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28.1.5 Communication Functions

SCL Serial Clock for TWI

SDA Serial Data for TWI

SCLIN Serial Clock In for TWI when external driver interface is enabled
SCLOUT Serial Clock Out for TWI when external driver interface is enabled
SDAIN Serial Data In for TWI when external driver interface is enabled
SDAOUT Serial Data Out for TWI when external driver interface is enabled
XCKn Transfer Clock for USART n

RXDn Receiver Data for USART n

TXDn Transmitter Data for USART n

SS Slave Select for SPI

MOSI Master Out Slave In for SPI

MISO Master In Slave Out for SPI

SCK Serial Clock for SPI

28.1.6 Oscillators, Clock, and Event

TOSCn Timer Oscillator pin n

XTALnN Input/Output for Oscillator pin n
CLKOUT Peripheral Clock Output
EVOUT Event Channel Output
RTCOUT RTC Clock Source Output

28.1.7 Debug/system Functions

RESET Reset pin
PDI_CLK Program and Debug Interface Clock pin
PDI_DATA Program and Debug Interface Data pin

28.2 Alternate Pin Functions

The tables below show the primary/default function for each pin on a port in the first column, the pin number in the
second column, and then all alternate pin functions in the remaining columns. The head row shows what peripheral that
enable and use the alternate pin functions.

For better flexibility, some alternate functions also have selectable pin locations for their functions, this is noted under the
first table where this apply.
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PIN # INTERRUPT TCCO AWEXC TCC1 | USARTCO SPIC TWIC | CLOCKOUT EVENTOUT

PC6 22 SYNC 0OCO0DLS MISO RTCOUT

PC7 23 SYNC OCODHS SCK clkper EVOUT
GND 24

vce 25

Notes: 1. Pin mapping of all TCO can optionally be moved to high nibble of port.

2. If TCO is configured as TC2 all eight pins can be used for PWM output.

3. Pin mapping of all USARTO can optionally be moved to high nibble of port.

4. Pins MOSI and SCK for all SPI can optionally be swapped.

5. CLKOUT can optionally be moved between port C, D, and E and between pin 4 and 7.
6

EVOUT can optionally be moved between port C, D, and E and between pin 4 and 7.

Table 28-4. Port D - Alternate Functions

PIN# INTERRUPT USARTDO CLOCKOUT EVENTOUT
PDO 26 SYNC OCOA

PD1 27 SYNC 0CoB XCKO

PD2 28 | SYNC/ASYNC ococ RXDO

PD3 29 SYNC 0CoD TXDO

PD4 30 SYNC S

PD5 31 SYNC MOSI

PD6 32 SYNC MISO

PD7 33 SYNC SCK Clkper EVOUT
GND 34

vce 35

Table 28-5. Port E - Alternate Functions

PORTE PIN#  INTERRUPT TCEO USARTEO TOSC TWIE CLOCKOUT EVENTOUT
PEO 36 SYNC OCOA SDA
PE1 37 SYNC 0CoB XCKO ScCL
PE2 38 SYNC/ASYNC ococ RXDO
PE3 39 SYNC 0CoD TXDO
PE4 40 SYNC
PE5 41 SYNC
PE6 42 SYNC TOSC2
PE7 43 SYNC TOSCH1 Clkper EVOUT
GND 44
vce 45
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32.1.11 Power-on Reset Characteristics

Table 32-16. Power-on Reset Characteristics

Symbol | Parameter Condition
Vc falls faster than 1V/ms 0.4 1.0
Vpor.!" | POR threshold voltage falling Vo
V¢ falls at 1V/ms or slower 0.8 1.3 \Y
Veor+ POR threshold voltage rising V¢ 1.3 1.59
Note: 1. Vpor. values are only valid when BOD is disabled. When BOD is enabled Vpgr. = Vpors-

32.1.12 Flash and EEPROM Memory Characteristics

Table 32-17. Endurance and Data Retention

Symbol | Parameter Condition Min. Typ. Max. Units
25°C 10K
Write/Erase cycles 85°C 10K Cycle
Flash 105°C 2K
25°C 100
Data retention 85°C 25 Year
105°C 10
25°C 100K
Write/Erase cycles 85°C 100K Cycle
EEPROM 105°C 30K
25°C 100
Data retention 85°C 25 Year
105°C 10

Table 32-18. Programming Time

Parameter Condition
Chip erase ) 32KB Flash, EEPROM 50
Application erase Section erase 6
Page erase 4
Flash Page write 4
ms
Atomic page erase and write 8
Page erase 4
EEPROM Page write 4
Atomic page erase and write 8
Notes: 1. Programming is timed from the 2MHz internal oscillator.
2. EEPROM is not erased if the EESAVE fuse is programmed.
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Table 32-25. External Clock with Prescaler () for System Clock

Parameter Condition

Ve =1.6-1.8V 0 90

1tk Clock Frequency @ MHz
Ve =2.7 - 3.6V 0 142
Vec=1.6-1.8V 11

tek Clock Period
Ve =2.7-3.6V 7
Ve =1.6-1.8V 4.5

ten Clock High Time
Vee =2.7-3.6V 2.4
Vee =1.6-1.8V 45

toL Clock Low Time ns
Vee =2.7-3.6V 2.4
Vee=1.6-1.8V 15

tcr Rise Time (for maximum frequency)
Vee=2.7-3.6V 1.0
Ve =1.6-1.8V 1.5

ter Fall Time (for maximum frequency)
Vg =2.7 - 3.6V 1.0

Atek Change in period from one clock cycle to the next 10 %

Notes: 1. System Clock Prescalers must be set so that maximum CPU clock frequency for device is not exceeded.

2. The maximum frequency vs. supply voltage is linear between 1.6V and 2.7V, and the same applies for all other parameters with supply voltage conditions.

32.1.13.7 External 16MHz Crystal Oscillator and XOSC Characteristics

Table 32-26. External 16MHz Crystal Oscillator and XOSC Characteristics

Symbol Parameter Condition
FRQRANGE=0 0
XOSCPWR=0
Cycle to cycle jitter FRQRANGE=1, 2, or 3 0
XOSCPWR=1 0
ns
FRQRANGE=0 0
XOSCPWR=0
Long term jitter FRQRANGE=1, 2, or 3 0
XOSCPWR=1 0
FRQRANGE=0 0.03
XOSCPWR=0 FRQRANGE=1 0.03
Frequency error
FRQRANGE=2 or 3 0.03
XOSCPWR=1 0.003
%
FRQRANGE=0 50
XOSCPWR=0 FRQRANGE=1 50
Duty cycle
FRQRANGE=2 or 3 50
XOSCPWR=1 50
XMEGA D3 [DATASHEET 76
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Symbol Parameter Condition Min. Typ.
c Parasitic capacitance 5.9
ATAC XTAL1 pin ’
c Parasitic capacitance 8.3 pF
XTALZ  XTAL1 pin ’
CLoap Parasitic capacitance load 3.5
Note: 1. Numbers for negative impedance are not tested in production but guaranteed from design and characterization.

32.3.13.8 External 32.768kHz Crystal Oscillator and TOSC Characteristics

Table 32-85. External 32.768kHz Crystal Oscillator and TOSC Characteristics

Parameter Condition
Crystal load capacitance 6.5pF 60
Recommended crystal
ESR/R1 equivalent series Crystal load capacitance 9.0pF 35 kQ
resistance (ESR) )
Crystal load capacitance 12pF 28
Parasitic capacitance
Crosct  T0SCA pin 3.5
pF
Parasitic capacitance
Crosc2  108C2 pin e
ROBITITENEEE S Capacitance load matched to crystal specification 3
factor
Note: See Figure 32-18 for definition.

Figure 32-18.TOSC Input Capacitance

||C|_1 l CLo |

TOSC1 Device internal TOSC2

External

32.768 kHz crystal

The parasitic capacitance between the TOSC pins is C,; + C, in series as seen from the crystal when oscillating without
external capacitors.
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Table 32-86. SPI Timing Characteristics and Requirements

Parameter Condition
e SCK period Master )((?/Ieé: gzbgergg;iiarr)
tsckw SCK high/low width Master 0.5* SCK
tsckr SCKrise time Master 2.7
tscke SCK fall time Master 2.7
twis MISO setup to SCK Master 10
tvin MISO hold after SCK Master 10
tvos MOSI setup SCK Master 0.5* SCK
tmon MOSI hold after SCK Master 1
tssck Slave SCK Period Slave 4 * t Clkpgr
tssckw | SCK high/low width Slave 2 * t Clkpegr e
tssckr | SCKrise time Slave 1600
tssckr ~ SCKfall time Slave 1600
tsis MOSI setup to SCK Slave 3
tsin MOSI hold after SCK Slave t Clkpgr
tsss  SS setup to SCK Slave 21
tssy  SS hold after SCK Slave 20
tsos MISO setup SCK Slave 8
tson MISO hold after SCK Slave 13
tsoss MISO setup after SS low Slave 1
tsosy  MISO hold after SS high Slave 8

32.3.15 Two-wire Interface Characteristics
Table 32-87 on page 119 describes the requirements for devices connected to the Two-Wire Interface Bus. The Atmel
AVR XMEGA Two-Wire Interface meets or exceeds these requirements under the noted conditions. Timing symbols
refer to Figure 32-21.

Figure 32-21.Two-wire Interface Bus Timing
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32.4.5 1/0 Pin Characteristics

The 1/O pins complies with the JEDEC LVTTL and LVCMOS specification and the high- and low level input and output
voltage limits reflect or exceed this specification.

Table 32-94. 1/0 Pin Characteristics

Max. Units

Symbol Parameter Condition Min. Typ.
lon "/ 1o @ 1/0O pin source/sink current -15 15
Ve =2.4-3.6V 0.7 * Ve Vee + 0.5
V4 High level input voltage
Ve =1.6-2.4V 0.8* Ve Vee + 0.5
Voo =2.4-36V 0.5 0.3* Ve
Vi Low level input voltage
Ve =1.6-2.4V -0.5 0.2* Ve
Ve = 3.3V loy = -4mA 26 29
Vou High level output voltage Ve = 3.0V lon = -3mMA 2.1 2.6
Ve = 1.8V low = -TMA 1.4 1.6
Vee = 3.3V loL = 8MA 0.4 0.76
VoL Low level output voltage Ve = 3.0V lor = 5mA 0.3 0.64
Ve = 1.8V loL = 3mA 0.2 0.46
In Input leakage current I/O pin T=25°C <0.01 1.0
Rp Pull/buss keeper resistor 25
Notes: 1. The sum of all |y, for PORTA and PORTB must not exceed 100mA.
The sum of all |, for PORTC, PORTD, and PORTE must for each port not exceed 200mA.
The sum of all |y for pins PF[0-5] on PORTF must not exceed 200mA.
The sum of all I, for pins PF[6-7] on PORTF, PORTR, and PDI must not exceed 100mA.
2. The sum of all I for PORTA and PORTB must not exceed 100mA.

The sum of all I, for PORTC, PORTD, and PORTE must for each port not exceed 200mA.

The sum of all I, for pins PF[0-5] on PORTF must not exceed 200mA.

The sum of all I, for pins PF[6-7] on PORTF, PORTR, and PDI must not exceed 100mA.

Atmel
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Table 32-144. SPI Timing Characteristics and Requirements

Parameter Condition

e SCK period Master )((?/Ieé: gzbgergg;iiarr)

tsckw SCK high/low width Master 0.5* SCK

tsckr SCKrise time Master 2.7

tscke SCK fall time Master 2.7

twis MISO setup to SCK Master 10

tvin MISO hold after SCK Master 10

tvos MOSI setup SCK Master 0.5* SCK

tmon MOSI hold after SCK Master 1

tssck Slave SCK Period Slave 4 * t Clkpgr
tssckw | SCK high/low width Slave 2 * t Clkpegr e
tssckr | SCKrise time Slave 1600
tssckr ~ SCKfall time Slave 1600

tsis MOSI setup to SCK Slave 3

tsin MOSI hold after SCK Slave t Clkpgr

tsss  SS setup to SCK Slave 21

tssy  SS hold after SCK Slave 20

tsos MISO setup SCK Slave 8

tson MISO hold after SCK Slave 13

tsoss MISO setup after SS low Slave 1

tsosy  MISO hold after SS high Slave 8

32.5.15 Two-wire Interface Characteristics

Table 32-145 on page 157 describes the requirements for devices connected to the Two-Wire Interface Bus. The Atmel
AVR XMEGA Two-Wire Interface meets or exceeds these requirements under the noted conditions. Timing symbols
refer to Figure 32-35.

Figure 32-35. Two-wire Interface Bus Timing
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! tsu;sto
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tsu
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32.6.8 Bandgap and Internal 1.0V Reference Characteristics

Table 32-158. Bandgap and Internal 1.0V Reference Characteristics

Symbol | Parameter Condition
As reference for ADC 1 Clkpggr + 2.5us
Startup time us
As input voltage to ADC and AC 1.5
Bandgap voltage 1.1
Y
INT1V Internal 1.00V reference T = 85°C, after calibration 0.99 1 1.01
Variation over voltage and temperature Calibrated at T = 85°C 2 %

32.6.9 Brownout Detection Characteristics

Table 32-159. Brownout Detection Characteristics )

Parameter Condition
BOD level 0 falling V¢ 1.60 1.62 1.72
BOD level 1 falling V¢ 1.9
BOD level 2 falling V¢ 2.0
BOD level 3 falling V¢ 2.2
Veor ) \Y
BOD level 4 falling V¢ 24
BOD level 5 falling V¢ 2.6
BOD level 6 falling V¢ 2.8
BOD level 7 falling V¢ 3.0
Continuous mode 04
tsop Detection time Ms
Sampled mode 1000
Vuvst | Hysteresis 1.0 %
Note: 1. BOD is calibrated at 85°C within BOD level 0 values, and BOD level 0 is the default level.

32.6.10 External Reset Characteristics

Table 32-160. External Reset Characteristics

Symbol | Parameter Condition Min. Typ. Max. Units

text Minimum reset pulse width 1000 90 ns
Voe =2.7-3.6V 0.45 * Ve

VrsT Reset threshold voltage \%
Ve =1.6-2.7V 0.42 * Ve

Rrst Reset pin pull-up resistor 25 kQ

XMEGA D3 [DATASHEET 167
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33.2.10 PDI Characteristics

Figure 33-142. Maximum PDI Frequency vs. V¢
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Figure 33-219.Active Mode Supply Current vs. V¢
fsys = 32MHz internal oscillator
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33.4.1.21dle Mode Supply Current

Figure 33-220.Idle Mode Supply Current vs. Frequency
fsys = 0 - 1IMHz external clock, T = 25°C
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Figure 33-231.1/0 Pin Pull-up Resistor Current vs. Input Voltage
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Figure 33-232.1/0 Pin Pull-up Resistor Current vs. Input Voltage
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Figure 33-241.1/0 Pin Input Hysteresis vs. V¢
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33.4.3 ADC Characteristics

Figure 33-242.INL Error vs. External Vgge
T=25%C, V¢ = 3.6V, external reference
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Figure 33-263.Reset Pin Pull-up Resistor Current vs. Reset Pin Voltage
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Figure 33-264.Reset Pin Input Threshold Voltage vs. V¢
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Figure 33-381.1/0 Pin Input Hysteresis vs. V¢
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33.6.3 ADC Characteristics

Figure 33-382. INL Error vs. External Vgg,
T=25°%C, V¢ = 3.6V, external reference
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Problem fix/workaround

The TxD pin direction can be set to input using the Port DIR register. Be advised that setting the Port DIR register
to input will be immediate. Ongoing transmissions will be truncated.

3429 Rev.A

Not sampled.
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Problem fix/workaround

Table 34-4. Configure PWM and CWCM According to this Table:

PGM CWCM Description
0 0 PGM and CWCM disabled
0 1 PGM enabled
1 0 PGM and CWCM enabled
1 1 PGM enabled

11. PWM is not restarted properly after a fault in cycle-by-cycle mode

When the AWeX fault restore mode is set to cycle-by-cycle, the waveform output will not return to normal
operation at first update after fault condition is no longer present.

Problem fix/workaround

Do a write to any AWeX I/O register to re-enable the output.

12. BOD will be enabled after any reset

If any reset source goes active, the BOD will be enabled and keep the device in reset if the V. voltage is
below the programmed BOD level. During Power-On Reset, reset will not be released until V. is above the
programmed BOD level even if the BOD is disabled.

Problem fix/workaround

Do not set the BOD level higher than V. even if the BOD is not used.

13. EEPROM page buffer always written when NVM DATAO is written
If the EEPROM is memory mapped, writing to NVM DATAO will corrupt data in the EEPROM page buffer.
Problem fix/workaround

Before writing to NVM DATADO, for example when doing software CRC or flash page buffer write, check if
EEPROM page buffer active loading flag (EELOAD) is set. Do not write NVM DATAO when EELOAD is set.

14. Pending full asynchronous pin change interrupts will not wake the device

Any full asynchronous pin-change Interrupt from pin 2, on any port, that is pending when the sleep instruction
is executed, will be ignored until the device is woken from another source or the source triggers again. This
applies when entering all sleep modes where the System Clock is stopped.

Problem fix/workaround

None.

15. Pin configuration does not affect Analog Comparator output
The Output/Pull and inverted pin configuration does not affect the Analog Comparator output.
Problem fix/workaround
None for Output/Pull configuration.

For inverted 1/0O, configure the Analog Comparator to give an inverted result (that is, connect positive input to
the negative AC input and vice versa), or use and external inverter to change polarity of Analog Comparator
output.
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16. NMI Flag for Crystal Oscillator Failure automatically cleared

NMI flag for Crystal Oscillator Failure (XOSCFDIF) will be automatically cleared when executing the NMI
interrupt handler.

Problem fix/workaround

This device revision has only one NMI interrupt source, so checking the interrupt source in software is not
required.

17. RTC Counter value not correctly read after sleep

If the RTC is set to wake up the device on RTC Overflow and bit 0 of RTC CNT is identical to bit 0 of RTC
PER as the device is entering sleep, the value in the RTC count register can not be read correctly within the
first prescaled RTC clock cycle after wake-up. The value read will be the same as the value in the register
when entering sleep.

The same applies if RTC Compare Match is used as wake-up source.
Problem fix/workaround
Wait at least one prescaled RTC clock cycle before reading the RTC CNT value.

18. Pending asynchronous RTC-interrupts will not wake up device

Asynchronous Interrupts from the Real-Time-Counter that is pending when the sleep instruction is executed,
will be ignored until the device is woken from another source or the source triggers again.
Problem fix/workaround

None.

19. TWI Transmit collision flag not cleared on repeated start

The TWI transmit collision flag should be automatically cleared on start and repeated start, but is only
cleared on start.

Problem fix/workaround
Clear the flag in software after address interrupt.

20. Clearing TWI Stop Interrupt Flag may lock the bus

If software clears the STOP Interrupt Flag (APIF) on the same Peripheral Clock cycle as the hardware sets
this flag due to a new address received, CLKHOLD is not cleared and the SCL line is not released. This will
lock the bus.

Problem fix/workaround

Check if the bus state is IDLE. If this is the case, it is safe to clear APIF. If the bus state is not IDLE, wait for
the SCL pin to be low before clearing APIF.

Code:
/* Only clear the interrupt flag if within a "safe zone". */
while ( /* Bus not IDLE: */
((COMMS TWI.MASTER.STATUS & TWI MASTER BUSSTATE gm) !=
TWI MASTER BUSSTATE IDLE gc)) &&
/* SCL not held by slave: */
! (COMMS TWI.SLAVE.STATUS & TWI_ SLAVE CLKHOLD bm)

)

/* Ensure that the SCL line is low */
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Problem fix/workaround

Check if the bus state is IDLE. If this is the case, it is safe to clear APIF. If the bus state is not IDLE, wait for
the SCL pin to be low before clearing APIF.

Code:
/* Only clear the interrupt flag if within a "safe zone". */
while ( /* Bus not IDLE: */
((COMMS TWI.MASTER.STATUS & TWI MASTER BUSSTATE gm) !=

TWI MASTER BUSSTATE IDLE gc)) &&

/* SCL not held by slave: */

! (COMMS TWI.SLAVE.STATUS & TWI SLAVE CLKHOLD bm)

)

/* Ensure that the SCL line is low */

if | !(COMMS_PORT.IN & PINl_bm) )
if ( !(COMMS_PORT.IN & PINl_bm) )
break;

}
/* Check for an pending address match interrupt */
if ( ! (COMMS TWI.SLAVE.STATUS & TWI_ SLAVE CLKHOLD bm) )

{
/* Safely clear interrupt flag */
COMMS TWI.SLAVE.STATUS |= (uint8 t)TWI SLAVE APIF bm;

22. TWI START condition at bus timeout will cause transaction to be dropped

If Bus Timeout is enabled and a timeout occurs on the same Peripheral Clock cycle as a START is detected,
the transaction will be dropped.

Problem fix/workaround
None.

23. TWI Data Interrupt Flag erroneously read as set

When issuing the TWI slave response command CMD=0b11, it takes one Peripheral Clock cycle to clear the
data interrupt flag (DIF). A read of DIF directly after issuing the command will show the DIF still set.

Problem fix/workaround
Add one NOP instruction before checking DIF.

24. WDR instruction inside closed window will not issue reset

When a WDR instruction is execute within one ULP clock cycle after updating the window control register,
the counter can be cleared without giving a system reset.

Problem fix/workaround

Wait at least one ULP clock cycle before executing a WDR instruction.
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