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memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
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Figure 2-2. VFBGA Pinout
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Table 2-1. VFBGA Pinout

1 2 K] 4 5 6 7 8 ] 10
A PCO VCC PB6 PB2 AVCC PAS5 PA1 PR1 COomM2 CAPH
B PC3 GND PB7 PB4 AGND PA4 PAO PRO coM1l CAPL
C PC5 PC4 PC1 PB5 PA7 PA3 COM3 COMO BIAS2 BIAS1
D VCC GND PDO PC2 PBO PA6 SEGO VLCD GND VCC
E PD2 oW PD1 PC6 PB1 PA2 SEG1 SEG4 SEG3 SEG2
RESET
F VCC GND PDI PC7 PB3 P SEG10 SEG7 SEG6 SEG5
SEG29
G PE2 PE1 PE3 PEO PE4 SEG23 SEG15 SEG13 SEG9 SEG8
H PES PE6 SPEGG]:-S/8 SPE%AI;’/S SPE%73/2 SPEI\éSZ/6 SEG21 SEG18 SEG12 SEG11

Atmel XMEGA B1 [DATASHEET] 5

Atmel-8330H-AVR-ATxmega64B1-128B1_datasheet—-12/2014



The Arithmetic Logic Unit (ALU) supports arithmetic and logic operations between registers or between a constant and a
register. Single-register operations can also be executed in the ALU. After an arithmetic operation, the status register is
updated to reflect information about the result of the operation.

The ALU is directly connected to the fast-access register file. The 32 x 8-bit general purpose working registers all have
single clock cycle access time allowing single-cycle arithmetic logic unit (ALU) operation between registers or between a
register and an immediate. Six of the 32 registers can be used as three 16-bit address pointers for program and data
space addressing, enabling efficient address calculations.

The memory spaces are linear. The data memory space and the program memory space are two different memory
spaces.

The data memory space is divided into I/O registers and SRAM. In addition, the EEPROM can be memory mapped in the
data memory.

All I/O status and control registers reside in the lowest 4KB addresses of the data memory. This is referred to as the 1/0
memory space. The lowest 64 addresses can be accessed directly, or as the data space locations from 0x00 to Ox3F.
The rest is the extended I/O memory space, ranging from 0x0040 to OXOFFF. 1/O registers here must be accessed as
data space locations using load (LD/LDS/LDD) and store (ST/STS/STD) instructions.

The SRAM holds data. Code execution from SRAM is not supported. It can easily be accessed through the five different
addressing modes supported in the AVR architecture. The first SRAM address is 0x2000.

Data addresses 0x1000 to Ox1FFF are reserved for memory mapping of EEPROM.

The program memory is divided in two sections, the application program section and the boot program section. Both
sections have dedicated lock bits for write and read/write protection. The SPM instruction that is used for self-
programming of the application flash memory must reside in the boot program section. The application section contains
an application table section with separate lock bits for write and read/write protection. The application table section can
be used for save storing of nonvolatile data in the program memory.

6.4  ALU - Arithmetic Logic Unit

The arithmetic logic unit (ALU) supports arithmetic and logic operations between registers or between a constant and a
register. Single-register operations can also be executed. The ALU operates in direct connection with all 32 general
purpose registers. In a single clock cycle, arithmetic operations between general purpose registers or between a register
and an immediate are executed and the result is stored in the register file. After an arithmetic or logic operation, the
status register is updated to reflect information about the result of the operation.

ALU operations are divided into three main categories — arithmetic, logical, and bit functions. Both 8- and 16-bit
arithmetic are supported, and the instruction set allows for efficient implementation of 32-bit arithmetic. The hardware
multiplier supports signed and unsigned multiplication and fractional format.

6.4.1 Hardware Multiplier
The multiplier is capable of multiplying two 8-bit numbers into a 16-bit result. The hardware multiplier supports different
variations of signed and unsigned integer and fractional numbers:
e  Multiplication of unsigned integers
Multiplication of signed integers
Multiplication of a signed integer with an unsigned integer
Multiplication of unsigned fractional numbers
Multiplication of signed fractional numbers
Multiplication of a signed fractional number with an unsigned one

A multiplication takes two CPU clock cycles.
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7.3.4

7.3.5

7.4

7.5

Production Signature Row

The production signature row is a separate memory section for factory programmed data. It contains calibration data for
functions such as oscillators and analog modules. Some of the calibration values will be automatically loaded to the
corresponding module or peripheral unit during reset. Other values must be loaded from the signature row and written to
the corresponding peripheral registers from software. For details on calibration conditions, refer to “Electrical
Characteristics” on page 69.

The production signature row also contains an ID that identifies each microcontroller device type and a serial number for
each manufactured device. The serial number consists of the production lot number, wafer number, and wafer
coordinates for the device. The device ID for the available devices is shown in Table 7-1 on page 14.

The production signature row cannot be written or erased, but it can be read from application software and external
programmers.

Table 7-1.  Device ID Bytes for XMEGA B1 Devices

Device Device ID bytes

Byte 2 Byte 1 Byte 0
ATxmega64B1 52 96 1E

ATxmegal28B1 4D 97 1E

User Signature Row

The user signature row is a separate memory section that is fully accessible (read and write) from application software
and external programmers. It is one flash page in size, and is meant for static user parameter storage, such as calibration
data, custom serial number, identification numbers, random number seeds, etc. This section is not erased by chip erase
commands that erase the flash, and requires a dedicated erase command. This ensures parameter storage during
multiple program/erase operations and on-chip debug sessions.

Fuses and Lock bits

The fuses are used to configure important system functions, and can only be written from an external programmer. The
application software can read the fuses. The fuses are used to configure reset sources such as brownout detector and
watchdog, startup configuration, JTAG enable, and JTAG user ID.

The lock bits are used to set protection levels for the different flash sections (i.e., if read and/or write access should be
blocked). Lock bits can be written by external programmers and application software, but only to stricter protection levels.
Chip erase is the only way to erase the lock bits. To ensure that flash contents are protected even during chip erase, the
lock bits are erased after the rest of the flash memory has been erased.

An unprogrammed fuse or lock bit will have the value one, while a programmed fuse or lock bit will have the value zero.

Both fuses and lock bits are re-programmable like the flash program memory.

Data Memory

The data memory contains the I/O memory, internal SRAM and optionally memory mapped EEPROM. The data memory
is organized as one continuous memory section, see Figure 7-2 on page 15. To simplify development, I/O Memory,
EEPROM, and SRAM will always have the same start addresses for all XMEGA devices.

Atmel XMEGA B1 [DATASHEET] 14

Atmel-8330H-AVR-ATxmega64B1-128B1_datasheet-AVR-12/2014



11.3.3 Power-save Mode

Power-save mode is identical to power down, with two exceptions:

1. If the real-time counter (RTC) is enabled, it will keep running during sleep, and the device can also wake up from
either an RTC overflow or compare match interrupt.

2. Ifthe liquid crystal display controller (LCD) is enabled, it will keep running during sleep, and the device can wake
up from LCD frame completed interrupt.
11.3.4 Standby Mode
Standby mode is identical to power down, with the exception that the enabled system clock sources are kept running
while the CPU, peripheral, RTC, and LCD clocks are stopped. This reduces the wake-up time.
11.3.5 Extended Standby Mode

Extended standby mode is identical to power-save mode, with the exception that the enabled system clock sources are
kept running while the CPU and peripheral clocks are stopped. This reduces the wake-up time.

Atmel XMEGA B1 [DATASHEET] 24
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12. System Control and Reset
12.1 Features
e Reset the microcontroller and set it to initial state when a reset source goes active
e Multiple reset sources that cover different situations
e Power-on reset
e External reset
e Watchdog reset
e Brownout reset
e PDI reset
e Software reset
e Asynchronous operation
e No running system clock in the device is required for reset
e Reset status register for reading the reset source from the application code
12.2 Overview
The reset system issues a microcontroller reset and sets the device to its initial state. This is for situations where
operation should not start or continue, such as when the microcontroller operates below its power supply rating. If a reset
source goes active, the device enters and is kept in reset until all reset sources have released their reset. The 1/O pins
are immediately tri-stated. The program counter is set to the reset vector location, and all I/O registers are set to their
initial values. The SRAM content is kept. However, if the device accesses the SRAM when a reset occurs, the content of
the accessed location can not be guaranteed.
After reset is released from all reset sources, the default oscillator is started and calibrated before the device starts
running from the reset vector address. By default, this is the lowest program memory address, 0, but it is possible to
move the reset vector to the lowest address in the boot section.
The reset functionality is asynchronous, and so no running system clock is required to reset the device. The software
reset feature makes it possible to issue a controlled system reset from the user software.
The reset status register has individual status flags for each reset source. It is cleared at power-on reset, and shows
which sources have issued a reset since the last power-on.
12.3 Reset Sequence
A reset request from any reset source will immediately reset the device and keep it in reset as long as the request is
active. When all reset requests are released, the device will go through three stages before the device starts running
again:
e Reset counter delay
e  Oscillator startup
e Oscillator calibration
If another reset requests occurs during this process, the reset sequence will start over again.
12.4 Reset Sources
12.4.1 Power-on Reset
A power-on reset (POR) is generated by an on-chip detection circuit. The POR is activated when the V. rises and
reaches the POR threshold voltage (Vpo7), and this will start the reset sequence.
The POR is also activated to power down the device properly when the V. falls and drops below the Vo level.
The Vpor level is higher for falling Vcthan for rising Vc. Consult the datasheet for POR characteristics data.
XMEGA B1 [DATASHEET] 25
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27.

27.1

27.2

CRC - Cyclic Redundancy Check Generator

Features

e Cyclic redundancy check (CRC) generation and checking for
e Communication data
e Program or data in flash memory
e Data in SRAM and I/O memory space
e Integrated with flash memory, DMA controller and CPU
e Continuous CRC on data going through a DMA channel
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

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 XMEGA devices supports two commonly used CRC polynomials; CRC-16 (CRC-CCITT) and
CRC-32 (IEEE 802.3).

e CRC-16:
Polynomial: x20+x12+x5+1

Hex value: 0x1021

e CRC-32:

Polynomial: X324 x84 x B4 x P24 x 1043124 x L x 045 B T+ x P+ x x4+ x+1

Hex value: 0x04C11DB7

Atmel XMEGA B1 [DATASHEET] 47

Atmel-8330H-AVR-ATxmega64B1-128B1_datasheet—-12/2014



Figure 29-1. 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
3.35us for 12-bit to 2.3ps 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 and PORTB each has one ADC. Notation of these peripherals are ADCA and ADCB, respectively.
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34.

Mnemonics

Operands

Instruction Set Summary

Descripti

Operation

Arithmetic and Logic Instructions

#Clocks

ADD Rd, Rr Add without Carry Rd “«— Rd + Rr Z,C,N,V,S,H 1
ADC Rd, Rr Add with Carry Rd “«— Rd+Rr+C Z,C,N,V,S,H 1
ADIW Rd, K Add Immediate to Word Rd « Rd+1:Rd+K Z,CN,\V,S 2
SUB Rd, Rr Subtract without Carry Rd <« Rd-Rr Z,CN,V,S,H 1
SUBI Rd, K Subtract Immediate Rd « Rd-K Z,CN,V,S,H 1
SBC Rd, Rr Subtract with Carry Rd “«— Rd-Rr-C Z,C\N,V,S,H 1
SBCI Rd, K Subtract Immediate with Carry Rd “«— Rd-K-C Z,C,N,V,S,H 1
SBIW Rd, K Subtract Immediate from Word Rd + 1:Rd “«— Rd + 1:Rd - K Z,C,N,\V,S 2
AND Rd, Rr Logical AND Rd <« RdeRr ZN,V,S 1
ANDI Rd, K Logical AND with Immediate Rd <« RdeK ZN\V,S 1
OR Rd, Rr Logical OR Rd “«— Rd v Rr ZN,\V,S 1
ORI Rd, K Logical OR with Immediate Rd “«— Rd v K ZN\V,S 1
EOR Rd, Rr Exclusive OR Rd <« Rd @ Rr ZN,\V,S 1
CcOoM Rd One’s Complement Rd <« $FF-Rd Z,C,N,\V,S 1
NEG Rd Two’s Complement Rd <« $00-Rd Z,CN,V,S,H 1
SBR Rd,K Set Bit(s) in Register Rd <« RdvK ZN\V,S 1
CBR Rd,K Clear Bit(s) in Register Rd <« Rde ($FFh-K) ZN,\V,S 1
INC Rd Increment Rd “«— Rd +1 ZN\V,S 1
DEC Rd Decrement Rd “«— Rd-1 ZN\V,S 1
TST Rd Test for Zero or Minus Rd “«— Rd e Rd ZN\V,S 1
CLR Rd Clear Register Rd <« Rd®Rd ZN\V,S 1
SER Rd Set Register Rd « $FF None 1
MUL Rd,Rr Multiply Unsigned RI:IRO <« RdxRr(UU) z.C 2
MULS Rd,Rr Multiply Signed R1:RO « RdxRr(SS) Z.C 2
MULSU Rd,Rr Multiply Signed with Unsigned R1:RO <« RdxRr(SU) Z© 2
FMUL Rd,Rr Fractional Multiply Unsigned R1:RO <« RdxRr<<1 (UU) 7S 2
FMULS Rd,Rr Fractional Multiply Signed R1:RO <« RdxRr<<1 (SS) Z(S 2
FMULSU Rd,Rr Fractional Multiply Signed with Unsigned R1:RO « RdxRr<<1(SU) z,C 2
« e (=D menRISRO < Docp(RISRO. I
Branch instructions
RJIMP k Relative Jump PC <« PC+k+1 None 2
1IMP Indirect Jump to (2) PF(;((:Z(EZE; < S’ None 2
EIIMP Extended Indirect Jump to (Z) pf:fz(islg; : E’IND None 2
JMP k Jump PC « k None 3

Atmel
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Mnemonics Operands Description Operation #Clocks

MOVW Rd, Rr Copy Register Pair Rd+1:Rd <« Rr+1:Rr None 1
LDI Rd, K Load Immediate Rd “«— K None 1
LDS Rd, k Load Direct from data space Rd « (k) None 2 (1)@
LD Rd, X Load Indirect Rd « (X None 10
LD Rd, X+ Load Indirect and Post-Increment Rd < None 10
o X <« X+1
X« X-1 -
LD Rd, -X Load Indirect and Pre-Decrement - 0 & Hed None 2 W)
Rd«(X) < X

LD Rd, Y Load Indirect Rd«(Y) <« (V) None 100

. Rd < (1) ()
LD Rd, Y+ Load Indirect and Post-Increment v o« v¥1 None 1

. Y <« Y-1
LD Rd, -Y Load Indirect and Pre-Decrement None 2 0@

Rd < (Y
LDD Rd, Y+q Load Indirect with Displacement Rd « (Y+0q) None 2 ME)
LD Rd, Z Load Indirect Rd « (2 None 1 0@
Rd
LD Rd, Z+ Load Indirect and Post-Increment < @ None 1 0@
zZ < zZ#l

i Z e« z-4 )
LD Rd, -Z Load Indirect and Pre-Decrement RA < @ None 2
LDD Rd, Z+q Load Indirect with Displacement Rd <« (Z+q) None 2 W@
STS k, Rr Store Direct to Data Space k) <« Rd None 2@
ST X, Rr Store Indirect X) « Rr None 1®

: X)) <« Rr @
ST X+, Rr Store Indirect and Post-Increment X < xX+1 None 1

ST -X, Rr Store Indirect and Pre-Decrement ():; : ér- 1 None 2@
ST Y, Rr Store Indirect (Y) <« Rr None 10
ST Y+, Rr Store Indirect and Post-Increment (? j: $r+ a None 1@
ST -Y, Rr Store Indirect and Pre-Decrement (\:; : ;r- L None 2@
STD Y+q, Rr Store Indirect with Displacement (Y+@) « Rr None 20
ST Z,Rr Store Indirect @2 <« Rr None 10
ST Z+, Rr Store Indirect and Post-Increment (ZZ) : §r+ 1 None 1@
ST -Z,Rr Store Indirect and Pre-Decrement Z « Z-1 None 2@
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
LPM Rd, Z+ Load Program Memory and Post-Increment R: < @ None 3
Z <~ Z+1
ELPM Extended Load Program Memory RO « (RAMPZ:Z) None 3
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36.3 DC Characteristics

Table 36-4. Current Consumption for Active and Sleep Modes

Symbol | Parameter Condition in. . Max.
Ve = 1.8V 150
32kHz, Ext. Clk
Vce = 3.0V 320
Ve = 1.8V 350 HA
Active Power IMHz, Ext. Clk B
consumption® Vec =30V 700
Vee = 1.8V 650 800
2MHz, Ext. Clk
1.0 1.6
Ve = 3.0V mA
32MHz, Ext. Clk 10 15
Ve = 1.8V 4.0
32kHz, Ext. Clk
Vce = 3.0V 8.0
Ve = 1.8V 80
e 1MHz, Ext. Clk HA
consumption® Vee = 3.0V 150
Ve = 1.8V 160 250
2MHz, Ext. Clk
lcc 300 600
Ve = 3.0V
32MHz, Ext. Clk 4.7 7 mA
T=25°C 0.1 1.0
T =85°C 2.1 5
Power-down
power WDT and Sampled BOD enabled, T =25°C | V- =18V 1.2 25 MA
consumption
WDT and Sampled BOD enabled, T = 25°C 1.3 3
Ve = 3.0V
WDT and Sampled BOD enabled, T=85°C 3.1 7
RTC on ULP clock, WDT and sampled BOD ~ Ycc = 1.8V 12
enabled, T = 25°C Vee = 3.0V 1.3
Eg\\,/vv;r-save RTC on 1.024kHz low power 32.768kHz Vec = 1.8V 0.8 A
consumption® TOSC, T=25°C Ve = 3.0V 0.9
RTC from low power 32.768kHz TOSC, Vee = 1.8V 13
T=25°C Vee = 3.0V 16
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36.8 Analog Comparator Characteristics

Table 36-13. Analog Comparator Characteristics

Parameter Condition
Vst Input offset voltage 10 mV
I Input leakage current <10 50 nA
Input voltage range 0.1 AVcce- 0.1 \%
AC startup time 50 us
Viyst Hysteresis, none Vee = 1.6V -3.6V 0
Viys2 Hysteresis, small Ve = 1.6V -3.6V 12 mvV
Viyss Hysteresis, large Vee = 1.6V - 3.6V 28
Ve = 3.0V, T=85°C 22 30
tdelay Propagation delay ns
Ve = 1.6V - 3.6V 21 40
I(ii:]lelé(reivt;I(l\’/\IoLIt)age Scaler Integral non 03 05 LSB
Current source accuracy after calibration 5 %
Current source calibration range Single mode 4 6
Current source calibration range Double mode 8 12 KA

36.9 Bandgap and Internal 1.0V Reference Characteristics

Table 36-14. Bandgap and Internal 1.0V Reference Characteristics

Symbol | Parameter Condition
As reference for ADC 1 Clkpgg + 2.5us
Startup time us
As input voltage to ADC and AC 15
Bandgap voltage 1.1
Vv
INT1V Internal 1.00V reference for ADC T=85°C, after calibration 0.99 1 1.01
Variation over voltage and temperature Calibrated at T= 85°C 2.25 %
XMEGA B1 [DATASHEET] 79
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36.14.6 External Clock Characteristics

Figure 36-3. External Clock Drive Waveform
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Table 36-25. External Clock used as System Clock without Prescaling

Symbol | Parameter Condition
Ve =1.6-1.8V 0 12
1o Clock frequency™ MHz
Voo =2.7-3.6V 0 32
Ve =1.6-1.8V 83.3
tex Clock period
Vee = 2.7 - 3.6V 315
Ve =1.6-1.8V 30.0
ten Clock high time
Ve =2.7-3.6V 125
Ve =1.6-1.8V 30.0
teL Clock low time ns
Ve = 2.7 - 3.6V 12.5
Ve =1.6-1.8V 10
ter Rise time (for maximum frequency)
Vee =2.7-3.6V 3
Vee=1.6-1.8V 10
ter Fall time (for maximum frequency)
Vee = 2.7 -3.6V 3
Aty Change in period from one clock cycle to the next 10 %
Note: 1. The maximum frequency vs. supply voltage is linear between 1.8V and 2.7V, and the same applies for all other parameters with supply voltage conditions.
XMEGA B1 [DATASHEET] 83
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Figure 37-3. Active Mode Supply Current vs. V¢
fsys = 32.768kHz internal oscillator.
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Figure 37-4. Active Mode Supply Current vs. Ve
fsys = 2MHz internal oscillator.
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Figure 37-19. I/O Pin Pull-up Resistor Current vs. Pin Voltage
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37.2.2 Output Voltage vs. Sink/Source Current
Figure 37-20. 1/0O Pin Output Voltage vs. Source Current
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Figure 37-35. ADC Offset vs. Vggg.
Differential signed mode, V¢ = 3.6V, external reference.
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Figure 37-36. ADC Offset vs. V.
Differential signed mode, Vg = 1.0V, external reference.
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Figure 37-37. ADC Gain Error vs. Vgge.
Differential signed mode, external reference.
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Figure 37-38. ADC Gain Error vs. Vgg.
SE Unsigned mode, external reference.
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Figure 37-41. ADC Gain Error vs. Temperature
Differential signed mode, external reference.
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Figure 37-42. ADC Gain Error vs. Temperature
SE Unsigned mode, V¢ = 3.6V, external reference.
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37.4 Analog Comparator Characteristics

Figure 37-43. Analog Comparator Hysteresis vs. V¢
High-speed mode, small hysteresis.
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Figure 37-44. Analog Comparator Hysteresis vs. V¢
High-speed mode, large hysteresis.
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37.8 Oscillator Characteristics
37.8.1 Ultra Low-power Internal Oscillator
Figure 37-62. Ultra Low-power Internal Oscillator Frequency vs. Temperature.
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Figure 37-63. 32.768kHz Internal Oscillator Frequency vs. Temperature.
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