
Features

ATmega48A/PA/88A/PA/168A/PA/328/P

ATMEL 8-BIT MICROCONTROLLER WITH 4/8/16/32KBYTES
IN-SYSTEM PROGRAMMABLE FLASH





1. Pin Configurations

Figure 1-1. Pinout ATmega48A/PA/88A/PA/168A/PA/328/P
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NOTE: Bottom pad should be soldered to ground.
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Table 1-1. 32UFBGA - Pinout ATmega48A/48PA/88A/88PA/168A/168PA
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1.1 Pin Descriptions

1.1.1 VCC

1.1.2 GND

1.1.3 Port B (PB7:0) XTAL1/XTAL2/TOSC1/TOSC2

1.1.4 Port C (PC5:0)

1.1.5 PC6/RESET

1.1.6 Port D (PD7:0)



1.1.7 AVCC

1.1.8 AREF

1.1.9 ADC7:6 (TQFP and QFN/MLF Package Only)



2. Overview

2.1 Block Diagram

Figure 2-1.



2.2 Comparison Between Processors

Table 2-1. Memory Size Summary

Device Flash EEPROM RAM Interrupt Vector Size



3. Resources 

4. Data Retention

5. About Code Examples 

6. Capacitive Touch Sensing



7. Register Summary

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Page



Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Page



Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Page



Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Page



8. Instruction Set Summary

Mnemonics Operands Description Operation Flags #Clocks

ARITHMETIC AND LOGIC INSTRUCTIONS

BRANCH INSTRUCTIONS



BIT AND BIT-TEST INSTRUCTIONS

DATA TRANSFER INSTRUCTIONS

MCU CONTROL INSTRUCTIONS

Mnemonics Operands Description Operation Flags #Clocks



Mnemonics Operands Description Operation Flags #Clocks



9. Ordering Information

9.1 ATmega48A 
Speed (MHz) Power Supply (V) Ordering Code Package Operational Range

Package Type

32A

32CC1

28M1

32M1-A

28P3



9.2 ATmega48PA
Speed (MHz) Power Supply (V) Ordering Code Package Operational Range

Package Type

32A

32CC1

28M1

32M1-A

28P3



9.3 ATmega88A
Speed (MHz) Power Supply (V) Ordering Code Package Operational Range

Package Type

32A

32CC1

28M1

32M1-A

28P3



9.4 ATmega88PA
Speed (MHz) Power Supply (V) Ordering Code Package Operational Range

Package Type

32A

32CC1

28M1

32M1-A

28P3



9.5 ATmega168A
Speed (MHz) Power Supply (V) Ordering Code Package Operational Range

Package Type

32A

32CC1

28M1

32M1-A

28P3



9.6 ATmega168PA 
Speed (MHz) Power Supply (V) Ordering Code Package Operational Range

Package Type

32A

32CC1

28M1

32M1-A

28P3



9.7 ATmega328  
Speed (MHz) Power Supply (V) Ordering Code Package Operational Range

Package Type

32A

28M1

28P3

32M1-A



9.8 ATmega328P  
Speed (MHz) Power Supply (V) Ordering Code Package Operational Range

Package Type

32A

28M1

28P3

32M1-A



10. Packaging Information

10.1 32A



10.2 32CC1



10.3 28M1



10.4 32M1-A



10.5 28P3



11. Errata

11.1 Errata ATmega48A

11.1.1 Rev K

Full swing crystal oscillator not supported

Parallel programming timing modified

Write wait delay for NVM is increased

Changed device ID

1. Full swing crystal oscillator not supported

Problem fix/workaround

2. Parallel programming timing modified

3 Write wait delay for NVM is increased

4. Changed device ID

11.1.2 Rev. E to J

Previous die revision Revision K

Symbol Parameter Min Typ. Max Units Min Typ. Max Units

Other revisions Revision K

Symbol Minimum Wait Delay Minimum Wait Delay

Any die revision Previous die revision Revision K

Signature byte address ID 
(Unchanged)

Device ID read via 
debugWIRE

Device ID read via 
debugWIREPart 0x000 0x001 0x002



11.1.3 Rev. D

Analog MUX can be turned off when setting ACME bit

TWI Data setup time can be too short

1. Analog MUX can be turned off when setting ACME bit

Problem Fix/Workaround

2. TWI Data setup time can be too short

Problem Fix/Workaround



11.2 Errata ATmega48PA

11.2.1 Rev K

Full swing crystal oscillator not supported

Parallel programming timing modified

Write wait delay for NVM is increased

1. Full swing crystal oscillator not supported

Problem fix/workaround

2. Parallel programming timing modified

3 Write wait delay for NVM is increased

11.2.2 Rev. E to J

11.2.3 Rev. D

Analog MUX can be turned off when setting ACME bit

TWI Data setup time can be too short

1. Analog MUX can be turned off when setting ACME bit

Problem Fix/Workaround

2. TWI Data setup time can be too short

Previous die revision Revision K

Symbol Parameter Min Typ. Max Units Min Typ. Max Units

Other revisions Revision K

Symbol Minimum Wait Delay Minimum Wait Delay



Problem Fix/Workaround

11.2.4 Rev B to C

11.2.5 Rev. A

Power consumption in power save modes

1.

Problem Fix/Workaround

2. Startup time for the device

Problem Fix/Workaround



11.3 Errata ATmega88A

11.3.1 Rev K

Full swing crystal oscillator not supported

Parallel programming timing modified

Write wait delay for NVM is increased

Changed device ID

Analog MUX can be turned off when setting ACME bit

TWI Data setup time can be too short

1. Full swing crystal oscillator not supported

Problem fix/workaround

2. Parallel programming timing modified

3 Write wait delay for NVM is increased

4. Changed device ID

5. Analog MUX can be turned off when setting ACME bit

Previous die revision Revision K

Symbol Parameter Min Typ. Max Units Min Typ. Max Units

Other revisions Revision K

Symbol Minimum Wait Delay Minimum Wait Delay

Any die revision Previous die revision Revision K

Signature byte address ID 
(Unchanged)

Device ID read via 
debugWIRE

Device ID read via 
debugWIREPart 0x000 0x001 0x002



Problem Fix/Workaround

6. TWI Data setup time can be too short

Problem Fix/Workaround

11.3.2 Rev. G to J

11.3.3 Rev. F

Analog MUX can be turned off when setting ACME bit

TWI Data setup time can be too short

1. Analog MUX can be turned off when setting ACME bit

Problem Fix/Workaround

2. TWI Data setup time can be too short

Problem Fix/Workaround

11.3.4 Rev. A to E



11.4 Errata ATmega88PA

11.4.1 Rev K

Full swing crystal oscillator not supported

Parallel programming timing modified

Write wait delay for NVM is increased

Analog MUX can be turned off when setting ACME bit

TWI Data setup time can be too short

1. Full swing crystal oscillator not supported

Problem fix/workaround

2. Parallel programming timing modified

3 Write wait delay for NVM is increased

4. Analog MUX can be turned off when setting ACME bit

Problem Fix/Workaround

5. TWI Data setup time can be too short

Problem Fix/Workaround

Previous die revision Revision K

Symbol Parameter Min Typ. Max Units Min Typ. Max Units

Other revisions Revision K

Symbol Minimum Wait Delay Minimum Wait Delay



11.4.2 Rev. G to J

11.4.3 Rev. F

Analog MUX can be turned off when setting ACME bit

TWI Data setup time can be too short

1. Analog MUX can be turned off when setting ACME bit

Problem Fix/Workaround

2. TWI Data setup time can be too short

Problem Fix/Workaround

11.4.4 Rev B to E

11.4.5 Rev. A

Power consumption in power save modes

1.

Problem Fix/Workaround

2. Startup time for the device

Problem Fix/Workaround



11.5 Errata ATmega168A

11.5.1 Rev K

Full swing crystal oscillator not supported

Parallel programming timing modified

Write wait delay for NVM is increased

Changed device ID

Analog MUX can be turned off when setting ACME bit

TWI Data setup time can be too short

1. Full swing crystal oscillator not supported

Problem fix/workaround

2. Parallel programming timing modified

3 Write wait delay for NVM is increased

4. Changed device ID

5. Analog MUX can be turned off when setting ACME bit

Previous die revision Revision K

Symbol Parameter Min Typ. Max Units Min Typ. Max Units

Other revisions Revision K

Symbol Minimum Wait Delay Minimum Wait Delay

Any die revision Previous die revision Revision K

Signature byte address ID 
(Unchanged)

Device ID read via 
debugWIRE

Device ID read via 
debugWIREPart 0x000 0x001 0x002



Problem Fix/Workaround

6. TWI Data setup time can be too short

Problem Fix/Workaround

11.5.2 Rev. F to J

11.5.3 Rev. E

Analog MUX can be turned off when setting ACME bit

TWI Data setup time can be too short

1. Analog MUX can be turned off when setting ACME bit

Problem Fix/Workaround

2. TWI Data setup time can be too short

Problem Fix/Workaround

11.5.4 Rev. A to D



11.6 Errata ATmega168PA

11.6.1 Rev K

Full swing crystal oscillator not supported

Parallel programming timing modified

Write wait delay for NVM is increased

Analog MUX can be turned off when setting ACME bit

TWI Data setup time can be too short

1. Full swing crystal oscillator not supported

Problem fix/workaround

2. Parallel programming timing modified

3 Write wait delay for NVM is increased

4. Analog MUX can be turned off when setting ACME bit

Problem Fix/Workaround

5. TWI Data setup time can be too short

Problem Fix/Workaround

Previous die revision Revision K

Symbol Parameter Min Typ. Max Units Min Typ. Max Units

Other revisions Revision K

Symbol Minimum Wait Delay Minimum Wait Delay



11.6.2 Rev. F to J

11.6.3 Rev E

Analog MUX can be turned off when setting ACME bit

TWI Data setup time can be too short

1. Analog MUX can be turned off when setting ACME bit

Problem Fix/Workaround

2. TWI Data setup time can be too short

Problem Fix/Workaround

11.6.4 Rev A to D



11.7 Errata ATmega328

11.7.1 Rev K

Full swing crystal oscillator not supported

Parallel programming timing modified

Write wait delay for NVM is increased

Changed device ID

Analog MUX can be turned off when setting ACME bit

TWI Data setup time can be too short

1. Full swing crystal oscillator not supported

Problem fix/workaround

2. Parallel programming timing modified

3 Write wait delay for NVM is increased

4. Changed device ID

5. Analog MUX can be turned off when setting ACME bit

Previous die revision Revision K

Symbol Parameter Min Typ. Max Units Min Typ. Max Units

Other revisions Revision K

Symbol Minimum Wait Delay Minimum Wait Delay

Any die revision Previous die revision Revision K

Signature byte address ID 
(Unchanged)

Device ID read via 
debugWIRE

Device ID read via 
debugWIREPart 0x000 0x001 0x002



Problem Fix/Workaround

6. TWI Data setup time can be too short

Problem Fix/Workaround

11.7.2 Rev E to J

11.7.3 Rev D

Analog MUX can be turned off when setting ACME bit

TWI Data setup time can be too short

1. Analog MUX can be turned off when setting ACME bit

Problem Fix/Workaround

2. TWI Data setup time can be too short

Problem Fix/Workaround

11.7.4 Rev C

11.7.5 Rev B

Analog MUX can be turned off when setting ACME bit

Unstable 32kHz Oscillator

1. Analog MUX can be turned off when setting ACME bit

Problem Fix/Workaround

2. Unstable 32kHz Oscillator

Problem Fix/ Workaround



11.7.6 Rev A

Analog MUX can be turned off when setting ACME bit

Unstable 32kHz Oscillator

1. Analog MUX can be turned off when setting ACME bit

Problem Fix/Workaround

2. Unstable 32kHz Oscillator

Problem Fix/ Workaround



11.8 Errata ATmega328P

11.8.1 Rev K

Full swing crystal oscillator not supported

Parallel programming timing modified

Write wait delay for NVM is increased

Changed device ID

Analog MUX can be turned off when setting ACME bit

TWI Data setup time can be too short

1. Full swing crystal oscillator not supported

Problem fix/workaround

2. Parallel programming timing modified

3 Write wait delay for NVM is increased

4. Changed device ID

Previous die revision Revision K

Symbol Parameter Min Typ. Max Units Min Typ. Max Units

Other revisions Revision K

Symbol Minimum Wait Delay Minimum Wait Delay

Any die revision Previous die revision Revision K

Signature byte address ID 
(Unchanged)

Device ID read via 
debugWIRE

Device ID read via 
debugWIREPart 0x000 0x001 0x002



5. Analog MUX can be turned off when setting ACME bit

Problem Fix/Workaround

6. TWI Data setup time can be too short

Problem Fix/Workaround

11.8.2 Rev E to J

11.8.3 Rev D

Analog MUX can be turned off when setting ACME bit

TWI Data setup time can be too short

1. Analog MUX can be turned off when setting ACME bit

Problem Fix/Workaround

2. TWI Data setup time can be too short

Problem Fix/Workaround

11.8.4 Rev C

11.8.5 Rev B

Analog MUX can be turned off when setting ACME bit

Unstable 32kHz Oscillator

1. Analog MUX can be turned off when setting ACME bit

Problem Fix/Workaround

2. Unstable 32kHz Oscillator



Problem Fix/ Workaround

11.8.6 Rev A

Unstable 32kHz Oscillator

1. Unstable 32kHz Oscillator

Problem Fix/ Workaround



12. Datasheet Revision History

12.1 Rev. 8271J – 11/2015

12.2 Rev. 8271I – 10/2014

12.3 Rev. 8271H – 08/2014

12.4 Rev. 8271G – 02/2013

12.5 Rev. 8271F – 08/2012



12.6 Rev. 8271E – 07/2012

12.7 Rev. 8271D – 05/11

12.8 Rev. 8271C – 08/10

fosc  fosc



12.9 Rev. 8271B – 04/10

12.10 Rev. 8271A – 12/09
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