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3.1 Block Diagram

Figure 3-1. XMEGA C4 Block Diagram
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Six of the 32 registers can be used as three 16-bit address register pointers for data space addressing, enabling efficient
address calculations. One of these address pointers can also be used as an address pointer for lookup tables in flash
program memory.
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25. CRC - Cyclic Redundancy Check Generator
25.1 Features
e Cyclic redundancy check (CRC) generation and checking for
e Communication data
e Program or data in flash memory
e Datain SRAM and I/O memory space
e Integrated with flash memory, and CPU
e Automatic CRC of the complete or a selectable range of the flash memory
e CPU can load data to the CRC generator through the 1/O interface
e CRC polynomial software selectable to
e CRC-16 (CRC-CCITT)
e CRC-32 (IEEE 802.3)
e Zero remainder detection
25.2 Overview
A cyclic redundancy check (CRC) is an error detection technique test algorithm used to find accidental errors in data, and
it is commonly used to determine the correctness of a data transmission, and data present in the data and program
memories. A CRC takes a data stream or a block of data as input and generates a 16- or 32-bit output that can be
appended to the data and used as a checksum. When the same data are later received or read, the device or application
repeats the calculation. If the new CRC result does not match the one calculated earlier, the block contains a data error.
The application will then detect this and may take a corrective action, such as requesting the data to be sent again or
simply not using the incorrect data.
Typically, an n-bit CRC applied to a data block of arbitrary length will detect any single error burst not longer than n bits
(any single alteration that spans no more than n bits of the data), and will detect the fraction 1-2™" of all longer error
bursts. The CRC module in Atmel AVR XMEGA devices supports two commonly used CRC polynomials; CRC-16 (CRC-
CCITT) and CRC-32 (IEEE 802.3).
e CRC-16:
Polynomial:  x+x12+x5+1
Hex value: 0x1021
e CRC-32:
Polynomial:  x32+x28+xZ34+x224+x 04+ x 24+ L+ x 20458+ +x5+x 32 +x+1
Hex value: 0x04C11DB7
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26. ADC - 12-bit Analog to Digital Converter

26.1 Features
e One Analog to Digital Converter (ADC)
e 12-bit resolution
e Up to 300 thousand samples per second

e Down to 2.3us conversion time with 8-bit resolution
e Down to 3.35us conversion time with 12-bit resolution

e Differential and single-ended input
e 12 single-ended inputs
e 12x4 differential inputs without gain
e 38x4 differential input with gain
e Built-in differential gain stage
® 1/2x, 1x, 2x, 4x, 8%, 16x, 32x, and 64x gain options
e Single, continuous and scan conversion options
e Three internal inputs
e Internal temperature sensor

e AV . voltage divided by 10
e 1.1V bandgap voltage

Internal and external reference options

Compare function for accurate monitoring of user defined thresholds
Optional event triggered conversion for accurate timing

Optional interrupt/event on compare result

26.2 Overview

The ADC converts analog signals to digital values. The ADC has 12-bit resolution and is capable of converting up to 300
thousand samples per second (ksps). The input selection is flexible, and both single-ended and differential
measurements can be done. For differential measurements, an optional gain stage is available to increase the dynamic
range. In addition, several internal signal inputs are available. The ADC can provide both signed and unsigned results.

The ADC measurements can either be started by application software or an incoming event from another peripheral in
the device. The ADC measurements can be started with predictable timing, and without software intervention.

Both internal and external reference voltages can be used. An integrated temperature sensor is available for use with the
ADC. The AV/10 and the bandgap voltage can also be measured by the ADC.

The ADC has a compare function for accurate monitoring of user defined thresholds with minimum software intervention
required.

Atmel XMEGA C4 [DATASHEET] 46

Atmel-8493I-AVR-ATxmegal6C4-32C4-Datasheet—12/2014



Figure 26-1. ADC Overview
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The ADC may be configured for 8- or 12-bit result, reducing the minimum conversion time (propagation delay) from
3.35ps for 12-bit to 2.3us for 8-bit result.

ADC conversion results are provided left- or right adjusted with optional ‘1’ or ‘0’ padding. This eases calculation when
the result is represented as a signed integer (signed 16-bit number).

PORTA has one ADC. Notation of this peripheral is ADCA.
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SCK Serial Clock for SPI
D- Data- for USB ‘
D+ Data+ for USB

29.1.6 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

29.1.7 Debug/System Functions

RESET Reset pin
PDI_CLK Program and Debug Interface Clock pin
PDI_DATA Program and Debug Interface Data pin
XMEGA C4 [DATASHEET 52
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Operatio #Clocks
LDS Rd, k Load Direct from data space Rd « (K None 20@
LD Rd, X Load Indirect Rd  « (X) None 10e
Rd
LD Rd, X+ Load Indirect and Post-Increment = ® None 10@
X «— X+1
X X-1, -
LD Rd, -X Load Indirect and Pre-Decrement < « Rod None 2@
Ri«(X) <« (X
LD Rd, Y Load Indirect Rd«—(Y) « (Y) None 10@
Rd
LD Rd, Y+ Load Indirect and Post-Increment < M None 10@
Y <«— Y+1
Y -
LD Rd, -Y Load Indirect and Pre-Decrement = el None 20
Rd  « (V)
LDD Rd, Y+q Load Indirect with Displacement Rd <« (Y+q) None 20
LD Rd, Z Load Indirect Rd « (2 None 10@
Rd
LD Rd, Z+ Load Indirect and Post-Increment < @ None 10@
z <« Z+1
z -
LD Rd, -Z Load Indirect and Pre-Decrement = Z=d, None 20@
R& « @
LDD Rd, Z+q Load Indirect with Displacement Rd « (Z+q) None 20@
STS k, Rr Store Direct to Data Space k) <« Rd None 20
ST X, Rr Store Indirect X) <« Rr None 1@
X
ST X+, Rr Store Indirect and Post-Increment ® e Ry None 1@
X «— X+1
X -
ST -X, Rr Store Indirect and Pre-Decrement = Xed None 2®
X) <« Rr
ST Y, Rr Store Indirect YY) <« Rr None 1@
Y)
ST Y+, Rr Store Indirect and Post-Increment M« R None 1®
Y <«— Y+1
Y -
ST -Y, Rr Store Indirect and Pre-Decrement = el None 2®
) <~ Rr
STD Y+q, Rr Store Indirect with Displacement (Y+q) <« Rr None 2®
ST Z,Rr Store Indirect @2 <« Rr None 1@
Z
ST Z+, Rr Store Indirect and Post-Increment @ < ® None 1w
z <« Z+1
ST -Z,Rr Store Indirect and Pre-Decrement Z « Z-1 None 20
STD Z+q,Rr Store Indirect with Displacement Z+q) <« Rr None 20
LPM Load Program Memory RO «— 2 None 3
LPM Rd, Z Load Program Memory Rd “«— 2 None 3
Rd « (2,
LPM Rd, Z+ Load Program Memory and Post-Increment None 3
Z «— Z+1
ELPM Extended Load Program Memory RO “«— (RAMPZ:Z) None 3
ELPM Rd, Z Extended Load Program Memory Rd “«— (RAMPZ:Z) None 3
. Rd .
ELPM Rd, Z+ Extended Load Program Memory and Post: “«— (RAMPZ:2), None 3
Increment Z < Z+1
SPM Store Program Memory (RAMPZ:2) <« R1:RO None -
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33.1.5 1/O 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 33-7. /O Pin Characteristics

Parameter Condition in. . Max.
@
IIOH (2)/ I/O pin source/sink current -20 20 mA
oL
Vee =24 - 3.6V 0.7*Vcc Vcct0.5
Vig High level input voltage
Vee = 1.6 - 2.4V 0.8*V¢¢ Vcct0.5
Ve = 2.4- 3.6V -0.5 0.3*Vc
Vi Low level input voltage
Vee =1.6-2.4V -0.5 0.2*Vc
Vee = 3.3V loy = -4mA 2.6 2.9
\Y
Vou High level output voltage Ve = 3.0V loy = -3mA 2.1 2.7
Vee = 1.8V loy = -1mA 14 1.6
Vee = 3.3V loL = 8mA 0.4 0.76
VoL Low level output voltage Ve = 3.0V loL = 5mA 0.3 0.64
Ve = 1.8V lo = 3mA 0.2 0.46
In Input leakage current I/O pin T =25°C <0.01 1 HA
Rp Pull/buss keeper resistor 25 kQ

Notes: 1. The sum of all o, 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 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.

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 |, 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.
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Table 33-10. Accuracy Characteristics

Symbol Parameter Condition
Differential 12 12
RES Resolution 12-bit resolution Single ended signed 11 11 Bits
Single ended unsigned 12 12
16ksps, Vgee = 3V 0.5 1
16ksps, all Vger 0.8 2
Differential mode
300ksps, Vger = 3V 0.6 1
INL®) Integral non-linearity
300ksps, all Vgee 1 2
Single ended 16ksps, VREF =3.0v 0.5 1
nsigned mode
unsig 16ksps, all Veer 13 2 5
S
16ksps, Vgee = 3V 0.3 1
16ksps, all Vger 0.5 1
Differential mode
300ksps, Vger = 3V 0.35 1
DNL®™ Differential non-linearity
300ksps, all Vgee 0.5 1
Single ended 16ksps, VREF =3.0v 0.6 1
unsigned mode gy qps, all Vegr 0.6 1
8 mV
Offset Error Differential mode @ Temperature drift 0.01 mV/K
Operating voltage drift 0.25 mV/V
External reference -5
AV/1.6 -5
mV
AV/2.0 -6
Gain Error Differential mode
Bandgap +10
Temperature drift 0.02 mV/K
Operating voltage drift 2 mV/V
External reference -8
AV/1.6 -8
mV
; AV/2.0 -8
Gain Error Slngle EEE
unsigned mode Bandgap +10
Temperature drift 0.03 mV/K
Operating voltage drift 2 mV/V
Notes: 1. Maximum numbers are based on characterisation and not tested in production, and valid for 5% to 95% input voltage range.
2. Unless otherwise noted all linearity, offset and gain error numbers are valid under the condition that external VREF is used.
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33.2.5 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 33-36. I/O Pin Characteristics

Parameter Condition in. . Max.
@
IIOH (2)/ I/O pin source/sink current -20 20 mA
oL
Vee =24 - 3.6V 0.7*Vcc Vcct0.5
Vig High level input voltage
Vee = 1.6 - 2.4V 0.8*V¢¢ Vcct0.5
Ve = 2.4- 3.6V -0.5 0.3*Vc
Vi Low level input voltage
Vee =1.6-2.4V -0.5 0.2*Vc
Vee = 3.3V loy = -4mA 2.6 2.9
\Y
Vou High level output voltage Ve = 3.0V loy = -3mA 2.1 2.7
Vee = 1.8V loy = -1mA 14 1.6
Vee = 3.3V loL = 8mA 0.4 0.76
VoL Low level output voltage Ve = 3.0V loL = 5mA 0.3 0.64
Ve = 1.8V lo = 3mA 0.2 0.46
In Input leakage current I/O pin T =25°C <0.01 1 HA
Rp Pull/buss keeper resistor 25 kQ

Notes: 1. The sum of all o, 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 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.

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 |, 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.
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33.2.14 SPI Characteristics

Figure 33-12. SPI Timing Requirements in Master Mode
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Figure 33-13. SPI Timing Requirements in Slave Mode
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Table 33-58. Two-wire Interface Characteristics

Parameter Condition
Vi4 Input high voltage 0.7*Vc Vect0.5
Vi Input low voltage -0.5 0.3*Vc
\Y
Viys Hysteresis of Schmitt trigger inputs 0.05*Vc @
VoL Output low voltage 3mA, sink current 0 0.4
t, Rise time for both SDA and SCL 20+0.1C,, @@ 300
tos Output fall time from Vi, 10 V) max 10pF < C, < 400pF @ 20+0.1C, @@ 250 ns
tsp Spikes suppressed by input filter 0 50
I Input current for each I/O Pin 0.1V <V, < 0.9V -10 10 MA
C, Capacitance for each I/O Pin 10 pF
fseL SCL clock frequency foer ©>max(10fss , 250kHz) 0 400 kHz
100ns
fscL < 100kHz .
R Value of pull ist Vec 047 ' Q
alue of pull-up resistor ——
F P 2 fSCL > 100kHz 3mA 300_}15‘
Cy
fsoL < 100kHz 4.0
typ.sta  Hold time (repeated) START condition
fscL > 100kHz 0.6
fsoL < 100kHz 4.7
tow Low period of SCL clock
fsoL > 100kHz 1.3
fsoL < 100kHz 4.0
thicH High period of SCL clock
fscL > 100kHz 0.6
. Set-up time for a repeated START fscL < 100kHz 4.7
SU;STA iti
condition foe, > 100kHzZ 0.6
us
fsoL < 100kHz 0 3.45
typpar |~ Data hold time
fsoL > 100kHz 0 0.9
fsoL < 100kHz 250
tsupar ~ Data setup time
fscL > 100kHz 100
fseL < 100kHz 4.0
tsusto | Setup time for STOP condition
fscL > 100kHz 0.6
t Bus free time between a STOP and fscL < 100kHz Ast
BUF iti
START condition fse > 100kHz 1.3
Notes: 1. Required only for fgc > 100kHz.
2. C, = Capacitance of one bus line in pF.
3. fpegr = Peripheral clock frequency.
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Figure 34-9. Idle Mode Supply Current vs. Frequency
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34.1.4 Analog Comparator Characteristics

Figure 34-47. Analog Comparator Hysteresis vs. Ve
High speed, small hysteresis
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Figure 34-48. Analog Comparator Hysteresis vs. V¢
High speed, large hysteresis
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34.1.10 Two-Wire Interface Characteristics

Figure 34-77. SDA Hold Time vs. Temperature
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Figure 34-78. SDA Hold Time vs. Supply Voltage
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34.2.1.3 Power-down Mode Supply Current

Figure 34-94. Power-down Mode Supply Current vs. V¢
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Figure 34-95. Power-down Mode Supply Current vs. V¢
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Figure 34-122. Gain Error vs. V¢
T = 25°C, Vree = external 1.0V, ADC sample rate = 300ksps
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Figure 34-123. Offset Error vs. Vg
T=25°%C, V¢ = 3.6V, ADC sample rate = 300ksps
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34.2.4 Analog Comparator Characteristics

Figure 34-126. Analog Comparator Hysteresis vs. V¢
High speed, small hysteresis
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Figure 34-127. Analog Comparator Hysteresis vs. V¢
High speed, large hysteresis
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34.2.9 Oscillator Characteristics

34.2.9.1 Ultra Low-Power Internal Oscillator

Figure 34-144. Ultra Low-Power Internal Oscillator Frequency vs. Temperature

1 1 1
1 1 1
1 1 1
1 1 1
===t ==
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
e e .
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
R N I N J.
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
[ N R N R A N N /7 40 N R R S N __
1 1 1 1 ) ] 1 1 )
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
= r=——r -~ T T T r r r ™ T
1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1
T~ r=——r—-- T T T r r r ™ T
1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1
===t — B b e el e e e e e et S
1 1 14 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
- [ A IR ISR ey Sy S N E . —
1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1
. i RS IS I Iy PN N S N S
1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1
I | ] | S W NS IS AU AU VU IR NN S MO
1 1 1 1 1 1 1 I I I I 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1
= aTTaATTTTTTTTTTTTTTrTTr|TrTrTT T
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1
i -+--1--t--t-—-t-—-tr-—t—--r-—r-—rr——-r—-1-
1 (l 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1
| 1 1 1 1 1 1 1 1 1 1 1 1 1
] 1 1 1 1 1 1 1 1 1 1 1 1 1
- t=—-—t—-—--—-+-—-+-—+-—+-—t--F--F--F—-—F-—--
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1
- e e et e e e e e e e e e
] 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1
R e e O R R R R RN BN RN D e e =]
B O DHDH DD DOHOOHMOH O ®m®

[zH>] Aouanbaiy

85 95 105

75

25 35 45 55

15

15

25

45 35

Temperature [°C]

34.2.9.2 32.768kHz Internal Oscillator

Figure 34-145. 32.768kHz Internal Oscillator Frequency vs. Temperature
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