enabled, the
ADC converter can be used in single conversion mode to measure the voltage over the temperature
sensor.

The measured voltage has a linear relationship to the temperature as described in the following table.
The voltage sensitivity is approximately 1mV/°C, the accuracy of the temperature measurement is ±10°C.

Table 29-2. Temperature vs. Sensor Output Voltage (Typical Case)

Temperature -45°C +25°C +85°C

Voltage 198mV 273mV 338mV

The values described in the table above are typical values. However, due to process variations the
temperature sensor output voltage varies from one chip to another. To be capable of achieving more
accurate results the temperature measurement can be calibrated in the application software. The
software calibration requires that a calibration value is measured and stored in a register or EEPROM for
each chip, as a part of the production test. The software calibration can be done utilizing the formula:

T = { [(ADCH << 8) | ADCL] - TOS} / k

where ADCH and ADCL are the ADC data registers, k is a fixed coefficient and TOS is the temperature
sensor offset value determined and stored into EEPROM as a part of the production test.

29.9. Register Description
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Table 33-12. 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 I Output Enable (Active low)

WR PD3 I Write Pulse (Active low)

BS1 PD4 I Byte Select 1 (“0” selects Low byte, “1” selects High
byte)

XA0 PD5 I XTAL Action Bit 0

XA1 PD6 I XTAL Action Bit 1

PAGEL PD7 I Program memory and EEPROM Data Page Load

BS2 PC2 I Byte Select 2 (“0” selects Low byte, “1” selects 2’nd
High byte)

DATA {PC[1:0]: PB[5:0]} I/O Bi-directional Data bus (Output when OE is low)

Table 33-13. Pin Values Used to Enter Programming Mode

Pin Symbol Value

PAGEL Prog_enable[3] 0

XA1 Prog_enable[2] 0

XA0 Prog_enable[1] 0

BS1 Prog_enable[0] 0

Table 33-14. XA1 and XA0 Coding

XA1 XA0 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

Table 33-15. Command Byte Bit Coding

Command Byte Command Executed

1000 0000 Chip Erase

0100 0000 Write Fuse bits

0010 0000 Write Lock bits

0001 0000 Write Flash

0001 0001 Write EEPROM
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35. Typical Characteristics

35.1. ATmega48PB/88PB Typical Characteristics

35.1.1. Active Supply Current
Figure 35-1. ATmega48PB/88PB: Active Supply Current vs. Low Frequency (0.1-1.0MHz)
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Figure 35-2. ATmega48PB/88PB: Active Supply Current vs. Frequency (1-20MHz)
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Figure 35-27. ATmega48PB/88PB: I/O Pin Input Hysteresis vs. VCC
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Figure 35-28. ATmega48PB/88PB: Reset Input Threshold Voltage vs. VCC (VIH, I/O Pin read as ‘1’)
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Figure 35-29. ATmega48PB/88PB: Reset Input Threshold Voltage vs. VCC (VIL, I/O Pin read as ‘0’)
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Figure 35-48. ATmega48PB_88PB: Minimum Reset Pulse Width vs. Vcc
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35.2. ATmega168PB Typical Characteristics

35.2.1. Active Supply Current
Figure 35-49. ATmega168PB: Active Supply Current vs. Low Frequency (0.1-1.0MHz)
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35.2.9. Pin Threshold and Hysteresis
Figure 35-73. ATmega168PB I/O Pin Input Threshold Voltage vs. VCC (VIH, I/O Pin read as ‘1’)
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Figure 35-74. ATmega168PB I/O Pin Input Threshold Voltage vs. VCC (VIL, I/O Pin read as ‘0’)
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35.2.13. Current Consumption in Reset and Reset Pulse width
Figure 35-94. ATmega168PB: Reset Supply Current vs. Low Frequency (0.1MHz - 1.0MHz)
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Figure 35-95. ATmega168PB: Reset Supply Current vs. Frequency (1MHz - 20MHz)
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Offset Name Bit Pos.         

0x86 ICR1L 7:0 ICR1L[7:0]

0x87 ICR1H 7:0 ICR1H[7:0]

0x88 OCR1AL 7:0 OCR1AL[7:0]

0x89 OCR1AH 7:0 OCR1AH[7:0]

0x8A OCR1BL 7:0 OCR1BL[7:0]

0x8B OCR1BH 7:0 OCR1BH[7:0]

0x8C

...

0xAF

Reserved          

0xB0 TCCR2A 7:0 COM2A1 COM2A0 COM2B1 COM2B0   WGM21 WGM20

0xB1 TCCR2B 7:0 FOC2A FOC2B   WGM22 CS22 CS21 CS20

0xB2 TCNT2 7:0 TCNT2[7:0]

0xB3 OCR2A 7:0 OCR2A[7:0]

0xB4 OCR2B 7:0 OCR2B[7:0]

0xB5 Reserved          

0xB6 ASSR 7:0  EXCLK AS2 TCN2UB OCR2AUB OCR2BUB TCR2AUB TCR2BUB

0xB7 Reserved          

0xB8 TWBR 7:0 TWBR7 TWBR6 TWBR5 TWBR4 TWBR3 TWBR2 TWBR1 TWBR0

0xB9 TWSR 7:0 TWS7 TWS6 TWS5 TWS4 TWS3  TWPS1 TWPS0

0xBA TWAR 7:0 TWA6 TWA5 TWA4 TWA3 TWA2 TWA1 TWA0 TWGCE

0xBB TWDR 7:0 TWD7 TWD6 TWD5 TWD4 TWD3 TWD2 TWD1 TWD0

0xBC TWCR 7:0 TWINT TWEA TWSTA TWSTO TWWC TWEN  TWIE

0xBD TWAMR 7:0 TWAM[6:0]  

0xBE

...

0xBF

Reserved          

0xC0 UCSR0A 7:0 RXC0 TXC0 UDRE0 FE0 DOR0 UPE0 U2X0 MPCM0

0xC1 UCSR0B 7:0 RXCIE0 TXCIE0 UDRIE0 RXEN0 TXEN0 UCSZ02 RXB80 TXB80

0xC2 UCSR0C 7:0 UMSEL01 UMSEL00 UPM01 UPM00 USBS0
UCSZ01 /

UDORD0

UCSZ00 /

UCPHA0
UCPOL0

0xC3 UCSR0D 7:0 RXIE RXS SFDE      

0xC4 UBRR0L 7:0 UBRR0[7:0]

0xC5 UBRR0H 7:0     UBRR0[3:0]

0xC6 UDR0 7:0 TXB / RXB[7:0]
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