Automotive Silicon Errata and Data Sheet Clarification .
ATmega328P Automotive @ MICROCHIP

Introduction

The ATmega328P Automotive devices you have received conform functionally to the current

device data sheet (ww1.microchip.com/downloads/en/DeviceDoc/Atmel-7810-Automotive-Microcontrollers-
ATmega328P_Datasheet.pdf), except for the anomalies described in this document. The errata described in
this document will likely be addressed in future revisions of the ATmega328P Automotive devices.

Note:
+ This document summarizes all the silicon errata issues from all silicon revisions, previous and current



https://ww1.microchip.com/downloads/en/DeviceDoc/Atmel-7810-Automotive-Microcontrollers-ATmega328P_Datasheet.pdf
https://ww1.microchip.com/downloads/en/DeviceDoc/Atmel-7810-Automotive-Microcontrollers-ATmega328P_Datasheet.pdf

1. Silicon Issue Summary
Legend

- Erratum is not applicable.
Erratum is applicable.
This silicon revision was never released to production.

Valid for Silicon Revision
Peripheral Short Description
* -

Device
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2. Silicon Errata Issues
2.1 None

There are no known errata for this silicon.
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3. Data Sheet Clarifications

Note the following typographic corrections and clarifications for the latest version of the device
data sheet (ww1.microchip.com/downloads/en/DeviceDoc/Atmel-7810-Automotive-Microcontrollers-
ATmega328P_Datasheet.pdf).

Note: Corrections are shown in bold. Where possible, the original bold text formatting has been
removed for clarity.

3.1 System Clock and Clock Options

3.1.1 Low-Power Crystal Oscillator

A clarification has been made to Table 8-4 Start-Up Times for the Low-Power Crystal Oscillator Clock
Selection, where 14 CK in the column Additional Delay from Reset (V- = 5.0V) has been replaced by 19
CK. Functional changes are shown in bold.

Table 8-4. Start-Up Times for the Low-Power Crystal Oscillator Clock Selection

Oscillator Source/Power Conditions | Start-Up Time from Power-Down | Additional Delay from

and Power-Save Reset
(Vcc = 5.0V)

Ceramic resonator, fast rising power 258 CK 19 CK + 4 ms(M)
Ceramic resonator, slowly rising power 258 CK 19 CK + 65 ms(")
Ceramic resonator, BOD enabled 1K CK 19 CK®@
Ceramic resonator, fast rising power 1K CK 19 CK + 4 ms®
Ceramic resonator, slowly rising power 1K CK 19 CK + 65 ms@@
Crystal Oscillator, BOD enabled 16K CK 19 CK 1 01
Crystal Oscillator, fast rising power 16K CK 19 CK+4 ms 1 10
Crystal Oscillator, slowly rising power 16K CK 19 CK + 65 ms 1 11
Notes:

1. These options should only be used when not operating close to the maximum device frequency
and only if frequency stability at start-up is unimportant for the application. These options are
not suitable for crystals.

2. These options are intended for use with ceramic resonators and will ensure frequency stability at
start-up. They can also be used with crystals when not operating close to the maximum device
frequency and if frequency stability at start-up is unimportant for the application.

3.1.2  Full Swing Crystal Oscillator

A clarification has been made to Table 8-6 Start-Up Times for the Full Swing Crystal Oscillator Clock
Selection, where 14 CK in the column Additional Delay from Reset (V¢ = 5.0V) has been replaced by 19
CK. Functional changes are shown in bold.

Table 8-6. Start-Up Times for the Full Swing Crystal Oscillator Clock Selection

Oscillator Source/Power Conditions | Start-Up Time from Power-Down | Additional Delay from

and Power-Save Reset
(Vcc = SOV)

Ceramic resonator, fast rising power 258 CK
Ceramic resonator, slowly rising power 258 CK
Ceramic resonator, BOD enabled 1K CK
Ceramic resonator, fast rising power 1K CK
Ceramic resonator, slowly rising power 1K CK
Crystal Oscillator, BOD enabled 16K CK
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19 CK + 4.1 mst)

19 CK + 65 ms()

19 CK®@

19 CK + 4.1 ms®@

19 CK + 65 ms®@

19 CK 1 01
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........... continued

Oscillator Source/Power Conditions | Start-Up Time from Power-Down | Additional Delay from CKSELO| SUT[1:0]
and Power-Save Reset
(Vcc = SOV)
1 10

Crystal Oscillator, fast rising power 16K CK 19CK+4.1ms
Crystal Oscillator, slowly rising power 16K CK 19 CK + 65 ms 1 11
Notes:

1. These options should only be used when not operating close to the maximum device frequency
and only if frequency stability at start-up is not important for the application. These options are
not suitable for crystals.

2. These options are intended for use with ceramic resonators and will ensure frequency stability
at start-up. They can also be used with crystals when not operating close to the maximum
frequency of the device and if frequency stability at start-up is unimportant for the application.

3.1.3 Low-Frequency Crystal Oscillator

A clarification has been made to Table 8-8 Start-Up Times for the Low-Frequency Crystal Oscillator Clock
Selection - SUT Fuses, where 14 CK in the column Additional Delay from Reset (V¢ = 5.0V) has been
replaced by 19 CK. Functional changes are shown in bold.

Table 8-8. Start-Up Times for the Low-Frequency Crystal Oscillator Clock Selection - SUT Fuses

SUT[1:0] Additional Delay from Reset (V¢ = 5.0V) Recommended Usage

00 19 CK Fast rising power or BOD enabled
01 19CK+4.1 ms Slowly rising power

10 19 CK + 65 ms Stable frequency at start-up

11 Reserved

3.1.4 Calibrated Internal RC Oscillator

A clarification has been made to Table 8-11 Start-Up Times for the Calibrated Internal RC Oscillator Clock
Selection - SUT, where 14 CK in the column Additional Delay from Reset (V¢ = 5.0V) has been replaced
by 19 CK. Functional changes are shown in bold.

Table 8-11. Start-Up Times for the Calibrated Internal RC Oscillator Clock Selection - SUT

Start-Up Time from Power-Down and Power-Save Additional Delay from Reset (V¢ = 5.0V) SUT[1 0]

BOD enabled 6 CK 19 CK™

Fast rising power 6 CK 19CK+4ms 01

Slow rising power 6 CK 19 CK + 65 ms®@ 10

Reserved 11
Notes:

1. If the RSTDISBL fuse is programmed, this start-up time will be increased to
19 CK + 4 ms to ensure the programming mode can be entered.

2. The device is shipped with this option selected.
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3.1.5 128 kHz Internal Oscillator

A clarification has been made to Table 8-13 Start-Up Times for the 128 kHz Internal Oscillator, where
14 CK in the column Additional Delay from Reset (V¢ = 5.0V) has been replaced by 19 CK. Functional
changes are shown in bold.

Table 8-13. Start-Up Times for the 128 kHz Internal Oscillator

Power Conditions Start-Up Time from Power-Down and Additional Delay from Reset SUT[1:0]
Power-Save

BOD enabled 19 CK(

Fast rising power 6CK 19 CK+4 ms 01

Slowly rising power 6CK 19 CK + 65 ms 10

Reserved 11
Note:

1. If the RSTDISBL fuse is programmed, this start-up time will be increased to
19 CK + 4 ms to ensure the programming mode can be entered.

3.1.6 External Clock

A clarification has been made to Table 8-15 Start-Up Times for the External Clock Selection, where 14 CK
in the column Additional Delay from Reset (V¢ = 5.0V) has been replaced by 19 CK. Functional changes
are shown in bold.

Table 8-15. Start-Up Times for the External Clock Selection

Power Conditions | Start-Up Time from Power-Down and Power-Save Additional Delay from Reset (V¢ = 5.0V) SUT[1 0]

BOD enabled 6 CK 19 cK(

Fast rising power 6 CK 19 CK+4.1 ms 01

Slow rising power 6 CK 19 CK + 65 ms 10

Reserved 11
Notes:

1. If the RSTDISBL fuse is programmed, this start-up time will be increased to
19 CK + 4 ms to ensure the programming mode can be entered.

2. The device is shipped with this option selected.
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3.2 Power Management and Sleep Modes

3.2.1 Sleep Modes

A clarification for the selection of the appropriate sleep modes and their wake-up sources has been
made.

Figure “Clock Distribution” presents the different clock systems in the ATmega328P Automotive and
their distribution. The figure helps select an appropriate sleep mode. The table below shows the
various sleep modes and their wake-up sources BOD disable ability.

Table 9-1. Active Clock Domains and Wake-up Sources in the Different Sleep Modes

Active Clock Domains Oscillators Wake-Up Sources
15

9 o
%3 & = s .
Sc 3 g |8 8 v 9
2 ey S s |T & Q s 3
2| 3 25 |88 % £ |25 3 | S| g8
Sleep 51 21 © 2 2] o= o g | < 5 |3 g _ = 20
X | X X X X £ [ £ 9 ) g S
Mode S|TS| 3T | T S 3 = z B s |5 2| |3 S
Idle X X X X(2) X X ™ = ~
/Ii:eDdCutltci)(l)sr? S X X2  x x x2 x x X
rover e | x a—
z:\\;\;er- X x(2) X X X X X
Standby(1)
Standby. X2 x x® x

Notes:
1. Only recommended with an external crystal or resonator selected as the clock source.

2. If Timer/Counter2 is running in Asynchronous mode.

Write the SE bit in the Sleep Mode Control (SMCR) register to logic one, and execute a SLEEP
instruction to enter any six sleep modes. The SM2, SM1, and SMO bits in the SMCR register select
which sleep mode (ldle, ADC Noise Reduction, Power-Down, Power-Save, Standby, or Extended
Standby) to be activated by the SLEEP instruction. See Table “Sleep Mode Select” 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 register file and SRAM contents are
unaltered when the device wakes up from a sleep mode. If a reset occurs during a sleep mode, the
MCU wakes up and executes from the Reset Vector.
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3.3 Interrupts

3.3.1 Interrupt Vectors in ATmega328P Automotive

A clarification for the source names of the Interrupt vectors has been made to comply with the
header file naming convention.

Table 11-1. Reset and Interrupt Vectors in ATmega328P Automotive

Program Address(2) Interrupts definition

0x0000(1) RESET External pin, Power-on Reset, Brown-out Reset and Watchdog System
Reset
2 0x0002 INTO External Interrupt Request 0
3 0x0004 INT1 External Interrupt Request 1
4 0x0006 PCINTO Pin Change Interrupt Request 0
5 0x0008 PCINT1 Pin Change Interrupt Request 1
6 0x000A PCINT2 Pin Change Interrupt Request 2
7 0x000C WDT Watchdog Time-out Interrupt
8 0x000E TIMER2_COMPA Timer/Counter2 Compare Match A
9 0x0010 TIMER2_COMPB Timer/Coutner2 Compare Match B
10 0x0012 TIMER2_OVF Timer/Counter2 Overflow
11 0x0014 TIMER1_CAPT  Timer/Counter1 Capture Event
12 0x0016 TIMER1_COMPA Timer/Counter1 Compare Match A
13 0x0018 TIMER1_COMPB Timer/Coutner1 Compare Match B
14 0x001A TIMER1_OVF Timer/Counter1 Overflow
15 0x001C TIMERO_COMPA Timer/Counter0 Compare Match A
16 0x001E TIMERO_COMPB Timer/Coutner0 Compare Match B
17 0x0020 TIMERO_OVF Timer/Counter0 Overflow
18 0x0022 SPI_STC SPI Serial Transfer Complete
19 0x0024 USART_RX USART Rx complete
20 0x0026 USART_UDRE USART Data Register Empty
21 0x0028 USART_TX USART Tx complete
22 0x002A ADC ADC Conversion complete
23 0x002C EE_READY EEPROM Ready
24 0x002E ANALOG_COMP Analog Comparator
25 0x0030 TWI Two-wire Serial Interface (I2C)
26 0x0032 SPM_READY Store Program Memory Ready
Notes:

1. When the BOOTRST fuse is programmed, the device will jump to the boot loader address at
Reset. See “Boot Loader Support - Read-While-Write Self- Programming”.

2. When setting the IVSEL bit in MCUCR, Interrupt Vectors will be moved to the start of the boot
Flash section. The address of each Interrupt Vector will then be the address in this table added
to the start address of the boot Flash section.

The most typical and general program setup for the Reset and Interrupt Vector Addresses for
ATmega328P Automotive is:

Address Labels Code Comments
0x0000 Jjmp RESET ; Reset
0x0001 Jmp INTO ; IRQO
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0x0002
0x0003
0x0004
0x0005
0x0006
0x0007
0x0008
0x0009
0x000A
0x000B
0x000C
0x000C
0x000E
0x000F
0x0010
0x0011
0x0012
0x0013
0x0014
0x0015
0x0016
0x0017
0x0018
0x0019

0x001A
0x001B
0x001C
0x001D
0x001E
0x001F

RESET:

jmp
jmp
jmp
jmp
jmp
jmp
jmp
jmp
jmp
jmp
jmp
jmp
jmp
jmp
jmp
jmp
jmp
jmp
jmp
jmp
jmp
jmp
jmp
jmp

1di
out
1di
out
sei
<instr>

INT1

PCINTO
PCINT1
PCINT2

WDT

TIMER2 COMPA
TIMER2 COMPB
TIMER2 OVF
TIMER1 CAPT
TIMER1 COMPA
TIMER1 COMPB
TIMER1 OVF
TIMERO COMPA
TIMERO COMPB
TIMERO OVF
SPI_STC
USART RXC
USART UDRE
USART_TXC
ADC

EE READY

ANA COMP

TWI
SPM_READY

rl6, high (RAMEND)
SPH,rl6
rl6, low (RAMEND)
SPL, rl6

XXX

3.4 16-bit Timer/Counterl with PWM

3.4.1

Fast PWM Mode in ATmega328P Automotive

; IRQ1

; PCINTO

; PCINTI1

; PCINT2

; Watchdog Timeout
; Timer2 CompareA

; Timer2 CompareB

; Timer2 Overflow

; Timerl Capture

; Timerl CompareA

; Timerl CompareB

; Timerl Overflow

; TimerO CompareA

; TimerO CompareB

; Timer0O Overflow

; SPI Transfer Complete
; USART RX Complete
; USART UDR Empty

; USART TX Complete
; ADC Conversion Complete
; EEPROM Ready

; Analog Comparator
; 2-wire Serial

; SPM Ready

; Main program start
; Set Stack Pointer to top of RAM

; Enable interrupts

A clarification for the description of the COMnx1:0 in the Timer/Counter1 PWM Mode has been

made.

The procedure for updating ICR1 differs from updating OCR1A when used for defining the TOP
value. The ICR1 register is not double-buffered, meaning that if ICR1 is changed to a low value when
the counter is running with none or a low prescaler value, there is a risk that the new ICR1 value
written is lower than the current value of TCNT1. Then the result will be that the counter will miss
the compare match at the TOP value. The counter will then have to count to the MAX value (OxFFFF)
and wrap around starting at 0x0000 before the compare match can occur. The OCR1A register,
however, is double-buffered. This feature allows the OCR1A 1/0O location to be written anytime. When
the OCR1TA I/0 location is written, the written value adds to the OCR1A buffer register. The OCRTA
compare register will then be updated with the value in the buffer register at the next timer clock
cycle TCNT1 matches TOP. The update is done at the same timer clock cycle as the TCNT1 is cleared,
and the TOV1 flag is set.

Defining TOP using the ICR1 register works well when using fixed TOP values. By using ICR1, the
OCR1A register is free to be used to generate a PWM output on OC1A. However, if the base PWM
frequency is changed actively (by changing the TOP value), using the OCR1A as TOP is a better choice

due to its double buffer feature.

In fast PWM mode, the compare units allow the generation of PWM waveforms on the OC1x
pins. Setting the COM1x1:0 bits to two will produce a non-inverted PWM. If setting the
COM1x1:0 to three (see Table “Compare Output Mode, Fast PWM"), an inverted PWM output

is generated. The actual OC1x value will only be visible on the port pin if the data direction for

the port pin is set as output (DDR_OC1x). The PWM waveform is generated by setting (or clearing)
the OC1x register at the compare match between OCR1x and TCNT1. Clearing (or setting) the OC1x
register at the timer clock cycle, the counter is cleared (changes from TOP to BOTTOM).
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3.5 ADC - Block Diagram

3.5.1 ADC - Analog-to-Digital Converter Block Diagram
A clarification for the Analog-to-Digital Converter (ADC) block diagram has been made.

In the ADC block diagram ADFR is changed to ADATE, and ADSC is now bidirectional.

Figure 23-1. Analog-to-Digital Converter Block Schematic Operation
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3.6 Electrical Characteristics

3.6.1 Electrical Characteristics

All DC/AC characteristics in this data sheet are based on characterization of Microchip ATmega328P
Automotive AVR® microcontroller manufactured in an automotive process technology.

3.6.1.1 Absolute Maximum Ratings
Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to
the device, as this is a stress rating only. Functional operation of the device at these or any other
conditions beyond those indicated in the operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

S T S NS T

Operating temperature +125

Storage temperature -65 +150 °C
l/(;)lgtfogjn%n any pin except RESET with respect 05 Ve +0.5 vV

Voltage on RESET with respect to ground -0.5 +13.0 \Y

Maximum Operating Voltage 6.0 \Y

DC current per I/0 pin 40.0 mA
DC current Vcc and GND pins 200.0 mA
Injection current at Vcc = 0V +5.0(1) mA
Injection current at Vcc =5V +1.0 mA
Note:

1. Maximum current per port = +30 mA

3.6.1.2 DC Characteristics

A clarification for Analog Comparator Input Offset Voltage has been made. Two more characteristics
in bold have been added.

Ta =-40°C to +125°C, V¢ = 2.7V to 5.5V (unless otherwise noted)

Input low-voltage, except

- (M

XTAL1 and RESET pin Ve =2.7-5.5V Vic 0.5 0.3Vec
Input high-voltage, except Ver = 2.7-5.5V v 0.6V Ver + 05 vV
XTAL1 and RESET pins E bl L e
Input low-voltage, _ M
XTAL1 pin Vce = 2.7-5.5V Vi1 -0.5 0.1Vc(¢ \
Input high-voltage, 55 )
XTAL1 pin Vcc = 2.7-5.5V ViH1 0.7Vcc Vcc + 0.5 Vv
Input low-voltage, P ~ M
RESET pin Vce = 2.7-5.5V ViL2 0.5 0.1Vcc \
Input high-voltage, _ Q)
RESET pin Vcc = 2.7-5.5V ViH2 0.9Vcc Vce + 0.5 Vv

g (3) |O|_ =20 mA, VCC =5V 0.8
Output low-voltage loL = 5 MA, Ve = 3V VoL 05 \Y
Output high- voltage¥ loH = -20 mA, Vcc = 5V Ve 4.1 %

lon=-10 mA, Vcc =3V 2.3
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........... continued

Input leakage Vce =5.5Y, pin low | A
current 1/0 pin (absolute value) IL H
Input leakage Vce =5.5Y, pin high | 1 A
current I/0 pin (absolute value) IH H
Reset pull-up resistor RRsT 30 60 kQ
I/0 pin pull-up resistor Rpy 20 50 kQ
Analog Comparator Vcc =5V

Input Offset Voltage Vin =Vcc/2 Vacio <10 40 mv
Analog Comparator Vcc <3.6V )

Input Offset Voltage Vin < 0.5V Vacio <13 60 mV
Analog Comparator Vcc > 3.6V (5)

Input Offset Voltage Vijn < 0.5V Vacio <13 500 mv
Analog Comparator Vcc =5V

Input Leakage current Vin = Vcc/2 ACLK =t = s
Analog Comparator Vec =27V ¢ 750 s
Propagation Delay Vce =4.0V ACID 500

Notes:

1. “Max.” means the highest value where the pin is ensured to be read as low.
2. “Min.” means the lowest value where the pin is ensured to be read as high.

3. Although each I/0 port can sink more than the test conditions (20 mA at Vcc = 5V, 10 mA at Vcc = 3V) under steady-state
conditions (non-transient), observe the following:

a. For ports CO - C5, the sum of all IgL may not exceed 100 mA.
b. For ports BO - B5, D5 - D7, XTAL1 and XTAL2, the sum of all [p|. may not exceed 100 mA.
c. For ports DO - D4, the sum of all IgL. may not exceed 100 mA.

If loL exceeds the test condition, Vo may exceed the related specification. Pins are not ensured to sink a current higher
than the listed test condition.

4. Although each I/0 port can source more than the test conditions (20 mA at Vcc =5V, 10 mA at Vcc = 3V) under
steady-state conditions (non-transient), observe the following:

a. For ports CO - C5 and DO- D4, the sum of all gy may not exceed 150 mA.
b. For ports BO - B5, D5 - D7, XTAL1 and XTAL2, the sum of all IoH may not exceed 150 mA.

If lon exceeds the test condition, Voq may exceed the related specification. Pins are not ensured to source a current
higher than the listed test condition.

5. These values are based on characterization. The maximum limit is not tested in production and, therefore, cannot be
ensured.

Ta =-40°C to +125°C, V¢ = 2.7V to 5.5V (unless otherwise noted)
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Active 4 MHz, Vcc = 3V

Active 8 MHz, Vcc = 5V 5.2 10 mA
Active 16 MHz, Vcc = 5V 9.2 14 mA
Power supply current(!)
Idle 4 MHz, Ve = 3V 0.25 0.6 mA
Idle 8 MHz, Ve = 5V | 1.0 1.6 mA
Idle 16 MHz, Vcc = 5V cc 1.9 2.8 mA
WDT enabled, Vcc = 3V 44 HA
WDT enabled, Vcc = 5V 66 A
Power-down mode(3) : cc _
WDT disabled, Ve = 3V 40 LA
WDT disabled, Vcc = 5V 60 MA

Notes:
1. Values with Section “Minimizing Power Consumption” enabled (OxFF).
2. Typical values at 25°C. Maximum values are test limits in production.

3. The current consumption values include input leakage current.

3.7 Ordering Information

3.7.1 Ordering Information

A clarification has been made to tables titled ‘Package Type' for all devices documented in the data
sheet:

* A note to the PN row was added informing that the package type can be delivered in two
different styles

Package Type

MA 32-lead, (7x7x1.0 mm) Plastic Thin Quad Flat Package (TQFP)
PN 32-pad, (5x5x0.9 mm) body, Lead Pitch 0.50 mm Thin Plastic Quad Flat No-Lead (VQFN)
Note:

1. This package type can be delivered with two different styles in reference numbers ‘C04-21400'
(punched) and ‘C04-21395' (sawn), as shown in section 3.8.1. PN. For PCB layouts, it is
recommended to consider both recommended land patterns.
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3.8 Packaging Information

3.8.1 PN

32-Lead Thin Plastic Quad Flat, No Lead Package (S4B) - 5x5 mm Body [VQFN]
Punch Singulated; 3.10x3.10 mm Exposed Pad

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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32-Lead Thin Plastic Quad Flat, No Lead Package (S4B) - 5x5 mm Body [VQFN]
Punch Singulated; 3.10x3.10 mm Exposed Pad

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

Units MILLIMETERS

Dimension Limits|  MIN | NOM [ MmAX
Number of Terminals N 32
Pitch e 0.50 BSC
Overall Height A 0.80 0.85 1.00
Standoff A1 0.00 0.02 0.05
Mold Cap Thickness A2 - 0.65 0.70
Terminal Thickness A3 0.20 REF
Overall Length D 5.00 BSC
Mold Cap Length D1 4.75 BSC
Exposed Pad Length D2 205 | 310 | 325
Overall Width E 5.00 BSC
Mold Cap Width E1 4.75 BSC
Exposed Pad Width E2 2.95 3.10 3.25
Terminal Width b 0.18 0.23 0.30
Terminal Length L 0.30 0.40 0.50
Terminal-to-Exposed-Pad K 0.20 - -

Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Package is punch singulated
3. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-21400 Rev B Sheet 2 of 2
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32-Lead Thin Plastic Quad Flat, No Lead Package (S4B) - 5x5 mm Body [VQFN]
Punch Singulated; 3.10x3.10 mm Exposed Pad

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

| C1 i
| X2 |

- F4000000p
=3 O é’gJ
wel S5 5 o= !
- =10 o o] = e
| = C O i
S 00000000 I

ARSI
SILK SCREEN / X1
L*

RECOMMENDED LAND PATTERN

Units MILLIMETERS

Dimension Limits|  MIN | Nom | MmAX
Contact Pitch E 0.50 BSC
Optional Center Pad Width X2 3.25
Optional Center Pad Length Y2 3.25
Contact Pad Spacing C1 4.90
Contact Pad Spacing C2 4.90
Contact Pad Width (X32) X1 0.30
Contact Pad Length (X32) Y1 0.85
Contact Pad to Center Pad (X32) G1 0.40
Contact Pad to Contact Pad (X28) | G2 0.20
Thermal Via Diameter V 0.33
Thermal Via Pitch EV 1.20

Notes:

1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

2. For best soldering results, thermal vias, if used, should be filled or tented to avoid solder loss during
reflow process

Microchip Technology Drawing C04-23400 Rev B
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32-Lead Very Thin Plastic Quad Flat, No Lead Package (UBB) - 5x5x0.9 mm Body [VQFN]
With 3.1x3.1 mm Exposed Pad; Atmel Legacy Global Package Code ZMF

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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32-Lead Very Thin Plastic Quad Flat, No Lead Package (UBB) - 5x5x0.9 mm Body [VQFN]
With 3.1x3.1 mm Exposed Pad; Atmel Legacy Global Package Code ZMF

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

/ T \

\ \

N\ / \ /
T~ DETAILA

ALTERNATE TERMINAL
CONFIGURATIONS

Units MILLIMETERS

Dimension Limits|  MIN [ NOM | MAX
Number of Terminals N 32
Pitch e 0.50 BSC
Overall Height A 0.80 0.85 0.90
Standoff A1 0.00 0.02 0.05
Terminal Thickness A3 0.203 REF
Overall Length D 5.00 BSC
Exposed Pad Length D2 300 | 310 | 320
Overall Width E 5.00 BSC
Exposed Pad Width E2 3.00 3.10 3.20
Terminal Width b 0.18 0.25 0.30
Terminal Length L 0.30 0.40 0.50
Terminal-to-Exposed-Pad K 0.20 - -

Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Package is saw singulated
3. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.
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32-Lead Very Thin Plastic Quad Flat, No Lead Package (UBB) - 5x5x0.9 mm Body [VQFN]
With 3.1x3.1 mm Exposed Pad; Atmel Legacy Global Package Code ZMF

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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RECOMMENDED LAND PATTERN

Units MILLIMETERS

Dimension Limits| ~ MIN | NoMm | MAX
Contact Pitch E 0.50 BSC
Center Pad Width X2 3.20
Center Pad Length Y2 3.20
Contact Pad Spacing C1 5.00
Contact Pad Spacing C2 5.00
Contact Pad Width (X32) X1 0.30
Contact Pad Length (X32) Y1 0.80
Contact Pad to Center Pad (X32) G1 0.20
Contact Pad to Contact Pad (X28) | G2 0.20
Thermal Via Diameter V 0.33
Thermal Via Pitch EV 1.20

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

2. For best soldering results, thermal vias, if used, should be filled or tented to avoid solder loss during
reflow process
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3.9 Package Marking Information

Legend: XX..X Customer-specific information or Microchip part number

Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)

ww Week code (week of January 1 is week ‘01’)

NNN  Alphanumeric traceability code

@ Pb-free JEDEC®designator for Matte Tin (Sn)

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available

characters for customer-specific information.

3.9.1 32-Pin TQFP

QOO0

General

OO

O 1 [—

XXXXXXXX 5 =

XXXXXXXX = —
1 [—

XXXXXXXX [ —

YYWWNNN = =

Jutuiutut

3.9.2 32-Pin VQFN

General

Example

OO

O
Atmel
MEGA328P
-15AZ
2131548

Inn

Jutuuuty

Example

CI

PIN 1—/

CILCILCITCICTICILCT

CICITLCITCITCICICTLCT

rararar3ra rarjra

XXXXXXXX
XXXXXXXX
XXXXXXXX
YYWWNNN

rarara ra 3 r3 03679

CITCITCITCITCICICTILCT

CICITLCITCITCICICTLCT

MEGA328P
-15MZ
2131 TH
2131548

rararar3rararjra

rarara ra 3 r3 03679
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4. Document Revision History
Note: The document revision is independent of the silicon revision.

4.1 Revision History

B 04/2024 .  pocument:

- Editorial updates
+ Added new data sheet clarifications:
- System Clock and Clock Options:
+  3.1.1. Low-Power Crystal Oscillator

* 3.1.2. Full Swing Crystal Oscillator

+ 3.1.3. Low-Frequency Crystal Oscillator
+ 3.1.4. Calibrated Internal RC Oscillator
+ 3.1.5. 128 kHz Internal Oscillator

+  3.1.6. External Clock

A 11/2022 Initial release of this document
+ Errata content moved from the data sheet and restructured to the new document template
+ Data sheet clarifications added:
- Power Management and Sleep Modes: 3.2.1. Sleep Modes
- Interrupts: 3.3.1. Interrupt Vectors in ATmega328P Automotive
- 16-bit Timer/Counter1 with PWM: 3.4.1. Fast PWM Mode in ATmega328P Automotive
- ADC - Block Diagram: 3.5.1. ADC - Analog-to-Digital Converter Block Diagram
- Electrical Characteristics: 3.6.1.2. DC Characteristics
- Ordering Information: 3.7.1. Ordering Information
- Packaging Information: 3.8.1. PN
- Package Marking: 3.9. Package Marking Information
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Microchip Information
The Microchip Website

Microchip provides online support via our website at www.microchip.com/. This website is used to
make files and information easily available to customers. Some of the content available includes:

+ Product Support - Data sheets and errata, application notes and sample programs, design
resources, user’'s guides and hardware support documents, latest software releases and archived
software

+ General Technical Support - Frequently Asked Questions (FAQs), technical support requests,
online discussion groups, Microchip design partner program member listing

+ Business of Microchip - Product selector and ordering guides, latest Microchip press releases,
listing of seminars and events, listings of Microchip sales offices, distributors and factory
representatives

Product Change Notification Service

Microchip’s product change notification service helps keep customers current on Microchip
products. Subscribers will receive email notification whenever there are changes, updates, revisions
or errata related to a specified product family or development tool of interest.

To register, go to www.microchip.com/pcn and follow the registration instructions.

Customer Support

Users of Microchip products can receive assistance through several channels:
+ Distributor or Representative

+ Local Sales Office

+ Embedded Solutions Engineer (ESE)

+ Technical Support

Customers should contact their distributor, representative or ESE for support. Local sales offices are
also available to help customers. A listing of sales offices and locations is included in this document.

Technical support is available through the website at: www.microchip.com/support

Microchip Devices Code Protection Feature
Note the following details of the code protection feature on Microchip products:

* Microchip products meet the specifications contained in their particular Microchip Data Sheet.

+ Microchip believes that its family of products is secure when used in the intended manner, within
operating specifications, and under normal conditions.

+ Microchip values and aggressively protects its intellectual property rights. Attempts to breach the
code protection features of Microchip product is strictly prohibited and may violate the Digital
Millennium Copyright Act.

* Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its
code. Code protection does not mean that we are guaranteeing the product is “unbreakable”.
Code protection is constantly evolving. Microchip is committed to continuously improving the
code protection features of our products.

Legal Notice

This publication and the information herein may be used only with Microchip products, including
to design, test, and integrate Microchip products with your application. Use of this information

in any other manner violates these terms. Information regarding device applications is provided

only for your convenience and may be superseded by updates. It is your responsibility to ensure
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that your application meets with your specifications. Contact your local Microchip sales office for
additional support or, obtain additional support at www.microchip.com/en-us/support/design-help/
client-support-services.

THIS INFORMATION IS PROVIDED BY MICROCHIP "AS IS". MICROCHIP MAKES NO REPRESENTATIONS
OR WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY

OR OTHERWISE, RELATED TO THE INFORMATION INCLUDING BUT NOT LIMITED TO ANY IMPLIED
WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, AND FITNESS FOR A PARTICULAR
PURPOSE, OR WARRANTIES RELATED TO ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDIRECT, SPECIAL, PUNITIVE, INCIDENTAL, OR
CONSEQUENTIAL LOSS, DAMAGE, COST, OR EXPENSE OF ANY KIND WHATSOEVER RELATED TO THE
INFORMATION OR ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS BEEN ADVISED OF THE
POSSIBILITY OR THE DAMAGES ARE FORESEEABLE. TO THE FULLEST EXTENT ALLOWED BY LAW,
MICROCHIP'S TOTAL LIABILITY ON ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION OR

ITS USE WILL NOT EXCEED THE AMOUNT OF FEES, IF ANY, THAT YOU HAVE PAID DIRECTLY TO
MICROCHIP FOR THE INFORMATION.

Use of Microchip devices in life support and/or safety applications is entirely at the buyer's risk,

and the buyer agrees to defend, indemnify and hold harmless Microchip from any and all damages,
claims, suits, or expenses resulting from such use. No licenses are conveyed, implicitly or otherwise,
under any Microchip intellectual property rights unless otherwise stated.

Trademarks

The Microchip name and logo, the Microchip logo, Adaptec, AVR, AVR logo, AVR Freaks, BesTime,
BitCloud, CryptoMemory, CryptoRF, dsPIC, flexPWR, HELDO, IGLOO, JukeBlox, KeeLoq, Kleer,
LANCheck, LinkMD, maXStylus, maXTouch, MediaLB, megaAVR, Microsemi, Microsemi logo, MOST,
MOST logo, MPLAB, OptoLyzer, PIC, picoPower, PICSTART, PIC32 logo, PolarFire, Prochip Designer,
QTouch, SAM-BA, SenGenuity, SpyNIC, SST, SST Logo, SuperFlash, Symmetricom, SyncServer,
Tachyon, TimeSource, tinyAVR, UNI/O, Vectron, and XMEGA are registered trademarks of Microchip
Technology Incorporated in the U.S.A. and other countries.

AgileSwitch, ClockWorks, The Embedded Control Solutions Company, EtherSynch, Flashtec, Hyper
Speed Control, HyperLight Load, Libero, motorBench, mTouch, Powermite 3, Precision Edge,
ProASIC, ProASIC Plus, ProASIC Plus logo, Quiet-Wire, SmartFusion, SyncWorld, TimeCesium,
TimeHub, TimePictra, TimeProvider, and ZL are registered trademarks of Microchip Technology
Incorporated in the U.S.A.

Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any Capacitor, Anyln, AnyOut,
Augmented Switching, BlueSky, BodyCom, Clockstudio, CodeGuard, CryptoAuthentication,
CryptoAutomotive, CryptoCompanion, CryptoController, dsPICDEM, dsPICDEM.net, Dynamic
Average Matching, DAM, ECAN, Espresso T1S, EtherGREEN, EyeOpen, GridTime, IdealBridge,

IGaT, In-Circuit Serial Programming, ICSP, INICnet, Intelligent Paralleling, IntelliMOS, Inter-Chip
Connectivity, JitterBlocker, Knob-on-Display, MarginLink, maxCrypto, maxView, memBrain, Mindi,
MiWi, MPASM, MPF, MPLAB Certified logo, MPLIB, MPLINK, mSiC, MultiTRAK, NetDetach, Omniscient
Code Generation, PICDEM, PICDEM.net, PICkit, PICtail, Power MOS IV, Power MOS 7, PowerSmart,
PureSilicon, QMatrix, REAL ICE, Ripple Blocker, RTAX, RTG4, SAM-ICE, Serial Quad 1/0, simpleMAP,
SimpliPHY, SmartBuffer, SmartHLS, SMART-LS., storClad, SQI, SuperSwitcher, SuperSwitcher II,
Switchtec, SynchroPHY, Total Endurance, Trusted Time, TSHARC, Turing, USBCheck, VariSense,
VectorBlox, VeriPHY, ViewSpan, WiperLock, XpressConnect, and ZENA are trademarks of Microchip
Technology Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated in the U.S.A.

The Adaptec logo, Frequency on Demand, Silicon Storage Technology, and Symmcom are registered
trademarks of Microchip Technology Inc. in other countries.

GestlC is a registered trademark of Microchip Technology Germany Il GmbH & Co. KG, a subsidiary
of Microchip Technology Inc., in other countries.
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All other trademarks mentioned herein are property of their respective companies.
© 2024, Microchip Technology Incorporated and its subsidiaries. All Rights Reserved.
ISBN: 978-1-6683-4425-5

Quality Management System

For information regarding Microchip's Quality Management Systems, please visit
www.microchip.com/quality.
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