one//RF

TECHRNOLOGY

e P8

... B868-TINYPRO

== ————HEH- *q

‘Technical Manual

SSUE LI T
TE : March 2007







\ B868-TINYPRO : TECHNICAL MANUAL i

Proprietary Notice:
© Copyright One RF Technology 2007

The information in this document is subject to change without notice.

Company or product names mentioned in this document may be trademarks or registered
trademarks of their respective companies.

All rights reserved. Neither the whole nor any part of the information contained in this
publication may be reproduced in any material form except with the written permission of
One RF Technology.

This publication is intended only to assist the reader in the use of the product. One RF
Technology shall not be liable for any loss or damage arising from the use of any
information in this publication, or any error or omission in such information, or any incorrect
use of the product.

Technical Support:

Documentation is updated periodically. For the latest information about One RF Technology
products, including software upgrades and application information, please visit One RF
Technology’s website at the following internet URL:

http://www.one-rf.com/

Documentation and software are periodically released on a CD-ROM, called Master CD,
gathering all documentation and latest version of software for One RF Technology products.
For the latest version of the Master CD, please contact your local One RF Technology Sales
entity. One RF Technology Sales entity are available on One RF Technology website.

One RF Technology provides customer technical support using phone and/or e-mail means.
For customer technical support, please contact your local One RF Technology Sales entity.

one|JRF Emerald Square Bt D - Rue Evariste Galois - 06410 Sophia-Antipolis - FRANCE
TECHNOLOGY Tel : +33.(0)4.97.21.33.10 - Fax: +33.(0)4.97.21.33.11 - email : info@one-rf.com



ii B868-TINYPRO : TECHNICAL MANUAL/

TABLE OF CONTENTS

V.6. CONFIGURATION AND DOWNLOAD OVER THE AIR (DOTA)
CHAPTER I. INTRODUCTION .....ooviiiiiiiiiiiiiis L e 34
I.1. AIM OF THE DOCUMENT ...tevvnteetettneeeeerieseeestneesesnnnns 1
CHAPTER VI. PROCESS INFORMATION........evvuuu 35
1.2. REFERENCE DOCUMENTS ..cuvuterertnerrersneseerneesennnnnns 1
3. GLOSSARY ... 5 VI, 1. DELIVERY tetunetertneeissasesestseessteseseseseesssseeeees 35
R 0 ]2V = 37
CHAPTER II. REQUIREMENTS...........oiiiiiiiiiiiiiiis 3 VI.3. SOLDERING PAD PATTERN...cevvuserereneressneerssnnseeens 37
II.1. GENERAL REQUIREMENTS ..tiuutitiineineinsnnesnesennnnnnens 3 VI.4. SOLDER PASTE (ROHS PROCESS) +vvvvvveeesssseennneeeeens 38
I1.2. FUNCTIONAL REQUIREMENTS ...uvviiiiieiiiiiiiiiiiiiieeens 4 VL5, PLACEMENT «tvvvtetetteteeeee e 38
II.3. TEMPERATURE REQUIREMENTS ...tiviiniiuninenneinennnnnnens 4 VI.6. SOLDERING PROFILE (ROHS PROCESS) .....vvevvvreeeenen. 38
CHAPTER III. GENERAL CHARACTERISTICS.......... 5 CHAPTER VII. BOARD MOUNTING
II1.1. MECHANICAL CHARACTERISTICS ..v.vvevveeveeeeeeseeseenes 5 RECOMMENDATION......ouvviiiiiiiiiiiiiiiiii, 39
II1.2. DC CHARACTERISTICS «.uueeeereemrnnnnsseeeeeeeesnnenseeeeees 6 VII.1. ELECTRICAL ENVIRONMENT ..vvvvrrrrrnnnrrnnnnnnnnnnnnnnnens 39
II1.3. TIMING CHARACTERISTICS .. etrrrereeeessssseennneeeeeesssans 6 VII.2. POWER SUPPLY DECOUPLING ON B868-TINYPRO MODULE
........................................................................... 40
II1.4. FUNCTIONAL CHARACTERISTICS .vvuveervrensereerenseresnnnnns 7
VIL.3. RF LAYOUT CONSIDERATIONS +...cvvvensererrnsserernnseeens 41
II1.5. DIGITAL CHARACTERISTICS. ..vvvvnsererrnsereernneeresnnnnns 9
VII.4. B868-TINYPRO INTERFACING ...vvvuverrnnernnnernnesrnnens 42
II1.6. ABSOLUTE MAXIMUM RATINGS ..vvuveerereneeeereeeresnnnnns 9
II1.7. ORDERING INFORMATION t...evevensereernneesernneseesnnnns 10 CHAPTER VIII. ANTENNA CONSIDERATIONS ...... 43
VIII.1. ANTENNA RECOMMENDATIONS ...ccvvuserirrenerernnnenens 43
CHAPTER IV. TECHNICAL DESCRIPTION............. 11
VIII.2. ANTENNA SPECIFICATIONS cevuveererensererrnseresnnseeens 44
IV.1. BLOCK DIAGRAM ...vvuseiivtnseererinesesrnseesssneessnnnnnns 11
VIII.3. ANTENNA MATCHING tvvuserrvrnnerersnesesnneesennneenees 44
IV.2. PIN OUT OF THE MODULE +vuteeverenseseerneesesnsesennnnnns 13
VIIL.4. ANTENNA TYPES ...erereneressnseessrensesessseesssnsesens 45
IV.3. DESCRIPTION OF THE SIGNALS .vvvverevrenerernnseeeennnens 15
VIIL.5. EXTERNAL ANTENNA t.vvutiietneerereneeseerneesesnneesens 45
CHAPTER V. DESCRIPTION OF THE FUNCTIONALITY VIII.6. EMBEDDABLE ANTENNAS ..uuvueuitisenetesienenesienenennes 47
.................................................................... 16
V.1. CONFIGURATION MODE .vvuveerertneerereeeeestnseesesnnnnns 17 CHAPTER IX. ANNEXES ....ooiiviiiiiiiiiiii 48
V.2, OPERATING MODE +..vvvveeeeeesseseeeneeeeeeseeeseeenneeeens 19 IX.1. ETSI 300-220 STANDARDS (SUMMARY) ..covvinveneaen. 48
V.3. REGISTERS DETAILED USE +v.vvvvvveeeeieeeeieeeieeeenennnnnns 21 IX.2. EXAMPLES OF PROPAGATION ATTENUATION ......oovvnies 51
V.4, REGISTERS LIST 1ruvuuiiivrniererineereniiesesineeesennnnnns 29 IX.3. DECLARATIONS OF COMPLIANCE ......oovvinviirinninnnnes 52
V.5. CONFIGURATION EXAMPLE. . .ccevvurieiereieeesreseerenennnns 33




\ B868-TINYPRO : TECHNICAL MANUAL 1

CHAPTER 1. INTRODUCTION

I.1. Aim of the Document

The aim of this document is to present the features and the application of the B868-tinyPRO radio
module. After the introduction, the characteristics of the B868-tinyPRO radio module will be
described within the following distinct chapters:

- Requirements
- General Characteristics of the B868-tinyPRO Module
- Technical description of the B868-tinyPRO Module
- Functional description of the B868-tinyPRO Module
- Process information
- Board Mounting Recommendations

Antenna Considerations

I.2. Reference documents

[1] EN 300 220-1 v1.3.1 ETSI Standards for SRD , Sept 2000
[2] ERC Rec 70-03 ERC Recommendation for SRD, March 2001

[3] 2002/95/EC Directive of the European Parliament and of the Council,
27 January 2003
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I.3. Glossary

ACP Adjacent Channel Power

BER Bit Error Rate

Bits/s Bits per second (1000 bits/s = 1Kbps)

CER Character Error Rate

dBm Power level in decibel milliwatt (10 log (P/1mW))
EMC Electro Magnetic Compatibility

EPROM Electrical Programmable Read Only Memory
ETR ETSI Technical Report

ETSI European Telecommunication Standard Institute
FM Frequency Modulation

FSK Audio Frequency Shift Keying

GFSK Gaussian Frequency Shift Keying

GMSK Gaussian Minimum Shift Keying

IF Intermediary Frequency

ISM Industrial, Scientific and Medical

kbps kilobits/s

LBT Listen Before Talk

LNA Low Noise Amplifier

MHz Mega Hertz (1 MHz = 1000 kHz)

PLL Phase Lock Loop

PROM Programmable Read Only Memory

NRZ Non return to Zero

RF Radio Frequency

RoOHS Restriction of Hazardous Substances

RSSI Receive Strength Signal Indicator

Rx Reception

SRD Short Range Device

Tx Transmission

SMD Surface Mounted Device

VCO Voltage Controlled Oscillator

VCTCXO Voltage Controlled and Temperature Compensated Crystal Oscillator
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CHAPTER 1II. REQUIREMENTS

II.1. General Requirements

The B868-tinyPRO module is a single/multi channel radio board, delivering up to 500 mW in the 868
MHz ISM band (unlicensed frequency band).

In order to harmonize our product family, the B868-tinyPRO module has the same mechanical
characteristics than the B868-tiny (same PCB format, half-moons connectors, metallic cover,
antenna...).

It allows ‘point-to-point’, “multipoint’ or ‘network’ functioning modes.

The “ERC recommendation 70-03” describes the different usable sub-bands in the 868 MHz license

free band, in terms of bandwidth, maximum power, duty cycle and channel spacing. It gives the
following limitations :

Frequency band Maximum Channel spacing Duty cycle

radiated power

869.400 - 869.650 MHz 500 mW 25 kHz 10 %
or wideband
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This band is free to use but the module and the user must respect some limitations. Most of these
restrictions are integrated in the conception of the module, except the duty cycle. The 869.400 to
869.650 MHz band is limited to a 10% duty cycle. This means that each module is limited to a total
transmit time of 6 minutes per hour. It is the responsibility of the user to respect the duty cycle.

Furthermore, the module complies with the ETSI 300-220-1 v1.3.1 standards (specific for SRD). The
main requirements are described in Appendix 1.

Finally, the module complies with the new European Directive 2002/95/EC concerning the Restrictive
Usage of Hazardous Substances (RoHS).

I1.2. Functional Requirements

The B868-tinyPRO module has a digital part and a RF part. The radio link is a Half Duplex bi-
directional link.

The digital part has the following functionalities:
- Communications interface.
- Analog inputs and Logic I/0O.
- Micro controller with embedded software
The RF part has the following functionalities:
- Frequency synthesis.

- Front-end.
Low noise reception

I1.3. Temperature Requirements

Minimum Typical Maximum Unit
Operating
Temperature - 20 25 + 60 °C
Relative humidity 20 75 %
Storage
Temperature -40 25 + 85 °C
Relative humidity 0 95 %
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CHAPTER III.

GENERAL CHARACTERISTICS

III.1. Mechanical Characteristics

Size : Rectangular 38x 21 mm
Height : 4 mm
Weight : 20g
PCB : + 6 layers circuit
* epoxy FR4
« thickness : 0.8mm
Cover: Due to high radiated power, the board is protected by a metallic

cover mounted on the bottom side of the board.

« dimensions : 34.5 x 18.5 x 2.2mm
» thickness : 200um

Components :

All SMD components, on both side of the PCB.

Connectors :

The terminals allowing conveying I/O signals are half-moons
located around.

Mounting :

« SMD
» Half moons on 3 external sides

Number of I/0 pins :

32




6 B868-TINYPRO : TECHNICAL MANUAL/

III.2. DC Characteristics

Characteristics Min.

Power Supply Vpp : +3.0V +3.6V +3.7V
Consumption @3.6V :
Transmission (500mW) : - 630mA 650mA
Transmission (100mW) : TBD TDB
Reception : - 30mA 35mA
Stand-by : - S5uA 10pA
I/0 low level : GND - 0.2XxVpp
I/O high level : 0.8xVpp - Vob
CAUTION

In order to get the maximum output power of the module,
it is necessary to apply a 3.6V power supply

II1.3. Timing Characteristics

Characteristics
Power Up Sequence : - 135 ms 150 ms
Stand by :
Enter in Hard Stand-by : - 700 ps 900 ps
Enter in Serial Stand-by : - 3.2 ms -
Wake Up from Hard Stand-by : - 2.85 ms 3.0 ms
Wake Up from Serial Stand-by : - 5.5 ms -
Radio :

Rx to TX switching time
(500mw) : - - 4ms

(100mWw) : - 3.5ms

Tx to RX switching time
(500mW) : - - 4ms

(100mWw) : - 3.5ms
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II1.4. Functional characteristics

N

The B868-tinyPRO module allows 2 types of functioning : single or multi channel.

869.400 - 869.650 MHz (ERC-Recommendation 70-03)

Frequency band :

Temperature range : Functioning :  -20°C to +60 °C
Storage : -40°C to +85 °C
Relative humidity : Functioning :  20% to 75% RH
Storage : 0% to 95%
Transmission Single channel Multi channel
Channel number : 1 10
(center frequency 869.525MHz) | (first channel at 869.4125MHz)
Channel spacing : wideband 25 kHz
pacing : (ERC-Rec 70-03) (ERC-Rec 70-03)
Radio bit rate : up to 38.4 kbps 4.8 kbps
500mwW 100mwW
Output Power @3.6V : (27dBm + 1dB) (20dBm + 2dB)
Modulation : GFSK
ACP : - -37dBm max.
Spurious out of the Under the following limits :

band :

400 500

600 1000 1100

MHz

00 B0 900

—%— Cperation —— Standby
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Reception Single channel Multi channel
I 3. -100dBm + 2dB -105dBm + 2dB
Sensitivity for CER<107 : (@ 38.4kbps) (@ 4.8Kbps)
Saturation for CER<107 : up to -10 dBm under 50 Ohms
Remaining CER : < 1.10°%at -50 dBm
Selectivity : ) 30 dB protection between
channels
Immunity :
against adjacent channels ) .
jammer at -20 dBm : 20 dB min.
against other channels ) .
jammer at -20 dBm : 30 dB min.

against

out of the band spurious : 40 dB typ.
Spurious leakage :
Below 1 GHz : -57 dBm max.

Over 1 GHz : -47 dBm max.
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II1.5. Digital Characteristics

Processor :

Micro-controller RISC 8 bits with Flash memory

Memory :

Flash 16KB, RAM 2KB

Serial link :

« Full Duplex, from 1200 to 115200 bauds
« 8 bits, with or without parity, 1 or 2 stop bits
» Protocol Type : RS-232, TTL level

Flow control :

None, software (Xon/Xoff) or hardware (RTS/CTS)

Specific signals :

» Serial : Tx, Rx, RTS, CTS

e OQutputs : Ack_Tx, Status Tx/Rx, Carrier Detect, Frame Detect
« Inputs : Reset, Stand-By

« I/O : 7 logic I/O + 2 analog In (with 10 bits resolution)

Flashing :

» Through serial : BKGD-MS
» Through the air : DOTA (Download Over The Air) functionality

II1.6. Absolute Maximum Ratings

Voltage applied to Vpp : -0.3V to +3.8V

Voltage applied to "TTL” Input : -0.3V to Vpp+0.3V
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II1.7. Ordering information

Three different equipments can be ordered :

- The SMD board
- The DIP board
- The Demokit

Select the desired options from the list below to identify the appropriate One RF Technology part
number you need.

X 868 - tiny-pro / 40 - XXX - XX

— [Antenna option

Equipment| WA : Without Antenna
B : Board EA : External Antenna
D : Demokif]

Socket option
SMD : SMD module
DIP : Adapter DIP

The versions below are considered standard and should be readily available. For other versions,

please contact ONE-RF Technology. Please make sure to give the complete part nhumber when
ordering.

Equipment Part Number
SMD Version

B868-tiny-pro/40-SMD-WA

DIP Version

B868-tiny-pro/40-DIP-WA

D868-tiny-pro/40-SMD-EA
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CHAPTER 1V.

11

TECHNICAL DESCRIPTION

IV.1. Block diagram
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Jo J24

J25

J32

Bottom side (Cover)

DIGITAL PART

I/0 management

Radio management

Serial link

Top side
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IV.2. Pin out of the module

13

. Interface Signal .
Pin function I/0 level HC function
132 ESL5 I/0 TTL Digital I/O N°5
J31 ESL6 I/0 TTL Digital I/O N°6
J30 STAND-BY I TTL Stand-by
J29 TXD O TTL TxD UART - Serial Data Transmission
]28 RXD I TTL RxD UART - Serial Data Reception
J27 RESET I TTL MC reset
J26 CTs I TTL Clear To Send
J25 RTS 0] TTL Request To Send
124 BKGD-MS / I/0 Single wire background debug interface pin +
TTL Flash uC programming
ACK-TX 0] or Indicate radio transmission is OK
J23 Vpp - - Digital part supply
J22 EAl I analog Analog Input N°1. 10 bits precision.
J21 EA2 I analog Analog Input N°2. 10 bits precision.
J20 ESL1-1/ I/0 Digital I/0 N°1 with interrupt
STATUS TX-RX 0] TTL or Indicate if the serial link is on transmission
or reception
J19 ESL2-1 I/0 TTL Digital I/O N°2 with interrupt
J18 ESL3-I I/0 Digital I/O N°3 with interrupt
Frame Detect 0 TTL or Indicates if valid Carrier + Synchro word is
received
J17 ESL4 I/0 Digital I/0 N°4
Frame Detect 0] TTL or Indicates if valid Carrier + Synchro word is
received
Ji6 GND - ov Ground
Ji5 GND - ov Ground
J14 Ve - - Radio part supply
J13- GND - ov Ground
J12
Ji1 ESL7 / I/0 TTL Digital I/0 N°7
Prgs or Signal for serial uC flashing
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J10- GND ov Ground
Jo2
Jo1 RF_Antenna - RF connection to external antenna
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IV.3. Description of the Signals

SLEIS Description

External hardware reset of the radio module.

Reset Active on low state.

Serial link signals, format NRZ/TTL: TxD is for outgoing data. RxD is
TxD, RxD for incoming data.
The ‘1’ is represented by a high state

Incoming signal. Indicates whether the module can send serial data to

cTs
user (Active, on low state) or not (inactive, on high state).

Outgoing signal. Indicates whether the user can transmit serial data
(active, on low state) or not (inactive, on high state).

RTS ¥ The signal switches either when the serial buffer reaches a
programmable filling threshold (register S218) or when the user’s
serial transmission is finished.

ESLx (» Digital I/O. Available upon request.

Analogue inputs with a variable voltage, between 0 and Vpp. Available

EAX
upon request.

Indicates to the module to switch to low power mode. Active on high

Stand-By ® state

(1) : used only if Hardware Flow Control (RTS/CTS) is selected (5216=0).
(2): ESLx-I means interruptible I/0
(3 : used only if Hardware Stand-By is selected (5240=1).
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CHAPTER V. DESCRIPTION OF THE FUNCTIONALITY

One RF Technology modems and boards are provided with an embedded software which allows to
choose between different communication protocols and to play on numerous parameters.

There are 2 different modes :

- The configuration mode which allows to parameter the module. It is set through the use of
Hayes commands sent on the serial link.
- The operating mode which is the functional use for data transmission.
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V.1. Configuration Mode

Hayes or 'AT' commands complies with Hayes protocol used in PSTN modem standards. This ‘AT’
protocol or Hayes mode is used to configure the modem parameters, based on the following
principles:

- A data frame always begins with the two ASCII ‘AT’ characters, standing for ‘ATtention’

- Commands are coded over one or several characters and may include additional data
- A given command always ends up with a <CR> Carriage Return

A T Command Additional data <CR>
Note: The delay between 2 characters of the same command must be less than 10 seconds
The only exception to this data-framing rule is the switching command from the
operating/communication mode to ‘AT Mode’. In this case only, the escape code (*+++’) must be
started and followed by a silent time at least equal to the serial time out. In this case only <AT> and
<CR> shall not be used.

Note : The time between 2 characters of the same command must be under 10 seconds.

Below is the complete list of the ‘AT’ commands available on the B868-tinyPRO module.

Command Description

Hayes Mode Activation

‘+++’ command gives an instant access to the modem’s
parameters configuration mode (Hayes or AT mode),
whatever the current operating mode in process might be.
+4+ ‘+++’ command should be entered as one string, i.e. it
should not be preceded by ‘AT’ and followed by <CR> but two
silent times which duration is configurable via S214 register
(Serial time-out). The time between two '+’ must not exceed
the time-out value.

Hayes mode inactivates radio functions.

Communication mode activation

‘ATO’ command gives an instant access to the modem’s
ATO operating mode, configured in S220 register.

'‘ATO’ command is used to get out of Hayes mode.

Answer : OK or ERROR if the configuration is not complete
Modem'’s firmware version

AT/V ‘AT/V’ command displays the modem'’s firmware version
number as follows:

Version <Product>: vX.YZn

Modem'’s registers status

AT/S ‘AT/S’ command displays status of all relevant registers of the
modem
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ATSn?

Register interrogation

‘ATSn?’ command displays the content of Hayes register
number n (Refer to the register description table).

Some registers are standard for every One RF modems while
others are specific to some products.

Answer : Sn=x<CR>

ATSn=m

Register modification

‘ATSn=m’ command configures Hayes register number n with
the value m, e.g. ATS200=4<CR> enters the value ‘4’ in the
register S200.

The value is automatically stored in the EEPROM memory.
Answer : OK or ERRORxx (Refer to the Error codes table)

ATN

RSSI interrogation

‘ATN’ command runs the received RF level measurement. This
RSSI reading is continuously displayed each second until a
new character arrives on the serial link.
4 levels are available :
‘0’ : received level < -90dBm
- ‘1" : received level between -90 and -85dBm
- ‘2’ : received level between -85 and -80dBm
‘3’ : received level > -80dBm

ATR

Parameters reset

'‘ATR’ command resets all modem’s parameters to their
default values.
Answer : OK

ATP

Stand By Activation

When serial stand by is set, the '‘ATP’ command put the
module in stand by mode. To wake up the module, send a
NULL (0x00) character.

ATBL

Switch to Bootloader

‘ATBL’ command escape from the main program and run the
bootloader. This command is useful to update the firmware by
serial or radio link. See the dedicated part for details.

Specific ‘AT’ commands have been integrated in order to make measurements in continuous mode.
These commands are stopped by the sending of a character.

Command Description

ATTO Pure carrier transmission at center frequency
ATT1 Pure carrier transmission representing ‘0’
ATT2 Pure carrier transmission representing ‘1’
ATT3 Max modulated carrier transmission

ATT6 Min modulated carrier transmission

Note 1 : After an AT command (ended by <CR>), the serial link gives back result code, which is

"OK", or "ERROR ".

Note 2 : "+++" command gives back OK.

These commands are effective after a maximum delay of 10 mS ; the back code OK indicates the
good execution of the command, and another command can be sent right after the back code OK.
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V.2. Operating Mode

There are 4 communication protocols available on the B868-tinyPRO module :

- Transparent mode : this is the default communication protocol of the module. The module
transmits the data transparently, without encapsulation or addressing. It acts as a half
duplex wired serial link (type RS485).

- Addressed Secured mode : it is a kind of multipoint network protocol. Each module can
communicate with every module in the same network. All the frames are addressed, checked
through a CRC and acknowledged.

- Downloader over the air : this is a specific communication protocol allowing re-flashing of
remote module.

- Auto-repeat mode : this is a specific communication protocol in which the module sends back
the frames it has received (radio or serial) without echoing. It allows the user to easily test
the module remotely.

For the classical communication protocols (Transparent and Addressed Secured), an additional
functionality is available : LBT (Listen Before Talk). It means that the transmitting module will scan
the radio link and verify it is free (no radio activity) before sending its data to avoid collision.

= Basic Illustration of Transparent mode

Module N°1 Module N°2 Module N°3
1 sends ABCD <ABCD> | <ABCD>
| ; <ABCD>
2 sends Hello <Hello> l <Hello> l <Hello>

= Basic Illustration of Addressed Secured mode

Module N°1 Module N°2 Module N°3

1 sends ABCD to 2 <2=ABCD>

: <1=ABCD>
oK i ACK

I

|

|

3

1 sends EFGH to 3 <3=EFGH>

. I
(with a retry) Waiting time ¢

<1=EFGH>

OK «-—-I— ACK

3 sends Hello as <3=Hello> |
Broadcast ‘ <3=Hello>

<0=Hello>

# Collision or error
<in blue> : data sent

<in red> : data received
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= Basic Illustration of Addressed Secured mode with LBT

Module N°1 Module N°2 Module N°3
1 sends ABCD to 2 <2=ABCD> @\\
LBT|= OK
(radio link free) d
<1=ABCD>
OK e - ACK
1 sends EFGH to 3 <3=EFGH> @ﬂ LBT|= NOK
(radio link not free)
Waiting time l
@ﬂ LBT|= OK
<1=EFGH>
OK 4-—4— ACK
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V.3. Registers Detailed Use

21

The parameters to be configured via Hayes mode are stored in the module permanent memory,
called S registers. Those registers are always listed as follow:

The

Radio configuration is set via the S20x registers. Through them, you can:

EEEEE

S20x registers correspond to the radio parameters
S21x registers correspond to the serial parameters
S22x registers correspond to the operating parameters
S24x registers correspond to the stand by parameters
S25x registers correspond to the network parameters

» Radio Configuration

Change radio channel : S200,

Change the radio baud rate : S201,
Change the radio Output Power : S202,
Modify the carrier length : S204,
Change channelization : S206,

The radio parameters are preferably set in the following order :

This register allows to change the functioning mode : single or multi channel.

1. Channelization: S206

S206 value Functioning

mode
0 single channel
1 multi channel

Modules must be on the same Sub-Band to communicate. The default value for this register is
S206=0

2. Radio baud rate : S201

This register allows changing the radio baud rate.

S201 value Radio baud

rate
0 4.8 kbps
1 9.6 kbps
2 19.2 kbps
3 38.4 kbps

When multi channel functioning is chosen (see register S206), this register is automatically set to

‘0’. When single channel functioning is chosen, the default value for this register is *3’.
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3. Radio channel : S200

This register sets the radio channel used for the communication.

S200 Frequency
value
multi channel

869.4125 MHz
869.4375 MHz
869.4625 MHz
869.4875 MHz
869.5125 MHz
869.5375 MHz
869.5625 MHz
869.5875 MHz
869.6125 MHz
869.6375 MHz

single channel
10 |  869.525 MHz

OO NO|UN|~IWINIFO

When multi channel functioning is chosen (see register S206), S200 value can go from ‘0’ to ‘9’ and
the default value is 0. When single channel functioning is chosen, this register is automatically set
to ‘10,

4. Radio Output power : S202

This register allows to choose the output power of the module, between 25, 100 and 500mW. This
parameter allows to optimize power consumption in function of the desired range.

S202 Output Power
value

0 25 mwW

1 100 mW

2 500 mW

When multi channel functioning is chosen (see register S206), S202 value can go from ‘0’ to ‘1’ and
the default value is '1’. When single channel functioning is chosen, S202 value can go from ‘0’ to ‘2’
and the default value is ‘2’

5. Radio carrier length : S204

This register sets the duration (in milliseconds) of the radio carrier sent before the data. It serves as
synchronization frame for the receiver(s). The default value is 8 milliseconds (S204=38).

Usually, this register isn't modified. However, in some hostile environment (metallic parts,
vibrations...) it can be raised to 20ms to have a more reliable synchronization. This will lower the
over air throughput as it increase the non-data use of the radio.
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= Serial link configuration

The serial link configuration is set via the S21x registers. Through them, you can:
% Set the serial baud rate : S210,
% Set the parity : S212,
% Set the number of stop bits: S213,
% Set the serial time-out : S214,
% Set the flow control type : S216,

After each modification in the serial settings, the B868-tinyPRO will answer ‘OK’ with the current
configuration, and the changes will be effective immediately after.

The Serial parameters are preferably set in the following order :
1. Serial Baud rate : S210

This register selects the serial baud rate value. It is linked to the time-out register S214. They can
be set with the following values :

S210 value Serial S214
baud rate minimum value
1 1 200 bps 17
2 2 400 bps 9
3 4 800 bps 5
4 9 600 bps 3
5 (default) 19 200 bps 2
6 38 400 bps 2
7 57 600 bps 2
8 115 200 bps 2
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2. Serial timeout : S214

The B868-tinyPRO is not able to know when a frame reception is finished on the serial link, but it
needs this information to stop radio transmission in transparent mode, or to start sending data in
the other modes.

This timeout is the indicator used to decide when the data frame is finished : if no character is
received for a time equal to this timeout, the data frame is seen as finished and the modem acts
accordingly.

The default value is 5 milliseconds.

The Timeout value is of course in accordance with the serial baud rate : it must be at least equal to
the length of 2 characters. See the table in the baud rate (5210) part of this chapter. For example,
for a 19200 bps baud rate, the time to send 1 character (1 start bit + 8 data bits + 1 stop bit) is
521 ps, giving a squared up timeout value of 2 ms.

You can set a higher value to this timeout if you have some gaps in the sending of a frame.

3. Serial data format : S212 and S213

These registers set the format of the characters sent on the serial link :
% S212 : Parity. It can take three values : '1' for No Parity, '2' for Even Parity, or '3' for Odd
Parity. The default value is ‘1’.
% S213 : Number of Stop bits: 1 bit or 2 bits. Default value is *1".

The settings for the available configurations are :

Format type Parity Stop Bits
S212 S213
8/N/1 | 8 data bits, no parity, 1 stop bit 1 1
8/E/1 | 8 data bits, even parity, 1 stop bit 2 1
8/0/1 | 8 data bits, odd parity, 1 stop bit 3 1
8/N/2 | 8 data bits, no parity, 2 stop bits 1 2
8/E/2 | 8 data bits, even parity, 2 stop bits 2 2
8/0/2 | 8 data bits, odd parity, 2 stop bits 3 2

7/N/2 | These configurations are only possible in transparent
7/E/1 using the same settings as 8/N/1
7/0/1

| |
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4. Flow control management : S216

In all the modes, the data coming from the serial link are stored in a buffer and then sent. Thus, it is
necessary to have a flow control on the serial link to avoid a buffer overflow and the loss of data.

This register works with the buffer size register S218, which sets the limit to activate the flow
control.

The B868-tinyPRO manages three types of flow control :

% Hardware or CTS/RTS (S216=0) : the RTS signal from the B868-tinyPRO will authorize the
host to transmit data. The other way will be controlled by the CTS signal entering the
modem.

L Software or Xon/Xoff (S216=1) : the B868-tinyPRO sends a Xoff character on the serial link
to interrupt the transmission from the host, and a Xon character to resume. This control will
only work from the B868-tinyPRO to the host.

% None (S216=2, default) :the host must manage its outgoing data frames in order not to
overflow the buffer.

This flow control is available for our virtual RS232 serial link .

N.B. : in Hayes mode, the flow control is not active so as to be able to modify these registers
without locking the serial link.
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= Operating Mode configuration

The Operating mode configuration is set via the S22x registers. Through them, you can:
% Set the operating mode : S220,
% Set the number of retries: S223,
% Set the LBT: S226
% Set the random waiting time : S227

The Operating Mode parameters are preferably set in the following order :

1. Operating Mode : S220

This is the most significant register : it tells how the B868-tinyPRO must run. The available
operating modes are :

Value Mode
1 Transparent Mode (default)
9 Addressed Secured Mode

10 Demo Mode Master (usable only on demokit)
11 Demo mode Slave (usable only on demokit)
12 Downloader over the air

14 Auto-repeat Mode

2. LBT: S226

This register allows activating and setting up the LBT functionality. The LBT sensitivity refers to the
detected RF level over which the RF link is considered as occupied.

S226 value LBT

0 (default) | OFF
1 ON with high sensitivity
2 ON with medium sensitivity
3 ON with low sensitivity

3. Number of repetitions : S223

This register is used in Addressed Secured mode. It is the number of times the message will be
repeated in case of non acknowledgement, or the number of times the module will try to send the
message in case of the radio link is not free (when LBT functionality is activiated).

This register is set to 2 as default. It is enough in most of the configurations.
4. Random waiting time : S227
This register activates a random waiting time before every radio transmission (except for

acknowledge). Particularly when LBT functionality is activated, it will define the time between 2 LBT.
The random waiting time is comprised between 0 and 64mS.

S227 value Random Waiting Time
0 (default) OFF

1 ON
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= Network Configuration

The configuration to use the B868-tinyPRO in Addressed Secured mode is done with the S25x
registers. Through them, you can:

%  Set the Network ID : S250,

%  Set the Client Address : S252,

% Set the Network options : S255,

% Set a default address for transmission : S256.

The parameters are preferably set in the following order:

1. Network ID : S250

When in Addressed Secured operation, B868-tinyPRO modules can communicate only if they are
parts of the same ‘network’.

There can be up to 65535 networks defined, but only one can work in a given area in each radio
channel. If you want to place more than one network in the same area, use different radio channels
and not different network numbers.

The default value is 0.
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2. Network Options : S255

When running in Addressed and Secured mode, this register contains the option flags used to
configure the operation.

This register is a group of 4 flag bits :

Bits 7 6 5 4 3 2 1 0
Name - [[ACK - Ret - - CR N©°

% Header (Bit 0, default 1) : if set to 1, the frames sent on the serial link will be preceded
with a header showing the sender address. This frame will be as follows, for each settings of
the bit 2:
"1=data” if the header is ASCII
"<0x01>data” if the header is numeric
If set to O, the receiver will not know where the frame comes from

& Carriage Return (Bit 1, default 0) : if set to 1, the frame sent on the serial link will be
followed by a CR character (<0x0D>).

%  Status answer (Bit 4, default 0) : defines if the B868-tinyPRO returns a transmission status
after sending a frame. If set to 1 (no answer), the modem will give no information if the
frame has been received on the remote side or not.

If set to 1 (answer), it returns OK if the acknowledge has been received, ERROR45
otherwise, and ERROR41 if the frame is invalid (no header, or wrong format).

% ACK (Bit 6, default 0) : Radio Acknowledge disable: if *1’, the radio Ack is disable and any

secured radio frame are acknowledged. This is useful when several clients have the same ID
in a network.

3. Client Address: S252

The user can set a Client number between 1 and 65535. The client numbers must all be different in
a network.

The default value is 0.

4. Default transmission Address: S256

If this register is different from 0, the frames received on the serial link will be sent to this address,
without any header detection done.

This register is useful to set a Network-like system with up to 65534 clients and one server, and/or
when the clients are not able to manage the frame header.
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V.4. Registers List

Numbers in bold indicate the default value

Access Register Name Description

29

Radio

R/W

5200

Channel

Indicates the channel number, depending on
the channelization (S5206)

Single channel : value 10

Multi-channel : between 0 to 9

R/W

S201

Radio Baud-Rate

Indicates the radio bit rate, depending on the
channelization (5206).
Single channel : between 0 to 3
Multi-channel : value 0

e '0': 4800 bits/s

e '1': 9600 bits/s

e '2': 19200 bits/s

e '3": 38400 bits/s

R/W

5202

Output Power

Radio power output in milliwatts, depend of
the channelization (5206).
Single channel : between 0 to 2
Multi-channel : between 0 to 1
‘0" : 25 mw
e '1':100mW
e '2':500mW

R/W

5204

Radio Carrier
Length

Indicates the radio carrier length in
milliseconds.

This carrier is sent before each data frame
and is used to synchronize the receiver.
Between 5 and 60mS.

Default : 8 ms.

R/W

5206

Channelization

Indicates channelization.
« ‘0’ : single channel (default)
« ‘1’ : multi channel
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Access Register Name Description

Serial Link
S210 Serial Speed.

R/W Indicates the speed on the Serial Connection
'1': 1200 bits/s '5': 19200 bits/s

'2': 2400 bits/s '6' : 38400 bits/s

'3': 4800 bits/s ‘7' : 57600 bits/s

'4": 9600 bits/s '8’ : 115200 bits/s

The time out value must be compatible with the
serial speed:

Min. time-
out (5214)

Serial Speed
(5210)

17 ms

1200 bits/s

9 ms

2400 bits/s

5 ms

4800 bits/s

3 ms

9600 bits/s

2 ms

219200 bits/s

R/W

S212 Parity

Serial Link Parity Type:
+ '1": None (default),
« '2": Even,
» '3": Odd.

R/W

Number of
Stop bits

5213

Serial Link Stop Bits :
* 1 bit (default),
+ 2 bits.

R/W

Serial Link
Time Out

S214

Indicates the value of the time-out on the serial
link. The time out value must be compatible with
the serial speed: (see S210 register description).
Between 2 and 100 milliseconds

Default : 5.

R/W

S216 Flow Control

Indicates flow control type:
« '0": Hardware: CTS/RTS
« '1": Software: Xon/Xoff
+ '2": None (default)
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Access Register Name Description

Operation
R/W S220 |Function Mode Operating mode of the Modem :
'1' : Transparent
'9' : Addressed Secured
‘12’ : Downloader over the air
‘14’ : Auto-repeat
R/W S223 | Number of Number of retries in case of non-Ack response to a
Retries message (addressed secured mode) mode, or in
case of non free radio link (LBT). Included between
0 and 255 (255 means retry until success).
Default value: 2
R/W S226 |LBT LBT ON / OFF, and sensitivity
‘0’ : OFF
‘1’ : ON with high sensitivity
‘2" : ON with medium sensitivity
‘3’ : ON with low sensitivity
R/W S227 |Random Waiting | Random waiting Time ON / OFF
Time ‘0’ : OFF
‘1’ : ON
Low Power
R/W S240 |Type of Low- Indicates whether the low power control pin is used
power or not
‘0’: No Low Power (default),
‘1’: Stand-By activated by Hardware pin,
‘2': Stand-By activated by Serial,
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Access Register Name Description
Network Control
R/W S250 Network ID Network Number on 2 Bytes.
Default: 0
R/W S252 Client Number |Client Number on 2 Bytes.
Between 0 and 65535.
Default: 0
R/W S255 Network Indicates the Network options. 4 bits are used :
Options
Bits | 7 6 5 4 3 2 1 0
"ACK - Ret - - CR N°

Default value : 01.

> Bit '"N°': indicates whether the received frame begins with the
Client ID (1) or not (0).

> Bit 'CR": indicates whether the received frame ends with the
‘Carriage Return’ character (0x0D) (1) or not (0).

> Bit 'Ret': Indicates if the ‘OK’ should be returned after each
radio transmission (0) or not (1)

> Bit */ACK' : Disable the radio acknowledgement (1) or
enable (0).

R/W S256 Default Indicates the default address to which every radio
Addressee |frame will be sent.
Default : 0 (inactive)
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V.5. Configuration Example

We will describe in this paragraph how to parameter the modules in order to set up 2 different
Addressed Secured configurations :
- One classical configuration where all the modules in the network can communicate to
each others.
- One specific configuration equivalent to a Client/Server configuration, also called “Star”
network, where communications are able only between the Server and the Clients.

CLASSICAL CLIENT/SERVER

All Server Clients
ATS220=9 ATS220=9 ATS220=9
ATS223=X ATS223=X ATS223=X
(up to customer choice) (up to customer choice) (up to customer choice)
ATS226=X ATS226=1, 2 or 3 ATS226=1, 2 or 3
(up to customer choice) (up to customer choice) (up to customer choice)
ATS227=X ATS227=1 ATS227=1
(up to customer choice)
ATS250#£0 ATS2502£0 ATS2502£0
ATS252=1to N ATS252=255 or 65535 ATS252=1to N

except 255 or 65535
ATS255="0X0X00X1’ ATS255="000X00X1’ ATS255="000X00X1’
(in binary) (in binary) (in binary)
ATS256=X ATS256=0 ATS256=255 or 65535
(up to customer choice)
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V.6. Configuration and Download Over The Air (DOTA)

TinyPRO module includes the new DOTA functionality. This function is able to change or update the
firmware of a remote modem, using a local module. In this application, the new firmware is sent
through the radio link to another device without the need of any hardware intervention on the

remote device. All steps of the process can be done from a local radio module connected to a
computer.

A specific programming tool is necessary on the computer. It is available upon request, contact
support@one-rf.com.

Hardly accessible
remote module to be

\\ % updated or configured

Local module

Firmware or settings are
sent through the air
without any access to the
remote device

Completing DOTA, the configuration over the air functionality gives access to the Hayes mode of a
remote modem. Thanks to it, you can adjust all the settings of a modem without physical access to
it. To use this option, you need:

e A computer with a free Com port and a classic terminal.

« A local TinyPRO module, connected to the computer.

e To know the Serial number of the remote module you want to configure.

« To know the radio configuration of the remote module (at least channel and baud rate).

Here is the method:

» Reset the local module in transparent mode.

e Adjust the radio settings of the local module to match the remote module configuration.

e Send frame with '+++4’ immediately followed by the remote module serial number. (11
characters without space nor '+’ final character, for example ‘+++DVBF4900345").

« If radio configuration is good, the remote module send the radio frame '‘OK’ to confirm that it
has entered in Hayes Mode.

« Send all AT commands you need using one frame per order (don’t tape the order directly with
keyboard but use macro or send file containing the order). For example, ‘ATS202=2" must be
sent in one shot.

¢ The remote modem respond to each command as it would be directly connected to the PC.
Note that ‘AT/S’ order isn't available by air.

e Finally, don't forget to escape the remote module from Hayes mode by sending ‘ATO’.
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CHAPTER VI. PROCESS INFORMATION

VI.1. Delivery

B868-tinyPRO modules are delivered in plastic tray packaging, each tray including 42 units. The
dimensions of the tray are the following: 340 mm x 240 mm x 15 mm. Each unit is placed in a 22
mm x 40 mm location. An empty tray weights 76 g and a loaded tray weights around 250 g.
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Trays are delivered in carton boxes, each box including 15 trays. The dimensions of the box are the
following: 360 mm x 250 mm x 170 mm. An empty box weights around 430 g.
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VI.2. Storage

The optimal storage environment for tiny radio modules should be dust free, dry and the
temperature should be included between -40°C and +85°C.

In case of a reflow soldering process, tiny radio modules must be submitted to a drying bake at
+60°C during 24 hours. The drying bake must be used prior to the reflow soldering process in order
to prevent a popcorn effect. After being submitted to the drying bake, tiny modules must be
soldered on host boards within 168 hours.

Also, it must be noted that due to some components, tiny radio modules are ESD sensitive device.
Therefore, ESD handling precautions should be carefully observed.

VI.3. Soldering pad pattern

The surface finished on the printed circuit board pads should be made of Nickel/Gold surface. For
optimal performances, the host board needs a maximum ground plane so that the integrated
antenna becomes less sensitive to the environment.

The recommended soldering pad layout on the host board, as well as the host board cutout for tiny
integration are shown in the diagram below:

Footprint on host for Tiny raodio booard
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VI.4. Solder paste (ROHS process)

Tiny radio module is designed for surface mounting using half-moon solder joints (see diagram
below). For proper module assembly, solder paste must be printed on the target surface of the host
board. The solder paste should be eutectic and made of 95.5% of SN, 4% of Ag and 0.5% of Cu.
The recommended solder paste height is 200 to 250 um (8 - 10 mil).

The following diagram shows mounting characteristics for tiny integration on host PCB:

solder dot solder dot

\ Tiny module /
host PCB | | host PCB
) ! f \"—

Cut out on host Metallic shield Cut out on host

VI.5. Placement

The tiny radio module can be automatically placed on host boards by pick-and-place machines like
any integrated circuit with the following recommended parameters:

» Placing accuracy: +/- 90 pm minimum

« Nozzle diameter: 5-6 mm

« Vacuum pressure: 9.10 mm

« Application area: Geometrical center of tiny board

VI.6. Soldering profile (RoHS process)

It must be noted that tiny radio module should not be allowed to be hanging upside down during the
reflow operation. This means that the module has to be assembled on the side of the printed circuit

board that is soldered last.

The reflow process should be a regular surface mount profile. The ramp up speed should not exceed
3°C/s, reaching a peak temperature of 220 to 250°C during 45 to 60 seconds. The maximum sloping

rate should not be higher than 5°C/s.

The barcode label located on the module shield is able to withstand the reflow temperature.

CAUTION
It must also be noted that if the host board is submitted to
a wave soldering after the reflow operation, a solder mask
must be used in order to protect the tiny radio module’s
metal shield from being in contact with the solder wave.
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CHAPTER VII. BOARD MOUNTING RECOMMENDATION

VII.1. Electrical environment

The best performance of the B868-tinyPRO module are obtained in a “clean noise” environment.
Some basic recommendations must be followed :

» Noisy electronic components (serial RS232, DC-DC Converter, Display, Ram, bus ,...) must
be placed as far as possible from the B868-tinyPRO module.

> Switching components circuits (especially RS-232/TTL interface circuit power supply) must
be decoupled with a 100 pyF tantalum capacitor. And the decoupling capacitor must be as
close as possible to the noisy chip.
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VII.2. Power supply decoupling on B868-tinyPRO module

The power supply of B868-tinyPRO module must be nearby decoupled. A LC filter must be placed as
close as possible to the radio module power supplies, Vcc (RF power supply) and Vpp (digital power

supply).

Power Supply Q—.—E I I O Vecc
C1 C2

7

—|Ec3 L L C4O Voo
e

In order to limit voltage drop-out on V¢ at transmission, it is important to choose L1 with a very low
series resistance (< 0.10hm).

Symbols Reference Value Manufacturer
L1 LQH32CN1ROM33L 1pH Murata
L2 LQH31MN1ROKO03 1pyH Murata
C1, C3 GRM31CF51A226ZEQ01 22uF Murata
C2,C4 Ceramic CMS 25V 100nF Multiple
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VII.3. RF layout considerations

Basic recommendations must be followed to achieve a good RF layout :
» It is recommended to fill all unused PCB area around the module with ground plane.
» The radio module ground boundaries must be connected to a ground plane (See layout
VII.3.a).

Layout VII.3.a : Example of GND layout implantation (top and bottom side)

GROUND

SMA Connector

Ground
vias

» If the ground plane is on the opposite side, a via must be used in front of each ground
boundary (See layout VII.3.b).

Layout VII.3.b : Example of GND layout implantation(top and bottom side)

; A e e e
(eYeYe)e) = S i

ofo
) Ground
Plane

Ground Vias
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VII.4. B868-tinyPRO interfacing

Example of a full RS-232 connection with a PC or an Automat.
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CHAPTER VIII. ANTENNA CONSIDERATIONS

VIII.1. Antenna recommendations

B868-tinyPRO performances when used in a product are strongly dependent on the antenna type
and its location. Particular cautions are required on the following points:

» Use a good and efficient antenna designed for the 868 MHz band.

> Antenna must be fixed in such a location that electronic noise cannot affect the
performances. (outside location is ideal if available).

» Antenna directivity must be low (omni directional antenna is usually the best choice).

WARNING
As the B868-tinyPRO module delivers 500mW/, it is very sensitive to
the quality of the antenna used. Only choose antennas validated by
One RF Technology.
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VIII.2. Antenna Specifications

Frequency Band : 868MHz +/- 25MHz
Radiation Pattern : Omni directional
Nominal Impedance: 50 Q

VSWR: 1.5:1 max.

Gain: 0dBi

Polarization: Vertical

vV V VYV V V V

VIII.3. Antenna matching

Impedance matching can be required to deliver the maximum possible power from the module to
the antenna and vice versa. This is typically accomplished by inserting a matching network into a
circuit between the source and the load.

This matching network must be established as close as possible to the tiny module. Here after an
example of matching network between a B868-tinyPRO module and an antenna.

Track 1 Track 2

Tiny RF T
Ou‘t,put I L1 I O--mmmm - |
c1 c2 Antenna
Connection
Symbols Reference Package | Value Comments
L1 Cail 0603 tbd These values must be measured and
C1, C2 Capacitor 0603 tbd optimized with a Network Analyzer.
Track 1, Stripline e Width = 1,2mm (for a 1,6mm PCB thickness and
Track 2 FR4 Epoxy material)
e Track 1 length < 10mm (as short as possible)
e Track 2 length < 30mm (as short as possible)
e The opposite side requires a ground plane

Via Ideally, ground vias and the RF output Via will have :
drill of 0,5 or 0,6mm
pad of 1 or 1,2mm
Coaxial cable Pad:
Hot point: 2*¥2mm
Ground pad:2*4mm
Or a specific SMA connector can be used.

Antenna
connection

If no impedance matching is necessary, replace L1 by a 00hm resistor, and let C1 & C2 not
mounted.

See the layouts paragraph VII.3 to have an idea of the antenna matching implantation :
 Layout VII.3.a: antenna connection via a coaxial solder pad (Top and bottom side)

e Layout VIL.3.b: antenna connection via a SMA connector (Top and bottom side)
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VIII.4. Antenna types

The following are the antenna examples that may be suitable for tiny applications. We distinguish
two types of antenna :

> External antenna (antenna is mounted outside of the device)

> Embeddable antenna (antenna is integrated inside the device)

VIII.5. External antenna

External antenna is recommended when the range performance is primordial. For example, for base
stations and access points , where a better antenna gain may be required.

= 14 Wave Monopole antenna:

The Y4 Wave antenna is 8 cm long. Shorter compensated antennas could be used as long as they are
adapted to 868 MHz frequency.

Best range may be achieved if the 4 Wave antenna is placed perpendicular in the middle of a solid
ground plane measuring at least 10 cm radius. In this case, the antenna should be connected to the
module via some 50 ohm characteristic impedance coaxial cable.

Ya Wave Antenna,

/ connected to hot
point.

t, Ground plane

connected to coaxial
ground

Coaxial hot and ground soldered C3
on the tiny RF output —_—

WARNING
The metallic plane must be ideally under the antenna (balanced
radiation). Never short-circuit the hot and cold pins!

The installation directives are the following:

» Solder the coaxial cable on the hot and ground pad antenna (of the B868-tinyPRO module.)

Fix the antenna on a metallic plane, or on a metallic box with the metallic screw provided
with the antenna.

» If the tiny module is integrated in a plastic box, use a metal tape (copper) glued on the
plastic side under the antenna.
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» Half Wave Dipole antenna:
The 2 Wave Dipole antenna is around 16 cm long. Shorter compensated antennas could be used as
long as they are adapted to 868 MHz frequency. In a %2 Wave Dipole antenna the metallic plane is
replaced by a second s Wave antenna balancing the radiation.
Half wave monopole antenna typically offers a ground-independent design with favorable gain,

excellent radiation pattern. It has a high impedance and requires an impedance-matching circuit
(See paragraph IX.3)

1/2 wave antenna

/ Core linked to hot point

Coaxial hot and y,
ground plug on the
tiny RF output
WARNING

It is recommended to place the > wave dipole antenna away from all
metallic object, which will detuned it.
Particularity it is not recommended to place this type of antenna
directly on a metallic box, but the antenna can be deported away
through a 50 Ohm coaxial cable.
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VIII.6. Embeddable antennas

In this section you will find antennas designed to be directly attached to B868-tinyPRO module,
inside the product casing. These antennas are only used in application where security, cosmetics,
size or environmental issues make an external antenna impractical. This type of antenna is used

when the integration factor becomes primordial (for mobile and handheld devices) to the range
performances.

= Basic recommendations:

» The radio module must not be placed in a metallic casing or close to metallic devices.

> The internal antenna must be far from noisy electronic.

= Ceramic antenna:

Ceramic antenna is a SMD component to be mounted directly on the PCB. It is designed so that it

resonates and be 50 Ohms at the desired frequency. But we recommended to place an impedance-
matching circuit (See paragraph IX.3).

The place under and around the ceramic antenna must be free of any track or ground plane. (refer

to the antenna constructor requirements). It usually has a hemispherical radiation pattern has
described below.

Ground plane (back side)

Module

v

502 Transmission Line

= Miniaturized antenna:

This type of antenna features a through-hole feedline to directly attach it to the PCB. This antenna
acts like a ¥4 wave antenna so that a minimum ground plane is required.

|
L -
8
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CHAPTER IX. ANNEXES

IX.1. ETSI 300-220 standards (summary)




\ B868-TINYPRO : TECHNICAL MANUAL

49

ETSI EN 300 220

The ETSI EN 200 220 specifies in detasl the requiremants and test methods to ba used for
lype appravals of licenca free operated radio equipment. The fallowing is a summary of the
mosl important reguirements. The complele document can be downloaded from wew.etsifr.

Frequency error (section 8.1)
The mazimum frequency error depends on type of use; basaimobile or portable, and of tha
channel separation. The requirament applies anly when a channal spacing is specified,

Frequancy band 10/12.5kHz 20125 kHz Comment
channel spacing | channel spacing
0500 MHE 1715125 FIFTFE Fhglares 5 i kFlz lor
SO0 1A WA 2512671 husemahilaiporable

Carrier power, conducted (section 8.2)
This reqquirement applies for equipment with axtarnal antenna connecior. The maximum
powir depands on equipment class, The class is found in the tabée on page 4

Class Maximum power
mW / dBm
7a 517

& 10/ 10

9 3514

11 100 ) 0

12 SO0 27

Effective radiated power (section 8.3)

Thig requirament appies for equigment with dedicsted or integral antenna. The test medhod
is different from equipmant with extermal antenna connector, bul the test limiis ar e same
as above.

TX modulation (section 8.4)
This tasl apply to analogue spesch systams anly (FM and AR).

Adjacent channel power (saction 8.5)
This test is applicable for equipment oparabing in bands with spacified channel separaton
ard bandwidihs.

For 25kHz channgl spacing. which is the narrowest channel spacing used in the BEEMHE
band, the lest receiver bandwidth and filler shape for the adjacent channel is specified as
folbows:

Offset Attenuation
kHz dBa
G 2
8 £
.05 2
1125 Ol

{Thare is special test nstruments made for this kind of messurements, for example the
Rhode & Swarlz test receiver CMTA 84)

Thie terst should be used using test modulation patterns D-M3 (packaga) or D-M2 (data
sleam):
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Tha requiramant for 25kHz channal spacing is 200nW = -37dBm for normal test conditions,
and BADRW = -32dBm for extrame test conditions.

Modulation bandwidth for wideband equipment (»25kHz) {section B.8)
This test is applicabde whan no channel spacing Is spacified, or channel spacing is larger [han
25kHz.

The powes anmvalope shall be measisred with a spacirum analyser, RBW=100 Hz,
VBW=10kHz, using the maamum hald display function. The bandwidih is defined as the
bandwidih of the power envalopa whare he power is abow the reguired spurious level. Tha
spurious level limit is 250nW = -36dBm.

Spurious emission (section B.7)
The spurlous amission 15 a measurement of unwanted emitted signals. The dewca shall ba
measured withoul modulalion applied.

If e carrier frequency s < 470 MHz the equipanent shall be maasured for uwanied
emiEsions from 9kHz 1o 4 GHz. If the carrier frequency is =470 MHz, the upper imit is 12.75
GHz

All spurs excepl emission at the intended channel and the adjacent channals shell ba
measured. The requirement is ghven in the table. snd illustrated in ihe figure below.

State 47-74 MHz Other Abhove
87.5-118 MHz frequencies 1000 MHz
174-230 MHz below 1000 MHz
ATO-BE2MHz _ _ _
Creraling 4ol = A4 dBim 2500 = JgdEm TuW = hdBm
Slarciiny 2 = STdEm ol aTar L] 20y = A7 Rim
Bpurtous emisshon Maguram s
-0
e
]
.5;
E -0
=
i
-
e, 1] T
£ m i) un ara = an o am [l 1om i 1200

Frequency stability for low voltage, battery operation (section 8.8)
This requirement applies for battary operated equipment only.

The requirement is that whan reducing ihe operating voltage lo 2arg, the equipment should
stay on the desired frequency, or cease lo function altogether.

Duty cycle (saction 8.9)
This requirement states the transmitber onfoll ratio maasured during 1 B pedod. The duly
cycha rabio is found in the lable on pags 4.

Receiver spurious radiation (section 9.1)

Fer agquipment with integral antenna the radisted emission from he receiver shall be
measured. Equipmeant wilh axternal antanna connector shall be measured for both conductsd
spuricus emission and cabined radiation.

If thes carsies frequency is < 470 MHz the squipment shall be measured for unwanied
amissions from 9kHz fo 4 GHz If the carrier frequency is =470 MHz, the upper imit is 12.75
GHz.

The radiatson limit is ghaan in the table balow,

State Below Above
1000 MHz 1000 MHz
[ 20 = trcBm 2y = -47dim

Receiver spurious response or blocking (section 9.2)
The ETS! standard does not give any mandatory reguirements to receiver Spurious responsa
ar blocking.
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IX.2. Examples of propagation attenuation
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ERCTOT 433 MHz 868 MHz 2.4 GHz
Loss Attenuation Loss Attenuation Loss Attenuation

Open office 0 % 0 dB 0 % 0 dB 0 % 0 dB
Window <5% <1dB 15 % 1-2dB 30 % 3dB
Thin wall (plaster) 25 % 3dB 35 % 3-4dB 50 % 5-8dB
Medium wall (wood) 40 % 4-6dB 50 % 5-8dB 70 % 10 - 12 dB
Thick wall (concrete) 50 % 5-8dB 60 % 9-11dB 85 % 15 -20dB
Armoured wall (reinforced concrete) 70 % 10-12dB 80 % 12 -15dB 90 % 20 -25dB
Floor or ceiling 50 % 5-8dB 60 % 9-11dB 85 % 15 -20dB
Armoured floor or ceiling 70 % 10-12dB 80 % 12 -15dB 90 % 20 - 25dB
Rain and/or Fog 90 % 20 - 25 dB 95 % 25 - 30 dB ?? X ?7? X

therefore difficult to determine loss and attenuation value.

Note =

= Attenuations increase along with the frequency. In some cases, it is

The table above is only indicative. The real values will depend on the
installation environment itself.
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IX.3. Declarations of Compliance
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