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22. SPI - Serial Peripheral Interface

221 Features

Two Identical SPI peripherals

Full-duplex, three-wire synchronous data transfer
Master or slave operation

Lsb first or msb first data transfer

Eight programmable bit rates

Interrupt flag at the end of transmission

Write collision flag to indicate data collision
Wake up from idle sleep mode

Double speed master mode

22.2 Overview

The Serial Peripheral Interface (SPI) is a high-speed synchronous data transfer interface using three or four pins. It
allows fast communication between an Atmel AVR XMEGA device and peripheral devices or between several
microcontrollers. The SPI supports full-duplex communication.

A device connected to the bus must act as a master or slave. The master initiates and controls all data transactions.
PORTC and PORTD each has one SPI. Notation of these peripherals are SPIC and SPID, respectively.
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Mnemonics

Operation

ELPM Rd, Z Extended Load Program Memory Rd <« (RAMPZ:Z) None
ELPM Rd, Z+ Extended Load Program Memory and Post- Rd  « (RAMPZ:Z), None
Increment Z <~ Z+1
SPM Store Program Memory (RAMPZ:Z) <« R1:RO None
Store Program Memory and Post-Increment (RAMPZ:Z) <  R1:RO,
SPM Z+ by 2 7 o« 742 None
IN Rd, A In From 1/O Location Rd <« 1/0(A) None
ouT A Rr Out To I/O Location IIO(A) <« Rr None
PUSH Rr Push Register on Stack STACK <« Rr None
POP Rd Pop Register from Stack Rd « STACK None
Temp “«— Rd,
XCH Z,Rd Exchange RAM location Rd < (), None
@ < Temp
Temp “«— Rd,
LAS Z,Rd Load and Set RAM location Rd < (2, None
@ < Tempv(2)
Temp <« Rd,
LAC Z,Rd Load and Clear RAM location Rd < (2, None
@ € ($FFh-Rd)®(2)
Temp “«— Rd,
LAT Z,Rd Load and Toggle RAM location Rd < (2), None
) < Temp @ (2)
Bit and bit-test instructions
Rd(n+1) « Rd(n),
LSL Rd Logical Shift Left Rd(0) < 0O, ZCN,\VH
c < RdD
Rd(n) <« Rd(n+1),
LSR Rd Logical Shift Right Rd(7) < b Z,C NV
c € RdO)
Rd(0) <« ¢,
ROL Rd Rotate Left Through Carry Rd(n+1) < Rd(n), Z,CNVH
c < Rd)
Rd(7) <« ¢,
ROR Rd Rotate Right Through Carry Rd(n) < Rd(n+1), Z,CN)V
c ¢ RdO
ASR Rd Avrithmetic Shift Right Rd(n) <«  Rd(n+1),n=0..6 ZCNV
SWAP Rd Swap Nibbles Rd(3..0) < Rd(7.4) None
BSET s Flag Set SREG(s) <« 1 SREG(s)
BCLR s Flag Clear SREG(s) <« O SREG(s)
SBI A b Set Bit in I/O Register II0O(A,b)  « 1 None
CBI A b Clear Bit in /0 Register I/IO(A,b) <« O None
BST Rr, b Bit Store from Register to T T <« Rrb) T
BLD Rd, b Bit load from T to Register Rd(b) <« T None
SEC Set Carry C « 1 C
CLC Clear Carry C « 0 C
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33.1.3 Current Consumption

Table 33-4. Current Consumption for Active Mode and Sleep Modes

Symbol | Parameter Condition Typ. Max. | Units
Vee = 1.8V 50
32kHz, Ext. Clk
Vee = 3.0V 130
Vee = 1.8V 215 HA
Active power 1MHz, Ext. Clk Vo —30v 475
consumption") cc ™=
Ve = 1.8V 445 600
2MHz, Ext. Clk
0.95 1.5
Ve = 3.0V mA
32MHz, Ext. Clk 7.8 12
Vee = 1.8V 238
32kHz, Ext. Clk
Vee = 3.0V 3.0
Vee = 1.8V 46
Idle power 1MHz, Ext. Clk Ve =30V - pA
consumption® cc=3.
Ve = 1.8V 93 225
2MHz, Ext. Clk
184 350
Ve = 3.0V
32MHz, Ext. Clk 29 5.0 mA
I T=25°C 0.07 1.0
cc
T=85°C Ve = 3.0V 1.3 5.0
T=105°C 4.0 8.0
Power-down power WDT and sampled BOD enabled, 14 20
consumption T =25°C : c
WDT and sampled BOD enabled, _
T=85C Ve = 3.0V 26 6.0
WDT and sampled BOD enabled, 5.0 10
T=105°C |
MA
RTC from ULP clock, WDT and Vige = 1.8V 1.7
sampled BOD enabled, T = 25°C Vg = 3.0V 18
Power-save power RTC from 1.024kHz low power Vee = 1.8V 0.7 20
consumption®) 32.768kHz TOSC, T = 25°C Vg = 3.0V 08 20
RTC from low power 32.768kHz Vec = 1.8V 0.9 3.0
TOSC, T = 25°C Vee = 3.0V 1.2 3.0
Reset power consumption Current through RESET pin Vee = 3.0V 120

substracted

Notes: 1. All Power Reduction Registers set including FPRM and EPRM.
2. All Power Reduction Registers set without FPRM and EPRM.
3. Maximum limits are based on characterization, and not tested in production.
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Table 33-39. Accuracy Characteristics

Symbol Parameter Condition
Differential 8 12 12
RES Resolution 12-bit resolution Single ended signed 7 11 11 Bits
Single ended unsigned 8 12 12
16ksps, Vger = 3V 0.5 1
16ksps, all Vger 0.8 2
Differential mode
300ksps, Vggr = 3V 0.6 1
INL) Integral non-linearity
300ksps, all Ve 1 2
Single ended 16ksps, Vger = 3.0V 0.5 1
igned mod
unsigned mode 16ksps, all Vger 1.3 2 "
S
16ksps, Vger = 3V 0.3 1
16ksps, all Vger 0.5 1
Differential mode
300ksps, Vggr = 3V 0.3 1
DNL™ Differential non-linearity
300ksps, all Ve 0.5 1
Single ended 16ksps, Vger = 3.0V 0.6 1
unsigned mode 16ksps, all Veer 0.6 1
300ksps, Vggr=3V -7 mV
Offset error Differential mode = Temperature drift, Vgge=3V 0.01 mV/K
Operating voltage drift 0.16 mV/V
External reference -5
AVcc/1.6 -5
mV
AVc/2.0 -6
Gain error Differential mode
Bandgap +10
Temperature drift 0.02 mV/K
Operating voltage drift 2 mV/V
External reference -8
AVcc/1.6 -8
mV
. Single ended AVccf2.0 -8
Gain error X
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 Vggr is used.
XMEGA C3 [DATASHEET] 91
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33.4.13 Clock and Oscillator Characteristics

33.4.13.1 Calibrated 32.768kHz Internal Oscillator Characteristics

Table 33-106. 32.768kHz Internal Oscillator Characteristics

Parameter Condition

Frequency 32.768 kHz
Factory calibration accuracy T =85°C, V= 3.0V -0.5 0.5 ,
User calibration accuracy -0.5 0.5 °

33.4.13.2 Calibrated 2MHz RC Internal Oscillator Characteristics

Table 33-107. 2MHz Internal Oscillator Characteristics

Parameter Condition
Frequency range DFLL can tune to this frequency over 18 20 29

voltage and temperature MHz
Factory calibrated frequency 2.0
Factory calibration accuracy T =85°C, V= 3.0V -1.5 1.5
User calibration accuracy -0.2 0.2 %
DFLL calibration stepsize 0.18

33.4.13.3 Calibrated and Tunable 32MHz Internal Oscillator Characteristics

Table 33-108. 32MHz Internal Oscillator Characteristics

Parameter Condition
Frequency range DFLL can tune to this frequency over 30 32 55

q y rang voltage and temperature

MHz

Factory calibrated frequency 32
Factory calibration accuracy T =85°C, V= 3.0V -1.5 1.5
User calibration accuracy -0.2 0.2 %
DFLL calibration step size 0.19

33.4.13.4 32kHz Internal ULP Oscillator Characteristics

Table 33-109. 32kHz Internal ULP Oscillator Characteristics

Symbol @ Parameter Condition
Factory calibrated frequency 32 kHz
Factory calibration accuracy T =85°C, V= 3.0V -12 12 .
Accuracy -30 30 *
/ItmeL N XMEGA C3 [DATASHEET] 133
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Figure 34-5. Active Mode Supply Current vs. V¢

fsys = 2MHz internal oscillator
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Figure 34-6. Active Mode Supply Current vs. V¢
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Figure 34-17. Power-down Mode Supply Current vs. Temperature
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Figure 34-80.Idle Mode Supply Current vs. Frequency
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Figure 34-171. 1/0O Pin Input Hysteresis vs. V¢
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Figure 34-172. INL Error vs. External Vg,
T=25%C, V¢ = 3.6V, external reference
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Figure 34-181. Gain Error vs. Temperature
Ve = 3.0V, Ve = external 2.0V
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Figure 34-182. Offset Error vs. V¢
T = 25°C, Ve = external 1.0V, ADC sample rate = 300ksps
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Figure 34-185. Analog Comparator Current Source vs. Calibration Value
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34.3.5

Figure 34-187
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34.3.6 BOD Characteristics
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Figure 34-203. 32MHz Internal Oscillator CALA Calibration Step Size
T =-40°C, V¢ = 3.0V
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Figure 34-237. 1/0 Pin Output Voltage vs. Sink Current
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Figure 34-289. Active Mode Supply Current vs. V¢
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Figure 34-307. I/0 Pin Output Voltage vs. Sink Current
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Figure 34-319. Gain Error vs. V¢
T = 25°C, Vree = external 1.0V, ADC sample rate = 300ksps
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Figure 34-320. Offset Error vs. Vggp
T=25°, V¢ = 3.6V, ADC sample rate = 300ksps

9.4
9.2
9.0
8.8
8.6
8.4
8.2
8.0
7.8
7.6
7.4
7.2
7.0

Offset error [mV]

1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0

VREF [V]

Atmel XMEGA C3 [DATASHEET] 320

Atmel-8492G-AVR-ATxmega32C3-64C3-128C3-192C3-256C3-Datasheet-AVR-11/2014



Figure 34-345. 32MHz Internal Oscillator CALA Calibration Step Size

85°C, Vg = 3.0V
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Figure 34-346. 32MHz Internal Oscillator CALA Calibration Step Size
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