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1 Introduction

The SX1233 is a single-chip integrated circuit ideally suited for today's high performance ISM band RF
applications. The advanced feature set, including state of the art packet engine greatly simplifies system
design whilst the high level of integration reduces the external BOM to a handful of passive decoupling
and matching components. It is intended for use as high-performance, low-cost FSK and OOK RF
transceiver for robust frequency agile, half-duplex bi-directional RF links, and where stable and constant
RF performance is required over the full operating range of the device down to 1.8V.

The SX1233 is intended for applications over a wide frequency range, including the 433 MHz and 868
MHz European and the 902-928 MHz North American ISM bands. Coupled with a link budget in excess of
135 dB, the advanced system features of the SX1233 include a 66 byte TX/RX FIFO, configurable
automatic packet handler, listen mode, temperature sensor and configurable DIOs which greatly enhance
system flexibility whilst at the same time significantly reducing MCU requirements.

The SX1233 complies with both ETSI and FCC regulatory requirements and is available in a 5x5 mm
QFN 24 lead package

The SX1233-33SKA is a USB based evaluation tool designed to allow simple and easy evaluation of the
suitability of the SX1233 for a given application. The low component count reference design implemented
in the SM1233 reference design is illustrated below in Figure 1.

It is recommended that this user guide be read in conjunction with the SX1233 datasheet
(http://www.semtech.com/images/datasheet/sx1233.pdf)
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Figure 1: SM1233 with Antenna Diversity Application Schematic
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2 Getting Started

2.1 Evaluation Kit Contents
The SX1233SKA evaluation kit consists of:

1 x SM1233EXXXB module

1 x SM12XX <—> USB-Bridge module
1 x ¥a wave monopole antenna
Installation CD or insert sheet

1 x Mini USB cable

RF 10

LED 2

RF_PA

Figure 2: SM1233 Module Mounted on USB Bridge
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2.2 Installation

1. Put the CDROM in your computer and browse the contents of the CD, open the
“sx1233starterkitsetup.exe” manually. It can be found in the \Installers sub directory of the CD-
ROM

2. If the evaluation kit is supplied with an insert sheet, follow the instruction on the insert sheet and
download the latest version of the software from the weblink provided

3. Follow the on-screen installation guidelines until the process is completed. Please note that .NET
Framework 3.5 and the FTDI USB driver will be automatically installed if not detected on your
computer

4. Connect the SX1233SKA board to the PC via the USB interface. The SM1233 module and USB
bridge are powered via the USB

5. Launch “SX1233SKA” from the Start menu

6. Click on “Connect” button in toolbar or in File menu

7. SX1233SKA is now installed and ready to be used

2.3 SX1233SKA Overview

The SX1233SKA features the SM1233 reference design and is also interfaced via the FTDI USB Bridge
to the USB type ‘A’ interface of a host PC.

Transmission and reception is indicated by a pair of LEDs on the USB Bridge.

3 SX1233 Quick Start Guide

It is recommended that this user guide is read in conjunction with the SX1233 datasheet.

1. Plug the SX1233SKA into the USB port of the computer. The USB power LED on the bridge
should be illuminated

2. Run the SX1233 User Interface software: Start > All Programs > SX1233SKA > SX1233SKA

3. The SX1233SKA should connect automatically to the User Interface Software. If not, click on the
USB connect button, located in the top left hand corner of the window toolbar, as illustrated in
Figure 4, below

4. Once connected the SX1233SKA shows the default configuration of the SX1233 register settings
upon power-up, as illustrated in Figure 3. If the EVK is not connected, the GUI screen is grayed
out and an error message is displayed in the bottom left hand corner of the status bar.

4 SX1233SKA Software Description

4.1 Overview

Figure 3 illustrates the SX1233SKA graphical user interface (GUI). Each of the numbered captions
corresponds to a proceeding chapter within the sections which corresponds to the description of that GUI
feature.
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Modulation
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Modulation @ FsK O 00K @ FiisOverin
Modulation shaping @ 0FF o) R e @ PackeliSert
e " _ P
© Giaussian fiker, BT =1.0 Selectior: i (il LIS ) @ PaylosdRoady
P 2 fo) Fin P&4_BOOST <=» RF_IO o
) Gaussian fiker, BT =0.5 Pin RFID - RF_PA @ Cic
©) Gaussian fiter, BT =0.3 & L
Oiscillators Battery management B R
=0 Frequency: 32000000 % Hz Low battery detector QON @ 0OFF ) Slesp
o |
RC oscillatar calibration: Lo battary reshold o e Y @ Standoy O Spnthesizer
RC oscillator calibration status: @ Eanbatten ndeatoy (4 () Receiver () Transmitter
| chip version: 2.3)| configrie:- |

H- m N

Figure 3: SX1233SKA GUI Overview

4.2 Menu Tool Bar

The Menu toolbar contains four drop down menus, File Menu, Action Menu, Tools Menu and Help Menu.

42.1 File Menu

Connect / Disconnect allows for the connection or disconnection of the USB bridge from the host PC. This
functionality may also be accessed through the short cut buttons of the Window Toolbar (see Section 4.3).

Open Config... allows for the opening of SX1233SKA configuration files (.cfg). This is implemented
through a standard Windows file dialog box and may also be accessed through the short cut buttons of
the Window Toolbar.

Save Config allows for SX1233SKA configuration files (.cfg) to be saved. This is implemented through a
standard Windows file dialog box. The default file name is the last config file saved.
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Save Config as... prompts for a new file name before saving, allowing for multiple configuration files to be
saved and may also be accessed through the short cut buttons of the Window Toolbar.

Exit closes the application.

=[x Disconneck

.5 Open Corfig...

lml  Save Corfig
=

Save Config As. ..

Exit

Figure 4: File Menu Options

4.2.2 Action Menu

Reset resets the SX1233 configuration registers to the recommended default values.
Refresh reads the status of the all registers.

Show registers toggles the SX1233 Registers display window and may also be accessed through the
short cut buttons of the Window Toolbar. The register display window indicates the status of SX1233
configuration registers as detailed in the SX1233 datasheet. Refer to Section for further information.

Monitor ON allows the GUI to constantly scan the status of the Irq registers ReglrgFlagsl and
ReglrgFlags2 at addresses 0x27 and 0x28 respectively, and displays the status on the right hand side of
the GUI (see Section 4.6 for further details). Monitor OFF disables the monitor function.

Aickion

Reset
£]| Refresh

Show reqiskers

Manitor F OFF

[~] on

Figure 5: Action Menu Options

4.2.3 Tools Menu

RSSI analyzer provides a graphical representation of the signal level at the antenna port measured within
the RX filter channel bandwidth, RxBw, at the programmed RF frequency. Refer to See Section 7.4 for
further details.
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Spectrum Analyzer provides a simple spectrum analyzer function based upon RSSI level within the
programmable RX filter channel bandwidth, RxBw. Please refer to Section 7.5 for further details.

Tools

R35I analyser

Spectrum analyser

Figure 6: Tools Menu Options

4.2.4 Help Menu

Help provides an online description of GUI commands
User’s Guide... opens a PDF version of this document.

About... provides details of the GUI revision. The latest version of the SX1233 GUI can be downloaded
from the Semtech website.

Help

& Help

=er's Guide, ..

F.  Abouk 5%1231 Evaluation Kit...

Figure 7: Help Menu Options

4.3 Window Toolbar

The Windows Toolbar provides three buttons that provide shortcuts to some of the functions accessed
from the File drop-down menu.

Connect / Disconnect Refresh
Open Config Register Window Toggle
U= ol | 0= Reset | £ | Reg | Manitar: OFF g
Save Config \___ | Help
Reset IRQ Monitor Toggle
Figure 8: Windows Toolbar Menu
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Open Config button opens a Windows file dialog box to allow access to a previously saved SX1233SKA
configuration file (.cfg). Note that saved configuration files are designed to be a useful tool for embedded
software development. The file can be opened in any text editor or within a spreadsheet to display the
programmed register name, address and contents, as illustrated below in Figure 9.

B 5%12335K8915.¢Tg - Notepad

Bls [t Pomet ¥ew e

FType  Register same  adoress [Hex] valua[Hex] -~
FEE REdFifo won o]

REG RegiaMode xbd Gl
ERG REGLaTaModul =0E QD
REG REQEiTrateMsh el QA
RES RogEitratoLsh  Owid 0olE
REG REQFdauHsE ] Qi
RES RegFdevish ] Duhl
EEG REQErTMShD e Desd
RES RegFrTaid ] D
1 iegFrfish ] Dol
REG REqmeol o Daddl

REG Regafactr] O0=Ca 040
REG REQLOwHAT i Q2
RES RegListarid =00 Qa2
ERiG REgLlstan: S Ok §
REG REQLIsTens UelF Qw0
REG Regversion 0wl 0xzd
REG ReEQFaLevel fxll QEIF
REG REgP:RanE Oz QS
kG BEQop w13 sl

REG REfervedld 014 Gud
REG Reservedls 015 Qa0
REG Reservedls (s Qx7p
RES feservedl? fl¥ LET]
FEG REQLA3  CwlE Db

REG REgRxEwy Oxlh x5 5

=154 negarlchw Ols OxAE
REG Redzak Faak ixle Qs
REG Regoakavg 0wl 0xED
REG REfQzIkF1E il gEpE
RES Regafcred l=lE D10
Eki segatomsh IxlE Qa0
REG RegafcLib O=2d LA Ta}
REG negFaiMsb D=2 [eFeala}
RES RE(FeiLsh U2z Qo
RES Reghssiconfig  Ow22 Qadd
REG Regrssivalue o2 d QWEF
RES Reghiokappingl  d=25 Gl
ERG negid oMapping?  0w2E QwdT
REG REQIrgF]agsl w27 QuE
RS fogIrgrlagsz: 0x23 0ad0
REG REQRESITH esh ] QwEd v

Figure 9: Example Configuration File Text Editor Output

Save Config button saves and will prompt if overwriting an existing configuration file.

Connect / Disconnect button allows the user to manage manually connection and disconnection of the Kkit.
Reset resets the SX1233 configuration registers to the recommended default values.

Refresh reads the status of all registers.

Register Window Toggle toggles the SX1233 Registers display window and may also be accessed
through the short cut buttons of the Window Toolbar. The register display window indicates the status of
SX1233 configuration registers as detailed in the SX1233 datasheet. Refer to Section 6 for further
information.

IRQ Monitor Toggle toggles the scanning of the status of Irq registers ReglrgFlagsl and ReglrqFlags2 at
addresses 0x27 and 0x28 respectively, and displays the status on the right hand side of the GUI (see

Section 4.6 for further details).

Help provides an online description of GUI commands.
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4.4 Status Bar

The Status Bar provides details of the SX1233 revision version and current user configuration file. For
further information concerning the IC revision, please refer to the SX1233 datasheet.

| Chip version: 2.3 | Config File: -

\_

IC Revision Number Configuration File

Figure 10: Status Bar

4.5 Operating Modes Control Box

The Operating Mode control box allows the user to change the operating mode of the SX1233 by clicking
on the radio button corresponding to the desired mode. Note that the transition between modes is applied
as soon as the radio button is accessed.

When the SX1233 is configured to RX operating mode LED 2 on the USB Bridge is illuminated. When the
SX1233 is configured to TX mode both LED 2 and LED 3 are illuminated.

Operating mode

) Sleep
(¥ Standby ) Synthesizer

) Receiver () Transmitter

Figure 11: Operating Modes Control Window

4.6 Irq Status Indicator

The Irg Status Flag indicator provides an indication of the status of the Irq registers. When the indicator
next to the Irq description is illuminated, the Irg condition is true.

Please refer to the SX1233 datasheet for further information and a more detailed description of the Irq
register flags.
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ADVANCED COMMUNICATIONS & SENSING

Irq flags

CEEEEF CEEEE FEEEF BEEQ

tMaodeR eady
R xReady
Tx«Ready
PllLock

Rssi

Tirneout

Autoode
Synchddrezsht atch

FifaFull
FifoMotE mphy
FifoLewel

FifoQwerrun

PacketSent

PayloadF eady
CreQk,

LB at

Figure 12: Irq Status Indicator

4.7 Antenna Switch Control Box

The Antenna Switch Control Box allows users to select the RF path between the SX1233 pins and the
SMA connectors of the board; as illustrated in figure 13. Practically, RX input and TX outputs could be
connected to either SMA connector according to the user’s selection. Pins 18 and 20 of the POD_IN
header allow external control of the switch logic.

Antenna switch control

Selection:

Fin  RFIO

D PII"I
Pin  RFIO

Fin P& _BOOST

P&_BOOST

RF_P4,
RF_IO
RF_IO
RF_P4,

i ;f:):]

Figure 13: Antenna Switch Control Window
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5 Configuration Registers Tabs

Unless otherwise stated all registers are updated as soon as they are written. It is recommended to cycle
through Standby Mode when changing the contents of configuration registers.

5.1 Common Configuration Registers Tab

The Common Configuration Registers tab is illustrated on the following page in Figure 14. Please refer to
the SX1233 for a full description of the configuration register functions.

SX1233SKA
USER GUIDE

General

Listen mode

AF Frequency: 915000000 i Hz Listen mode: ON (& OFF
Bitrate: 4500 % bps Listen resolution idle 4100 V 15
Fev +- |5005 & He Listen resolution Fx: 64 v ps
Sequencer. ®oN O oFF Listen criteria: (®) » ResiThreshold
Bit syrichronizer £ data mods () » RssiThreshald & SpncAddress detected
(%) ON - Packet handler Ligten end: Rx & Mods atter IHE!. ~|
© ON - Continaus Listen idle time: [1'004 500 o
© OFF- Continous Listen Ra tirne: [2.048 T oms
todulation
Antenna switch control
Modulation: @ FsKk O 00K
odulation shaping: (=) OFF @ Fin Pa_BOOST <=> RF_PA B
: = = )
©) Gaissian fter, BT= 1.0 Selection i RILE o Al L
oy Pin PABOOST <= RFID
() Gaussian fiter, BT =05 ~ Bn RFOD (= REPA
() Gaussian fiter, BT = 0.3
Clogillat Battery management
51.1 /RO Frequency: 32'000'000 = H:z Low battery detectar: o (& 0FF
RC oscillator calibration: Logibatie Jilyesholliny [ 1:835 | v

y o Low battery indicator:
RC oscilator calibration status: (5 b .

Figure 14: Common Configuration Register Tab

Configuration register value entries can be selected from the drop down menus within the tab or entered
manually within the tab fields. Note that an invalid register entry will be highlighted by an orange
background and the GUI will automatically flag a warning exclamation. A valid register entry that leads to
an incorrect operating setting will result in that entry to be highlighted in red. Hovering a mouse or cursor
over the warning provides an explanation for the flag, as illustrated in Figure 15.

Values entered manually that do not coincide with an exact configuration will be automatically updated by
the GUI to the next valid register configuration and write that value to the appropriate configuration
register.
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General

RF frequency: 915,000,000 % Hz

Bitrate: 4.800 % | bps

Fdev: +4- 1160 I H: O

Sequencer: @on O oFF The modulation index is aut of range.
The valid range is [0.5, 10]

General

RF frequency: 915,000,000 | Hz

Bitrate: 4,800 % | bps

Fdew: +f- (488 | Hz 0

Sequencer. ®oN O 0OFF The frequency dewviation is out of range.

The walid range is [600, 300000]

Figure 15: Dialog Box Error Messages

5.1.1 Modulation Mode Window

Clicking on the OOK radio button within the Modulation window will access the modulation shaping
options for the OOK modulation mode.

A adulation M odulation

Modulatior: (®) FSK. (O 00K todulation: () FSE. (& 00K

Modulation shaping: (%) OFF Madulation shaping: (%) OFF
() Gaussian filter, BT =1.0 () Filteting with FCUtOfF = BR
() Gaussian filter, BT = 0.5 () Filtering with fCutf = 2 *ER

() Gauzsian fiker, BT = 0.3

Figure 16: Modulation Mode and Shaping Options

5.2 Transmitter Configuration Register Tab

The Transmitter Configuration Register Tab is illustrated below in Figure 17. Please refer to the SX1233
datasheet for a full description of the configuration register functions. Configuration register value entries
can be selected from the drop down menus within the tab or entered manual within the tab fields. If
values are entered manually that do not coincide with an exact configuration, the GUI will automatically
update the displayed value to the next valid register configuration and write that value to the appropriate
configuration register.

It should be noted that the output power settings are the nominal values determined by the configuration
registers and does not refer to measured output power. Please refer to the Application Information within
the SX1230 datasheet for further information concerning measured output power vs. programmed power.
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Transmitter

Power Amplifier
() P& -» Transmits on pin AFIO
() P& - Transmits on pin P4_BOOST
() P&1 + PAZ > Transmits on pin PA_BOOST

PA ramp: 40 s
Clutput power

13 ~ | dBm
Ovwerload curent protection

@ 0N O O0FF
Trimming: 95 | ma

Figure 17: Transmitter Configuration Register Tab

5.3 Receiver Configuration Register Tab

The Transmitter Configuration Register Tab is illustrated below. Please refer to the SX1233 for a full
description of the configuration register functions.

Configuration register value entries can be selected from the drop down menus within the tab or entered
manual within the tab fields. If values are entered manually that do not coincide with an exact
configuration, the GUI will automatically update the displayed value to the next valid register configuration
and write that value to the appropriate configuration register.

/— 5.3.3
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P Dandwidi FC7FET Lna sensitivity
AFC low beta: O OFF 50
DLCC frequency: 207 = Hz SHEes G @ Input impedance: 8 200 ohmz
= AFC low beta offset: 0 E Hz
R filter bandwidth: . = H:z it
AFT auto clear OON @ OFF Sensitvity boost. () ON (3 OFF
AFC bandwidth AFC auto: O ON (& OFF
Start | | Ch 1] @ H
DCC fraquency: 243 “ Hz AFC # Hz “D:GL'C o
Read | |0 H >
R filer bandwicth:  [25,000 = he [T ® H
a3
£a1 | /% 535
0. _ 0 =
Threshold type: Peak “ Tez (e — me
. 0 -
Peak thieshold step: G = & Timeout threzhold: = me
Auta threshald: 0N OFF
Peak threshold dec: Once per chip “ ® O
Threshald dB
Awvg threshald cutaff: 15sno " \
Valle: 170 & de
Fived threshold G S " 5.3.4
5.3.2 Phase: @ Auta O Manual
*Lna T
Reference Threshald 1 Threshald 2 Threshald 3 Threshald 4 Threshald 5
AGC B 95 -88 77 68 57 5 Pin [dBm]
G1 G2 G3 G4 G5 GE
Gair: () Aute (O Manual

Figure 18: Receiver Configuration Register Tab

5.3.1 Rx Bandwidth

The Rx Bandwidth, RxBw, window is illustrated below. For optimum performance in FSK mode when
operating with a modulation index > 2, the DCC frequency is recommended to be approximately 4% of
the receiver bandwidth, RxBw. The GUI will automatically set the appropriate DCC frequency based upon
the setting of RX filter bandwidth.

R+ bandwidth
DEC frequency: 414 ¥| Hz
Rix filer bandwidth, 10417 2| He
AFC bandwidth
DCEC frequency: 457 % Hz
Fis filter bandwidth: 50,000 % Hz

Figure 19: Rx Bandwidth Window

For operation with low modulation index signals, it is recommended that the user follows the
recommendations for setting the correct DCC bandwidth that can be found in the SX1233 datasheet.

5.3.2 LNA Gain Window

The LNA gain window provides the status of the configured LNA gain. The gain can be configured
automatically or manually. In automatic mode the LNA gain is set based upon the RSSI value. In manual
mode, the gain should be set according to the expected signal power.

Note that the AGC reference threshold is set according to:

Revision 1.0 STD - February 2010 www.semtech.com

© Semtech 2011

Page 18 of 31




SX1233SKA

<
" SEMTECH USER GUIDE

AgcRef =[-174+ NF+10*log(2* RxBw) + DemodSNR + FadingMargin] dBm

Lna gain

Reference Threzhald 1 Threshold 2 Threzhald 3 Threshold 4 Thrazhald 5
AGLC 111 -95 -8 77 -68 57 -» Pin [dBrm)
G1 G2 G3 G4 G5 GE

Gain: & &uto () Manual

Figure 20: LNA Gain Window

5.3.3 AFC/ FEI

The AFC / FEI (Frequency Error Indicator) window is illustrated below. Note that when AFC is activated
(either AFC auto “ON” or manually), the RF frequency in the General window of the Common
Configuration Register Tab does not update, although a measure of frequency error can be obtained by
clicking on the FEI Read button to verify correct AFC operation.

Enabling AFC low beta implements a double AFC function to offset the local oscillator of the SX1233 to
ensure that the central tone at f, associated with low modulation index signals is not unduly attenuated by
the cut-off frequency of the DCC.

Please refer to the optimized set up for low modulation index systems section of the SX1233 datasheet
for further details.

AFC / FEI

AFC lova beta: (0N (& OFF

AFC lows beta offzet: 0 & Hz
AFC auto clear: (oM (3 OFF

AFC auto; (0N (& OFF

AFC: 0 @ Hz
FEI: 0 & Hz

Figure 21: AFC / FEI Window

5.3.4 RSSI

The RSSI window provides access to the RSSI timeout and timeout threshold functions and enable either
automatic or manual RSSI detection threshold values to be programmed. Note that the RSSI threshold
(which should not be confused with the LNA or AGC threshold) can be calculated from and equates to the
effective noise floor of the receiver for a given filter bandwidth.

RSSlthres =[-174+ NF+10*log(2* RxBw) + DemodSNR]dBm
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RSS!

Timeout Fx start: s
Tirneout threshold: ms
Auto threshold: & 0N () OFF

Threzhold: I:I dBm
Walue: 1275 @ dBm

Phase: ® due O Manual

Figure 22: RSSI Window

5.3.5 Continuous-Time Digital AGC

The AGC dynamic range can be enhanced in V2c silicon (chip version 2.3) with the default mode of
operation of DAGC enabled. Note that the DAGC mode of operation is automatically configured by the
GUI depending upon whether AFC low beta is enabled (see section 5.3.3).

Pease refer to the SX1233 datasheet for further information on the implementation of the continuous-time
DAGC function.

DAGE
DAGL: @ 0N O OFF

Figure 23: DAGC Window

5.4 Irq & Mapping Configuration Register Tab

The Irq & Mapping Configuration Register Tab is illustrated in Figure 24. Please refer to the SX1233 for a
full description of the irg and mappings for each mode of operation of the SX1233.

Configuration register value entries can be selected from the drop down menus besides each DIO listed.

Note that when necessary the GUI will automatically re-configure DIO mappings (i.e. Packet Handler
operation).

Please refer to Table 1 and Table 2, below, for the available DIO mappings of the SX1233 in continuous
and packet mode, respectively.

Mode DIOx DIO5 DIO4 DIO3 DIO2 DIO1 DIOO0
Mapping
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00 - - - - - -
01 - - - - - -
Sleep
10 LowBat LowBat AutoMode - LowBat LowBat
11 ModeReady - - - - ModeReady
00 ClkOut - - - - -
Standby or - - _ - - -
10 LowBat LowBat AutoMode - - LowBat
11 ModeReady - - - LowBat ModeReady
00 ClkOut - - - - PlILock
FS or - - _ - - -
10 LowBat LowBat AutoMode - LowBat LowBat
11 ModeReady PliLock - - PliLock ModeReady
00 ClkOut Timeout Rssi Data Dclk SyncAddr
RX 01 Rssi RxReady RxReady Data RxReady Timeout
10 LowBat SyncAddr AutoMode Data LowBat Rssi
11 ModeReady PlILock Timeout Data SyncAddr ModeReady
00 ClkOut TxReady TxReady Data Dclk Plllock
T 01 ClkOut TxReady TxReady Data LowBat TxReady
10 LowBat LowBat AutoMode Data LowBat LowBat
11 ModeReady PlILock TxReady Data PlILock ModeReady
Table 1: Continuous Mode DIO Mappings
Mode DIOx DIO5 DIO4 DIO3 ‘ DIO2 DIO1 ‘ DIOO
Mapping
00 - - FifoFull | FifoNotEmpty FifoLevel -
Sleep 01 - - - - : FifoFull -
10 LowBat LowBat LowBat LowBat FifoNotEmpty LowBat
11 ModeReady - - AutoMode - -
00 Clkout - FifoFull | FifoNotEmpty FifoLevel -
Standby 01 - - - - : FifoFull -
10 LowBat LowBat LowBat LowBat FifoNotEmpty LowBat
11 ModeReady - - AutoMode - -
00 Clkout - FifoFull | FifoNotEmpty FifoLevel -
FS 01 - - - - FifoFull -
10 LowBat LowBat LowBat LowBat FifoNotEmpty LowBat
11 ModeReady PlILock PliLock AutoMode PlILock PliLock
00 Clkout Timeout FifoFull | FifoNotEmpty FifoLevel CrcOk
RX 01 Data Rssi Rssi Data FifoFull PayloadReady
10 LowBat RxReady | SyncAddr LowBat FifoNotEmpty SyncAddr
11 ModeReady PlILock PliLock AutoMode Timeout Rssi
00 Clkout ModeReady | FifoFull | FifoNotEmpty FifoLevel PacketSent
T 01 Data TxReady TxReady Data FifoFull TxReady
10 LowBat LowBat LowBat LowBat FifoNotEmpty LowBat
11 ModeReady PlILock PliLock AutoMode PLLlock PliLock
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IRG & Map

Drevice statuz

Bit Synchionizer: ON

D ata mode: Packet

Operating mode: Receiver

DI mapping

Dlos: ClkOut ~
D04 Timeout ~
ooz FifaFul ~
ooz FifaMotEmpty — w
oo FifoLewel ~
oloo: Cre0k ~
Clock aut

Frequency: OFF *| Hz

Figure 24: Irq & Mapping Configuration Register Tab

5.5 Packet Handler Configuration Register Tab

The Packet Handler Configuration Register Tab is shown below. Please refer to the SX1233 for a full
description of the packet engine message format and operation of the SX1233.

5 5 1 Packet Handler
Prekmble size: 3 E bytes  Address based fitering: (3 OFF (O Mode () Mode or Bioadcast
Syniggord: @ON COoFF MNode address: 000
FIFD fill condition (@) Sync address () Always Broadcast addiess: 000
Sync word size: 4 B bytes DC-ree: @ 0FF ) Manchester () Whitening
Sync word tolerance: 0 E bits CRC calculation: ®oN O OFF
Sync word value: 01 -01-01 CRC auto clear: ®ON O OFF
Packet format: ) Wariable (%) Fised AES: CoN & OFF
Payload length: 20 E 014 bytes  AFS ey
Intermediate mode enter: Mone [ Auto Modes OFF ) v Tw start: O FifoLevel @ FifoNotEmply
Intermediate mode exit: Mone [ Auto Mades OFF | e FIFD Threshald: 15 FY
: >
Intermediate mode: Sleep b Inter packet Ry delay: 0.202 R me
5 . 5 . 2 Facket Device status
Preamble Sync Length Mode Address Messzage CRC Bit Synchronizer: oM
55-55-65 o1-01-01-01 ADF8 Data mode: Packet
M Operating mode: Receiver 5 . 5 . 3
essage I
ORr
HEXADECIMAL ASCII
E3 65 6D 74 A5 63 68 Z0 54 £5 73 T4 Z0 50 &1 73 Sentech Test Pay Log
&C BF 61 64 load
R packets: 0

Figure 25: Packet Handler Configuration Register Tab
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5.5.1 Sync Word

For correct packet mode operation, the sync word needs to be set to at least one byte. Note that 0x00
can not be set as for the first byte of the sync word. The GUI will prompt with an error message should the
user attempt to set 0x00 in the first byte of the sync word.

5.5.2 AutoMode Operation

Auto Modes defines the enter conditions to start the packet handler and exit conditions to terminate
packet handler operation, as defined in the SX1233 datasheet.

5.5.3 Packet Log

Clicking on the Log button within the Control Window enables the payload logging function, available in
both TX and RX modes whenever the Packet Handler is enabled.

2 Packet Log E| |E| E|

Status Bar | — Log contral

\ M ax zamples:
[

]
[ Browse... ] [ Start ]

Cloze

Figure 26: Packet Logger Window

In the Packet Logger window enter the number of packets to be logged and press the Start button. Then
press the Start button in the Control Window of the main Packet Handler Tab to start packet transmission
or reception. When the status bar indicates full, the log can be saved by clicking on the Browse button.

The log file can be viewed in Notepad or opened in Excel as a .CSV file

B3 Microsoft Excel - sx1233-pkt E_l[ing
%1 File Edt “iew Insert Fgemat  Jools [ata  Window Heb  Adohe PDF -8 X
D SRy - &z-4 @B i -0 - |B X UESEE B %, R EE H-B-A-
Gi7 - E
A B c D E E G H | J K L =
1 # 2X1231 packet log generated the 1/25/2011 5t 0546 P W
2 # Time Mode Rssi Pkt Max Pkt# Preamble Size Sync Length Mode Address Message CRC
3 46:52.3 Tx 10 i} 30010101 14 53-65-50-74-65-63-69-20-54-55-73-T4-20-50-51-79-6C-6F-61-64  AD-FB
4 46:52.4/Tx 10 1 3 01-01-01-01 14 53-6560-74-65-63-63-20-54-65-73-74-20-50-61-79-6C-6F-61-64  AD-FB
5 46:52.5(Tx 10 2 3 M-M-01-01 14 53-65-60-74-6563-63-20-54-65-73-74-20-50-61-79-6C-6F-61-64  AD-FB
53 45:52.6 Tx 10 3 301010101 14 53-6560-74-65-63-63-20-54-65-73-74-20-50-61-79-6C-6F-61-64  AD-FB
7 46:52.7 | Tx 10 4 301-01-01-01 14 53-B5-50-74-65-63-65-20-54-65-73-74-20-50-61-79-6C-BF-61-64  AD-FE
g 46:52.8|Tx 10 5 3 0000101 14 53-55-6D-74-65-63-69-20-54-65-7 3-74-20-50-61-79-6C-BF-61-B4  AD-FE |
9 46:53.0 Tx 10 53 3001010 14 53-65650-74-65-63-63-20-54-65-73-74-20-50-61-79-6C-EF-61-B64  AD-FB
10 | 46:531 Tx 10 7 3 mM-07-0m-0 14 53-65-60-74-65-63-63-20-54-65-73-74-20-50-61-79-6C-6F-61-64  AD-FB
11| |46:53.2(Tx 10 8 301010101 14 53-65-50-74-65-63-63-20-54-65-73-T4-20-50-61-79-6C-EF-61-64  AD-FE
12 46533 Tx 10 9 301-01-01-01 14 53-6560-74-65-63-65-20-54-65-73-74-20-80-61-79-6C-6F-61-64  AD-FB
13 -
W4 v nysx1233-pkt / |« | v [
Ready UM

Figure 27: Packet Log CSV File Format
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ADVANCED COMMUNICATIONS & SENSING

Time Local (CPU) timestamp in MM:SS.S format for TX / RX packets
Mode SX1233 Packet Mode

RSSI Indicated RSSI level (RX mode only)

Pkt Max Number of repeated packets set in GUI Control Window (0 = infinite)
Pkt # Transmitted or received packet number

Preamble Size Size of transmitted or received preamble sequence

Sync Sync Address

Length Payload length of TX / RX packet

Node Address node Address (optional)

Message Transmitted / received packet (can be viewed in GUI Message Window)
CRC Transmitted / received CRC (optional)

Table 3: Packet Log Descriptors

5.5.4 Packet Handler GUI Limitations

When operating the packet handler via the SKA GUI, the user should be aware of the following limitations
associated with the GUI:

e Minimum Preamble Size = 2 bytes

e Maximum Packet Length = 66 bytes (64 bytes of data + Length byte + Address byte)

5.6 Temperature Configuration Register Tab

The Temperature Configuration Register Tab is illustrated below in Figure 29. Note that user is prompted
to calibrate the SX1233 temperature sensor by clicking on the Calibrate button to access the temperature
calibration dialog box.

2 Temperature Calibration P§|

Please enter the aclual room - | Enter ambient
temperature measured on an

auxiliary thermometer temperature here
Actual raom temperature: C

Figure 28: Temperature Calibration Dialog Box

When the temperature sensor has been calibrate the temperature, as computed by the SX1233, will be
displayed, as illustrated in Figure 29.
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2 5X1233 Starter Kit A

File  Action Tools  Help
= A |-3}J Reset | 7] | Reg | Manitor: OFF I (7]
| Common | Transmitter | Receiver | IRG & Map | Packet Handleri Temperature |

Iiq flagz

i [ A0 0 ModeReady

180 E I8 20 @ RsReady

10 = I

160 E — 70 W TuReady

150 — L @ PlLock

140 — — &0

130 = - @ R

1 = — & ;

110 = i @ Timeout

1 = = 0 @ AutcMode

:g = — 30 @ Suncdddresskatch

= . @ FiicFul

60 —| -

i — — 10 @ FifoNotEmpty

i B @ Fifalevel

0 —| — 0 )

20 = i @ FifoDverun

T — -10

o0 = - @ PacketSent

| — -20

o= B W PayloadReady

o — -a0

20 — i & CicOk

-40 -40 @ LowBat
Operating mode
() Sleep

77 °F] 25 [°C]
- () Standby ) Synthesizer
Calibrate
Messuing: @ () Receiver () Transmitter
| Chip wersion: 2.3 | Config File: -

Figure 29: Calibrated Temperature Sensor Tab
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6 Registers Display Window

As outlined in Section 4.2.3 the SX1233 GUI has a show registers utility that, when enabled from either
the Menu or Windows toolbar, provides details of the status of all configuration registers that are
documented in the SX1233 datasheet.

Whenever the contents of a register are changed in the main GUI window, the corresponding register
displays the new contents of the register(s), highlighting changed contents in red for a period of
approximately 5 seconds before reverting back to black.

The register window is displayed below in Figure 30. It can be noted that in this example, the contents of
RegOpMode at Addr 0x01 have changed to 0x10, indicating that the SX1233 has been set to Receiver
Mode operation.

=

S §X1233 Registers display ETIE
Hegister Addr  Value Register Addr  Value Regizter Addr | Value Reqizter Addr | Value Register Addr | Value

RegFifo 000 | [ |Reservedid 014 | 0w | RegligFlags2 028 | 0400 | RegFifoT hresh 060 | 046F | RegTesina 052 | OaE

AegOpMode 0l | 0410 | Reserved!S 05 | 0:B0 |RegRssiThresh | 029 | 04 |RegPacketConfn?2 | 130 | 0512 |RegTestoge BEF | 0630

RegDataModd D02 _'E:{:'q__JRmermms 1B |_ 0478 | RegRaTimeoutl D28, |_”u_5'|:'|_1m'negnmxay1 3E |wc_|§_|:'|3m'ne91eanbc 071 | 0s0D |

RegBitiatedsb | D3 | Ox14 |Reserved!? 0a7 | 0438 |RegRaTimeou2 | G2B | 0400 |ReghesKep? BIF | 000

AegBitrateLsh 04 | 04E |Reglna 08 | 048 |RegPreambleMsh  G2C | 0400 |ReghesKeyd Ded0 | 0400 |

RegFdevMsh 005 | 0400 |RegRaBw 0719 | 045 |RecPreamblelsh 020 | 0403 |ReghesKepd Bet1 | 0400 |

AegFdevish 06 | 0452 |RepAfchv 014 | 042 |RegSyncConi 02E | 0+ | Regheskas Bd2 | 0400

RegFiiMsh 007 | 04 |RegDokPeak 0B | 0u0 |RegSyncValwel | DF | 0401 |ReghesKeys D3 | Ou00 |

RegFriMid D08 | 0:L0 |ReaOokéva GG | 060 |RegSyncWoke2 00 | 0401 |ReghesKed Bedd | 0:00

RegFriLsh 403 | 0400 |RegOokFix D | 046 |RegSyncVabe3 01l | 0401 |ReghesKeyd Deds | 0400 |

Realscl Dl | (w41 |ReoAfcFe DAE | 0610 |RegSyncWoked 032 | k01 |ReghesKed Do | 000

RegAlcChl DB | DuA0 |Reghfcksb 0IF | D400 |RegSyncVaue5 | 033 | 0401 |ReghesKeylD Ded? | 0x00 |

ReglowBal 04C | 042 |RecAfclsh 020 | 040 |RegSyncWekeS | 04 | 001 |RegAesKeyll 0ud8 | Ox0D

RegListen] 000 | 02 |RegFeiMsh 021 | 040 |RegSyncVake? | 035 | 0W01 |ReghesKeyl2 | 0ad8 | (400 |

RegListen? D4 | 05 |RegFeilsh 027 | 0400 RegSyncVaeB 0«36 | 0401 |ReghesKeyld Deds | 040D |

Realistend DF | 0420 |AeoRssiConfs 023 | 0400 |RegPacketConbal | 057 | 0510 |ResAesKeyld et | (w00

RegVersion 00 | 0:23 |RegRssivake 024 | 4C3  RegPaploadlengh 032 | 0412 |ReghesKeylS DG | 040D |

RegPalevd 01 | 0F |ReaDioMappingl | 0:25 | (400 |ReaNodeAds 039 | 0400 |RegAesKey16 B0 | 000 |

AegPaRamp 012 | 009 |RegDioMappngz  0:26 | E@?_N'nagnmadcaswm 034 | 0«00 |RegTempl e | i1 |

RegOep 03 | 0n4 |RegliaFlagst 027 | 04D8 |ReAutoModes 098 | 0v0 |ReqTemp2 OuF | OC

Figure 30: SX1233 Registers Display Window

Revision 1.0 STD - February 2010 Page 26 of 31 www.semtech.com
© Semtech 2011




SX1233SKA

C |
" SEMTECH USER GUIDE

7 Advanced Operating Modes

7.1 Packet Communications Test

To configure the SX1233 to enable a wireless packet communications transfer, follow the procedure
outlined below:

7.1.1 Transmitter Mode Configuration

1. Ensure that the SX1233 is in Standby operating Mode

2. Configure the SX1233 Common and Transmitter Configuration Registers

3. Configure the Packet Handler Registers for the payload you wish to transmit. The payload can be
entered within the Message Window in either hexadecimal or ASCII format. Note that the packet
can be configured with Address and / or Broadcast nodes enabled or disabled; DC-free
mechanisms, CRC and / or AES may also be selected. The only limitation is that he maximum
payload size for the purposes of GUI operation is 66 bytes

4. Click on the Transmitter radio button from within the Operating Mode Window and set the Repeat
value from within the Control Window of the Packet Handler Tab. It is recommended for initial
analysis that Repeat value is set to “0” (packet transmission repeat until manually stopped)

5. Click on the Start button within the Control Window of the Packet Handler Tab to start the
Transmitter

6. The TX packet counter will commence to increment as the SX1233 repeatedly transmits the
payload

7.1.2 Receiver Mode Configuration

1. Ensure that the SX1233 is in Standby operating Mode

2. Configure the SX1233 Common and Receiver Configuration Registers. The Common
configuration should be identical to that of the SX1233 configured as the transmitter. The
Receiver filter BW configuration should be consistent with the signal parameters. It is
recommended that the configuration of the transmitter module is used as a template

3. Configure the Packet Handler Registers for the payload you wish receive. Note that the packet
can be configured with Address and / or Broadcast nodes enabled or disabled; DC-free
mechanisms, CRC and / or AES may also be selected. The packet handler parameters must be
identical for those selected for the transmitter for correct operation. The only limitation is that he
maximum payload size for the purposes of GUI operation is 66 bytes

4. Click on the Receiver radio button from within the Operating Mode Window and set the Repeat
value from within the Control Window of the Packet Handler Tab

5. Click on the Start button within the Control Window of the Packet Handler Tab to start the
Receiver

6. The RX packet counter will commence to increment for each valid packet reception

7.2 Test Mode Window

The Test Mode window is accessed by depressing the <CTRL>+<ALT>+<T> keys of the PC keyboard
simultaneously, and is illustrated below in Figure 31.

This window allows the user to write to and read from the contents of individual configuration register
addresses. Note that address and data are entered in hexadecimal format.

The Antenna switch control dialog box enables control of the antenna diversity switch for the SX1233
antenna diversity reference design
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Figure 31: Test Mode Window

7.3 Verification Mode

When no SX1233SKA is connected to the PC, launching the application results in the GUI display being
grayed out and the user is unable to enter data.

By depressing the <CTRL>+<ALT>+<N> keys of the PC keyboard simultaneously, the user can write to
the configuration registers to verify propose settings, as well as load and save configuration files (*.cfg).

7.4 RSSI Analyzer

The RSSI Analyzer can be enabled via the Menu Tool Bar. With the SX1233 configured in Receiver
operating mode the RSSI analyzer displays the real-time sampled RSSI measured in the receiver channel
bandwidth. The vertical axis (indicated RSSI level) can be scaled with the click-wheel of a scrolling mouse

This data can be saved as a RSSI log file by selecting an appropriate Max sample length within the RSSI
Analyzer window and clicking on the Start button. When the status bar indicates full, the log file can be
saved by clicking on the Browse button and can be viewed in Notepad or opened in Excel as a .CSV file.

An example of the RSSI Analyzer display is illustrated in Figure 32, indicating a packet transmission
typically 10 dB above the receiver noise floor.
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Figure 32: RSSI Analyzer Window

7.5 Spectrum Analyzer

The Spectrum Analyzer can be enabled via the Menu Tool Bar. With the SX1233 configured in Receiver
operating mode the spectrum analyzer displays the sampled spectrum based upon RSSI measured within
the programmable receiver channel or “resolution” bandwidth. Center frequency, frequency span and
LNA gain are all configurable. The vertical axis (Power) can be scaled with the click-wheel of a scrolling
mouse

An example of the RSSI Analyzer display is illustrated in Figure 33.

2 Spectrum analyser

giso00000 - [
T -
T 1 00,000 ~

Figure 33: RSSI Analyzer Window
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8 Compatibility with Earlier Silicon Revisions

The SX1233 GUI is backwards compatible with Rev 2.1 Silicon (SX1233 datasheet Revision 2.0). The
GUI automatically detects the silicon revision number, displaying the chip version in the status bar at the
bottom of the GUI.

Configuration Register Tabs are automatically updated to display register contents pertinent to the chip
version.

Semtech’s policy of continual improvement may result in information contained within this User Guide not
being concurrent with the revision of software included on the installation CD

The user is recommended to download the latest revision of both this document and software from the
Semtech website (www.semtech.com)
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operation resulting from misuse, neglect improper installation, repair or improper handling or unusual physical or
electrical stress including, but not limited to, exposure to parameters beyond the specified maximum ratings or
operation outside the specified range.

SEMTECH PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED OR WARRANTED TO BE SUITABLE
FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER CRITICAL APPLICATIONS.
INCLUSION OF SEMTECH PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO BE UNDERTAKEN
SOLELY AT THE CUSTOMER’S OWN RISK.

Should a customer purchase or use Semtech products for any such unauthorized application, the customer shall
indemnify and hold Semtech and its officers, employees, subsidiaries, affiliates, and distributors harmless against all
claims, costs damages and attorney fees which could arise.

Contact information

Semtech Corporation
Advanced Communication and Sensing Products Division
200 Flynn Road, Camarillo, CA 93012
Phone: (805) 498-2111 Fax: (805) 498-3804
E-mail: sales@semtech.com
Support RF@semtech.com
Internet: http://www.semtech.com
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