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Figure 2-2. BGA pinout
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Table 2-1. BGA pinout
1 2 3 4 5 (] 7
A PA3 AVCC GND PR1 PRO PDI_DATA PE3
RESET/
B PA4 PA1 PAO GND PE2 VCC
PDI_CLK

C PA5 PA2 PA6 PA7 GND PE1 GND
D PB1 PB2 PB3 PBO GND PD7 PEO
E GND GND PC3 GND PD4 PD5 PD6
F VCC PCO PC4 PC6 PDO PD1 PD3
G PC1 PC2 PC5 PC7 GND VCC PD2

XMEGA A4U [DATASHEET] 5

/Itl Y |eL Atmel-8387H-AVR-ATxmega16A4U-34A4U-64A4U-128A4U-Datasheet_09/2014



17.

171

17.2

TC2 - Timer/Counter Type 2

Features

e Six eight-bit timer/counters
e Three Low-byte timer/counter
e Three High-byte timer/counter
e Up to eight compare channels in each Timer/Counter 2

e Four compare channels for the low-byte timer/counter
e Four compare channels for the high-byte timer/counter

e Waveform generation
e Single slope pulse width modulation
Timer underflow interrupts/events
One compare match interrupt/event per compare channel for the low-byte timer/counter
Can be used with the event system for count control
Can be used to trigger DMA transactions

Overview

There are four Timer/Counter 2. These are realized when a Timer/Counter 0 is set in split mode. It is then a system of
two eight-bit timer/counters, each with four compare channels. This results in eight configurable pulse width
modulation (PWM) channels with individually controlled duty cycles, and is intended for applications that require a
high number of PWM channels.

The two eight-bit timer/counters in this system are referred to as the low-byte timer/counter and high-byte
timer/counter, respectively. The difference between them is that only the low-byte timer/counter can be used to
generate compare match interrupts, events and DMA triggers. The two eight-bit timer/counters have a shared clock
source and separate period and compare settings. They can be clocked and timed from the peripheral clock, with
optional prescaling, or from the event system. The counters are always counting down.

PORTC, and PORTD each has one Timer/Counter 2.
Notation of these are TCC2 (Time/Counter C2) and TCD2, respectively.
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Parameter

Offset error,
input referred

Noise

Condition

1x gain, normal mode
8x gain, normal mode
64x gain, normal mode
1x gain, normal mode

8x gain, normal mode

64x gain, normal mode

Vee = 3.6V
Ext. Vger

mV

mV
rms

Note: 1.

36.1.7 DAC Characteristics

Table 36-12. Power supply, reference and output range.

Maximum numbers are based on characterisation and not tested in production, and valid for 5% to 95% input voltage range.

Symbol = Parameter Condition
Vee
AVce Analog supply voltage 03 Vet 0.3 \Y
AVRer External reference voltage 1.0 Vee- 0.6
Rchannel DC output impedance 50 Q
Linear output voltage range 0.15 AVc-0.15 \Y,
RAREF Reference input resistance >10 MQ
CAREF  Reference input capacitance  Static load 7 pF
Minimum resistance load 1.0 kQ
100 pF
Maximum capacitance load
1000Q serial resistance 1.0 nF
Operating within accuracy specification AV /1000
Output sink/source mA
Safe operation 10
XMEGA A4U [DATASHEET] 80
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Table 36-13. Clock and timing.

Symbol = Parameter Condition

Ciong=100pF, Normal mode 0 1000

foac Conversion rate ! . ksps
maximum step size Low power mode 500

Table 36-14. Accuracy characteristics.

Symbol = Parameter Condition
RES Input resolution 12 Bits
Vee = 1.6V 2.0 +3
Vrer= Ext 1.0V
Ve = 3.6V 1.5 2.5
Vee = 1.6V 2.0 +4
INL D Integral non-linearity Vrer=AVoe Isb
Ve =3.6V 1.5 +4
Ve = 1.6V 5.0
Vrer=INT1V
Ve = 3.6V 5.0
Ve = 1.6V 1.5 3.0
Vser=Ext 1.0V
Ve = 3.6V +0.6 1.5
Vee=1.6V +1.0 3.5
DNL (V| Differential non-linearity Vrer=AVoc Isb
Ve =3.6V 0.6 1.5
Ve = 1.6V 4.5
Vrer=INT1V
Ve =3.6V 4.5
Gain error After calibration <4.0 Isb
Gain calibration step size 4.0 Isb
Gain calibration drift Vrer= Ext 1.0V <0.2 mV/K
Offset error After calibration <1.0 Isb
Offset calibration step size 1.0
Note: 1. Maximum numbers are based on characterisation and not tested in production, and valid for 5% to 95% output voltage range.
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Table 36-60. External clock with prescaler (for system clock.

Symbol | Parameter Condition

Vee=1.6-1.8V 0 90

1tex  Clock Frequency ) MHz
Ve =2.7-3.6V 0 142
Vge=1.6-1.8V 11

tex Clock Period ns
Vge = 2.7 - 3.6V 7
Vee=1.6-1.8V 4.5

ten Clock High Time ns
Vee =27 -3.6V 24
Vee=1.6-1.8V 4.5

toL Clock Low Time ns
Vge =2.7 -3.6V 24
Vge=1.6-1.8V 15

ter Rise Time (for maximum frequency) ns
Vge =2.7 - 3.6V 1.0
Vee=1.6-1.8V 1.5

ter Fall Time (for maximum frequency) ns
Ve =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.

36.2.14.7 External 16MHz crystal oscillator and XOSC characteristic

Table 36-61. External 16MHz crystal oscillator and XOSC characteristics.

Symbol @ Parameter Condition
FRQRANGE=0 <10
XOSCPWR=0
Cycle to cycle jitter FRQRANGE=1, 2, or 3 <1 ns
XOSCPWR=1 <1
FRQRANGE=0 <6
XOSCPWR=0
Long term jitter FRQRANGE=1, 2, or 3 <0.5 ns
XOSCPWR=1 <0.5
FRQRANGE=0 <0.1
XOSCPWR=0 FRQRANGE=1 <0.05
Frequency error %
FRQRANGE=2 or 3 <0.005
XOSCPWR=1 <0.005
FRQRANGE=0 40
XOSCPWR=0 FRQRANGE=1 42
Duty cycle %
FRQRANGE=2 or 3 45
XOSCPWR=1 48
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Parameter Condition
FRQRANGE=0 <6
XOSCPWR=0
Long term jitter FRQRANGE=1, 2, or 3 <0.5 ns
XOSCPWR=1 <0.5
FRQRANGE=0 <0.1
XOSCPWR=0 FRQRANGE=1 <0.05
Frequency error %
FRQRANGE=2 or 3 <0.005
XOSCPWR=1 <0.005
FRQRANGE=0 40
XOSCPWR=0 FRQRANGE=1 42
Duty cycle %
FRQRANGE=2 or 3 45
XOSCPWR=1 48
0.4MHz resonator,
CL=100pF 24K
XOSCPWR=0,
FRQRANGE=0 1MHz crystal, CL=20pF 8.7k
2MHz crystal, CL=20pF 2.1k
2MHz crystal 4.2k
XOSCPWR=0,
FRQRANGE=1, 8MHz crystal 250
CL=20pF
9MHz crystal 195
8MHz crystal 360
XOSCPWR=0,
FRQRANGE=2, 9MHz crystal 285
CL=20pF
12MHz crystal 155
9MHz crystal 365
XOSCPWR=0,
o ’ FRQRANGE=3, 12MHz crystal 200
Rq Negative impedance () _ Q
CL=20pF
16MHz crystal 105
9MHz crystal 435
XOSCPWR=1,
FRQRANGE=0, 12MHz crystal 235
CL=20pF
16MHz crystal 125
9MHz crystal 495
XOSCPWR=1,
FRQRANGE=1, 12MHz crystal 270
CL=20pF
16MHz crystal 145
XOSCPWR=1, 12MHz crystal 305
FRQRANGE=2,
CL=20pF 16MHz crystal 160
XOSCPWR=1, 12MHz crystal 380
FRQRANGE-=3,
CL=20pF 16MHz crystal 205

Atmel
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Parameter Condition

1x gain, normal mode -2.0
Offset error, .
. 8x gain, normal mode -5.0 mV
input referred
64x gain, normal mode -4.0
1x gain, normal mode 0.5
Noise 8x gain, normal mode 1.5
64x gain, normal mode 1
Note: 1. Maximum numbers are based on characterisation and not tested in production, and valid for 5% to 95% input voltage range.

36.4.7 DAC Characteristics

Table 36-108. Power supply, reference and output range.

Symbol = Parameter Condition Min. Typ. Max. Units
AVce Analog supply voltage Vee- 0.3 Vet 0.3
AViRer External reference voltage 1.0 V- 0.6 Vv
Rehanner | DC output impedance 50
Linear output voltage range 0.15 AVc-0.15 V
RAREE Reference input resistance >10 MQ
CAREF  Reference input capacitance  Static load 7.0 pF
Minimum Resistance load 1 kQ
100 pF
Maximum capacitance load
1000Q serial resistance 1 nF
Operating within accuracy specification AV:/1000
Output sink/source mA
Safe operation 10

Table 36-109. Clock and timing.

Symbol = Parameter Condition

Ciong=100pF Normal mode 0 1000
oal i

ksps

foac Conversion rate

maximum step size Low power mode 500
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36.4.14.8 External 32.768kHz crystal oscillator and TOSC characteristics

Table 36-126. External 32.768kHz crystal oscillator and TOSC characteristics.

Symbol | Parameter Condition
ESRIRT Recommended crystal equivalent Crystal load capacitance 6.5pF 60 .
series resistance (ESR) Crystal load capacitance 9.0pF 35
5.4
Ctiosc1 | Parasitic capacitance TOSC1 pin pF
Alternate TOSC location 4.0
71
Crosce | Parasitic capacitance TOSC2 pin pF
Alternate TOSC location 4.0
Recommended safety factor capacnancel Ioaq e 3
crystal specification
Note: 1. See Figure 36-25 for definition.

Figure 36-25. TOSC input capacitance.

||C|_1 l Cw |

TOSCH1 Device internal TOSC2

External

32.768kHz crystal

The parasitic capacitance between the TOSC pins is C, 4 + C,, in series as seen from the crystal when oscillating
without external capacitors.
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37.1.3 ADC Characteristics

Figure 37-36. INL error vs. external Vgge.
T =25, V¢ = 3.6V, external reference.
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Figure 37-37. INL error vs. sample rate.
T=25°C, V¢ = 3.6V, Vg = 3.0V external.
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Figure 37-50. DNL error vs. Vigge.
Vee = 3.6V.

Figure 37-51. DAC noise vs. temperature.
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37.1.7 BOD Characteristics

Figure 37-60. BOD thresholds vs. temperature.
BOD level = 1.6V.
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Figure 37-61. BOD thresholds vs. temperature.
BOD level = 3.0V.
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Figure 37-95. Idle mode supply current vs. V.
fsys = TMHz external clock.
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Figure 37-96. Idle mode supply current vs. V.
fsys = 2MHz internal oscillator.
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Figure 37-138. Analog comparator hysteresis vs. Vc.
High-speed mode, large hysteresis.
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Figure 37-139. Analog comparator hysteresis vs. Vc.
Low power, large hysteresis.
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37.2.9 Power-on Reset Characteristics

Figure 37-152. Power-on reset current consumption vs. V..
BOD level = 3.0V, enabled in continuous mode.
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Figure 37-153. Power-on reset current consumption vs. V..
BOD level = 3.0V, enabled in sampled mode.
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Figure 37-219. DAC noise vs. temperature.

2.7V, Vgge=1.0V.
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37.3.5 Analog Comparator Characterist

Figure 37-220. Analog comparator hysteresis vs. Vc.

High-speed, small hysteresis.
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Figure 37-245. 32MHz internal oscillator frequency vs. temperature.

DFLL enabled, from the 32.768kHz internal oscillator.
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Figure 37-246. 32MHz internal oscillator CALA calibration step size.
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Figure 37-259. Active mode supply current vs. Vc.
fsys = 32MHz internal oscillator.
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Figure 37-260. Idle mode supply current vs. frequency.
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Figure 37-263. Idle mode supply current vs. V.
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Figure 37-264. Idle mode supply current vs. V.
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38.3 ATxmega64A4U

38.3.1 Rev.D
e ADC may have missing codes in SE unsigned mode at low temp and low Vcc
e CRC fails for Range CRC when end address is the last word address of a flash section

1. ADC may have missing codes in SE unsigned mode at low temp and low Vcc
The ADC may have missing codes i single ended (SE) unsigned mode below 0C when Vcc is below 1.8V.

Problem fix/Workaround
Use the ADC in SE signed mode.

2. CRC fails for Range CRC when end address is the last word address of a flash section
If boot read lock is enabled, the range CRC cannot end on the last address of the application section. If applica-

tion table read lock is enabled, the range CRC cannot end on the last address before the application table.

Problem fix/Workaround
Ensure that the end address used in Range CRC does not end at the last address before a section with read lock

enabled. Instead, use the dedicated CRC commands for complete applications sections.

38.3.2 Rev.C
e ADC may have missing codes in SE unsigned mode at low temp and low Vcc
e CRC fails for Range CRC when end address is the last word address of a flash section
e AWeX fault protection restore is not done correct in Pattern Generation Mode

-

ADC may have missing codes in SE unsigned mode at low temp and low Vcc
The ADC may have missing codes i single ended (SE) unsigned mode below 0C when Vcc is below 1.8V.

Problem fix/Workaround
Use the ADC in SE signed mode.

2. CRC fails for Range CRC when end address is the last word address of a flash section
If boot read lock is enabled, the range CRC cannot end on the last address of the application section. If applica-

tion table read lock is enabled, the range CRC cannot end on the last address before the application table.

Problem fix/Workaround
Ensure that the end address used in Range CRC does not end at the last address before a section with read lock

enabled. Instead, use the dedicated CRC commands for complete applications sections.
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38.4 ATxmega128A4U
38.41 rev.A

e ADC may have missing codes in SE unsigned mode at low temp and low Vcc

1. ADC may have missing codes in SE unsigned mode at low temp and low Vcc
The ADC may have missing codes i single ended (SE) unsigned mode below 0C when Vcc is below 1.8V.

Problem fix/Workaround
Use the ADC in SE signed mode.
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