ghipsmall

Chipsmall Limited consists of a professional team with an average of over 10 year of expertise in the distribution
of electronic components. Based in Hongkong, we have already established firm and mutual-benefit business
relationships with customers from,Europe,America and south Asia,supplying obsolete and hard-to-find components
to meet their specific needs.

With the principle of “Quality Parts,Customers Priority,Honest Operation,and Considerate Service”,our business
mainly focus on the distribution of electronic components. Line cards we deal with include
Microchip,ALPS,ROHM, Xilinx,Pulse,ON,Everlight and Freescale. Main products comprise
IC,Modules,Potentiometer,IC Socket,Relay,Connector.Our parts cover such applications as commercial,industrial,
and automotives areas.

We are looking forward to setting up business relationship with you and hope to provide you with the best service
and solution. Let us make a better world for our industry!

Contact us

Tel: +86-755-8981 8866 Fax: +86-755-8427 6832
Email & Skype: info@chipsmall.com Web: www.chipsmall.com
Address: A1208, Overseas Decoration Building, #122 Zhenhua RD., Futian, Shenzhen, China

iy [0



z SEMTECH User’s Guide

SX1230-12SKA

ADVANCED COMMUNICATIONS & SENSING

SX1230-12SKA

User’s Guide: Advanced Mode

Revision 1 March 2009 © 2009 Semtech Corp. www.semtech.com



z SEMTEGH User’s Guide

SX1230-12SKA

ADVANCED COMMUNICATIONS & SENSING

Table of Contents

1 L €0 T LT T 4
2 (€= 4 (4T TS =T (=T o 5
2.1 (0o ] =T =T 5
2.2 INSTAIIATION ... ansasssnsssnrnrnrnrnnnnns 5
3 [ E=T o T T L= T o o o o 6
3.1 SXT2B0SKA OVEIVIOW ...ttt ettt e et e e ettt e e sttt e e sttt e e aass s e s e st e aeassseaeassseneaasssensnannenen 6
3.2 SXT2T2EKA OVEIVIEW ...ttt ettt e e et e e e ettt e e sttt e e st e e e asssea e st eneasssenenanssensennnenen 7
4 Quick Start Guide: MCU MOde.......ccoicimriiimmiiienrismss s s s ssmss s smss s ssmms s ssssmms s ssssmme s sassmmsnsassamens 8
4.1 SXT2T2SKA QUICK SEAIT ...ttt et ettt e e et e st e et e et e et e e s s s e st e e assaesseaesaseaeseaeasns 8
4.2 SXT280SKA QUICK SEAIT ..ottt e ettt e et e e st e sttt e snse e et e e ansaeassenesnseeensaneansnennanesnsenans 10
4.3 FI ] = S 13
5 Quick Start Guide: Stand AloNe MOde........ccccriiirmriiinrr i e an s e nnnas 14
5.1 SXT2T2SKA CONFIQUIALON ...ttt e et e et et e st e e s e e s e esnseeaseeeansnennenesnneeans 14
5.2 SXT230SKA CONFIQUIALION ...ttt e e et e et e et e et e s e e s aseaesnseeeneeeansaesnenennnenans 14
53 I ] G =L SR 15
6 SX1230SKA Software DeSCriptioN........ucccuiiiimiiiirirninims s s s s sas s s s s s san s s mn s smnn s 16
6.1 (@Y= 7= 1 SR 16
6.2 L= L= o SR 16
6.3 RS0l a (o100 =1 (o) LTRSS 17
6.4 General CONfIGUIALION TADS ..........oooieeeeeeee ettt e e e ettt et s s s s e eanes 18
L T € =Y o= = | I [ PRI 18
LS 2 © 1Y o 1= - Y - S 21
6.5 Register HeXadecCimal DISPIAY ..........c.cooeeeeeeeeeeeeeete ettt sttt 21
6.6 OVEBIVIEW PANE ...ttt ettt e ettt e ettt e et e e e et e e e et e e e e seeaenaseneeenreeas 22
6.7 EPPROM MOQE TAD........cooeeoeeeeeeeeeeeeeeeeeeeeeeeeeee e n s s eaen e asn s aseasnassannassennnrasnaneen 22
6.8 L (O1U . oo L= I T o BSOSOt 25
6.9 TRE MOAE CONIIOI BOX .o e ettt a e e e e e ettt ea e e e e e e eaaaeeannsssnneaaneenaes 26
6,10  MCU / EPPROM MOQE SEIECHON.............eeeeeeeeeeeeeeeeeeeeeeeeeeee et eee e eee e eeeennen 26
7 SX1212SKA Software DeSCriptioN........ccocuiiiimiiiiisminims s s s s s s s ssn s s ssn s s mn s smnn s 27
7.1 L@ =T 7= L S 27
7.2 L= 1= o SR 27
7.3 S0l a (o100 =1 (o) LT SR 28
74 Y o] = T T B - o SRR 29
7.5 OVEBIVIEW PANEI ...ttt ettt ettt e e e e ettt e et e e et e e e et e e e et e e e snseneeenreeas 31
7.6 Register HeXadecimal DISPIAY ..........c.oooeueeeeeeeeeeee ettt ettt 31
7.7 TRE MOAE CONIIOI BOX ..ottt a e e e e e et ea e e e e e e e aaaeeeannsssnneeaneeeaes 32
7.8 TRE IFQPAIAIM TAD ...ttt ettt et e ettt e ettt e e sttt e e e sttt e e e snteeeesaneeeeanee 32
7.9 TRE RXPAIAIM TAD ...ttt ettt ettt et eses s ssesssssasssssasssnnnnnnnnes 33
W L o T3 B T U oI I T o B S 34
W Y o 1o @Yo = T T ¢ I I 1 o B S 35
W N o TN o Tl -1 A =L A - o R 35
8 Schematics and 4-Layer PCB Layout: SX1230SKA........ccciurommimminimminmsmiessnss s s ssssssssssssssssssssnssas 37
9 Schematics and 2-Layer PCB Layout: SX1211/12SKA.......ccccimiiminiiminmnines s s sses s sssessssase s 40
10 2= (=] = T 42
Revision 1 March 2009 © 2009 Semtech Corp. www.semtech.com



z SEMTEGH User’s Guide

SX1230-12SKA

ADVANCED COMMUNICATIONS & SENSING

Table of Figures

Figure 1. SX1230 Stand Alone Operation with Companion EZPROM............cccccoweeeeeeeeeseeseeseesseseesseesesneseenesnanes 4
Figure 2. SX1230 Connections for Microcontroller Based Operation.............ccccuuuiaieieieesee et 4
Figure 3: SX1230-125KA Contents (CR2032 Cell NOt SHOWN) ......ccuuiiiuiiiiiiieie ettt 5
Figure 4: SX1230SKA, 868 and 915 MHz Band, BOArd PiCIUIE ...............c.uucuuiiiiiieee e eeee e siee e e e snneee s 6
Figure 5: SXT212S5KA BOAIA PICHUIE ........cccueeiiiei ettt ettt sttt e bt e s et e st e e e aab e e sabe e e ane e e sabe e e anneesaneas 7
Figure 6. SX1212 User Interface, Default SETHNGS ..........ccuu ettt et saneas 8
Figure 7. The New SX1212 Configuration: Ready t0 Be WITHEN ............cccoiuiiriii e 9
Figure 8. The SX1212SKA User Interface whilst in Packet Receiver MOdE.............ccocuevieiiiiiiiiieienee e 10
Figure 9. SX1230 User Interface, Default SEITHNGS ..........oceu ettt et e s aee e eee e sneeeeeeeesnneeenneeees 11
Figure 10. The New SX1230 Configuration: Ready t0 D WIItEN ..........cccooieieiiii e 12
Figure 11. SX1230 During MCU Mode Packet TranSmMiSSION...........ccuaiceeeieeeeeeeeeeeeee e et e eeeeseeeeneeeeseeeesneee e 13
Figure 12. Hardware for E°PROM (Stand AlONE) OPEIAtON...............c.ceveevereereerreereseeeeeseseseeseseesessseenessesesneseenennesens 14
Figure 13: SX1230SKA GUI Overview and References to the User Guide Description of this Chapter..................... 16
Figure 14. Example Text Editor Output of the SX1230 Configuration File .............ccccucoiiioiiiiiiiiiienee e 17
Figure 15. The General Configuration Tab Features the most Commonly Used Configuration Parameters.............. 18
Figure 16. Second Page of the General Configuration Parameters ... iiee i 21
Figure 17. Register Hexadecimal DiSPIAY ..............ccuioiei ittt ebe e et snre e s enneea 21
Figure 18. The Configuration OVErvieW DISPIAY .............uuuiiieiiiieiiee ettt sare e s e snneenanee e 22
Figure 19. EZPROM MEMOIY MEPPING...........oveeeeeeeeeeeeeeeeeeeeeseseesessaseessssssssessessesssssesaesessssssssessssssssssssssssssssassnsennes 22
Figure 20. The E°PROM MOode Tab NOIMAI VIEW. ................cooeeeeeeeeeeeeeeeseeseeseeeessseseseeseeeeesesnessasnessssnsssassssssssansenes 23
Figure 21. EPPROM RAW VIBW..........cooeoeeeeeeeeeeeeeeee e een s e en e s e sene s ennesnenenes 24
Figure 22. EZPROM RaW VIEW SROM-CUL BUHONS.................coveeveeeeeeeeseeeeeseeeseeseeeseessnsees s esneseeseenes s s sesneneeneenen 24
Figure 23. MCU MOQE TaD DISPIAY .........eueeueeeeee ettt ettt ettt e et e e eate e e ae e e saeeeamseeeaneeeenseeeseeeanseeaaneeeanes 25
FIQUIE 24. TRE CONIIOI BOX ......ciieeiiiiet ettt ettt ettt ettt e e bt e et e e s abe e e eate e e be e e eaee e embe e e eabeesabeeaseeesabenanteesanes 26
Figure 25. SX12125KA GUI Overview and References to the User Guide Description of this Chapter..................... 27
Figure 26. Example Text Editor Output of the SX1212 Configuration File ..............cccucoiiiiiiiiiiiiiieeiee e 28
Figure 27. SX1212 Local OSCillator GENEIAION...........c..coiuii ittt ettt ettt e e b sar e st e e snreeeanee e e 30
Figure 28. TRE OVEIVIEW PANEI...........c.ccui ittt sttt b et e he e e s bt e e aae e e saneesbe e e sareeenneesnnes 31
Figure 29. The Hexadecimal Register DiSpIay SUMIMAIY ...........cccuiiiiiiiiie ettt 31
Figure 30. The Mode Control Box also INCOrporates RSSIH............couiiiiiiiieiee e 32
Figure 31. The Interrupt Mapping DiSPIAY ...........ocuuei ittt st et e e e sb e e e e bte e e e s nbee e e eneeas 32
Figure 32. SX1212 Receiver Block Diagram, the Colours Correspond to the Frequency of Operation...................... 33
Figure 33. Receiver Parameter DISPIAY ..............oouei ettt sttt e s nb e e e 33
Figure 34. SX1212 Simplified Transmitter Block Schematic Diagram...............ccccuoooueeeoeenoeeeeee e 34
Figure 35. The Transmitter Parameter Tab DiSPIAY...........c..oucei ittt ettt s saee e 34
Figure 36. The Oscillator Parameter DiSPIAY ............c.uouu ittt ettt ettt et e s ebe e st e s be e s saee e saneeen 35
Figure 37. The Packet Receiver / Transmitter TeSt DiSPIAY ........c.coouvuiiiieiiiiia ittt 36
Revision 1 March 2009 © 2009 Semtech Corp. www.semtech.com



z SEMTECH User’s Guide

SX1230-12SKA
ADVANCED COMMUNICATIONS & SENSING

1 Introduction

The SX1230 is a single chip transmitter IC designed for operation in the licence free ISM bands between 290 and
1020 MHz. The SX1230 is capable of operation either with or without an external companion microcontroller and
features four internally de-bounced digital input pins to enable direct connection to switchgear for wireless remote
control applications. Examples of both types of applications are shown below:
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Figure 1. SX1230 Stand Alone Operation with Companion EPROM
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Figure 2. SX1230 Connections for Microcontroller Based Operation

The SX1230 main features include:

+17 dBm to -18 dBm Programmable output power

1.8 to 3.7V Operating range with internal voltage regulation allowing constant RF performance
Narrow and wide-band operation

(G)FSK, (G)MSK and both filtered and unfiltered OOK operation.

Support of bit rates from 1.2 to 600 kbps.

Low battery detection

Integrated RC timer for timer / wake-up applications

Low phase noise -95 dBc/Hz at 50 kHz offset.

-40°C to +85°C Temperature Range

Revision 1 March 2009 © 2009 Semtech Corp. www.semtech.com
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2 Getting Started

2.1 Kit Contents

As illustrated in the figure below, the SX1230-12SKA Evaluation kit is composed of:

SX1230SKA board

SX1212SKA board

SMA Connectorised Antenna for 434 MHz

SX1230-12SKA CDROM including all necessary PC software and documentation

AZCR2032 Cell for operation of the SX1230SKA in stand alone mode, in conjunction with the companion
E“PROM.

VVYVYVYV

ram
Vi
SEMTECH

DEVELOPMENT | tools

Figure 3: SX1230-12SKA Contents (CR2032 Cell not Shown)

2.2 Installation

The software for the SX1212SKA and SX1230SKA must each be installed individually. The installation process for
each is identical.

SX1212SKA Advanced Mode Software Installation

1- Put the CDROM in your computer and browse the contents of the CD.

2- Open the “sx1212starterkitsetupweb.exe” manually. It can be found in the \Installers sub directory of the
CD-ROM.

3- Follow installation guidelines until the process is completed. Please note that .NET Framework 2.0 and the
FTDI USB driver will be automatically installed if not detected on your computer.

4- Connect the SX1212SKA board to the PC via the USB interface.

5- Launch “SX1212SKA” from the Start menu.

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

7- SX1212SKA is now installed and ready to be used.

SX1230SKA Advanced Mode Software Installation

8- Put the CDROM in your computer and browse the contents of the CD.

9- Open the “sx1230starterkitsetupweb.exe” manually. It can be found in the \Installers sub directory of the
CD-ROM.

10- Follow installation guidelines until the process is completed. Please note that .NET Framework 2.0 and the
FTDI USB driver will be automatically installed if not detected on your computer.

11- Connect the SX1230SKA board to the PC via the USB interface.

12- Launch “SX1230SKA” from the Start menu.

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

14- SX1230SKA is now installed and ready to be used.

Revision 1 March 2009 © 2009 Semtech Corp. www.semtech.com
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3 Hardware Description

SX1230SKA and SX1212SKA boards are summarised in this chapter. Please refer to the schematics and layout
provided in the document for further information about each hardware implementation.

3.1 SX1230SKA Overview

Figure 4: SX1230SKA, 868 and 915 MHz Band, Board Picture

The SX1230SKA is a USB based evaluation tool, which sees the SX1230 reference design (2) connected to a host
PC via an FTDI USB to SPI bridge (1) and USB type ‘A’ connection (7). The SX1230SKA can also operate with in
stand alone mode when battery powered. In this mode the initial configuration of the radio is downloaded from the
first 77 bytes of the companion EPROM (5). In response to a user push button input (6) a specific payload may be
transmitted. The LED (3) corresponding to that button press illuminates to indicate transmission.

For operation in the 434 MHz band the RF link between SX1230SKA and SX1212SKA is established through a PCB

mounted helical antenna (4) to give a realistic impression of the range and other performances attainable in a
miniaturised application.

Revision 1 March 2009 © 2009 Semtech Corp. www.semtech.com
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3.2 SX1212SKA Overview

The SX1212SKA features the SX1212 reference design (1) and is also interfaced via an FTDI bridge (6) to the USB
type ‘A’ interface (2) of a host PC. Unlike the SX1230SKA, it has no provision for operation disconnected form the
USB port. Indication of transmission and reception is indicated on a pair of LEDs (4). Connection to the separate
antenna is made through an SMA connector (3) which can also be useful for laboratory based testing.

z SEMTECH User’s Guide

Figure 5: SX1212SKA Board Picture
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4 Quick Start Guide: MCU Mode

With both SX1230SKA and SX1212SKA software installed, follow the sequence below to establish communication

between the SX1230 as transmitter and the SX1212 as receiver.

4.1 SX1212SKA Quick

Start

1. Plug the SX1212SKA into the USB port of the computer.

User’s Guide
SX1230-12SKA

2. Runthe SX1212 User Interface software Start > All Programs > SX1212SKA > SX1212SKA

3. The SX1212SKA should connect automatically to the User Interface
Software. If not, then click on the USB connect short-cut button, located in
the top left hand corner of the window.

upon power-up.

Once connected the SX1212SKA shows the default configuration of the SX1212 register settings
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Figure 6. SX1212 User Interface, Default Settings

5. Once connected the SX1212SKA shows the default configuration of the SX1212 register settings

upon power-up (as shown in Figure 6).
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6.

File. Help

El=RE:

The settings for communication between SX1212SKA and SX1230 SKA are
located on the installation CD-ROM provided with the kit. Use the File > Open
from the menu bar, or the open short-cut button to load a configuration file.

Load the “434_SX1212_pingpong.cfg” file from the “SX1212 Demo Files” folder on the CD-ROM.

The display will then appear as shown in Figure 7. These are the link parameters which match
those which will be programmed to the SX1230SKA.

=Y
File - Help
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Figure 7. The New SX1212 Configuration: Ready to be Written

By clicking on the write button in the ‘Registers config’ section, the
new register values are written to the SX1212 registers. If
successful, the red values in the hexadecimal register summary
table will turn black. As a double check, the register read button
may be pressed — the values presented on the user interface
should remain unchanged.

— Renizters config

Wit
Read

FReszet

Pl

. Click on the ‘Packet’ tab to access the packet testing portion of the program. Within this window a

pre-defined packet structure is already configured. It remains simply to click the ‘Reception’ radio
button and press the Start button. At this point the SX1212SKA enters packet receive mode and is
now listening for valid packets. At this juncture the SX1230SKA transmitter must be configured.
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Figure 8. The SX1212SKA User Interface whilst in Packet Receiver Mode

4.2 SX1230SKA Quick Start

1. Plug the SX1230SKA into the USB port of the computer.

2. Run the SX1230 User Interface software Start > All Programs > SX1230SKA > SX1230SKA

3. The SX1230SKA should connect automatically to the User Interface
Software. If not, then click on the USB connect short-cut button, located in

the top left hand corner of the window.

1
- Fu
.

4. Once connected the SX1230SKA shows the default configuration of the SX1230 register settings

upon power-up (see Figure 9).
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1o
File  Help
I ,
[Tl T General (21| EEPROM made | MCU made| Register Addr | Value Register Addr | Value
RF frequency SUEO0000 W PLLLeck a Mode oo [ 0610 || veoCui3 gn | 000
Ox14 0x00
Modulstion type @ F5K O DOK  PLL calbration darie @ EMsh o d Meabhls it z
) - Bilsb 0x02 0=08 ClockCtil 0x0F 0x05
Modulation shaping [BT]: OFF b PLL calibration 0K (] FdevMsb 0403 000 Feniin 010 =0
Bitrate: 4800 bps PLL divider: iAulD LI Fdevlsh x4 0«52 ClockSel w11 0x00
Freguency deviation 5005 Hz PLL calibration: M Frihish 0x05 iE4 EolCul 0x12 002
B i Pl i o FriMid Ox06 0xC0 PaDbcpCtil 0x13 0x11
aweEr Amphier: i sechon size: *

i FriLsb 0x07 =00 Unused D14 0x00
e e ] aR Ty | O oms || pacul 008 | 0 || Unused 0515 | Ox0
P& ramp rising fime: 40 *| us Battery EOL: ] PaFskRamp 0:09 O=08 Unused 018 000
b W g wi ol PliStat s | 0418 || PerDivider g7 | 000

VecaCull (=08 (000 BinDeb 0x18 0x03
CLKOUT source: <TL/32 > EOL tim: 188 7| v ot 5 : i L
VYeoCul2 0x0C 000
Esteinal clock: 0N < OFF
T Mode — Contral
Button debounce timer: a0 ms HTAL frequency. Hz ( Y 3 Ul et
 Sleep
Overview Dverview Overview ' Standby
Band 862-1020 | MHz | | Power Amplifier PAl External clock OFF " Synithasizer
RiF frequency a1 Hz Output power 13 | dBm | | PLL lock [ ] " Transmitter
Modulation bype FSK P4 ramp rising time 40 | uz PLL Calibration done ]
i - e = — Registers config
Modulation shaping OFF Operating mode STANDBY PLL Calibration OK. @
Bitrate 4800 | bps RC oscillator OFF Battery EOL @ Wiite Read
Frequency Deviation 5005 | Hz CLEDUT source HTAL/32 | Hz Btn debounce timer 30 | ms
| Config File: -
Figure 9. SX1230 User Interface, Default Settings
5. The settings for communication between SX1212SKA and SX1230SKA are File  Help

located on the installation CD-ROM provided with the kit. Use the File >
Open from the menu bar, or the open short-cut button to load a configuration

file.

E= e

6. Load the “434_SX1230_pingpong.cfg” file from the “SX1230 Demo Files” folder on the CD-ROM.

7. The display will then appear as shown in Figure 10. These are the link parameters which match
those which will be programmed to the SX1212SKA.
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(5 suzsmsionmren Sl
File  Help
S|
| General [2]| EEPROM model MEL madel Reagister Addr | Value Register Addr | Yalue
Al ST He L Look = Mode 000 | 0x30 || VeoCui3 moo | 0s3
0x05 0x1C
Modulation type: & FsK O 00K PLL calibration done: e bl o i il i 2
: : X - Brlsh 0x02 000 ClockCtrl Ox0F 0x07
Modulation shaping [BT], OFF i PLL calibration OF. =3 FdevMsh 0403 IE] Fentin W10 3
Bitiale: | 25000 bps  PLL divider Jawe 7| Fdevlsh 004 | 0433 || ClockSel a1 | 0s00
Frequency devistion: I 43388 Hz PLL salibration: Trigaer | Fritsh 0405 U:£3 || EolChl 12 012
FriMid 0x06 000 PaDcpCtil 0x13 0:1C
Power Amplifier: IPA1+F'A2 'I EEPROM section size: |15 'I
P FrflLsh 0x07 0200 Unuged 014 0:00
Outpu: powe: [13 =] Em T wakesp | U ms || pacul 008 | OxE || Unused 05 | 000
P& ramp rising time: IdU 'I us Battery EOL. @ PaFskRamp x93 0x08 Unused owl6 0x00
RC secilatar ~ON & OFF  EOL ~ON & OFF PlIStat 0t | 0:38 || PerDivider od7 | 0:00
VeoCtrll =08 011 BtnDeb Ox18 0:03
CLKOUT source: IDFF 'I EOL Hirn: 1.835 =N 2
VeoCtrl2 0400 015
Estzinal clock: 0N < OFF
—Mode: i~ Contral
Button debounce timer: 30 | ms *TaL frequency I 32000000 Hz s
" EEPROM & MCU i~ Operating mode
T Sleep
Overview Overview Overview € Standby
Band 862-1020 | MHz | | Power Amplifier PA1+ PAZ Extemal clock OFF " Spnthesizer
RF frequency Hz Dutput power 13 | dBm | | PLL lock @ £ Tiansmitter
Modulation type FSK P4 ramp rising lime 40 | us PLL Calibration dore @
7 & i~ Registers config:
todulation shaping OFF DOperating mode TRANSMITTER PLL Calibration OK ]
Bitrate 25000 | bps RC oscillator OFF Battery EOL ] frite Fead
Frequency Devistion 49988 | Hz CLEOUT souce OFF | Hz Btn debounce timer 30 ms
| Config File: 915_5%1230_pingpong.cfg

Figure 10. The New SX1230 Configuration: Ready to be Written

8. By clicking on the write button in the ‘Registers config’ section, the

new register values are written to the SX1230 registers.

successful, the red values in the hexadecimal register summary table
will turn black. As a double check, the register read button may be
pressed — the values presented on the user interface should remain

unchanged.

If

r— Contral

r— Operating mode

" Sleep

" Standhy
" Surthesizer

& Transmitter

— Registers config

Wiite

| Read I

Once successfully configured, the SX1230 must be placed in packet transmission mode. This is

done by selecting the ‘MCU mode’ tab — note that a pre-configured frame format identical to that for
the SX1212SKA is already entered into the display. It suffices simply to click on the ‘Start’ button to
begin continuous transmission of this frame. For clarity a screenshot illustrating the display during
transmission is shown in Figure 11.
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il
File  Help
A B
Giereral 1] General 21] EEPROM mode MCU mode | Register Addr_| Valuc Register Addr_| Value
i Packet configuration Mode 000 030 || VeaCtrd 0«00 0419
Freamble siee Syho size Length #ddress field Whitening CRE BirMsb 0401 0405 VooCtild OHE 5[5
[a =i =] [P =] [orF =] [orF = ferE =l Bilsh o2 | 0400 || ClockChl 0u0F | 0w07
Syncviord Length Address FdevMzh D03 [=03 Eeprom 10 O0F
[ avmeosoc [ w02 | Fdevlsh 04 033 || ClockSel 0511 000
FifMsb 0x05 0<E3 EolChl 012 Ox12
i Packet
FitMid OxE 0400 PaOcpCtil 013 B0
| Preamble | Sync word | Length | Address ‘ Payload ‘ CRC | Gren, = T e T o0
| 55-55-55.55 | AA-DA-0B-OC | | \ | =
E——— S — PaChl Ox08 Ox78 Unused (415 0000
Papload —— — PaFskRamp 009 | 008 || Unused o | 00
HEXADECIMAL AsSCHl PliStat o4 | 0438 || PeiDivider 0xi7 | Os00
R = = VeoCull 508 | 2 || Bubeb Tl EE
Veolhi2 000 0x18
- e i~ Coriicl
| Stop Fiapeat value: | 0 TrPackets ’7 CEEPREH LY [ s i
' Gleep
Dverview Dverview ‘ Overview € Standy
Band 862-1020 | MHz | | Power Amplifier PAl+ PA2 External clock. OFF 1 Gyrithesizer
FF frequency 908000000 | Hz Output power 13 | dBm || PLL lock @ & Trarsmiter
Muodulation type FSK Py ramp tising time: 40 | us PLL Calibration done @ . .
= = — Registers config
Modulation shaping OFF Operating mode TRANSHITTER PLL Calibration OK @ b
Bitrate: 25000 | bps R oscillator- OFF Battery EQL @ it Read
Frequency Deviation 49988 | Hz CLEOUT source OFF | Hz Btn debounce timer 30 | ms
| Config File: 915 _$¥1230_pingpong. cfg

Figure 11. SX1230 During MCU Mode Packet Transmission

4.3 Link Test

With both devices configured as described in the preceding two sections, reception of valid packets by the SX1212
should be visible. Note that during link testing be sure that the USB kits are separated by several cm. Note also, that
it is possible to install the SX1212SKA user interface on one machine and the SX1230SKA user interface on
another allowing range test evaluation with full control over the link parameters.

Where a pair of computers is not available, the SX1230SKA can be configured in stand alone mode. Please see the
next section for a quick start guide on operation of the SX1230SKA in this mode.

Revision 1 March 2009 © 2009 Semtech Corp.

www.semtech.com



z SEMTECH User’s Guide

SX1230-12SKA

5 AQuick Start Guide: Stand Alone Mode

5.1 SX1212SKA Configuration

Initiation of the SX1212SKA for operation in Stand Alone Mode is identical to that described in Section 4.1. Please
configure the SX1212SKA as described therein and refer to the following section for configuration of the SX1230.

5.2 SX1230SKA Configuration

There are a few simple steps to follow to configure the SX1230SKA for stand alone mode operation. Figure 12
shows both top and bottom views of the SX1230SKA hardware. The SX1230SKA companion EEPROM comes pre-
programmed with a band specific configuration file already loaded.

1. Insert the CR2032 button cell into the cell holder (1), taking care to respect the polarity. Note that there is
some quiescent current drain caused by the USB interface, so to maximise battery life ensure this is
removed when not in use.

2. Three of the four push buttons (labeled 0 to 3 on the PCB silkscreen) are connected to the general
purpose digital inputs of the SX1230. The button labeled 3 is configured as a reset button. Push this button
following connection of the cell. There should now be no LEDs illuminated on the SX1230SKA.

Figure 12. Hardware for EEPROM (Stand Alone) Operation

3. The SX1230SKA is not ready to be used in conjunction with the SX1212SKA in frame reception mode, as
described in Section 4.1.

Revision 1 March 2009 © 2009 Semtech Corp. www.semtech.com
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5.3 Link Test

Each push button has the same payload mapped to it. Push button 0 transmits this single, standard format frame,
once. Push button 1 has a demonstration of packet repetition. Here the packet is programmed to be resent five
times. Note that the SX1212SKA may not receive all five frames successfully. This is due to the time required to
empty the FIFO, whereas SX1230 will transmit all five frames in quick succession. Finally, push button 2 gives a
demonstration of periodic mode. Here the frame is configured to repeat several times a second whilst the push
button is held down.

z SEMTECH User’s Guide

To modify the EPROM contents please see Section 6.7. Note also that the original quick start configuration is
included on the CD. Please also refer to Section 6.7 on how to load a non-volatile memory configuration file and
program the EZPROM.

Otherwise, guidance for performing link testing is the same as that already given in Section 4.3.
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6 SX1230SKA Software Description

\J

6.1 Overview

Figure 13 shows the SX1230SKA graphical user interface (GUI). Each of the numbers surrounding the display
corresponds to the Chapter within this section gives the description of that feature.

o
smul11|mamitsmnum[mmm[ Rlogister [ Adde | Valse Rogiator Adde | Vakse
- FF recquency: GIECOON0 Mz  PLLlnck 3 | Mode | 000 | De10 | WieoChid | o0 | B |
i 3% |
Modhisiion hpe RS 00K PLL caltustion done e JEDCTE Ot |peacki B2 B
i | Bilsh | ooz [ 048 | ClockCul N
Hahismancwa BIE ] 1 EL-Tafadtas [ | FilovMab | ooi [T | Eopom T
ot AG00 bps  PLL divider farn = | Fiol s | o4 55 | ClockSel ol [ B
Finquency devaticr XS Mz PLL caltwaton Trigge: I FilMsn | DA | BE || Ealtul a2 sl
Povens Ao Bi - EEFRIOM sechion sive e =l JET je oo 000 {e cosas e o
- L | 0a7 |50 | Unused oas [70a8
Dudpt powes: 1 z] g T ke | O mi | | pari 008 | BF | Unused 0as | o0 |
A ramg miing me 40 'I (™ Battay EOL @ :l_’#'#llmp | D3 [LTE] I.IM s )
AC orcdstor ©ooN Fo0FF B ©on ooper | | PEStat | ¥ ) 16| Pedivider [omar) 040 |
| [ 03
CLEDUT souce: TR £t i Es =w | Vet | O Bined | 0dg ] 00
WeoChl2 [
Ertmal ok oM & OFF e AR
Burton debounce fmer F =] mm WAL EE o
i ©OEEPROM & MEU Dperaing mods
Comw  —( 89 )
[ Bard | B62-1020 | MHz | | Powe dmoller | PAl  Extomal ciock | OFF | T Syrihesizsr
[RFheqency | SIS000000 He || Oupdpowes | 13| dm || Pl | @ © Tummite
| Modudstontips | FSK| | |[PAwmmngtme | 40| w || AL Calbwaiondons | ] e
| Modustion sheping | OFF | || Opeesingmods | STAMDEY | || FLLCapatonOK | @ |
Brnle | AB0O | bps || RE oscilaer OFF Batieny FOL | | Wike Fiead j—
Femoumncy Devistion | S005 | Hr || CLKOUT cource KTALFIZ | H2 Tn debpunce imet | M ma
| Corfig Fle: -
6.10

Figure 13: SX1230SKA GUI Overview and References to the User Guide Description of this Chapter.

6.2 File Menu

K[ Help File menu contains some general purpose functions. The first feature in the list provides

[« B | the possibility of connecting or disconnecting to the USB kit. Care must be taken to ensure
that the USB port is closed before unplugging the USB kit. This functionality may also be

7 OpenConfig... accessed through the short cut buttons (see Section 6.3).

s Save Config

G save Config As.. The possibility of opening configuration files and saving the present configuration is also
provided. This is done through a standard Windows file dialog box.

Exit

The Help menu contains two menu items. The first item provides a link e Help
to this user guide in PDF format. The second, ‘About SX1230 Starter ——
kit..., gives information in the revision of the software installed. = lh| User's Guide. ..

‘Geng p.  About SX1230 Starter Kit.
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6.3 Shortcut Buttons

The shortcut buttons provide identical functionality to those listed under the file menu

User’s Guide
SX1230-12SKA

The configuration ‘file open’ shortcut button. This opens a windows file dialog box to allow access
| ? to previously saved SX1230 register configuration files.

The ‘save’ configuration file shortcut button immediately saves and overwrites the existing
H configuration file.

The ‘connect / disconnect’ button allows the user to manage manually connection and
,:III:,_ disconnection of the kit. Note that any time the SX1230SKA is to be removed from the system; the
kit must first be disconnected.

The saved configuration files are designed to be a useful tool for embedded software development. The file can be
opened in any text editor to display the programmed register name, address and hexadecimal value programmed to

that address.

E'. 915_SX1230_pingpong.cfg - Notepad

Fil= Edit Formak Wiew Help

=10l

#Type
REG
REG

Register Mame
Mode
BErMsh
BriLsh
Fdewmsh
FdevlLsh
Frfmsh
Frfmid
FrfLsh
Pactrl
PaFskRamp
P11stat
veooctr ]l
veooctrlz2
vooZtrl3
vooCtr 14
Clockctr
Eepram
Clocksel
EolCtr]
Paocpctr]
Unused
unusedd
Unused
Peroivider
Btnbeb

Address [Hex]
0x00

oL
Ox02
0x03
Qx4
Ox05
006
0x07
0x 08
Q%09
Ox0A
0x 0B
Ox0C
Ox 0D
Ox0E
OxOF
010
Oxll
Oxl2
Oxl3
Oxld
0x15
0xl6
0xl?
0xl8

value[Hex]
0x30
Qwih
0x00
Qw03
Ox33
OxES
0x00
0w00
Ox7B
0x08
0x38
Oxl2
Oxl6
0x15
Ox1C
Ox07
Ox0F
0x00
Oxlz
Ox1C
0x00
0w00
0x00
0w00
S

434315050505 00-0A-0B-0C;2;0;48,40

=

[

Figure 14. Example Text Editor Output of the SX1230 Configuration File
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6.4 General Configuration Tabs
For clarity and ease of use the general configuration settings have been split between two tabs.

6.4.1 General [1]

The most commonly used configuration parameters are located on the General [1] tab. Each field is directly editable
by the user and is refreshed every time a register read or write is performed.

RF frequency:
kodulation type:

M odulation zhaping [BT];
Bitrate:

Frequency deviation:
Fower &mplifier:

CQutput power:

P, ramp riging bime:

RC ozcillator:

CLEQUT source:

E sternal clock:

Button debounce timer:

i

5000000 Hz
+ FSK 00K

OFF -
[ 4800 bps
[ 5005 Mz
Pl v

13 x| dEm
40 | us

" OM * OFF

wTaLiz =]

" OM % OFF

a0 | ms

PLL Lock:
FLL calibration done:

FLL calibration Ok

FLL divider: ALtk

=

PLL zalibration: Trigger

EEPEOM zechon size: 16 -

T wakeup: I O ms
Battery EOL: " ]

EOL: " OW * OFF
EOL trim: 183 x| ¥
HTAL frequency: I 32000000 Hz

Figure 15. The General Configuration Tab Features the most Commonly Used Configuration Parameters

Where the data entry field allows direct keyboard entry, the following background highlight conventions are used to
aid the user in their choice of programmed value:

RF frequency:

RF frequency:

MEO000D - Hz

I 1315000000 Hz

Revision 1 March 2009 © 2009 Semtech Corp.
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An orange background highlight indicates that the precise
value entered into the data entry field is not directly
addressable by the SX1230. Instead the closest
(rounded) value will be used.

Conversely a red background highlight indicates where

the maximum or minimum value for that register
parameter has been exceeded.
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Each data entry field and user control of the General [1] tab is described below.

RF Frequency

1

RF frequency: 915000000 Hz

Modulation Type

b odulation type: ' FSE ¢ 0Ok

Modulation Shaping

todulation shaping [BT]: OFF -
Bitrate
Bitrate: 4200 bps

Frequency Deviation

{ |

Frequency deviation: RO05 Hz

Power Amplifier

Fower Amplifier: P -

Output Power

Output power: 13 *| dBm
PA Ramping

Fa, ramp rizing time: 40 | uz
Oscillator

RC oscillatar:  0OM & OFF
CLEOUT source; HTALAA2 j
Esternal clock:  0OM  f OFF

Revision 1 March 2009 © 2009 Semtech Corp.
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The RF frequency field accepts a numerical text input
from the keyboard. Values in any one of the three
frequency bands from 290 to 1020 MHz are permitted.
Please note that the entry units are Hz.

The SX1230 is capable of both FSK and OOK modulation,
they are selectable through the user interface by clicking
with the mouse on the appropriate radio button.

The Tx bit-stream may be pre-filtered before modulation.
Varying strengths of filtering are accessible. The filter type
also depends upon the type of modulation used. Filter
coefficients are selectable from a drop-down menu.

The bit rate of the transmitted signal (in bps) can be
directly edited in this data entry field.

Text entry field for the frequency deviation when using
FSK modulation.

Selection of single (low power) or dual (high power)
operation. Note that PAs 1 and 2 must be enabled for
+17 dBm operation.

The output power is selectable from a drop down list in
the programmable 1 dB increments.

The PA ramp rise time is selectable from the list of
programmable values.

Although not directly accessible from the SX1230SKA,
for completeness, the source of the clock output signal
can be selected and its frequency altered in accordance
with the range of programmable divider values. For
more information please consult the SX1230 datasheet.
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Push Button Debouncer

Button debounce timer:

PLL Lock Detection Parameters
PLL Lock:

PLL calibration done:

PLL calibration OF:

&
4
r_..i
I.-'-‘-.utn bl I

FLL divider:

PLL calibration: Trigger
E2PROM Mode Parameters

EEPROM zection size: 16 *

T wakeup: 0 me
Low Battery Detection Parameters

Battery EOL: -

EOL: " OM ¥ OFF

EQL trirm:

Crystal Frequency

|1.835 "'I i

=TAL frequency: 32000000 Hz

Revision 1 March 2009 © 2009 Semtech Corp.
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The four general purpose digital inputs — here connected
to the four push buttons — has a variable debounce
timer. Several common values are accessible from a
drop down menu.

Three LED type indicators display the status of the
SX1230 following the last register read cycle of the
SX1230. Various options exist for changing the PLL
divider ratio and triggering PLL calibration. Please
consult the SX1230 datasheet for a more detailed
description.

These two register settings are used to determine the
size of each section in the EPROM memory and the
wake-up time if periodic mode is enabled respectively.
Please see Section 6.7, in conjunction with the SX1230
datasheet, for a description of how to use these
E’PROM parameters.

The battery end of life (EOL) indicator is set if the EOL is
enabled (here controlled by a radio button input) and the
supply voltage passes the corresponding threshold —
EOL trim.

Most of the programmable communication setting
parameters are a function of the crystal frequency used.
This field allows other crystal frequencies to be tried,
however, the SX1230SKA comes fitted with a 32 MHz
crystal. The value should hence not be changed.
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6.4.2 General [2]

z SEMTEGH User’s Guide

Fé, Overload Current Protection
ACF: f* OM ¢ 0OFF
DOC load current thres: IED j e,

Figure 16. Second Page of the General Configuration Parameters

The second page of general configuration settings (see Figure 16) contains the user inputs for enabling of the power
amplifier over current protection (OCP) and setting the current limit from a drop down menu. The current limit must
be increased to 100 mA or higher for operation of the SX1230 at the maximum output power of +17 dBm.

6.5 Register Hexadecimal Display

Figure 17 shows the register summary of the SX1230. In addition to manual user entry in the fields described in the
previous section, direct hexadecimal entries may be made into the register display. Note that values yet to be written
to the SX1230 registers appear in red. Note, also, that for full control flexibility, incorrect (red) values entered in the
hexadecimal section will still be written in the event of a register ‘write’. So care must be exercised when editing the
hexadecimal values.

Register Addr Yalue Register Addr Yalue
Mode [0=00 0=10 VeoCirl3 (=00 0x19
BrMsh (=01 Oula VcoCirl4 [0=0E 0:c
BrLzb 0«02 =08 ClockChil Dx0F 005
FdevMsb 0x03 (=01 Eeprom Ox10 0«10
FdevlLsb Dx04 0:52 ClockSel D11 000
FifMsh 0x05 0xE4 EolCll Dx12 012
Fridid 0=06 0xC0 PaOcpChl 0x13 0<1B
FifLsb 0=07 000 Unuszed Dx14 =00
PaCul 0«08 0x3F Unuszed 0«15 =00
PaFzkRamp 0=09 0=08 Unused 016 0=00
PlI5tat 00, 010 PerDivider 0«17 000
YcoCull 008 D12 BinDeb 0«18 0x03
YcoCul2 0+0C 0x16

Figure 17. Register Hexadecimal Display

Note that values changed in this portion of the display cause the values in the tabbed configuration section to be
changed dynamically.
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6.6 Overview Panel

A summary of the values presently entered into the user interface software is shown in the overview display at the
bottom of the screen. This covers all of the SX1230 register values, including those not displayed on the tab
presently selected, and indicates the true value which will be written to the SX1230 configuration registers.

l]!ltewiew : I]!Irewiew : I]\I.rewiew
Band 862-1020 | MHz Power &mplifier PA1 Esternal clock OFF
RF fregquency 915000000 | Hz COutput power 13 | dBm PLL lock N
tadulation type FSK P ramp rizing time 40 | uz PLL Calibration done 0
todulation zhaping OFF Operating mode STANDBY PLL Calibration OF. W
Bitrate 4800 | bps RC ozcillator OFF Battery EOL =y
Freguency Dieviation 5005 | Hz CLEQUT zource XTAL/32 | Hz Btn debounce timer 30 | ms

Figure 18. The Configuration Overview Display

6.7 E’PROM Mode Tab

The E?’PROM mode tab is used to configure the contents of the E°PROM for stand alone mode operation of the
SX1230SKA. In this mode the SX1230 acts as SPI master and can download both configuration and payload
information from an SPI EPROM. The E2PROM memory map is shown below:

Pb 1111
Ox4D + PB. MAPPING(PB(3:0)) * section size(5:0)
o Pb ‘0010 section size(5:0)
0x4D + PB_MAPPING(PB(3:0)) * section size(5:0)
Pb ‘0001
0x4D
0x4C
Config
Reqisters
0x00

Figure 19. EEPROM Memory Mapping

The bottom 0x4C locations in the EZPROM are reserved general configuration information — configuration which is
the same for every button press. The subsequent sections are then mapped to the remaining 15 possible
combinations of the 4 digital inputs (for mapping details please see the SX1230 datasheet). These may contain
either i) solely payload or ii) a combination of supplementary configuration information and payload.
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General[1] | General (2] EEPROM mode | MCU mode |

z SEMTECH User’s Guide

— Genral Configuration Section ——————————— [~ Buttons Section
Sechion #: IEI 5:

Fegtaode False = RF Frequency [Hz] 0. False
FegBridzb True todulation type FSK. False
FegBrLsh True Bitrate [bps] 0. False
FegFreqhMszh True Frequency deviation 0, False
FegFreqhLsb True |- Pawer Armplifier PA1. 13. False
FegRfFreqhsh True T wakeup [ms] 0. True
FegRfFreqhid True Packet 1.55555555AA0A0B0C
RegRfFreglsh True
RegPaChl True
BenPaF kB amn Falza hd

RegMode RF Frequency [Hz]

IF true the Mode regizter value iz included in the

.

Wirite | Read | Write | Fiead |

Wite | Read I & Nomal view € Faw view

Figure 20. The EEPROM Mode Tab ‘Normal View’

The E?PROM mode display is broken down into two types selectable by the radlo button control in the bottom right
hand corner of the display. The default is ‘Normal view’ which shows the EPROM contents in human readable
format (see Figure 20). The left hand ‘General Configuration Section’ dictates which registers are to be written to the
general configuration section — True indicating that the value will be written, False that it will not. The values written
to the configuration section are taken from the General setting tabs of Sectlons 6.4.1and 6.4.2. The general
configuration settings may be read or written independently of the rest of the E2PROM contents by clicking the Read
or Write button within the section.

The rightmost frame contains the contents of each of the input specific sections. The contents of a particular section
are displayed individually. The section may be changed by entering the desired section in the ‘Section #:’ input.
Several useful common parameters and the payload itself are listed within the ‘Buttons’ section. Each can be edited
directly. The input specific section of the EEPROM memory can be written or read independently of the rest of the
E2PROM contents by clicking on the write or read button within the Buttons Section.

At the bottom of the display are the controls for global read or write of the E°PROM contents. These cause the
whole EPROM to be read or written, respectively.

The radio button control in the bottom right hand corner allows selection between Normal and Raw views of the
E’PROM contents.

An alternatlve perspective of the E°PROM contents is available in ‘Raw view’, illustrated in Flgure 21. Here we see
the E°PROM contents in hexadecimal (centre column) and ASCII (right column) versus the E?PROM address in
hexadecimal (left column) in tabular format. Note also the addition of several short-cut buttons. These allow the user
to save or recall E°PROM (.NVM — non volatile memory) files to or from disc storage. Copy, cut and paste
functionality is also provided.

Once programmed the SX1230 may be disconnected from the USB port, unplugged and used in stand-alone mode.
The SX1230SKA comes pre-programmed with an example E°PROM contents (see the quick start Section for more
details).
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General[1]| Gereral[2] EEPROM mode | MCU mods |

= F:Y
oooo 81 05 82E 00 822 03 84 323 25 DS &84 00 827 00 28 2F
0o0lo  g8a 12 &F 07 90 OF 23 1C 27 00 FF FF FF FF FF FF
0o0zd FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
0o0z0 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
0040 FF FF FF FF FF FF FF FF FF FF FF FF FF 37 00 95
0050 01 0OA E5 EE K5 EE AR OA OB OC Z0O 00 27 00 35 04
0o0s0  0OA K5 EE EE K5 AL QA OE 0OC 20 00 27 28 55 01 0&
oovo BB EE EE EE AM OA OB OC Z0 00 57 Z8 95 0OA 0OA 55
0ooz0 BB EE EE Ad 0OA OB OC Z0O 00 S5 0O OC FF FF FF FF
000 FF FF FF FF FF FF FF FF %5 00 0OC FF FF FF FF FF
0o0xLd  FF FF FF FF FF FF FF 3L 00 0OC FF FF FF FF FF FF
OC0ED FF FF FF FF FF FF 35 00 OC FF FF FF FF FF FF FF
0oZo  FF FF FF FF FF %5 00 0OC FF FF FF FF FF FF FF FF
Ooond  FF FF FF FF 95 00 OC FF FF FF FF FF FF FF FF FF
OoEQ FF FF FF 25 &4 OC FF FF FF FF FF FF FF FF FF FF
OgrFo FF FF 35 00 0OC FF FF FF FF FF FF FF FF FF FF FF
oloo FF 35 00 OC FF FF FF FF FF FF FF FF FF FF FF FF
o11o 25 00 OC FF FF FF FF FF FF FF FF FF FF FF FF 3%
write | Read I  Momal view % Baw view
Figure 21. EEPROM Raw View
General [1] | General [2] EEPROM mode | MC
Figure 22. EEPROM Raw View Short-cut Buttons
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6.8 MCU Mode Tab

General [1]| General [2] | EEPROM mode  MCU mode |

— Packet configuration

Preamble zize Sync zize Length Addrezs field Wwrhitening CRC
|4 =l s | |Fired =] |orFF | |orF | |oFF =]
Sync word Length Address
| aa0408-0C | 002 |
— Packet
Preamble Sync word Length Address Payload CRC
55-55-55-55 | AA-OA-OB-OC
Payload
HEXADECIMAL ASCI
48 49 HI ;l
[

Start |Hepeat valle; I 0 TxPackets Ijl

Figure 23. MCU Mode Tab Display

The MCU mode tab allows the user to define a custom packet for transmission by the SX1230SKA. The packet
configuration section (top) allows the user enable and set the length of a pulse train preamble (sent at the data rate).
A custom syncronisation word of up to 4 bytes may also be added. Fixed or variable length packets may also be
stipulated (see the SX1212 datasheet for more information), as may an optional 1 byte address.

With these options entered the constructed packet is shown in the ‘Packet’ frame. The packet payload may also be
edited in either ASCII or hexadecimal. Packet transmission starts when the ‘Start’ button is pressed. Either infinite
transmission (repeat value = 0) or a finite number of packets may be transmitted by editing the repeat value.
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