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1 Features

e Very low power RF sub GHz transceiver

e Programmable radio features — Modulation schemes: 2-FSK, GFSK, MSK, GMSK, OOK, ASK — Air
data rate from 1 to 500 kbps — On-board U.FL connector for external antenna — Operating
temperature range from - 40 °C to 85 °C

e RF features — Receiver sensitivity: -118 dBm — Programmable RF output power up to +11.6 dBm

e Host interface — SPI

e General I/O - Up to 32 programmable 1/0 functions on 4 GPIO programmable module pins

e Two carrier frequency versions: 868 MHz for externally tuned antenna — 915 MHz for externally
tuned antenna

e Dimensions: 11.5x 13.5x2.0 mm

2 Applications

e AMR (automatic meter reading)

e Home and building automation

e WSN (wireless sensor network)

e Industrial monitoring and control

e Wireless fire and security alarm systems

e Point-to-point wireless link

e 6LoWPAN MESH network

e Wireless M-Bus protocol stacAll electrical devices produced by ELPRO are intended for
commercial use (,,business to business”)

3 Description

The ELPRO Radio Module - Sub GHz (868 or 915 MHz) programmable transceiver module is an easy-to-
use Sub GHz transceiver certified module with many programmable features. The module provides a
complete RF platform in a tiny form factor. The module can operate at the 868 or 915 MHz frequency
band. The ECOLOG-PRO Radio module integrates wireless connectivity in target electronic devices
without requiring particular RF experience or expertise. This certified solution optimizes the time to
market of the final applications. The module is designed for maximum performance in a minimal space,
with 4 programmable I/O pins and an SPI serial interface.
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4 Block schematic
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Figure 1: Block diagram

5 ECOLOG-PRO Radio module functional behavior

The device inside the ECOLOG-PRO Radio module has a built-in main controller which controls the
switching between the two main operating modes: transmit (TX) and receive (RX). In the SHUTDOWN
condition, the radio module can be switched on or off with the external SDN pin, all other functions,
registers and commands are available through the SPI interface and GPIOs.

No internal supply is generated (to minimize battery leakage), so all stored data and configurations are
lost. The GPIO and SPI ports of the module during SHUTDOWN are a hi-Z state. From SHUTDOWN, the
SDN pin can switch the radio module on, bringing it to the default READY state, where the reference
signal from XO is available. From the READY state, the radio module can be moved to the LOCK state to
generate the high precision LO signal and/or TX or RX modes.

Switching from RX to TX and vice versa can only occur via the LOCK state. This operation is normally
managed by radio control with a single user command (TX or RX). The radio module can then return to
its default READY state and placed in the SLEEP state with very low power consumption. If no timeout is
required, the radio module can be moved from READY to STANDBY, which has the lowest possible
current consumption while retaining FIFO, status and configuration registers.

To manage the transitions to and from these operating modes, the controller works as a state machine
manipulated by SPI commands.
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Figure 2: ECOLOG-PRO Radio functional state transitions

6 Hardware specifications
General conditions (VIN =3.3 V and 25 °C)

Storage temperature range -40 +85 °C
Supply voltage, Vi -0.3 +3.9 "
1/0 pin voltage -0.3 +3.9 vV
RF saturation input power 10 dBm

Table 1: Absolute maximum ratings

Rating Min. Typ. Max. Unit
Operating lemperature range 40 +85 L
Supply voltage, Vi 1.8 33 36 W
Signals & ' pin voltage (according supply voltage) 1.8 36 v
RF frequency bandwidth (868) 863 870 MHz
RF frequency bandwidth (915) 802 928 MHz

Table 2: Recommended operating conditions
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m Parameter Test conditions mm

Operating mode Tx, +11.6 dBm, 2-FSK, 868 MHz 22 mA
Operating mode Tx, -7 dBm, 2-FSK, 868 MHz o] mA
Idd Supply current Operating mode Rx, 868 MHz 10 mA
Command mode 0.6 mA
Shutdown high level Vdd with other /O in high impedance 0.1 pA

Table 3: ECOLOG-PRO Radio module current consumption @ 868 MIHz

m Parameter Test conditions m

Operating mode Tx, +11.6 dBm, 2-FSK, 915 MHz 22 mA
Operating mode Tx, -7 dBm, 2-FSK, 915 MHz 9 ma
Idd Supply current Operating mode Rx, 915 MHz 10 mA
Command mode 0.6 mA
Shutdown high level \V/dd with other I/O in high impedance 0.1 A

Table 4: ECOLOG-PRO Radio module current consumption @ 915 MHz

6.1 Modules RF compliance limits

The RF compliance limits are those tested for FCC, IC and CE certification using the dedicated dongle
(PC92A.V01). These limits are enforced by the dongle firmware. Care must be taken with custom
application firmware to ensure these limits are not exceeded, voiding the FCC, IC and CE certification.

FCC part 15.207 FCC Part

15247 IC RSS-210 Data rate 500 kbps
2 - FSK GFSK MSK ETSI EN 301 489-3 V2.1.1
ETSI EN 301 489-1Vv2.23 Output power + 7.41 dBm
ETSI EN 300 220-2 V3.2.1
s FCC Part 15.207 FCC Part ~ Datarate 250 kbps
15.247 IC RSS-210 Output power i dBm

Table 5: RF compliance limits table,
(1) FCC and IC standards are applicable only to the ECOLOG-PRO Radio module @ 915 MHz
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6.3 Pin connections

TOP VIEW B
AT WLS
4 13 12
GPO 3) ) 1t C SON
GPO @ ) 2 ].][1 SPLLS
GPIO 1 j 3 9 C SPI_MOSI
GPID (@) ) 8 .: SP|MISO
Vin ) S 6 7 ( SPLCLK

Name
SPI Interface

SPI_CLK |

SPI_MISO o

SPI_MOSI

5P_C5
Power and Ground
Vi

GND

Module SHUTDOWN

SON I

GPIO = General Purpose Input/Output

GPIO [0] o
GPIO [1] 1o
GPIO [2] o
GPIO [3] 1o

Table 6: Pin numbering

10

b

Description

8PI CLOCK (Max. 8 MHz)

SP1 MISO (MASTER in / SLAVE
out)

SPI MOSI (MASTER out SLAVE
in)

5P| "Chip Select” {SPI slave
select)

I"'III'I

GMD

SHUTDOWN input (active high)

Programmabie Input / Output
and Analog Temperature output

Programmabile Input / Output

Programmable Input / Qutput

Programmable Input / Output
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V max. tolerant

Vin

'l"'rll'l

Vin

Ii"|lll.'1

(1.8V+36V
max._}

(1.8 + V| max.)

(1.8 V + V|, max.)

(1.8 V + W, max.)

(1.8 + Vi max.)

Initial state

Digital Output. Low
Power

Digital Cutput. Low
Power

Digital Output. Low
Power

Digital Output. Low
Power
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7 Mechanical Dimensions
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Figure 4: Mechanical dimensions

85 . TOP VIEW

B

14 pads 1x14mm

=
3
=}
=
5x127 pitch

n ¥ 3
=
#“" ____________ _4
Flal—

137

All Dimensions are in millimeters

Figure 5: Recommended land pattern
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8 Hardware design

Hardware design radio module supports SPI hardware interfaces. Precautions:
e All unused pins should be left floating; do not ground.
e Al GND pins must be well grounded.
e The area around the module should be free of any ground planes, power planes, trace routings,
or metal for 6 mm from the module antenna position, in all directions.
e Traces should not be routed underneath the module.

9 Reflow soldering

The ECOLOG-PRO Radio module is a surface mount Sub GHz Transceiver module supplied on a 11 pin, 4-
layer PCB. The final assembly recommended reflow profiles are indicated here below. Soldering phase
has to be executed with care: In order to avoid undesired melting phenomenon, particular attention has
to be taken on the set up of the peak temperature. Here following some suggestions for the
temperature profile based on IPC/JEDEC J-STD-020C, July 2004 recommendations.

Profile feature Pb-free assembly

Average ramp up rate (Tgpax to Tp) 3°C /s max.
Preheat

Temperature min (Tg min) 150 °C
Temperature max (Tg max) 200 °C
Time (ts min to tg max) (is)) 60-100s

Time maintained above

Temperature T 217 °C
Time t_ 60-70s
Peak temperature (Tp) 240+ 0°C
Time within 5 °C of actual peak tempefature (Tp) 10-20s
Ramp down rate 6°C/ls
Time from 25 *C to peak temperature 8 min max.
Table 7: Soldering
T Toe e
o] (R e e ol e e Critical Zone
T toT
Ramp-up ! Sl
ﬁ} [
-l— ------------------------------------ if L]
) T‘:f\‘h‘\ TI :
5 :
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Time =>

Figure 6: Soldering profiles
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10 Module user firmware short description

For more user firmware information, please refer to the SPIRIT1 Datasheet on www.st.com. The
following notes provide a summarize the many programming options for the radio-xxx module.

10.1 Register table

This section describes all the registers used to configure the device, assembled into the module. The
description is structured in sections according to the register usage. The device has three types of

registers:

e Read and write (R/W), which can be completely managed by SPI using READ and WRITE

operations
e Read-only (R)

e Read-and-reset (RR), is automatically cleared after a READ operation A further category of
special registers collects the ones which cannot be categorized in anyof the three mentioned
above R/W, R, or RR. The fields named as “Reserved” must not be overridden by the user,
otherwise, behavior is not guaranteed. The memory map is shown in the following table:

000

T T
75

ANA_FUNC_CONF[1]

ANA_FUNC_CONFI0]

0x00

0x01

4:2

1:0

Reserved

GM_CONF[2:0]

SET BLD_LVL[1:
0]

Reserved

24 _26MHz_SELE
cT

AES_ON

EXT_REF

Reserved
BROWN_OUT

BATTERY_LEVE
L

T8

Table 8: General configuration registers
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Field name R

on

00

Sets the driver gm of
the XO at startup

Sets the BLD threshold
00:27V
01:25V
10: 23V
11:29V

1: 26 MHz configuration
0: 24 MHz configuration

(impact only RCO
calibration reference
and loop filter tuning)

1: AES engine enabled

0: reference signal from
X0 circuit

1: reference signal from
XIN pin

1: enables accurate
brownout detection

1: enables battery level
detector circuit

1: enables the
“temperature sensor”
function
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Figld nama

Register Address
T3
2
GPIO3_CONF =02
1:0
T3
2
GPIOZ_COMNF 0x03
10
T3
2
GPIOY_CONF Ol
1:0
T3
2
GPIDO_CONF =05
10

GPID_SELECT]4:

GPIO_MODE[1:0]

GPIO_SELECT]4: |

o]

Resenved

GPIC_MODE

GPIC0_SELECT]4:
]

Reserved

GPIO_MODE

GRIO_SELECT]4:
o]

Reserved

GPIO_MODE

10100

R

10100

10100

00001

RW
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Description

GPIO3 configuration
{default: digital GND)

GPID3 mode:

0b: digital ingput
10b; digital outpuf low
DOWED

11b: digital cutpul hagh
power

({default: digital output
low power)

GPI02 configuration
(default: digital GHRDOY

GPI0E mode:
01b: digital nput
10b: digital output fow
[porwEr

11b: digital ouwtput high
poweEr
(defsult: digital cutput
low power]

GPIO configuration
{default: digital GNDY

GPIO1 mode:
0rib: digital mypt

10b: digital output bow
power

11k: digital oulput high
DorwEr
{default digita! output
low power)

GPIO0 configuration
(default power-on reset
signal}

GFO0 mode:
00b- analog

0b: digital st
10b: digital output kow
[powEr
11k: digital output high
powEr

{default: digital output
I power]
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Address

Field name

Description

Register

MCU_CK_CONE

*0_RCO_TEST

SYNTH_CONFIGD]

SYNTH_CONFIGH]

IF_OFFSET_ANA

006

B4

0xoF

OSE

=07

65

471

T

20

60

T

EN_MCL_CLK

CLOCK_TAIL[1:0]

MO _RATION:]

RCO_RATIO

Reserved

PD_CLKDIN

Reserved
SEL_TSPLIT

Resered

REFDIN

Reserved
VOO L SEL
VCO H_SEL

Reserved

IF_OFFSET_AMWA

Table 9: General configuration registers

0010

o

0100000

R

Al R
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1: The intemal divider
logic s running. so
the MCU clock is
awailable (but proper
GPIO configuration is
needed)

Mumber of exira ciock

cyoes provided to the

MU before switching
to STANDEY state:

00: O exira clock cycle

01: 64 exira clock
cycles

10 256 extra clock
cycles

11: 512 exira clock
cycles

Divider for the X0 clock
output

Divider for the RCO
clock output
k1
1z 1128

1: disable both dividers
of the digital chock (and
reference clock for the
SMPS] and IF-ADC
clock

0 split time: 1.75 ns
1: split time: 3.47 ns

Enable division by 2 on
the reference clock

 fREF = 0
frequency
1: fREF = X0
fraquency / 2

1:enable VCO_L
1: enable VCO_H

Intermediate frequency
getting for the analog
RF syntheszer.
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Register name

Address

Field nama

Description

SYNT2

SYNT2

SYNT1

SYNTO

CHEPACE

IF_OFFSET_DIG

FC_OFFSET[1]

FC_OFFSET[H]

PA_POWER(S]

20240911_OM_ ECOLOG-PRO Radio module 868_920 MHz_V04.docx | Page 13 / 31

Ox08

Ox0%

Caolisy

CaoDB

O

[BE

Ox0F

Ox10

75

L]

70

™0

T3

20

70

70

T4
30

T

6:0

WECPR:0]

SYNTI25:21]

SYNT[20:13]

SYNT[12:5]

SYNT4:]

CH_SPACIMNG

IF_OFFSET_ DG

Reserved

FC_OFFSET[14:£]

FC_OFFSET[7:0]

Reserved
PA_LEVEL_T

ooa

01100

xEC

01010

0000011

RW

RW

R

R

R

R

R

Set the chamge pump
current according bo the

VCO frequency:

SYMTI25:21], highest
5 bits of the PLL
programmabie divider
The valid range
dapends on X0 and
REFDIV esttings; for
FEO=26MHz.

SYNT20:13],
intermediate bits of
the PLL programmzhle
divider,

SYNT[12:5],
imtermediate bits of
the FLL programmable
divider.

SYNT:0). lowest
bits of the PLL
programmable divider.

Synthesizer band
selecl. This parameter
selects the out-ofloop

divide factor of the

symihesizar

1: 6 Band select factor
fiar high band

3: 12 Band select facior
fior middie band

4: 16 Band select factor
for low band

§: 32 Band select factor
for very low band

Channel spacing in
ateps of 00215 (-TH3
fior £400 = 26 MHz, ~T732

for X0 = 24 MHz).

Intermediate frequency
satfing for the digital
shift-to-basehand

Carmier offest in
steps of (X028 and
represented ae 12 bits
2-complement integer.
It is added | subtracted
o the camier frequency
s&l by the SYMNTx
register. This register
can be used fo set 8
freed comection value
obtained e.g. from
crystal measurements.

Output power level for
Beh slot {+12 dBm)



Register name

GLPRCG/|-

Address

Field name

Description

Fé_POWER(T]

Fé_POWER(S]

PA_POWER(S]

PA_POWER(4]

PA_POWER[]

Pé&_POWER(Z)

PA_POWER(]

PA_POWER]0]

Table 10. Radio configuration registers (analog blocks)

D=t

Oxi2

013

Ox14

Ouls

Ox16

0wl 7

Ox18

E -1

d:3

2:0

Reserved
PA_LEVEL &
Reaereed
PA_LEVEL 5
Reserved
P& LEVEL 4
Reserved
P& _LEVEL 3
Reserved
PA_LEVEL 2
Rasersed
PA_LEVEL 1
Resersed
P& LEVEL 0

CWEC1:0]

PA_RAMP_EMABLE

PA_RAMP_STEP_WID
TH{1-0]

PA_LEVEL_MAX_IND
Ex

0
R
oob1110
o
R
0011010
]
RMW
010011
]
R
o010
]
R
1000000
0
Riw
1001110
0
RW
GO0000G
00
R
o
]

1

Output power level for
Titu slot (+6 dBm)

Output power leveal for
6th slot (O dBm)

Output power level for
Sth siat (-6 dBm)

Outpust power level for
4th slot {-12 dBm)

Output power level for
3rd elot {-18 dBm}

Output power level for
2nd slot (-24 dBm)

Output power hevel for
first sio (-30 dBm)

Owiput stage edditional
load capacitors bank
{to be used to optimize
the P& for different sub-
bmds |
00: 0 pF
01: 1.2 pF
10 2.4 pF
i1: 36 pF
1: enable the power
ramping

Step width {unit: 1/8 of
bit period)

Final level for power
ramping or selected
output power index

e T T L T

MOD1

MODO
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Ox1A

0x1B

7:0

5:4

DATARATE_M

Cw

BT_SEL

MOD_TYPE[1:0]

0x83 R/W
0
0
R/W
01

The mantissa value of
the data rate equation

1: enable the CW
transmit mode

Select BT value for
GFSK

0:BT=1
1:BT=0.5
Modulation type
0: 2-FSK
1: GFSK
2: ASK/IOOK



Register name Address | Bi Field name

MODO Ox1B
30 DATARATE E 1010
T4 FDEV_E[3:0] 0100
FDEVD oxic CLOCK _REC ALGO.
3 o
SEL
20 FDEV_M 101
74 CHFLT_M[3:0] o010
CHFLT 1D
30 CHFLT E 8011
AFC_FREEZE ON_SY
7 o
NC
& | AFC_EMABLE 1
AFC2 BxiE
5 AFC._MODE o
&0 AFC_PD_LEAKAGE 01000
AFCH Ox1F 70 AFC_FAST_PERIOD OB
. AFC_FAST_GAIN_LO
7.4 o o010
AFCO 20
i AFC_SLOW_GAINLO | o0
a2
74 RSSI_FLT[E0] 1110
a2 CS_MODE o0
RSSIFLT o2
10 OOK_PEAK_DECAY 11
RESI_TH 22 70 RSS|_THRESHOLD D24
= L‘LK_REC_]F‘_GAI N[0 .
CLOCKREC %23 4 PR LEN 1
=0 CLK_REC_|_GAIN 8
AGCCTRL2 24 T4 Reserved 0010
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R

Description
X MSK

The exponent valus of
the data rale eqguation

The exponent value of
the frequency deviation
equation

Select PLL or DLL
made for symbod timing
TECOVETY

Thi mantissa vabue of
the frequency deviation

The mantissa value of
the channe| filber

The exponent value of
the channs filer

1: enable the frecze
AFC comection upon
gync word detection

1 enable AFC
Select AFC mods:

& AFC loop dosed on
slicer

1: AFC loop closed
on second conversion

stage
Peak detecior leakags

Length of the AFC fzst
peniod

AFC loop gain in fast
mde {log2)

AFC loop gain i siow
made {log2)
Gain of the RESI fitter
Camer sense mode

Peak decay control for
Ok 3 slow decay; 0
fa=st decay

Signal detect threshodd
in L5 dB steps

-120 dBm cormesponds
to O 14

Clock recovery lnop
gain (logz)

Post-fitter:
0: & symbals,
1: 16 symbols

Integral gain for the
clock recovery loop
{u=ed in PLL moda)
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Description

Register name Address Field name
AGCCTRLZ Ox24 30 MEAS_TIME
; THRESHOLD_HIGH[3:
T4 0]
AGCCTRL1 Dx25
30 THRESHOLD _LOW
7 AGC ENABLE
AGCCTRLO 0x26
6:0 Reserved
75 Reserved
4 CS_BLANKING
ANT_SELECT_CONF Ox27
3 AS _ENABLE
20 AS_MEAS_TIME

Table 11. Radio configuration registers (digital blocks)

0010 RW

0110
RW
D101
1
RW
0001010
000
0
RW
0
101

Measure time

High threshold for the
AGC

Low threshold for the
AGC

1: enable AGC.

1: do not fill the RX
FIFO with the data
received if the signal is
below the CS threshold

1: enable antenna
switching

Measurement time

Description

Register name Address | Field name
75 Reserved
PCKTCTRLS 0x30 4:3 ADDRESS_LEN[1:0]
2:0 CONTROL_LEN
76 PCKT_FRMT[1:0]
PCKTCTRL3 D31
54 RX_MODE[1:0]
30 LEN_WID
: PREAMBLE_LENGTH][
73 H
4:0]
2:1 SYNC_LENGTHI[1:0]
PCKTCTRLZ Ox32
0 FlX_VAR_LEN
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00

0o

000

0o

0o

D111

00011

RW

Length of address field
in bytes:
0 or 1: Basic
2: STack

Length of controf field
in bytes

Format of packet.
0: basic,
2: WM-Bus,
3: STack
RX mode:
0: normal mode,
1: direct through FIFO,
2: direct through GPID

Size in number of
binary digit of length
field

Length of preamble
fiedd in bytes (from 110
32)

Length of sync field in
bytes (from 1 to 4)

Packet length mode.
0: fixed,

1: variable (in
variable mode the
field LEN_WID of

PCKTCTRL3 register
must be configured)
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Regisler name Address Field namé ey R Descriplion
CRC:
& Mo CRC,
1: 0x07
75 CRC_MODE[ZT oot
2 OXBOOS,
3 X102,
4 ORBE4CEF
i WHIT_EMD] o - Tgﬁfﬂtﬂh%ﬂﬁm
PCETCTRLY 033 R TX source data
: nonmal mode,
3z THSOURCE[1:0] o 1: dwect theough FIFD,
2 giveet Mrough GRIO,
3:PNE
1 Reserved o
1; enabie Ihe FEC
0 FEC_EN 0 asibid itk
decomng in KX
PCKTLENT 034 70 PCKTLEMT 0 R Lemﬂf‘fsﬁ'ﬁft =
FCKTLEND 035 70 PCKTLEND itd RW "E"'E:‘m':: r"f;é‘]e‘ o
SYNCA | oxss 70 SYNC4 086 RN Syne word 4
SYNC3 | a7 70 SYNC3 QiaE RN Syne word 3
SYMCZ w35 70 SYNCZ a6 AW Sync word 2
SYNC1 | ox3e 70 SYNC! OxaE RAW Sy word 1
' T8 S01_TH[10 00 | soieshold
52 POI_TH[30] 0000 P theeshoid
o [x3A AW
1 SQ1_EN[I} 1 1 enabie 501
0 PQL_EN[T] 0 1 enabie POI
WMEBUS_PRMEL 0x3E 70 MBELS_PRMBL[T0 K20 RAW Tﬁmeﬁm
MBUS pastambile
MBUS_PSTMBL Ix3C 70 MBUS_PSTMELT:0] 0x20 RW lengih in chip sequence
o
T4 | Reserved 00000
| | MBUS sub mode:
allowed values are 0, 1,
Jand 5
WI-BUS sub mode;
MBUS_CTRL Dx30 3 MEUS_SUBMODEZ0 oo R 0° 51 52 long header
1: S1m 52 T2 ather o
melr,
3 T1 T2 meter ko ofher,
5: R2 shon header
0 Reserved o
FIFD_CONFIG[3) Ox3E 7 FReserved o R
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FIFD_CONFIG[3]

FIFD_CONFIG[Z]
FIFD_COMFIG[1]

FIFD_COMFIG[O]

PCKT_FLT GOALEZ
1

PCKT_FLT GOALS11]

POKT_FLT GOALS{0
1

PCKT_FLT GOALS(D|
PCHT FLT GOALS[E]
PCKT_FLT_GOALS[T)
PCHT_FLT _GOALS(E

PCHT FLT (GOALS[S)
PCHT FLT GOALS[)

PCHT_FLT_GOALS([I

PCKT_FLT_GOALS[Z)
PCKT_FLT _GOALS[H)]

PCHT_FLT_GOALS(D)

PCKT FLT_OPTIONS

Dx3E

Ox3F

(00

Ol

a2

ol 3

O=dd

[

T4

Od7

add

09

Crsed A,

[id B

DmadC
Dwd D

[ E

OxdF

L]

51

L]

L5

[t}

T

T

T

T

T

[t}

T

T

i

[
T

T

Fiald nama
RXAFTHR [6:0
Reservsed
RMAETHR [5:10]
Reservad
THAFTHR [E:0]
Reserved

TMAETHR [8:0]

CONTROLD_MASK

CONTROLT_MASK

CONTROLZ_MASK

CONTROLI MAEK

CONTROLD_FIELD

CONTROL1_FIELD

CONTROLZ_FIELD

CONTROL3 FIELD

RX_SOURCE_MASK

RX_SOURCE_ADDR

BROADCAST
MULTICAST

TX_SOURCE_ADDR

Reserved
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00D

VI00DD

00D

R

R

R

R

R

R

E

g5

Description

FIFOQ almost Tull

ihreshaold for KX FIFO

FIFD shmaat empty

threshold for RX FIFD

FIFO almost ful

Ereshoid for TX FIFO

FIFD shmast empty

mieshodd for TX FIFO

For received packet
ority: all 38! no Baring
on control Tiedd

For received packel
andy: all 0s: no ferng
on ecnbrol fiekd

For receved packe
andy: all 05 no Maning
o control fiskd

Far received packed
only all @& no Mledng
on conkrol fiedd

Control fisld (byte 3) 1o

ba used as reference
lor recaiver

Control faid (byle 7} 1o

be used as refrence
lor recaiver

| Cantrol el (hyte 1) 1o

be used as reherence
for receier

Control feld (byte 0} 1o

ba used as reference
lor recaiver

Fior received packel

andy: all 02 no MRaring

RX packel source |
TX packs] destination
fields

Broadcast address
Mullicas! addness

TX packet Source f
RX pachet destinabon
fiekds
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Regiater name | Address

Field narme

Dascription

PCKT.FLT_OPTIONS OxeF
PROTOCOL[Z] 050
PROTOCOL[] [y

219

18

7

16

15

FX_TIMEOUT_AND_O
R_SELECT

CONTROL_FILTERIN
G

SOURCE_FILTERING

DEST_VE_SOLRCE
_ADDR

DEST WS_MULTICAS
T_ADDR

DEST VS
EROADCAST ADDR

CHC_CHECK

CS_TIMEDUT MASK

B0I_TIMEOUT_MASH

POI_TIMEQOLUT_MASK

TX_SEQ_NWUM_RELO
AD{1:0]

RCO_CAIFBRATION
VLD CALIBERATION

LDC_MODE

LOC FELOAD ON 5
¥HC
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1: “0R iagical
function applied to
CEE0IPG valups
imasked by T:5 bits

in PROTOCOL register

CS_TIMEDUT_MASK,

EOI_TIMEOUT_MASK,

POI_TIMEDUT_MASK)

1: RX packel ccepled
i its control Salds
match with masked
CONTROLx_FIELD
regisiess

1: R¥ packet secepled
if it eource field
makzhos with masked
FX_SOURCE_ADDR
RAW . regisier

1: RX packel pecepted
it itz destinaton
address malcheg ailh
T¥_SOURCE_ADDR

e

1: RX packet Bocepted
If it desBnaton
address matches wiih
MULTICAST registar

1- RX packel Becepled
if ita dieafnaton
aodreas malehes with
BROADCAST

reg

12 packel discarded il
CRC ol valid.

1! O valse contribtes
A Bl dieahling

1. S0l vahia
conbribules lo Gmeosut

disabiling

1: PO valus
conbibutes o Bredut
dizabling
TX semuence numbas
o b usad when
counling reset |s
reguired using the
reigted command

R

1: enabéde the sulomatc
RCO calibeation

1: enahbe The aubllmalks
WICD calibration

1: LD rmode on

1: LD tmer &
refnanad wih the
Ry wEhue sloned
the LOC_RELOAD
regieten



Rogister namao

PROTOCOL]T]

PROTOCOLE]

TIMERS[S]

TIMERS{4]

TIMERS[3]

TIMERS[Z]

20240911_OM_ ECOLOG-PRO Radio module 868_920 MHz_V04.docx | Page 20/ 31

(x5

14

15:12

1

10

T4

4740

1124

Fiold nama
PIGEYBACKIMNG

Reaargead

SEED RELOAD

CEMA_ON

CEMA_PERS_OMN

AUTO_PCKT AT

MIMAX_RETX[3:0]

MACK_TX

AUTO._ACK

PERS_RX

AX_TIMEQUT PRESC
ALER[TD]

RX_TIMEDUT_COUNT
ER[7:0]

LOC_PRESCALER[TD]

LDC_COUNTER{T-0|

RW

R

Ry

Ry

Ry

Ry

Description

1: FIGGYBACKING
enaliad

1: relaad e back-off
randam peneralon seed
using lhe wsue writlen

mihs
BU_COUNTER_=EED
_MEBYTE/LSBYTE
regEiar
1: CEMA channed
access mode enabied

1 CEMA persigtend (no
Back-of ermbled

10 Aulamabc facke|
filtering made snabled

M. numier af re-TX
{Trom O 1o 15k

I re-bangmsson 9

not perfomed

i- field WO_ACK=1 on

trarnamilted padcke]

1: aubamalic
ecknwledgemeant after
corred packel
recealion

i: perssbent receplion
enalied

1: persisienl
FAnsmission &nabéed

Prescaier value of the
R TIMECHLIT tirnes
When this Bmer expines
the SPERITT exils
RoC stale. Can be
carirobed wsing (he
guaiily indicabar (501
PO, CS)

Counier vaiue ol the
RX TIMECUT times
Wit this Brives expines
tne SPIRITT exits
R stals. Can be
vartroled wsing the
gusdily indicator (S0
POl CS)

Pragcaier valus of tha

LIEC e -up fimer.
Wty this Bmes Expines
e SPIRITT esdts
SLEEP state.

Counder vaiue of fhe
LIORC iwvdioe=up lirmer.
When this brmes expires
e SPIRITT eaxdts
SLEEP state.
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Fiold name

Raogister mama

TIMERS{1]

TIMERS{D]

CSMA_CONFIGI]

CSMA_CONFIGE]

CSMA_CONFIG[1]

CSMA_CONFIG]

TX_CTRL_FIELD{3]

TX_CTRL_FIELD{Z]

TX_CTRL_FIELD{1]

TX_CTRL_FIELD{d]

| Addroes

K57

(58

OwEid

(EE

FE ]

T:0

FE !

T2

10

T4

2:0

FE !

0

70

70

LDC_RELOAD PRES
CALER[T-0

LDC_RELOAD_COUN

TER{T0] ?
BU_COUNTER_SEED
= MESBYTE arF
BU_COUNTER_SEED ;

_LEBYTE

BU_PRESCALER{S0| | 000001

CCA_PERMDD: a0

CCaA_ L ENGTH3:] D00
Reasrvad a

NBACKOFF_Max (]
TH_CTRL3 il
TH_CTRL2 a
TH_CTRLY [1]
TH_CTRLD i
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Description

Prescalss walue of
e LOC reload times.
‘When (his Bmer expiies
the SPERITT exits
SLEEP state. The

R redaad lifver vl is
wused if #he BYNC
word i deteched

by e recsiver) of
il the LDC_RELOAD
commind is ubad

Caimter pant af the
LD ek waluie
fimer. When this Groer
axpres the SPIRITT
ks SLEEP skale The

R rebaad lifver vl i
used il e SYNC
wintd 1% deteched

by e recsiver) of
il the LDC_RELOAD
command is ubad

The MEB value of
tifie couwnlés of the
seed ol the randam
R numnber gersralor used
o apply the BRE
algarithm dufing the
CSRA algorithim

The LEE valus of
e couriler seed of
e rEndom fumdes
RW penerabar uaed b sppéy
ihe BEE algarithim
during e CEMA
alganthm

The prescaler vakis
used o program (e
back-alf uni BL)

Lisad 1o program the
Teca tirree (B4 ¢ 128/
256 B12 = Thil)

Lised |0 program the
Tisbsn fime
R

Max. rumber ol hack-
off cpcies
Conirol sl value o be
R s i TX packe! &
byt .3

Control el vabue o be
By e in T sacke! &a
byl n.2
Connirol fsld vabue o be
R =i in TX packe| &
Eryte n.1
| Control feld vaue 1o be
R usad in TX packel &
bryte n.0
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Register name ! Address Bit Figld name Reset RW ! Description
T Reserved L]
B EN_TS_BUFFER o 1: temperature sensor

output is bufferad

[ enable intermal

SMPS
5 DISABLE SMPS Li]
= 1: disable internal
PIM_CONFIG[2] () RW SMPS
4 Reserved [i]
3 SET_SMPS_VTUNE q Sets the SMPE Viune
voliage
Sets the SMPS
2 SET_SMPS PLLEW i b h
10 Reserved oo
(O divider by 4
enabled (SMPS'
gwitching frequency is
FSW=FOSCM)
T EN_RM o 1: rate muitiplier
Pi_CONFIGT] A5 W enabled (SMPS'
swilching frequancy
is FSW=KRM"FOSC!
{ZM15)
E:0 KRM[14:8] 0100000 Sets the divider ration
PM_COMFIGD) Dot 70 KRM[7-0] [ RAW of the rate multiplier.
T4 Reserved 1110
1: the 34_TkHz signal
X0 RCO_CONFIG OutT 3 EXT_RCOSC Q RAW must be suppled fram
a8 GPID pin
2:0 Reserved 001
TEST SELECT Owhd 70 Reserved OocDn
RAW
PM_TEST OxB2 T0 Reserved g2

Table 12. Packet/protocol configuration registers

Register name Address i | Field name | Description

Channel numbser.
This value is
muftiplied by the
channel spacing
CHNUBM i i .0 CH_MUM i R and added to
the synthesizer
base frequency to
generate the actual
RF carrier frequency.

76 Reserved o0
VCO_CONFIG DxA1 RW
50 VCO_GEN_CURR 010001 Set the VCO current
RWT ward value for
RCO_VCO_CALIBR. 74 RWT_IN[3.0] o1 the RCO
INE] 0x6D RW
30 RFB_IN[4:1] 0000 FFE word value for
Rm_v?hc:lr-[jla;mum_ -— > RFB_IN[O] 5 - the RCO
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Register name

RCO_VCO_CALIBR_
IN[1]

RCO_VCO_CALIBR_
N[}

AES_ KEY_IN[15]

AES_KEY_IN[14]

AES_KEY_IN[1]

AES_KEY_IN[O]

AES_DATA_IN[15]

AES_DATA. IN[14]

AES_DISTA_IN[1]

AES_DATA_IN{O]

RO MASK]

IRO_MASK]2]

IRG_MASK[1]

IRC_MASK]]

DEM_CONFIG

PM_COMFIG

Address

O=6E

OwGF

7o

=T

0xTE

xTF

Oxg1

OxBE

O=AF

o

(o2

OxAd

Ol

G:D

6:0

70

70

ol

70

70

T:0

T

70

70

T

o

70

70

T2

Fiald name

VCO_CALIBR. TXE:
0]

Reserved

VCO_CALIBR_RX[E
|

AES_KEY15

AES_KEY14

AES_KEY1

AES_KEYD

AES_IN15

AES_IN14

AES IN1

AES_INO

INT_MASKT[31:24]

INT_MASK [23:16]

INT_MASK[15:8]

INT_MASK [7:0]

Reserved

DEM ORDER

Reserved

Reserved

EM_TS_BUFFER

MSABLE _SMPS
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1001000

01101

Rw

RwW

R

RwW

Rw

RwW

Rw

RAW

RwW

Description

Waord value for tha
VICO to be wsed in
T mode

Word value for the
VCO to be used in
RX mods

AES engine key input
{128 bits)

AES engine key input
(128 bits)

AES engine key input
(128 bits)

AES engine key input
(128 bits)

AES engine daia
input (128 hits)

AES engine data
imput (128 bits}

AES engine data
imput (128 bits}

AES engine data
mput {128 bits)

The IRG mask
register o route the
IRQ infarmation o &

GPIO.

The IR mask
register o route the
1RO information fo 2

GRIO.

The IRC mask
register o rowle the
IRQ information to 2

GPFIO.

The IRQ mask
register {o route the
IR0 information to &

GPIO.

Reserved do not
muedify

Set it to O during

radio initialization

Resamnved do not
iy

1: temperatune
sensor output is
bufferad

0 enable internal
SMPS
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Register name

Address

Figld namsa

Description

PM_CONFIG

MC_STATE[1]

MC_STATE[]

TX_PCKT_INFO

R¥_PCKT_INFD

AFC_CORR

LINK_QUALIF2]

LINK_QUALIF[1]

LINK_QUALIF]

RSS|_LEVEL

RX_PCKT_LEN1]

RX_PCKT_LEN[D]

CRC_FIELD{?]
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OxAd

0xC0

OxC1

o2

0xC3

0xC4

OxC5

0xC6

DT

0xiC8

OGO

(A

CE

T

76

5.4

30

T3

70

0

G:0

T4

30

0

0

-0

-0

Resarved
ANT_SELECT

TX_FIFO_FLLL
RX_FIFO_EMPTY

ERROR_LOCK

STATE[S:0]
®O_OM

Resarved

TH_SEQ_NUM

N_RETX

Reserved

NACK_RX

R¥_SEQ_NUM

AFC_CORR[T-0]

POIT-0}

=]

S0IE-0)
Resarved

AGC_WORD

RSS|_LEVEL

RX_PCKT_LEN1

RX_PCKT_LENG

CRC2

Rw

1: disabde intermal
SMPS

Cumrently selected
antenna

1: TX FIFO is full
1: RX FIFO is empty

1: RCO calibrator
error

Current MC state.

1: X0 is operating

Current TX packet
EEqUence number

Muembeer of
transmission done
at the end of a
TX sequence. Tha
value is updated to
the max. number
of retransmission
reached or at the
recepbon of an AGK

packet.

NACK field of the
received packet

Saguence number of
the recened packed

AFC word of the
received packel
PCH value of the
recaived packet
Carrier senga
indication

S0 wvalue of the
neceived packel

AGC word of the
neceived packel

RES| level of the
received packel
Length {rumber of
bytes) of the received
packet:
R¥_PCKT_LEM=RX_
PCKT_LEN1T = 256 +
RX_PCKT_LENO

CRC figld of the
received packet, byte
2



Register name

GLPRCG/|-

Address

Figld name

Description

CRC_FIELD{1]

CRC_FIELD{0]

RX_CTRL_FIELD{3]

R¥_CTRL_FIELD{Z]

RX_CTRL_FIELD(1]

R¥_CTRL_FIELD{D]

R¥_ADDR._FIELD{1]

R¥_ADDR_FIELD{D]

AES_ DATA_OUT]15]

AES_DATA_OLAT]14]

AES_ DATA_OUT1]

AES_DATA_OUT

RCO_\CO_CALIBR_
DUT]

RCO_VMCO_CALIBR_
ouTo)

LINEAR_FIFO_STAT
LE[1]

LINEAR_FIFD_STAT
LIS[H]

IRO_STATUS[Z]

0xCC

0=CD

xCE

0wCF

OxD0

Ot

D2

i e

OxDaa

D5

OxE2

O=E3

OxE4

OxES

O=E&

OxE?

OxFA

T0

0

70

0

70

70

70

™0

70

70

.0

™0

T4

30

G:0

G0

&0

0

CRC1

CRCO

RX_CTRLD

R¥_CTRL1

RX_CTRLZ

R¥_CTRL3

ADDR1

ADDRO

AES OUT15

AES OUT14

AES_OUT1

AES_ OUTO

RWT_QUT[3:0}

RFB_OUTJ4:1]

RFE_OUTE]

WCO_CALIBR_DATA

Reserved

ELEM TXFIFC

Reserved

ELEM_RXFIFO

INT_EVENT[21:24]
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CRC field of the
received packet, byte
1

CRC figld of the
received packet, byte
0

Control fizldis) of the
received packet, byte
4]

Control fieldis) of the
received packet, byte
1

Caontrol fiedd(s) of the
received packet, byte
2

Caontral fisldis) of the
received packet, byte
3

Spurce address field
of the RX packst.

Cestination address
fisld of the RX

packel.
AES engine data
output {128 bits}

AES engine data
autput {128 bitz)

AES engine data
output {128 bits)

AES engine data
output (128 bits)

RWT word from
internal RCO
calibrator

RFB word from
internal RCO
calibrator

Oartpart word from
imtemal VGO
calibrator

Mumber of elements
in thea lingar TX FIFO
{from 0 to 96 byles)

Mumber of slements
in the linear RX FIFD
{from O to B bytes)

The IRO =tatus
register
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Register name Address Figld name Description
IRQ_STATUS[Z] OxFB 70 INT_EVEMT[23:16] 0 AR Tmr{:;g;:at”s'
IRQ_STATLIS[1] OxFC 10 INT_EVENT[15:8] 0 RR Tmf:g;f““
: : : The IRQ status
IRC_STATUSION OuFD 70 INT_EVENTIT:0] i RE i
DEVICE_IMFC{1:0] =FO 70 PARTHUB[T 0] Ooelh i R Dievice part number
0xF1 10 VERSION[7-0] 0x30 R “E"ﬁ;‘i’:‘”"
Table 13. Frequently used registers
11 Regulatory compliance
11.1 RF compliance
The RF certifications obtained are described in table below.
ID Part Comment
FCCID Z45-ECOPROR9 With external “. ANT-916-CW-
HW” antenna and UFL to SMA
connector RF cable version
ICID 9954A-ECOPROR9 With external “. ANT-916-CW-
HW” antenna and UFL to SMA
connector RF cable version
ETSI Compliant With external “. ANT-868-CW-
HW” antenna and UFL to SMA
connector RF cable version

Table 14: RF certification summary
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11.2 ECOLOG-PRO Radio 915 MHz module approved antenna

For ECOLOG-PRO Radio 915 MHz module, the approved antenna is the ANT-916-CW-HW.
Below is an extract from the antenna datasheet:

11.2.1 Product Description
HW Series %-wave center-fed dipole antennas 8.1 mm
deliver outstanding performance in a rugged (0.32°)
and cosmetically attractive package. The

D

antenna contains a helical element and internal A

counterpoise which eliminates external ground

plane dependence and maximizes performance.

HW Series antennas attach via a standard SMA

or Part 15 compliant RP-SMA connector. Custom

colors and connectors are available for volume

OEM customers.
11.2.2 Features

e Low cost

e Internal counterpose

e Bandwidth covers entire ISM 900MHz band

e Excellent performance

e Omni-directional pattern 120.0 mm

e OQutstanding VSWR [

e Rugged & damage-resistant

e Standard SMA or Part 15 compliant RP-SMA connector 10.7 mm

e Internal O-ring seal on connector j
11.2.3 Electrical Specifications , '

e Center Frequency: 916 MHz

e Recmd. Freq. Range:  900-930 MHz o ' <

e Wavelength: Yi-wave 5.6 mm

e VSWR: <2.0 typical at center 0.22°)

e Peak Gain: 1.2 dBi

e Impedance: 50-ohms
e Connection: SMA or RP-SMA Y
e Oper. Temp. Range: —20°C to +85°C

Electrical specifications and plots measured with a 10.16 cm x
10.16 cm (4.00" x 4.00") reference ground plane.

Table 15. ANT-916-CW-HW specifications
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11.3 ECOLOG-PRO Radio 868 MHz module approved antenna

For ECOLOG-PRO Radio 868 MHz module, the approved antenna is the ANT-868-CW-HW.
Below is an extract from the antenna datasheet:

11.3.1 Product Description 3013n21r;1
HW Series ¥%-wave center-fed dipole antennas )
) b DI

deliver outstanding performance in a rugged __
and cosmetically attractive package. The
antenna contains a helical element and internal
counterpoise which eliminates external ground
plane dependence and maximizes performance.
HW Series antennas attach via a standard SMA
or Part 15 compliant RP-SMA connector. Custom
colors and connectors are available for volume
OEM customers.

11.3.2 Features

e Low cost

e Internal counterpose

e Excellent performance

e Omni-directional pattern 135.5 mm
e OQutstanding VSWR (5.33")

e Rugged & damage-resistant

e Standard SMA or Part 15 compliant RP-SMA connector

e Internal O-ring seal on connector 10.7 mm
0.42%

11.3.3 Electrical Specifications

e Center Frequency: 868 MHz End View

e Recmd. Freq. Range:  855-880 MHz '

e Wavelength: Y%-wave —>

e VSWR: <2.0 typical at center (0.22")
e Peak Gain: 0 dBi

e Impedance: 50-ohms 15.5 il

e Connection: SMA or RP-SMA e s

e Oper. Temp. Range: —20°C to +85°C X

Electrical specifications and plots measured with a 10.16 cm x
10.16 cm (4.00" x 4.00") reference ground plane.

Table 15. ANT-868-CW-HW specifications
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12 RoHS compliance
ECOLOG-PRO Radio modules comply with the ECOPACK?2 level of RoHS compliance grade.

13 FCC regulations

The ECOLOG-PRO Radio module 915 MHz complies with part 15 of the FCC Rules. Operation is subject to
the following two conditions: (1) This device / module may not cause harmful interference, and (2) this
device must accept any interference received, including interference that may cause undesired
operation. Above mentioned devices / modules operate in the 902-928MHz band.

This equipment complies with FCC and IC radiation exposure limits set forth for an uncontrolled
environment. This equipment should be installed and operated with a minimum distance of 20 cm from
any body part of nearby persons. This transmitter must not be co-located or operating in conjunction
with any other antenna or transmitter."

Changes or modifications not expressly approved by the party responsible for compliance voids the
user's authority to operate this equipment.

Cet équipement est conforme aux limites d'exposition aux rayonnements IC établies pour un
Environnement non contrélé. Cet équipement doit étre installé et utilisé avec un minimum de 20 cm de
distance entre la source de rayonnement et votre corps.

Ce transmetteur ne doit pas étre place au méme endroit ou utilise simultanément avec un autre
transmetteur ou antenne.

14 IC regulations

This device contains licence-exempt transmitter(s)/receiver(s) that comply with Innovation, Science and
Economic Development Canada’s licence-exempt RSS(s). Operation is subject to the following two
conditions:

(1) This device may not cause interference.

(2) This device must accept any interference, including interference that may cause undesired operation
of the device.

L’émetteur/récepteur exempt de licence contenu dans le présent appareil est conforme aux CNR
d’Innovation, Sciences et Développement économique Canada applicables aux appareils radio exempts
de licence. L'exploitation est autorisée aux deux conditions suivantes:

1) L'appareil ne doit pas produire de brouillage;

2) L'appareil doit accepter tout brouillage radioélectrique subi, méme si le brouillage est susceptible
d’en compromettre le fonctionnement.

This radio transmitter 9954A-ECOPROR9 has been approved by Innovation, Science and Economic
Development Canada to operate with the antenna types listed below, with the maximum permissible

20240911_OM_ ECOLOG-PRO Radio module 868_920 MHz_V04.docx | Page 29/ 31



GLPRCG/|-

gain indicated.
Antenna types not included in this list that have a gain greater than the maximum gain indicated for any
type listed are strictly prohibited for use with this device.

Le présent émetteur radio 9954A-ECOPROR9 a été approuvé par Innovation, Sciences et
Développement économique Canada pour fonctionner avec les types d'antenne énumérés ci-dessous et
ayant un gain admissible maximal. Les types d'antenne non inclus dans cette liste, et dont le gain est
supérieur au gain maximal indiqué pour tout type figurant sur la liste, sont strictement interdits pour
I'exploitation de I'émetteur.

15 Revision History

Date Version | Author | Description

12.APR.2024 01 HESCHU | Initial Version

09.SEP.2024 02 HESCHU | Chapter 13 (FCC and IC regulations) added

10.SEP.2024 03 HESCHU | Chapter 11.3.1 antenna description changed

11.SEP.2024 04 HESCHU | Chapter 11.2 and 11.3 (antenna spec) added, 11.3.1 changed
11.1 (RF compliance) changed, 13 changed, 14 added
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