(infineon

SmartLEWIS™ RX+

TDA5240 Family

Enhanced Sensitivity Multi-Configuration Receiver

Protocol Examples for ISM Band
Applications

Standard Configuration Set for the
SmartLEWIS™ RX+ Receiver TDA5240 / 35

Application Note

v1.0, 6/8/2010

Wireless Control




Edition 6/8/2010

Published by
Infineon Technologies AG
81726 Munich, Germany

© 2010 Infineon Technologies AG
All Rights Reserved.

LEGAL DISCLAIMER

THE INFORMATION GIVEN IN THIS APPLICATION NOTE IS GIVEN AS A HINT FOR THE
IMPLEMENTATION OF THE INFINEON TECHNOLOGIES COMPONENT ONLY AND SHALL NOT BE
REGARDED AS ANY DESCRIPTION OR WARRANTY OF A CERTAIN FUNCTIONALITY, CONDITION OR
QUALITY OF THE INFINEON TECHNOLOGIES COMPONENT. THE RECIPIENT OF THIS APPLICATION
NOTE MUST VERIFY ANY FUNCTION DESCRIBED HEREIN IN THE REAL APPLICATION. INFINEON
TECHNOLOGIES HEREBY DISCLAIMS ANY AND ALL WARRANTIES AND LIABILITIES OF ANY KIND
(INCLUDING WITHOUT LIMITATION WARRANTIES OF NON-INFRINGEMENT OF INTELLECTUAL
PROPERTY RIGHTS OF ANY THIRD PARTY) WITH RESPECT TO ANY AND ALL INFORMATION GIVEN IN
THIS APPLICATION NOTE.

Information

For further information on technology, delivery terms and conditions and prices, please contact the nearest
Infineon Technologies Office (www.infineon.com).

Warnings

Due to technical requirements, components may contain dangerous substances. For information on the types in
question, please contact the nearest Infineon Technologies Office.

Infineon Technologies components may be used in life-support devices or systems only with the express written
approval of Infineon Technologies, if a failure of such components can reasonably be expected to cause the
failure of that life-support device or system or to affect the safety or effectiveness of that device or system. Life
support devices or systems are intended to be implanted in the human body or to support and/or maintain and
sustain and/or protect human life. If they fall, it is reasonable to assume that the health of the user or other
persons may be endangered.
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1 Protocol Examples for the ISM Frequency Bands

In general the RF protocol is always a compromise in terms of sensitivity, current consumption, data throughput,
jammer immunity and regional legislative restrictions. The given protocol examples are typical compromises of
the above mentioned parameters but of course can always be optimized towards a certain parameter.

1.1 Legislative Restriction

The USA patterns are defined to fulfill the FCC Part 15 requirements and take advantage out of the Duty Cycle
Correction Factor. The Duty Cycle (FCC15.35) which is mentioned is related to Carrier ON time within a 100ms
time slot.

This Duty Cycle Correction Factor allows the transmitter counterpart of the TDA5240 receiver family to send
with higher output power then initially defined. In the equation below the calculation of the correction factor is
depicted.

T, time on in a 100ms window

100ms

Ke = 20Iog( j(dB)

The European equivalent to the FCC is called ETSI. This regulation framework allows in the 434MHz band
(433.05 - 434.79MHz) an output power of 10mW if the transmitter has an ON/OFF Duty Cycle below 10%
otherwise the output power is limited to ImW.

1.2 Jammer Immunity

The immunity against jammers can be improved by several methods. The best method to achieve excellent
immunity performance is the multi-channel concept. The TDA5240 receiver is able to handle this challenge in a
very elegant way. The receiver scans several Radio Frequency (RF) channels and processes the data without
the need of a microcontroller. If a jammer appears on one of the channels the communication is possible on the
other remaining channels.

In principle can be stated that the modulation technique has also a contribution to the receiver immunity
performance. It can be stated that for limiter based receiver systems, Frequency Shift Keying (FSK) has a
higher interferer immunity compared to OOK (On/Off Keying == ASK with 100% modulation index). During the
OFF period of the signal the interferer can be directly seen on the Receive Signal Strength Indicator (RSSI)
voltage. In FSK the signal is always present and the Interferer will be suppressed to a certain extend by the
limiter effect.

1.3 Current Consumption

All protocols are designed with a Wake up Pattern (WUP), SYNC Pattern, Telegram Start Identifier (TSI) and
Payload Data. The most important part to reduce the average current consumption on the receiver side is the
WUP frame, which allows the receiver to perform a polling strategy. Polling means that the TDA5240/TDA5235
receiver is alternately changing from active mode (RXRUN Mode) to sleep mode within a specified time period.
This polling strategy allows the receiver to reduce the active time significantly and of course the average current
consumption. The TDA5240/TDA5235 receiver is able to handle this polling method by itself (autonomous
receiver) and just alerts the microcontroller by an Interrupt if the appropriate WUP or TSI Pattern or EOM (End
of Message) were found. This very important feature of the TDA5240/TDA5235 receiver family reduces the
overall system current consumption because the microcontroller will sleep most of the time and is just
interrupted and activated if a valid packet was received.

Application Note 5 v1.0, 6/8/2010
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2 Tools

To get the defined protocols properly running, Infineon provides a toolset which helps the developer to verify his
work and to see that the receiver is correctly configured.

2.1 TDA5240 Family Explorer (Wizard tab) and Protocol Examples

The pre-defined pattern of the protocol examples are all implemented in the so called TDA5240 Family Explorer
(use the Wizard pages), which is a GUI describing all registers of the TDA5240/TDA5235 receiver in a way that
is easy to understand (TDA5240-35-25 Explorer_B12).

For all of the protocol examples described below the configuration files are available and part of this package.

The given protocol examples can be used as they are or to ease up your development as starting point for your
customizations.

2.2 Polling Strategy Excel Sheet

The above mentioned polling strategy is also described in an Excel sheet which automatically calculates the
required ON and OFF timings for the given protocol. Infineon also provides this Excel sheet in this package (see
file “PollingStrateqy SP_Timings _IFXrefPattern2 2010 06 06.xIs").

2.3 TDA5240 Family Explorer (Explore tab)

For working with our evaluation boards, the configurations that are built within the Wizard can be downloaded to
the receiver by the TDA5240 Family Explorer software. The Explore tab provides also some basic functionality
to react on the occurrence of an interrupt and read out the FIFO automatically, when using the “Run” function.
For your test purpose a fixed payload data can be used, and then the add-on function “Correctly received
payload data” can be used to provide a vey easy method for a MER measurement (Message Error Rate).

2.4 Download Information

The latest documentation and other helpful information can be downloaded from our product homepage
(TDA5240 Family).

Application Note 6 v1.0, 6/8/2010
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3 10 Steps to get it running
1. Download and Install the above mentioned Software Tool ( TDA5240-35-25 Explorer_B12).

2. Use the unzipped files from folder \Protocol Example V1.0\ and copy these files to your preferred location
on your hard or network drive.

3. Connect the TDA5240 Family Eval Board via USB to the PC or Notebook. Then press “Refresh” and
afterwards “Open” in the “Chip Control” section to establish a connection to the Eval Board.

— Chip Cantraol

j 0 Head FIFD W Usze Burst Mode

@ Updated
Head Beqisters Wwirite Heqgisters

r Chooze slightly different
Cryztal freguency

Figure 1 Refresh and Open Communication

4. Within the specified Protocol folders the following files are of importance:
a. ProtocolName _spi.def > Configuration File (output of Wizard)
b. PollingStrategy  SP_Timings__IFXrefPattern2__ 2010 _06_06.xls > Polling Strategy XLS

Sheet

5. In the TDA5240 Family Explorer load the Configuration File (“Registers” tab = “Open” button in the “Register
Map / SPI File Control” section, then select the desired file from the file dialog) and download the content to the
Eval Board via the “Write Registers” button.

=101 x|

— Reqgister Map / 5PI File Control
——

licerChiptMode_test_w34_znil

Save Mode: |Save Active
Load Defaultz I Save Mapping File |
Figure2  Open SPI File
— Chip Caontral
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Hefreshl M pen | Cloze |
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Figure 3  Write Registers
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6. Connect the 50 Ohm Antenna to the Eval Board
7. Implement the described Protocol Example into an RF transmitter.

8. Switch to the “Explorer” tab within the Explorer tool and activate the “Run” function. You can use the add-on
function “Correctly received pay‘oad data” as described above.

- O

it >

Power Readout Statistics | General Chip Info | Direct Register Control | ~ Extemnal Processing: —

] &DC AFCOFFSET RSSIPMF RSSIRX ADC — NPWR SPwh || —roceEOM |
£ s o L JL L L J[_ || recerom|
] RSSIPMF
] SPWA poveee= (N O N N I §
Tareomser Seoeel 10 JP TP I JP ] e
SEE| BT
Fead | [500 " —=« e | el
—Fun
Autamatic MINT detection and further
pavload pr - Received packetz [max. 512];

l/r;‘: n -
2 @ 1/ 4:41:40 Ph: Fayload comparison OF,

p—

mtermupt Status FSYMCAA EOM/A

A

FIFO Content (33 bits):
OxF9422BF944 2BFI4A2BF 344

Ob1111100107 007 0007071 0711171711 710010100707 00071 07011117171 7007 07907071 000197 07111117001 010010

Heceivedlnterrupts:lz Erecasssr-tinssanas
4 '

orectly receved payload data; |1

Figure4  “Run” and “Correctly received payload data” Function

9. Trigger the RF transmitter to send out the protocol.

10. The payload of the transmitted data will be depicted in the output fields of the Explorer Tool (see step 4 in
Figure above).
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4 Detailed Description of Protocol Examples
4.1 2 kbit ASK USA Pattern

2 kbit ASK USA

™ | 100 bit WUP | [Ri|1s1|  88bitData
_ 50 ms . 50 ms L 50 ms - 50 ms
RX: ﬂ -
ton torr ton

Figure5 2 kbit ASK USA Pattern
Modulation: ASK
Data Rate: 2 kbit
Channel frequency: 315.00 MHz
Coding: Manchester
WUP Data: 100 bit all 0
SYNC Data: 4 bit-> allo
TSI Data: 8 bit > 00010101
Payload: 11 byte data (could be modified for different applications)
Main target: typical application case with high sensitivity
Fast Fallback to Sleep Mode (FFB):

RX sensitivity: -110.2 dBm

Average RX current of TDA5240/35:  1.07 mA
Ultra Fast Fallback to Sleep Mode (UFFB):

RX sensitivity: -110.2 dBm

Average RX current of TDA5240/35:  0.57 mA
FCC Duty Cycle factor for TX: 12.04 dB
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4.2 2 kbit FSK EU Pattern
2 kbit FSK EU
™ | 100 bit WUP |RI|Tsi|  s88bitData
50 ms 50 ms 10 ms_

R [

ton torr ton

Figure 6 2 kbit FSK EU Pattern
Modulation: FSK
Data Rate: 2 kbit
Channel frequency: 433.92 MHz
FSK Deviation: +/- 35 kHz
Coding: Manchester
WUP Data: 100 bit all 0
SYNC Data: 4 bit > all 0
TSI Data: 8 bit > 00010101
Payload: 11 byte data (could be modified for different applications)
Main target: typical application with high sensitivity, higher immunity against jammer
Fast Fallback to Sleep Mode (FFB):

RX sensitivity: -112.0 dBm

Average RX current of TDA5240/35:  1.07 mA
Ultra Fast Fallback to Sleep Mode (UFFB):

RX sensitivity: -112.0 dBm

Average RX current of TDA5240/35:  0.58 mA
Application Note 10 v1.0, 6/8/2010
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4.3 2 kbit FSK EU Pattern — Multi-Channel using 2 RF channels
2 kbit FSK EU — Multi-Channel (Ch1, Ch2)
Channel 1 Channel 2
™ | 100 bit WUP [ri[Tsi| esbitData | | 100 bit WUP |[Ri|Tsi|  e8bitData
50 ms 50 ms 10 ms 50 ms 50 ms 10 ms

RX:

Ch2
I
I
I
I
I
I
Ch2
I
I
I
I
I
I
|
Ch2
Ch2
I
I
I
I
I
I
I
I
I

ton torr ton ton torr ton

Figure 7 2 kbit FSK EU Pattern — Multi-Channel

Modulation: FSK

Data Rate: 2 kbit

Channel frequency: Chl: 433.92 MHz
Ch2: 434.42 MHz

FSK Deviation: +/- 35 kHz
Coding: Manchester
WUP Data: 100 bit all 0
SYNC Data: 4 bit > all 0
TSI Data: 8 bit > 00010101
Payload: 11 byte data (could be modified for different applications)
Main target: typical application with high sensitivity, even higher immunity against jammer
Fast Fallback to Sleep Mode (FFB):
RX sensitivity: -112.1 dBm
Average RX current of TDA5240: 2.1 mA
Ultra Fast Fallback to Sleep Mode (UFFB):
RX sensitivity: -112.0 dBm
Average RX current of TDA5240: 1.1mA

Note: On using TDA5235 a two channel configuration can be established when setting RF channel 1 within
Configuration A and RF channel 2 within Configuration B. The polling strategy keeps the same as the required
time for a channel hop and for a configuration hop is the same.
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