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A t m e E ATA8520E

Single-Chip SIGFOX RF Transceiver

DATASHEET COMPLETE

Features

- Fully integrated, single-chip RF transceiver (SIGFOX™ compliant)

+  System-on-chip solution including SIGFOX related protocol handling
for modem operation

- AVR® microcontroller core with embedded firmware, SIGFOX, protocol
stack and ID/PAC

*  Supports up- and downlink operation, i.e., transmit and receive of data
telegrams with SIGFOX base stations in EU and US

*  The device has to be configured before the first usage
*  Operating frequencies:
— EU: uplink 868.0MHz to 868.6MHz, downlink 869.4MHz to
869.65MHz
— US: uplink and downlink 902MHz to 906 MHz
*  Low current consumption:
— 32.7mA (EU)/ 16.7mA(US) during transmit and
— 10.4mA (EU)/ 10.5mA (US) during receive operation
+  Typical OFF mode current: 5nA (maximum 600nA at Vg = +3.6V and
T =+85°C)
+ Datarate:

— EU: 100bit/s with DBPSK modulation for uplink and 600bit/s with
GFSK modulation for downlink

— US: 600bit/s with DBPSK modulation for uplink and 600bit/s with
GFSK modulation for downlink

*  SPlinterface for data access and transceiver configuration and control

+  Event signal indicates the status of the IC to an external
microcontroller

*  Power-up (typical 10ms (EU), 30ms (US) from OFF mode to idle
mode)

»  Supply voltage ranges 1.9V to 3.6V and 2.4V to 5.5V (SIGFOX
compliant supply range 3V +5% and 3.3V to 5.5V)

*  Temperature range —40°C to +85°C
«  ESD protection at all pins (+4kV HBM, +200V MM, 750V FCDM)
*  Small 5x5mm QFN32 package/pitch 0.5mm

Atmel-9409C-ATA8520E_Datasheet_Complete-09/2016




Applications

SIGFOX™ compatible modem for long-range, low-power and low-cost applications using the SIGFOX

network

Atmel

Home and building automation
Alarm and security systems
Smart environment and industrial
Smart parking

Tracking

Metering

Atmel Single-Chip SIGFOX RF Transceiver [DATASHEET]
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General Description

Introduction

The Atmel® ATA8520E is a highly integrated, low-power RF transceiver with an integrated AVR®
microcontroller for applications using the wide area SIGFOX™ network

The Atmel ATA8520E is partitioned into three sections: an RF front end, a digital baseband and the low-
power 8-bit AVR microcontroller. The product is designed for the EU ISM frequency band in the range of
868.0MHz to 868.6MHz and 869.4MHz to 869.65MHz and for the US ISM frequency band in the range of
902.0MHz to 906.0MHz. The external part count is kept to a minimum due to the very high level of
integration in this device. By combining outstanding RF performance with highly sophisticated baseband
signal processing, robust wireless communication can be easily achieved. The transmit path uses a
closed loop fractional-N modulator.

The SPI interface enables external control and device configuration.

System Overview

Figure 1-1. Circuit Overview
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Figure 1-1 shows an overview of the main functional blocks of the Atmel® ATA8520E. External control of
the Atmel ATA8520E is performed through the SPI pins SCK, MOSI, MISO, and NSS. The functionality of
the device is defined by the internal firmware and processed by the AVR®. SPI commands are used to
control the device and to start the data telegram transmission. The end of the telegram transmission is
signaled to an external microcontroller on pin 28 (PB6/EVENT).

AtmeL Atmel Single-Chip SIGFOX RF Transceiver [DATASHEET] 4
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It is important to note that all PWRON and NPWRON pins (PC1..5, PB4, PB7) are active in OFF mode.
This means that even if the Atmel ATA8520E is in OFF mode and the DVCC voltage is switched off, the
power management circuitry within the Atmel ATA8520E biases these pins with VS.

The AVR microcontroller ports can be used as button inputs, LED drivers, EVENT pin, general purpose
digital inputs, or wake-up inputs, etc. Functionality of these ports is already implemented in the firmware.

1.3. Pinning
Figure 1-2. Pin Diagram
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Note: The exposed die pad is connected to the internal die.

Table 1-1. Pin Description

I S

2 RF_IN

3 SPDT_RX
4 SPDT_ANT
5 NC

6 SPDT_TX
7 RF_OUT
8 VS_PA

9 NC

10 XTAL1

Atmel

Analog
Analog

Analog

Analog
Analog

Analog

Analog

Connected to GND
Receiver input
Rx switch output (damped signal output)

Antenna input (downlink) and output (uplink) of the
SPDT switch

Leave open
TX mode input of the SPDT switch
Power amplifier output

Power amplifier supply. 3V supply: connect to VS. 5V
supply: connect to C2. Use SPI command “Write
System Configuration” (0x11) to enable 5V supply
mode.

Connected to GND
Crystal oscillator pin 1 (input)

Atmel Single-Chip SIGFOX RF Transceiver [DATASHEET] 5
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I S

XTAL2 Analog Crystal oscillator pin 2 (output)
12 AVCC Analog RF front-end supply regulator output
13 VS Analog Main supply voltage input
14 PCO Digital Main : NRESET (low active)
. Main : AVR Port C1
9 PC1 Digital Alternate : NPWRON1 (low active)
- Main : AVR Port C2
16 PC2 Digital Alternate - NPWRON2 (low active)
. Main : AVR Port C3
17 PC3 Digital Alternate : NPWRONS3 (low active)
- Main : AVR Port C4
18 PC4 Digital Alternate - NPWRON4 (low active)
. Main : AVR Port C5
19 e Digital Alternate : NPWRONS5 (low active)
20 DvCC - Digital supply voltage regulator output
21 DGND - Digital ground
- . : control front-end module;
22 PBO Digital Main —='1" enable, ='0' disable
23 PB1 Digital Main : SCK
24 PB2 Digital Main : MOSI (SPI master out Slave in)
25 PB3 Digital Main : MISO (SPI master in Slave out)
26 PB4 Digital Main : PWRON
27 PB5 Digital Main - NSS (low active)
28 PB6 Digital Main : EVENT (low active)
- Main :="1"TX active, ='0' RX active
29 PB7 Digital Alternate - NPWRONG (low active)
30 AGND - Analog ground
31 NC - Connected to GND
32 NC - Connected to GND
GND - Ground/backplane on exposed die pad
Atmel Single-Chip SIGFOX RF Transceiver [DATASHEET] 6
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Applications
This section provides application examples for the two supply modes for the Atmel® ATA8520E device.

3V Application Example

Figure 1-3. 3V Application with External Microcontroller
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Figure 1-3 shows a typical application circuit with an external host microcontroller operating from a 3V
battery. The Atmel® ATA8520E stays in OFFMode until NPWRON1 (PC1) is used to wake it up. In
OFFMode the Atmel ATA8520E draws typically less than 5nA at 25°C.

In OFFMode all Atmel ATA8520E AVR® ports PB0..PB7 and PCO0..PC5 are switched to input. PC0..PC5
and PB7 have internal pull-up resistors ensuring that the voltage at these ports is VS. PB0..PB6 are tri-
state inputs and require additional consideration. PB1, PB2, and PB5 have defined voltages since they
are connected to the output of the external microcontroller. PB4 is connected to ground to avoid
unwanted power-ups. PBO, PB3 and PB6 do not require external circuitry since the internal circuit avoids
transverse currents in OFFMode. The external microcontroller has to tolerate the floating inputs.
Otherwise additional pull-down resistors are required on these floating lines.

Typically, the Atmel ATA8520E wake-up is done by pulling NPWRON1 (pin 15) to ground.

RF_OUT is matched with C1/L1 for 50Q antenna connection and RF_IN with the components C7/L2. The
front-end module (FEM) typically includes an antenna switch, an LNA for the receive direction and an
optional PA for the transmit connection in one device. The RX and TX filters are additional to increase
out-of-band jamming immunity in receive direction and to reduce spurious emissions in transmit direction.
For these filters SAW components are typically used. The pins PB0 and PB7 can be used to control the
FEM or the unused internal SPDT switch which is controlled by the Atmel ATA8520E for transmit and
receive operation.

AtmeL Atmel Single-Chip SIGFOX RF Transceiver [DATASHEET] 7
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Together with the fractional-N PLL within the Atmel ATA8520E, an external crystal is used to set the Tx
and Rx frequency. Accurate load capacitors for this crystal are integrated to reduce the system part count
and cost. Only four supply blocking capacitors are needed to decouple the different supply voltages
AVCC, DVCC, VS, and VS_PA of the Atmel ATA8520E. The exposed die pad is the RF and analog
ground of the Atmel ATA8520E. It is connected directly to AGND via a fused lead. The Atmel ATA8520E

is controlled using specific SPI commands via the SPI interface.

1.4.2. 5V Application Example
Figure 1-4. 5V Application with External Microcontroller
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Figure 1-4 shows a typical application circuit with an external host microcontroller operating from a 5V
supply. This application differs from the 3V supply mode that VS is not connected to VS_PA. Instead an
internal LDO must be activated using the SPI command “Write System Configuration” (0x11) after
powering the device and before transmitting a data telegram.
The front-end module (FEM) is controlled by the Atmel® ATA8520E device using the port pins PB7 and
PBO as described in section System and Pin Configuration (Table 2-7): In addition there is an internal
switch which can be used to control the direction of the FEM. As shown in Figure 1-3 and Figure 1-4 the
pins SPDT_RX, SPDT_TX and SPDT_ANT can be used by applying logical levels “0” and “1” to the pins.
Please consider that the voltage levels at these pins are restricted as defined in section Absolute
Maximum Ratings and section Supply Voltages and Current Consumption.
AtmeL Atmel Single-Chip SIGFOX RF Transceiver [DATASHEET] 8
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1.4.3.

5V Application for Uplink only
Figure 1-5. 5V Application for Uplink only
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Figure 1-5 shows a 5V application with external microcontroller for uplink only. The downlink (receiving)
part is not used together with the front-end module and the RX filter. For the TX filter an SAW filter can be
used or a simple LC filter to suppress unwanted spurious and harmonic emissions.

Atmel Single-Chip SIGFOX RF Transceiver [DATASHEET] 9
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System Functional Description

2.1. SPI Command Interface
The SPI command interface requires a timing setup as described in the following section and provides a
set of commands to control the operation of the Atmel® ATA8520E device. The SPI transmission occurs
with MSB first.
21.1. SPI Timing
The SPI communication requires a special timing to prevent data corruption. The SPI peripheral uses a
SCK frequency of up to 125kHz for the bit transmission and requires timing delays between the CS
signals and the start and stop of the SPI communication as shown in Figure 2-1.
Figure 2-1. SPI Timing Parameters
NSS
MISOMOS! 9098900 QU 00000
CLK
I [ 70 ] [ 11 ] [ 12 I 3 I I |
TO = 65ps, T1 = 40ps, T2 =2 100us, T3 = 50pus, SPI CLK < 125kHz (SPI Mode 0: CPOL = CPHA = 0)
21.2. SPI Command Set
The following SPI commands are available to control the Atmel® ATA8520E operation from a host
microcontroller.
21.2.1. System Reset
This command uses the system internal WDT to do a complete hardware reset of the Atmel® ATA8520E.
Resetting the device takes approximately 12ms (EU), 31ms (US). Afterwards the system restarts and
generates an event on the EVENT signal after this time. This event will be cleared with the “Get Status”
SPI command (0x0A).
Master System Reset (0x01)
ATA8520E Dummy
2.1.2.2. /O Init
The 1/0 lines of port C can be used as additional 1/O lines for an application. The port C I/O Init command
defines the internal data direction register of output port PORTC (DDRC). Pin PCO is used as NRESET
signal and will always be an input pin, i.e., bit 0 will be written as 0 to be an input pin.
Master I/O Init (0x02) DDRC content
ATA8520E Dummy Dummy
2.1.2.3. 1/O Write
The 1/O write command writes directly to the output port register PORTC to set the 1/O pins. Pin PCO is
used as NRESET signal and will always be an input pin with enabled pull-up, i.e., bit 0 will be written as 1
to enable the internal pull-up resistor.
AtmeL Atmel Single-Chip SIGFOX RF Transceiver [DATASHEET] 10
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Master I/0 Init (0x03) PORTC content

ATA8520E Dummy Dummy
21.24. 1/ORead
The 1/0 read command reads the status of the I/O pins directly from the input port register PINC. Pin PCO
is used as NRESET signal and will always be read as 1.
Master I/0O Read (0x04) Dummy Dummy
ATA8520E Dummy Dummy PINC content
2.1.2.5. OFF Mode
The OFF mode command puts the Atmel® ATA8520E into off mode. To wake up the Atmel ATA8520E
device, one of the power on lines has to be activated, i.e., set PWRON line to high or NPWRONKX line to
low. To switch the device into OFF mode the power on lines have to be de-activated before otherwise the
device will remain in the on state.
Master OFF Mode (0x05)
ATA8520E Dummy
2.1.2.6. Atmel Version
The Atmel® version command reads the version information including a major and a minor version
number.
Master Atmel Version (0x06) Dummy Dummy Dummy
ATA8520E Dummy Dummy MajorVers MinorVers
2.1.2.7. Write TX Buffer
The write TX buffer command fills the TX buffer to be sent with the next SIGFOX™ ATA8520E data frame
with payload data of up to 12 bytes. The buffer can hold any number of bytes ranging from 0 to 12 bytes
and are not buffered, i.e., a new SPI command will override the previous data.
Master Write TX Buffer | RF TX Num | RF TX Bytes RF TX Num
(0x07) bytes N bytes-1
ATA8520E Dummy Dummy Dummy Dummy
2.1.2.8. Enable Special Mode
This command will only be used during testing of the system and not during regular operation in a
SIGFOX™ network. This commands enables the execution of the following SPI command:
*  Firmware tests 0x18
Master Enable Mode (0x08)
ATA8520E Dummy
2.1.2.9. SIGFOX Version
The SIGFOX™ version reads the SIGFOX library version information as a text string with N = 11
characters.
AtmeL Atmel Single-Chip SIGFOX RF Transceiver [DATASHEET] 11
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2.1.2.10. Get
The

SIGFOX Version

Master (0x09) Dummy Dummy Dummy
v IEEEE SFx
ATABS20E Dummy Dummy Verinfo[0] Verinfo[N]
Status

get status command reads the internal status of the device. Issuing this command clears the systems

event line (PB6) and the status bytes. The event line is set to low when:

a.
b.
c.
d.

e.

System is ready after power-up or reset

Finishes the transmit/receive operation

Finishes a temperature and supply measurement
Finishes the EEPROM write operation.

Test mode is finished.

The following status information is read after the event line is activated, i.e., polling using the Get Status
command is not necessary:

Har

dware SSM status (internal only)

Atmel® status:

Bit6: System ready to operate (system ready event)
Bit5: Frame sent (frame ready event)
Bit4 to Bit1: Error code
— 0000: no error
— 0001: command error / not supported
— 0010: generic error
— 0011: frequency error
— 0100: usage error
— 0101: opening error
— 0110: closing error
— 0111: send error
Bit0: PA on/off indication

SIGFOX" status:

0x00: no error

0x30: TX data length > 12 byte

0x3E: Time-out for downlink message
0x4E: Time-out for bit downlink

All other codes: Only for internal

SIGFOX status2:

0x00: no error

0x10: initialization error

0x18: error during send

0x40: error in RF frequency

0x68: error during wait for data frame

Atmel Single-Chip SIGFOX RF Transceiver [DATASHEET] 12
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The SSM status is used for internal testing only. The SIGFOX status/status2 information may also
generate other error codes which are used for internal only. The Atmel status information can be used for
detection of issues with the application, i.e., bit6 is set after initialization of the device (reset or power-on)
and bit5 is set after a telegram has been sent.

Get Status
Master (OXOA) Dummy Dummy Dummy Dummy Dummy
SSM Atmel SIGFOX = SIGFOX
ATAB520E Dummy Dummy status status status status2
2.1.2.11. Send Single Bit
This command sends a data bit (0=0x00/1=0x01) within a SIGFOX" RF frame as specified by SIGFOX.
An event on the EVENT signal is generated when finished. This command will only be used during testing
of the system and not during regular operation in a SIGFOX network.
Master Send Bit (0x0B) Bit Status (0/1)
ATA8520E Dummy Dummy
2.1.2.12. Send Out-Of-Band
This command triggers the out-of-band data transmission (as defined by SIGFOXTM). It will generate an
event on the EVENT signal when finished. This command will only be used during testing of the system
and not during regular operation in a SIGFOX network.
Master Send OOB (0x0c)
ATA8520E Dummy
2.1.2.13. Send Frame
The send frame command triggers the start of a frame transmit process. The payload data has to be
written into the TX buffer before using the write TX buffer command. The transmit operation will take
~7 seconds in EU mode and ~2 seconds in US mode and will generate an event on the EVENT signal
when finished.
Master Send Frame (0x0D)
ATA8520E Dummy
2.1.2.14. Send/Receive Frame
The send/receive frame command triggers the start of a frame transmit process followed by a receive
process. The payload data has to be written into the TX buffer before using the write TX buffer command.
The transmit and receive operation will take up to 50 seconds and will generate an event on the EVENT
signal when finished. The received data bytes can be read with the SPI command (0x10).
Master Send/Receive Frame (0x0OE)
ATA8520E Dummy
2.1.2.15. Get PAC
The get PAC command will read the 16 byte PAC information which is used for the device registration
process at the SIGFOX " backend. Only the 8 lower bytes (0) .. (7) are used.
AtmeL Atmel Single-Chip SIGFOX RF Transceiver [DATASHEET] 13
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Master Get PAC (0xOF) Dummy Dummy Dummy

ATA8520E Dummy Dummy PAC ID[0] PAC ID[15]

2.1.2.16. Read RX Buffer
This command triggers the read out of the received data packet. The packet length is always 8 bytes.

Read RX Buffer
Master (0x10) Dummy Dummy Dummy

ATA8520E Dummy Dummy RX Byte 0 RX Byte 7

2.1.2.17. Store System Configuration
The Store System Configuration command writes the configuration data for the port C and the system
configuration into the internal EEPROM. This changes will be applied by performing a system reset. An
event on the EVENT signal is generated when finished. EDDRC register defines the data direction for the
port C pins (0: input, 1: output). EPORTC register defines the output level for an output pin and enables a
pull-up resistor for input pins when set. SysConf is used to configure the supply voltage and the up-/
downlink operation (see section System and Pin Configuration). The parameter repeat defines the
number of frames to be send for the SPI command Send/Receive Frame (0xOE). Possible values for the
parameter repeat are

«  0x00: send 1 frame
*  0x01: send 2 frame
*  0x02: send 3 frame (default)

Store Sys
Master Conf (0x11) EDDRC EPORTC repeat SysConf
ATA8520E Dummy Dummy Dummy Dummy Dummy

2.1.2.18. GetID

The get ID command will read the 4 byte ID information which is used for the device registration process
at the SIGFOX " backend.

Master Get ID (0x12) Dummy Dummy Dummy

ATA8520E Dummy Dummy UID[3] UID[0]

2.1.2.19. Read Supply Temperature
This command triggers the read out of the measured supply voltage in idle and active mode and the
device temperature. To trigger a measurement the SPI command (0x14) has to be used. The return
voltage level is in mV and the temperature value has to be calculated as T = TM/10 in °C. The voltage
values are of type 16 bit unsigned integer (with high and low byte) while the temperature is a signed

value.
Read Supply
Master Temperature | Dummy  Dummy Dummy Dummy Dummy  Dummy  Dummy
(0x13)
ATA8520E Dummy Dummy VL idle VH idle V.L VH TML TMH
active = active
AtmeL Atmel Single-Chip SIGFOX RF Transceiver [DATASHEET] 14
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2.1.2.20.

21.2.21.

2.1.2.22.

2.1.2.23.

Start Measurement

This command triggers the measurement of the supply voltages and the temperature value. An event on
the EVENT signal is triggered when finished which is cleared by reading the status with command 0x0A.
Using this command will update the crystal calibration before any send command, i.e., it is recommended
to adapt to changed ambient temperatures.

Master Trigger Measurement (0x14)
ATA8520E Dummy
Trigger Test Mode
This command triggers the uplink test procedure defined by SIGFOX™. An event on the EVENT signal is

generated when finished. This command will only be used during testing of the system and not during
regular operation in a SIGFOX network.

The command parameter are:

+  TestMode: Test modes as defined by SIGFOX
»  Configuration: configuration data for test modes as defined by SIGFOX

The following test modes are available:

Table 2-1. Trigger Test Modes
0 repeat: 0-255 Transmit random data frame without frequency hoping
1 repeat: 0-255 Transmit 3 random data frames with frequency hoping
repeat: 0-255 Test receive operation with SIGFOX tester

repeat: 0-255 Test receive operation in pure GFSK mode

A WD

repeat: 0-255 Test sensitivity with SIGFOX tester

Master Trigger Test Mode (0x15) Test Mode Configuration
ATA8520E Dummy Dummy Dummy

Send CW

This command triggers the transmission of a continuous carrier on the programmed RF frequency as
defined by SIGFOX". This command will only be used during testing of the system and not during regular
operation in a SIGFOX network.

Master Send CW (0x17) On=0x11/0ff=0x00
ATA8520E Dummy Dummy

Firmware Test

This command selects the firmware internal RX test mode. An event on the EVENT signal is generated
when finished. This command will only be used during testing of the system and not during regular
operation in a SIGFOX™ network.

This test mode will check for a data packet on the RX frequency with 600bps data rate and 0.8kHz FSK
modulation with the following pattern (in hex):
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2.1.2.24.

2.1.2.25.

2.1.2.26.

2.1.2.27.

Preamble Frame ID Data payload

AA AA B2 27 3132 33 34 35 36 37

It can be used to check the RX functionality and the sensitivity level of the hardware.

Master AL U 0x06 0x09 OXFF OXFF
(0x18)

ATA8520E Dummy Dummy Dummy Dummy Dummy

Store Frequencies

This command store the RF frequencies for TX and RX in the internal EEPROM. The frequency values
are 32-bit unsigned integer in [Hz]. An event on the EVENT signal is generated when finished. The
system has to be reset to make the changes valid.

Store
Frequen- freqTX | freqTX | freqTX | freqTX | fregRX | freqRX = freqRX | freqRX
cies [7..0] [15..8] | [23..16] | [31..24] [7..0] [15..8] | [23..16] | [31..24]
(0x1A)

Master

ATA8520E Dummy Dummy Dummy @ Dummy Dummy Dummy Dummy Dummy Dummy

Set TX Frequency

Set TX center frequency temporarily for testing purposes. This settings are lost after reset or when
switching the device off. The frequency value is an unsigned 32-bit integer within the range
[868.000.000Hz to 868.600.000Hz] and default value 868.130.000Hz for EU. The range for US is
[902.000.000Hz to 906.000.000Hz] with default 902.200.000Hz. This command will only be used during
testing of the system and not during regular operation in a SIGFOX™ network.

TX Frequency

Master (Ox1B)

TX[31:24] TX[23:16] TX[15:8] TX[7:0]
ATA8520E Dummy Dummy Dummy Dummy Dummy

Set RX Frequency

Set RX center frequency temporarily for testing purposes. This settings are lost after reset or when
switching the device off. The frequency value is an unsigned 32-bit integer within the range
[869.400.000Hz to 869.650.000Hz] and default value 869.525.000Hz for EU. The range for US is
[902.000.000Hz to 906.000.000Hz] with default 905.200.000Hz. This command will only be used during
testing of the system and not during regular operation in a SIGFOX™ network.

RX Frequency

Master (0x1C)

RX[31:24] RX[23:16] RX[15:8] RX[7:0]
ATA8520E Dummy Dummy Dummy Dummy Dummy

Store Crystal Coefficients

This command stores a crystal coefficient for temperature compensation at position INDEX (range

0 to 22). The INDEX is related to a specific temperature value, i.e., index position 0 is for -48°C, index 1
for —40°C, index 2 for —32°C and so forth until index 22 for +128°C. The data value has to be in ppm and
is interpreted as a signed value. The final table is composed with a step size of 8°C, starting at -48°C and
ending at +128°C. The command will issue an event when finished.
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Master Store Crystal Coeff. (0x1D) Index Data

ATA8520E Dummy Dummy Dummy
2.1.2.28. Trigger Read of Crystal Coefficient Table
This command triggers the read operation of the crystal coefficient table into a buffer area for the
temperature range of —32°C to +88°C in steps of 8°C (16 coefficients) for verification purposes. The buffer
read itself is then performed with command 0x20.
Master Trigger Crystal Read (0x1E)
ATA8520E Dummy
2.1.2.29. Trigger Read of System Configuration
This command triggers the read operation of the center frequencies for up- and downlink in Hz and the
system configuration setting as used in command 0x11. The buffer read itself is then performed with
command 0x20.
Master Trigger Conf. Read (0x1F)
ATA8520E Dummy
2.1.2.30. Read Configuration Buffer
This command returns the data read from EEPROM which has been triggered before by the following
commands.
Read Crystal Coefficient Table
This command reads the crystal coefficients in ppm after issuing the trigger command O0x1E. The buffer
area includes 16 signed data bytes to be read.
Read Crystal
Master Coeff. (0x20) Dummy Dummy Dummy
ATA8520E Dummy Dummy Coeff[2] Coeff[17]
Read System Configuration
This command reads the center frequencies for up- and downlink in Hz as 32-bit unsigned value and the
system configuration setting as used in command 0x11 after issuing the trigger command 0x1F. The
buffer area includes 10 data bytes to be read.
Master Read C((;})/(sztg)l Coeff. Dummy | Dummy  Dummy  Dummy Dummy Dummy
freqTX[ freqTX freqTX freqTX freqRX
ATABS520E Dummy Dummy "2 01 [15.8] [23.16] [31.24] [7.0]
Dummy Dummy Dummy Dummy Dummy
fregqRX  fregqRX  freqRX — Sys.
[15..8] [23..16] [31..24] Config
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Read Current FCC Channel Setting
This command reads the current FCC channel configuration stored in the EEPROM after issuing the
trigger command 0x25. The buffer includes 1 FCC data byte with

Bit7..4: = 1 if the current FCC Macro Channel is not the default SIGFOX channel
0 otherwise
Bit 3...0: # of free Micro Channel inside the current FCC Macro Channel
Master Read Current FCC (0x20) Dummy Dummy
ATA8520E Dummy Dummy FCC data

2.1.2.31. Enable Frequency Fixed Mode
This command will toggle between frequency hopping and fixed frequency for testing purposes. After
applying a reset the frequency hopping mode is enabled per default. This command will only be used
during testing of the system and not during regular operation in a SIGFOX™ network.

Master Enable Fixed Frqg. (0x21)
ATA8520E Dummy

2.1.2.32. Store Channel Configuration
This command stores the channel configuration for the US mode operation in EEPROM. The following
values have to be used for FCC compliance:

* MC1[0..3]: OxFF, 0x01, 0x00, 0x00
+  MC2[0..3]: 0x00, 0x00, 0x00, 0x00
+  MC3[0..3]: 0x00, 0x00, 0x00, 0x00
« DCJ0..1]: 0x01, 0x00
Store Micro-chann.

Master (0x22) MC1[0] MC1[1] MC1[2] MC1[3] MC3[0]

ATA8520E Dummy Dummy Dummy Dummy Dummy Dummy

MC3[1] | MC3[2] | MC3[3] | DC[0] DC[1]

Dummy Dummy Dummy Dummy Dummy

2.1.2.33. Reset Channel Usage
This command will reset the channel configuration of the US mode. It has to be applied before using any
send or send/receive command (in US mode only). In addition it has to be ensured in the application
software to use this command with a minimum delay of 20 seconds between consecutive calls to comply
with FCC regulations.

Master Reset Channel Usage (0x23)
ATA8520E Dummy
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2.1.2.34. Adjust RSSI - Value

This command will store a value which is automatically added to the measured RSSI level. This value is
derived from the gain or loss of the external circuitry including the antenna. This corrected RSSI value will
be used during frame sending to the SIGFOX " network and is calculated as (value is of type signed 8-bit
data):

RSSlIsystem = RSSImeasured + Value

Master Adjust RSSI(0x24) Value
ATA8520E Dummy Dummy

2.1.2.35. Trigger Read of FCC Channel Configuration
This command triggers the read operation of the current FCC channel configuration setting for verification
purposes. The buffer read itself is then performed with command 0x20.

Master Trigger FCC Read (0x25)
ATA8520E Dummy

21.3. Command Table Overview
This section gives an overview about the SPI commands and the separation into the

* application SPI commands used in application software
»  configuration SPI commands used during end-of-line configuration
« test and maintenance SPI commands used for testing purposes

Table 2-2. Application SPI Commands

System reset 0x01 None None

1/O Init 0x02 DDRC register setting None -
1/0O Write 0x03 PORTC register setting None -
I/O Read 0x04 None PINC register setting -
OFF mode 0x05 None None -
Write TX buffer 0x07 Data written to TX buffer None -
Get status 0x0A None :lsG'vllzé)'g‘(tm ﬁﬁaFr\;V / -
Send frame(1) 0x0D None None Yes
Send/receive frame(1) O0xO0E None None Yes
Read RX buffer 0x10 None RX buffer data -
Read supply temperature 0x13 None Vidle, Vactive, temperature -
Trigger measurement 0x14 None None Yes
Reset channel usage 0x23 None None -

Note 1: These commands will be available after the initial configuration has been performed (see section
Configuring US- and EU-Mode.
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Table 2-3. Configuration SPI Commands

PAC[0], PAC[1]

Get PAC OxOF None PAC[15] -
Store Sys Conf 0x11 DDRC, PORTC, None Yes
SysConf

Get ID 0x12 None ID[3] ... ID[O] -
Store frequencies Ox1A TX and RX frequency None Yes
Store crystal coefficients 0x1D Index/Data None Yes
Storg char\nel 0x22 Data None Yes
configuration

Adjust RSSI-value 0x24 Data None Yes

Table 2-4. Test and Maintenance SPI Commands

Atmel version 0x06 None Major / minor

Enable special mode 0x08 None None -

SIGFOX version 0x09 None Version L-H -

Send bit(1) 0x0B Bit status None Yes

Send out-of-band(1) 0x0C None None Yes

Trigger test mode(1) 0x15 Test.model and None Yes
configuration

Send cw(1) 0x17  Onloff None -

Firmware test 0x18 Parameter None -

Set TX frequency 0x1B TX frequency None -

Set RX frequency 0x1C RX frequency None -

Trlggle r read of crystal Ox1E None None -

coefficient table

Trlgger re.ad of system Ox1F None None )

configuration

Read configuration buffer 0x20 None Data -

Enable frequency fixed 0x21 None None _

mode

Trigger read of FCC 0x25 None None )

channel configuration

Note 1: These commands will be available after the initial configuration has been performed (see section
Configuring US- and EU-Mode.
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Table 2-5. Parameter Memory Usage

Volatile Parameters

Set the data direction for the Port C pins [1..5]:
DDRC 8 :0 pin is an input 0x02

:1 pin is an output

Set the output level for the Port C pins [1..5]:

PORTC 8 :0 pin is low 0x03
:1 pin is high

PINC 8 Read the signal level for the Port C pins [1..5] 0x04

TX buffer 12 x 8 Data payload for transmission 0x07

RX buffer 8x8 Data payload for reception 0x10

X 32 Set TX frequency [Hz] 0x1B

RX 32 Set RX frequency [Hz] 0x1C

EEPROM Parameters

PAC 16 x 8 Read the device registration key Ox0F

ID 32 Read the device ID 0x12
Set the data direction for the Port C pins [1..5]:

EDDRC 8 :0 pin is an input 0x11
:1 pin is an output
Set the output level for the Port C pins [1..5]:

EPORTC 8 :0 pin is low 0x11
:1 pin is high

Set and read # of repetitions for the send/receive

Repeat 8 command OxOE 0x11, Ox1F, 0x20

SysConf 8 Set and read system ponflguratlon as defined in section 0x11, 0x1F, 0x20
System and Pin Configuration

freqTX 32 Set and read TX frequency [Hz] 0x1A, 0x1F, 0x20

freqRX 32 Set and read RX frequency [Hz] 0x1A, 0x1F, 0x20

Crystal Data 23x8 Set and regd crystal coefficients for temperature 0x1D, Ox1E, 0x20
compensation [ppm]

'E)Ag1’ S pe 14 x 8 Set channel configuration for US mode 0x22

RSSI Value 8 Set RSSI value to adjust RSSI level 0x24
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2.1.4.

2.1.5.

System and Pin Configuration

This section specifies the system configuration settings used in the SPI command (0x11). This system
configuration has to be set after the system issues a system ready event and before using any other SPI
command. The settings are stored in the internal EEPROM and will be applied after a system reset. This
settings are typically applied at the EOL testing in the factory. Table 2-6 summarizes the configuration
settings.

Table 2-6. System Configuration
None 7t06 :00 (default)
None 5t04 111 (default)

:0, 5V supply

Supply voltage 3 :1, 3V supply (default)

:0, up-/downlink enabled
1, uplink only enabled (default)
:0 US mode
:1 EU mode

RX/TX select 2

EU/US select 1

None 0 1 (default)

For an additional front-end module, which includes an antenna switch, a low-noise amplifier for downlink
operation and a power amplifier for uplink operation, two control signals are available at the port pins PBO
and PBY. These pins are controlled by the Atmel® ATA8520E device during transmission and reception of
a RF data telegram. Table 2-7 summarizes the function of these pins.

Table 2-7. FEM Control Pins
FEM disabled 0 X
Uplink active 1 1
Downlink active 1 0
In case the internal SPDT switch is not used for RF control this switch can be used in addition to control

an external FEM. During uplink operation the path between pins SPDT_ANT and SPDT_TX is closed and
for downlink operation the path between pins SPDT_ANT and SPDT_RX is closed.

Configuring US- and EU-Mode
The Atmel® device ATA8520E can be configured to operate in US- or in EU-mode and can be switched
between these modes. To select the operating mode the settings shown in Table 2-8 have to be set.

Table 2-8. US- and EU-Mode Settings

Configuration (B|t 1in
TX Frequency RX Frequency

868130000Hz 869525000Hz
us 902200000Hz 905200000Hz 0
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2.2,

To select the frequency use the SPI command sequence:

1. SPIlcmd: (0x1A) (TX-freq.) (RX-freq.)
2. wait for EVENT signal and read status with SPI cmd: (Ox0A)

To select the mode bit use the SPI cmd sequence:

1. SPIlcmd: (0x11) (DDRC) (PORTC) (0x02) (systemConfig)
2. wait for EVENT signal and read status with SPI cmd: (0x0A)

Finally a System Reset with SPI command (0x01) will reset the device and apply the settings.

Caution: The device is delivered without mode configuration per default. Before the first usage
a configuration is required with the SPI commands described before. In addition to the
frequency and region settings the supply mode should be set with SPI command (0x11). When
using the device with 5V supply it has to be ensured that before using the RF transmit operation
the 5V supply mode is configured!

For the US mode the channel usage has to be initialized before the first RF command, i.e., the channel
configuration has to be stored in EEPROM:

1. SPI cmd: (0x22) (default data)

2. wait for EVENT signal and read status with SPI cmd: (Ox0A)

3. System Reset with SPI command (0x01) will reset the device and apply the settings
4. SPlcmd: (0x23)

The SPI cmd (0x23) shall be applied after each wake-up/reset of the device but must keep a 20s wait
period before consecutive calls (due to FCC regulations).

When receiving a downstream data packet with 8 bytes the RSSI value is reported with byte no. 8. This
RSSI value is determined at device pin level and need adjustment for the system level when using an
external LNA. This offset value can be set with SPI cmd (0x24).

Operating Modes Overview
This section gives an overview of the operating modes supported by the Atmel® ATA8520E.

After connecting the supply voltage to the VS pin, the Atmel ATA8520E always starts in OFF mode. All
internal circuits are disconnected from the power supply. Therefore, no SPI communication is supported.
The Atmel ATA8520E can be woken up by activating the PWRON pin or one of the NPWRONX pins. This
triggers the power-on sequence which will set the event line PB6 to low. After the system initialization the
Atmel ATA8520E reaches the IDLE Mode.

The idle mode is the basic system mode supporting SPI communication and transitions to the other
operating modes.

The transmit mode (TX Mode) starts the data transmission using the payload data which has to be
previously written into the TX buffer with the SPI command “Write TX Buffer’. The data transmission is
started with the SPI command “Send Frame”. After transmitting the data frame, the end of the
transmission is indicated when the event pin PB6 switches to low and the device enters the idle mode
again.

Reading the device status with the “Get Status” SPI command clears the PB6 event line, setting it to high
level again.
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The transmit/receive mode (TX/RX Mode) will send at first a data telegram in uplink direction and then
enter receive mode for downlink direction. The downlink request is captured by the SIGFOX™ backend
and processed. After transmission of the uplink frame the device will wait for 20 seconds before entering
the receive mode. This receive mode will take up to 30 seconds and will end with an event on pin PB6.
This event is cleared when reading the device status with the SPI command “Get Status”. If no error
occurs during the downlink operation (Atmel status error code = 0000), the received data telegram of 8
bytes can be read with the SPI command “Read RX Buffer”.

2.21. Power-up Sequence
This section describes the power-up sequence for the device as described in Figure 2-2. The device is

usually in OFF mode were the signals NPWRONx, PWRON and NRESET are inactive but VS is supplied
with power. Switching the NRESET signal active or sending the SPI command System Reset (0x01) will

have no effect in OFF mode. Switching one of the power-on pins active will wake-up the device and an

internal power-on reset is performed. In addition the external NRESET line can be used to keep the
device in reset state when waking-up the device. The minimum activation time for the NPWRONX,
PWRON and NRESET signals is 10ps.

Figure 2-2. Power-up Sequence

NPWRONXx

PWRON

NRESET

EVENT

00O,

® ©® ® ®

After applying the reset signal NRESET one of the power-up signals NPWRON?1...6 or PWRON is applied
at timing point T1. At timing point T2 (~10us after T1) the external reset signal is removed and the device

starts its internal power-up sequence. This internal sequence is finished at timing point T3 (~10ms after

T2 in EU mode and ~30ms after T2 in US mode) and is signaled with the event line. Reading the device
status with the SPI command (0x0A) “Get status” will clear the event line at timing point T4. The device is
now in idle mode and operational even if the NPWRONx and PWRON signals are deactivated (the start-

up time between T2 and T3 for the first power-up and the first send or send/receive command after the

configuration will take longer as the typical time due to internal initialization steps).

To shutdown the device into OFF mode the power-up signals NPWRON1...6 or PWRON have to be
deactivated at first (shown in timing point T5). The shutdown into OFF mode is then performed by
sending the SPI command (0x05) “OFF mode” to the device.

2.2.2. Power-down Sequence

The device can be switched into an OFF mode with very low power consumption (5nA at 25°C) using the
SPI command 0x05. Before using this command a potential pending event has to be cleared by reading
the status information with SPI command Ox0A. This ensures the correct updating of internal status

information before power-down. In addition the PWRON and NPWRONX pins have to be released to

prevent the wake-up of the device. If one of the power-on pins is active the device will not switch into OFF

mode.
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2.2.3. Application Example
The software to control the device and to transmit only a data frame (without reception) has to perform
the following steps:

1.
2.

7.
8.

Initialize device as shown in Figure 2-2 for the power-up sequence

Check for the startup event and read the device status with SPI command (0x0A) “Get status” to
clear this event

Load the transmit buffer with up to 12 bytes using the SPI command (0x07) “Write TX Buffer”
Start the data transmit with SPI command (0x0D) “Send Frame”

Wait until the event signal appears (this takes about 7-8 seconds in EU mode and 2-3 seconds in
US mode)

Read the device status with SPI command (0x0A) “Get status” to clear this event

Switch off the power-on signals as shown in Figure 2-2

Send the SPI command (0x05) “OFF mode” to the shutdown the device

The software to control the device and to transmit and receive a data frame has to perform the following

steps:

1.
2.

© ® N Ok W

Initialize device as shown in Figure 2-2 for the power-up sequence

Check for the startup event and read the device status with SPI command (0x0A) “Get status” to
clear this event

Load the transmit buffer with up to 12 bytes using the SPI command (0x07) “Write TX Buffer”
Start the data transmit with SPI command (0xOE) “Send/Receive Frame”

Wait until the event signal appears (this takes about 20-50 seconds)

Read the device status with SPI command (0x0A) “Get status” to clear this event

Read the receive buffer with SPI command (0x10) “Read RX Buffer” for the 8 data bytes
Process received data, etc.

Switch off the power-on signals as shown in Figure 2-2

10. Send the SPI command (0x05) “OFF mode” to the shutdown the device

For the SPI communication it is important to keep the timing as shown in Figure 2-1. With the SPI
commands (0xOF) ,Get PAC” and (0x12) ,Get ID” the SIGFOX " registration information can be read to
register the device in the SIGFOX cloud.
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