&Co

A company of SIM Tech

Hardware Design
SIM5X8C_HD V1.01

e 3\

/@.\)

Haf;dware Design




SIM5X8C Hardware Design

A company of SIM Tech

General Notes
SIMCom offers this information as a service to its customers, to support application and

engineering efforts that use the products designed by SIMCom. The information provided is
based upon requirements specifically provided to SIMCom by the customers. SIMCom has
not undertaken any independent search for additional relevant information, including any
information that may be in the customer’s possession. Furthermore, system validation of this
product designed by SIMCom within a larger electronic system remains the responsibility of
the customer or the customer’s system integrator. All specifications supplied herein are
subject to change.

Copyright

This document contains proprietary technical information which is the property of SIMCom
Limited., copying of this document and giving it to others and the using or communication of
the contents thereof, are forbidden without express authority. Offenders are liable to the
payment of damages. All rights reserved in the event of grant of a patent or the registration of
a utility model or design. All specification supplied herein are subject to change without
notice at any time.

Copyright © Shanghai SIMCom Wireless Solutions Ltd. 2008

SIM5X8C_HD_V1.01 2 25.03.2008



SIM5X8C Hardware Design Aecmmosey of S8 Tech
Contents

L0103 117311 £ ST PSUU SR UUPRPRR 3

RS £33 (o) 0 B 5 610 oy RS SUPI 9

ScOPe OF the AOCUIMENL .......cccuiiiiiieiiieciie ettt e et e e et e e s teessteeestbeessseessseeasseesnsseensseensnes 9

L INETOAUCTION ...ttt ettt ettt et ettt et et e st e st e et et e sate e beenbeenseenseen 10

1.1 Related dOCUIMENLS ....c..eetiiiieiieiieiteiiei ettt ettt et e st e st s esbeesaeesaeeeas 10

1.2 Terms and abbreVIATIONS .......ecueriirieriieriieriiente sttt st e st e sitesiee st e sbeesbeesbeesbeesbeesbeestes 11

2 OVETVIEW c.ttenttentieitettette st et et e bt et e bt e bt e bt e bt e s bt e st e bt e st e st essee s st e sbeesatesseesaeesatesaeesaeenaeesaeesaeesaie 14

2.1 K@Y TRALUTES ....uvieiiiieeiie ettt e stteette et e et e et e e st eessseeesseeessaeassseessseesssaesnsaeasssesnsbeensseesn 15

2.2 FUNCHONAl dIAZIAM.......ccciiiiiiieiiiecieecieeeiee ettt e sree et e eteeeseseessseessseesnneeesesaesseenasaens 17

2.3 Evaluation DOATd .........ccocuiiiiiiiiiiee et e e e b 18

3 GSM application INEETTACE .......c.eeervierrieiiieeiieete et e st e s teeeieeeeae e ebeessseeessaessseeessssassseensseenssees 19

3.1 PN d@SCTIPLION. ....uviiieiiiiiieeiieeie et e e e st e eteeetaeetbeesebeessseesssaessnnesssaeessseensseessseenssessnsseenes 19

3.2 OPETating MOMES ....ccuveeirieeiieeiieesteesteesteeeteeesteeesteeeseessseessssssnseesesbeasseeessseessseenssesssseeanes 21

I I e} S) ) 110] o U S S SRS 23

3.3.1 Power supply pins on the board-to-board connector..........c.ccccvvevvvencieesieerireieens 25

3.3.2 MiNimiZing POWET 10SSES.....uuiirrieriieiiieeiieesieeesieeiraesseeseeeessaeessseessseesseessseesnsseenes 25

3.3.3 MONItOTINgG POWET SUPPLY veevvrererieriiresiieiietisreesiieesreesseeesereeseseessseessseessseesssseensseees 25

3.4 Power Up and dOWN SCENATIOS ......ccueeerurierireerieerreisseeesreesereesseesseesssessssesassseessseessessssessns 25

3.4.1 Turn on the GSM PaTt........cccveeiovieriieeiiiieie et sree st e et e eeaeesbeesseesseeessaeesneenes 25

3.4.2 Turn off the GSIM Part.......cccieieiieriiireiie et eieesteeeee e e reesbeesreeeseeesaeessseenes 29

3.4.3 Restart the GSM part using the PWRKEY pin.......cccccoeviieriiiiciiiieeieeeereeeee 32

3.5 Charging INLETTACE ........ccueiiiiiiieiee et ittt e eiteetteete et e e beesbeeseseesssaeesseeesseesssaesssaesnseeenes 32

3.5.1 Battery pack CharaCteriStiCS.......uevvieriiieriieerie e ecteesreeeite e e sreesree e enaeenes 33

3.5.2 Recommended battery PACK .........ceeeiiiiriieeiieeiie ettt ee e 34

3.5.3 Implemented charging teChniqUE...........ccccvieiiieiieiiiii e 35

3.5.4 Operating modes during Charging ...........coeceeveerienienieneeeee e 36

3.5.5 Charger rEQUITCINIENLS .......ccuevveerieierieetieeieeerteeeeestetessesseensesesseeneensessesseeseensessesneeneens 38

3.0 POWET SAVINIE ...eeeuiiieiiieiiieeieeetteesiteeiteeseteessseeessaeessseesssaessseesssaesssaesssseessseesssesssseesssesenssennes 38

3.6.1 Minimum functionality MOdE........c..cccuvirriiieriieriieriie ettt e e e eee e e 38

3.6.2 SLEEP mode (SIow clock MOde)........cceeviiiriiiiiiiiiiieie e 39

3.6.3 Wake up the GSM part from SLEEP mode..........cccccvveviiiriieniiiiiecieee e 39

3.7 Summary of state transitions (except SLEEP mode) .........ccoocvveviiiiiiienciiiieee e 40

3.8 RTC DACKUP....eeieiiieiieeciieeite ettt eete et e st e et e ette et eessseessseesssaesssaesssseessseesssaesnsaeansaeensseanes 41

3.9 GSM Serial INLETTACE .....c.eireiiriiiriiiiieriiect ettt sttt st st e s 44

3.9.1 Function of serial port & debug port SUPPOTLING .........ccvrervieriieriieeieeeiie e 46

3.9.2 Software upgrade and Software debug..........cceocvveviiiiiiiiiiiee e 47

3.10 AUAIO INEETTACES ..o.vveeiiiiiiiiieiieeiie ettt ettt et ettt et et et e e eae 49

3.10.1 Speaker interface CONfIUIAtION.........c.cevcvierciieeiieeiieeie et re e ns 50

3.10.2 Microphone interfaces CONfigUIation...........ceevvverreeriiieeriieeiieerieesieeereeeieeeeaeenes 51

3.10.3 Earphone interface configuration ............cceccveercvieriienriieerieerieesieeseeeseeeeseveesneenns 52

3.10.4 Referenced electronic charaCteristiC.........eevueerierriirriiiriiiieiieeie ettt 52

SIM5X8C_HD_V1.01 3 25.03.2008



SIM5X8C Hardware Design A comeany of SM Tech
31T SIM ANEETTACE ....ietietieteeiiest ettt ettt ettt et et e et e s st e s aee s st e s stesstesseesneesneesneesneennes 53
3.11.1 SIM card appliCatiON .....cecueeruieriieriieriienieesieee ettt ettt ettt et eeeeaeeeaee s 53
3.11.2 Design considerations for SIM card holder...........ccccoevieniinieniinieieeceee, 55
I B O D 11113 - 1oL TSRS 57
BB ADC .ttt bttt bttt h e bt et eneen 58
3.14 General purpose input & output(GPIO) ......cccueviiriiiiiiiiceeecee e 58
3.15 Behaviors of the RI line (serial port] interface only)........cceceeverierieeiieiienieeieeieeeee 58
3.16 Network status INAICATION .......eevueiriieriieriieriieteei ettt ettt enaeeenas 60
BU17 BUZZET ettt ettt et et st bt e be e et sabeesaee st 60
4 GPS application INEETTACE. .......eecuieiieiieiieteeeee ettt e s e b e e e s snes 62
4.1 Theory Of OPETALION ....c.eiiiiiiieieeie ettt ettt et ettt st e e atesateeeeesatesaee e eseeeeae 62
4.2 TechniCal data.........cccoeiiiiiiiiiee ettt sttt s e e b b e seeeeees 63
4.3 PN dESCTIPTION. ..ceutietieiietieie ettt ettt ettt et et e eteeeteeetesatesatesatesatesateeieasneeshaeeneesseesneennes 64
4.4 Turn on the GPS PATT.....cccuiiiiiiieieee ettt sttt st s e bee e 66
4.5 The theory of the GPS RTIC CITCUIL ....cveevuiiiieiieiieie ettt 67
4.6 The theory of the RESET CirCUIt......cccuiiiiiiiiieiieiieieeie ettt 68
4.7 GPS 0Peration MOAES ........cccuerieriiiieeiie ettt skttt sttt e st e st esreesbeesaeesaeesreenes 69
4.8 Serial interface of the GPS Part.........c.cciiiiiiiiiieiieiee it 69
4.9 StArt-UpP PrOCEAUIE ... .eetieiieiiete et ettt ettt ettt eteebeestesaeesatesaeesatesneesseesaeesaeesseenseennns 70
4.9.1 COLASTATT ..ttt ettt sttt st esa et bt ebe st entesuesueennens 70
4.9.2 WATISTATT ..c..eiviiiieiieieee ettt s n et e et eea e et eeneeanesane st e sanesanesanesanesane e 70
4.9.3 HOESTATT ..c.eenteetieieeieeteee ettt ettt et et ettt et et st san e sanesanesanesanesanesaneeas 71
5 ANLENNA TNEETTACE ...e.veeiieieieeiieeiiectee ettt ettt sttt et et e et et e e bt e bee st e st enseenseenseenseenseenseennean 72
5.1 GSM ANTENNG. ...ttt ettt ettt st e e bt eesbt e e sabee st e sabe e e bt e esbeeesbbeesaneeenns 72
5.1.1 GSM ANteNNA CONMECTIOL .. u.eiiiiiiiiiieniieeeite ettt et ettt ette et e st e sbeeebaeenneeenns 72
5.1.2 GSM ANLENNA PAA ...eeiieeiteeiieiieieeieertt ettt ettt ettt ettt et e beesteeteeeeenbeeneeenee 72
5.1.3 Module RF OUIPUL POWET.....ccueeiieiieiieiieieeie ettt ettt st saeeseee e 74
5.1.4 Module RF 1eCiVe SENSTIVILY ..c..eeouieitiieiieeieeie ettt sttt sttt 74
5.1.5 Module operating freqUENCIES .........eevierierieriieriieriierieere ettt 74
5.2 GPS ADEEINNA .. uieiiiiiiiieiietee ettt 75
5.2.1 GPS Antenna CONNECHION . ........couerierieriieniieritesitesie ettt ettt ettt ete et seeeneeeeeeene 75
5.2.2 GPS Antenna Choice Consideration ..........cceeceeveereeriierienieenieenieeie e eee e eee e 76
6 Electrical, reliability and radio charaCteristiCs ...........oiverierierienienierierieseeree e 78
6.1 ADSOIULE MAXIMUIM TALNZS. ..ceuveeuvieirietieiieieete et et et et tebee bt esbeesseesaeesseesseesseesseesseesneesnns 78
6.2 OPErating teMPETALUTES .....ecuveererererrerterterteeteatestesetessaesssesseesssesseesstesssesseesseesssesseesseesses 78
6.3 POWET SUPPLY TAUNE. ..cuveetieiieiieiieieesite ettt ettt ettt ettt et e e b e beesbeesbeeses 79
6.4 CUITENTt CONSUMPLION ...evtieitieniieieeteetteteeteenteeteeteebeebeesbeesbeesseenbeenseenseenseenseenseenseenseenses 80
6.4.1 The current consumption of the GSM Part. .......cceecvereiriirieniecieeeece e 80
6.4.2 The current consumption of the GPS part ...........cooceevieniinieniiinieeeeeee 81
6.5 Electrostatic diSCRATZE. ......ccueviiiiiiiiiieeie ettt ettt ettt 84
T IMECHAIICS ...ovveniiiieiieteieeitetete ettt ettt ettt a e s bt est et e sb e e bt est et e sbeeae et e bt sbeeaeenne bt saeennenee 86
7.1 Mechanical diMENSIONS ........eecuieriieriieriieiieieeieet ettt ettt ettt ettt eab e e e eabeenbeenbesnseennes 86
7.2 Mounting the module onto the application platform............cccceecueeriiriieniienieneiereeeee 87
7.3 Board-t0-board CONMECTOT ......c.eevuiiriieriieniierieeriteste sttt ettt et e st e st esaeesseeseeesaeeses 87

SIM5X8C_HD_V1.01 4 25.03.2008



SIM5X8C Hardware Design A comeany of SM Tech
7.3.1 Mechanical dimensions of the ASTRON 1590060-09T-R..........ccccevvvrvvriiiniennnnne. 88
7.3.2 Adapter CaDIINE ...ccueeiieiieii et s &9
APPENDIX A: PIN assignment of board-to-board CONNECtOr.........c.eevveeiieriieniieiieieeeeieeieeiene 90
APPENDIX B: Reference Circuit with external MCU (GPS standalone application) ................... 92
APPENDIX C: Reference Diagram with external MCU (AGPS application)..........ccecceevueeueennnnne. 93

SIM5X8C_HD_V1.01 5 25.03.2008



SIM5X8C Hardware Design Aecmmosey of S8 Tech

Table Index

TABLE 1: RELATED DOCUMENTS .....ccoiiiiiiiiiiitieeeetee sttt 10
TABLE 2: TERMS AND ABBREVIATIONS .....ccoiiiiiiiiiiiiieiecieietenie sttt 11
TABLE 3: KEY FEATURES.......ooiiiiiii ettt s s e 15
TABLE 4: CODING SCHEMES AND MAXIMUM NET DATA RATES OVER AIR INTERFACE..17
TABLE 5: BOARD-TO-BOARD CONNECTOR PIN DESCRIPTION ......ccccccooinininiiiiieicieienenn 19
TABLE 6: OVERVIEW OF OPERATING MODES.........ccccciiiiiiiininiiiiieeceeeciese et 22
TABLE 7: AT COMMANDS USED IN ALARM MODE .......cccccoiiiiiiininieieiecieesese e 29
TABLE §8: RECOMMENDED BATTERY PROTECT CIRCUIT PARAMETER..........ccccccecvereniiine 34
TABLE 9: SPEC OF RECOMMENDED BATTERY PACK ......cccociiiiiiieiiiiieienieneeeeeeete e 34
TABLE 10: OPERATING MODES .....coooiiiiiiiiiieiene ettt st 37
TABLE 11: AT COMMAND USUALLY USED IN GHOST MODE ..........cccccceciiniiiininiinineeieeenenn 37
TABLE 12: SUMMARY OF STATE TRANSITIONS......c.coiiiiiiiiiine ettt 40
TABLE 13: PIN DEFINITION OF THE SERIAL INTERFACES ........ccccciiieiininininieinieeeeeenn 44
TABLE 14: LOGIC LEVELS OF SERTAL PORTS PINS......coooiiiiiiiitiieeecieereee e 45
TABLE 15: PIN DEFINITION OF THE AUDIO INTERFACE.......cccccoociiiiiiiiiiiiiincnineneceeeee 49
TABLE 16: MIC INPUT CHARACTERISTICS ....coooiiiiiieitieiees ittt 52
TABLE 17: SPK OUTPUT CHARACTERISTICS ......coiiiiiiiiiitieeeeeeeree st 52
TABLE 18: PIN DEFINITION OF SIM INTERFACE (BOARD-TO-BOARD CONNECTOR)......... 54
TABLE 19: PIN DEFINITION (AMPHENOL SIM CARD HOLDER).......ccccccccenininininininineeneenn 56
TABLE 20: PIN DEFINITION (MOLEX SIM CARD HOLDER)......cccccectviieiiiiiiniininineneeeeeeen 57
TABLE 21: PIN DEFINITION OF THE LCD INTERFACE .......ccccoceiiiiniiieieieicicienesene e 57
TABLE 22: ADC SPECIFICATION .....cccciiiiiiiiiiniainieieteeeteee sttt s 58
TABLE 23: PIN DESCRIPTION OF THE GPIO INTERFACE.........cccociniiiiiiiiiiiieneeneeeeeee 58
TABLE 24: BEHAVIOURS OF THE RILINE.......cccooiiiiiiiiiiiiiene e 58
TABLE 25: WORKING STATE OF THE NETLIGHT .......cccooiiiiiniiiiiciccicieeeneeeeeeeeeneene e 60
TABLE 26: BUZZER OUTPUT CHARACTERISTICS .....c.cooiiiiiiiiiiiieeececeeseee e 61
TABLE 27: PIN DEFINITION .....oociiiiiiiiiiiiiiiieiceenese ettt st e 64
TABLE 28: CONSOLIDATED PIN CHARACTERISTICS......ccccoiniiiiiieieiciecenceeeeeeeeeenne 66
TABLE 29: GPS OPERATION MODES .......ccoooiiiiiiiiiiiteeteeeee sttt 69
TABLE 30: THE GSM PART CONDUCTED RF OUTPUT POWER.........ccccccecviiiiiininininicierenn 74
TABLE 31: CONDUCTED RF RECEIVE SENSITIVITY OF THE GSM PART .........cccccecvvvenennenn. 74
TABLE 32: THE GSM PART OPERATING FREQUENCIES........ccccciniiiiieiiiiniienceeeeeecreecenne 74
TABLE 33: ABSOLUTE MAXIMUM RATINGS (GSM PART)....ccccoiniriniiieiiiciencnenceeeeeene 78
TABLE 34: ABSOLUTE MAXIMUM RATINGS (GPS PART) .....cceoiiininiiieicicieieneeeeeeeeene 78
TABLE 35: OPERATING TEMPERATURE .......cccoiiiiiiiniiieicieeee ettt 78
TABLE 36: POWER SUPPLY RATING (GSM PART)...cc.coiiiiiiiiiiiiniineceeeeeccese e 79
TABLE 37: POWER SUPPLY RATING (GPS PART) ....couiriiiiiiieiiinieneceeeeeceenese e 80
TABLE 38: CURRENT CONSUMPTION (GSM PART) ...c..coctviiiiiiiiiinieictcecceieseee e 80
TABLE 39: THE ESD ENDURE STATUE MEASURED TABLE (TEMPERATURE: 25C,
HUMIDITY: 45%0 ) oottt sttt st st st st nae 85
TABLE 40: PIN ASSIGNMENT ..ottt sttt s st 90

SIM5X8C_

HD_V1.01 6 25.03.2008



SIM5X8C Hardware Design Aecmmosey of S8 Tech

Figure Index

FIGURE 1: FUNCTIONAL DIAGRAM ......ooiiiiiiiiiinitceeeeeeese sttt 18
FIGURE 2: REFERENCE CIRCUIT OF THE VBAT INPUT ......cccceoiiiiiiiiiiiiininenecececeereeeene 23
FIGURE 3: REFERENCE CIRCUIT OF THE SOURCE POWER SUPPLY INPUT...........ccccceeveunenn 24
FIGURE 4: VBAT VOLTAGE DROP DURING TRANSMIT BURST .......ccccceviiiiiinininenecieceenn 24
FIGURE 5: TURN ON GSM PART USING DRIVING CIRCUIT .....ccccceeiiieiiiiiinienenineneeeeeenn 26
FIGURE 6: TURN ON GSM PART USING BUTTON ......cccccciriiiinininiiicieieieeiene e 26
FIGURE 7: TIMING OF TURN ON GSM PART ......cccecctiiiiiiiiiiinineneeeeeeeeece e 27
FIGURE 8: TIMING OF TURN OFF GSM PART ....c..ccciiiiiiiiiiiinieececeee e 30
FIGURE 9: TIMING OF RESTART GSM PART ......ccoooiiiiiiiiiiienineeeeceeeete et 32
FIGURE 10: BATTERY CHARGER AND PACK ....ccocoiiiiiiieieieiceeneeeteecee et 33
FIGURE 11: RTC SUPPLY FROM NON-CHARGEABLE BATTERY ......ccccoceniniiiiinininieecieeenenn 41
FIGURE 12: RTC SUPPLY FROM RECHARGEABLE BATTERY ....cccccctvviiiiiiiiieninieeceeeeeenn 42
FIGURE 13: RTC SUPPLY FROM CAPACITOR ....cc.cciiiiiiiiiiiiiiiieeieite e 42
FIGURE 14: PANASONIC EECEMOE204A CHARGE CHARACTERISTIC ......cccccoecvviviriencnnenn. 43
FIGURE 15: MAXELL TC614 CHARGE CHARACTERISTIC.....cccccoociiiiieiiiiniiencieeeceereecenne 43
FIGURE 16: SEIKO TS621 CHARGE CHARACTERISTIC ....c.ccceoiiiiiieiiiiiiiinineeeeeeeeecee 44
FIGURE 17: CONNECTION OF THE SERIAL INTERFACES ........cccccveiiiiiiiiinininiceeeeeciecne, 46
FIGURE 18: CONNECTION OF SOFTWARE UPGRADE&DEBUG ..........cccocenininininiiieicreenn 48
FIGURE 19: RS232 LEVEL CONVERTER CIRCUIT ....c..ccoiiiiiiininininiiieieieneene e 49
FIGURE 20: SPEAKER INTERFACE CONFIGURATION .....c.c.ccceoiiiiiriiieieienicneneeeee e 50
FIGURE 21: SPEAKER INTERFACE WITH AMPLIFIER CONFIGURATION .........cccecvvverennennenn. 51
FIGURE 22: MICROPHONE INTERFACE CONFIGURATION .....ccccccerimiiiiiiieieninineneereeeeenne 51
FIGURE 23: EARPHONE INTERFACE CONFIGURATION........ccceoiinirinieieieieieneneseee e 52
FIGURE 24: SIM INTERFACE REFERENCE CIRCUIT WITH 8-PIN SIM CARD ..........ccccoeveeeen 54
FIGURE 25: SIM INTERFACE REFERENCE CIRCUIT WITH 6-PIN SIM CARD ..........cccccoeveeen 55
FIGURE 26: AMPHENOL C707-10M006 512 2 SIM CARD HOLDER .......cccccccoevinininininieiennn 55
FIGURE 27: MOLEX 91228 SIM CARD HOLDER .......cccccoiiiiiiininiiniiiiicececieeseee e 56
FIGURE 28: THE GSM PART SERVICES AS RECEIVER .....cccccceoiiiiiiiciciienceececeeene 59
FIGURE 29: THE GSM PART SERVICES AS CALLER ......cccccceciniiininiiieecieeieneseee e 59
FIGURE 30: REFERENCE CIRCUIT OF NETLIGHT ......ccccceoiiiniiiniiieieieieneene e 60
FIGURE 31: REFERENCE CIRCUIT OF BUZZER .......ccccoeoiiiiiiniinieieiceeieneiene et 61
FIGURE 32: THEORY OF OPERATION......cccoiiiiiiiiiriiiieieietcenestese ettt s 62
FIGURE 33: TURN ON THE GPS MODULE ........cccoctiiiiiiiiiiiienieene et 67
FIGURE 34: THEORY OF THE GPS RTC CIRCUIT .....cccccectiiiiiinininiiieieeeieeiene e 68
FIGURE 35: THEORY OF THE RESET CIRCUIT ......c.cccieiiiiiiiinininteeeeeeeeeetese e 68
FIGURE 36: RF CONNECTOR AND RF PAD......ccccociniiiiiiiiiiieicenie sttt 73
FIGURE 37: RF CONNECTOR ....c..ooiiiiiiiiieieieeeneeet ettt sttt s s e 75
FIGURE 38: POWER DOWN MODE........ccccccoiiiiiiniinieieteceneee ettt 82
FIGURE 39: PUSH-TO-FIX MODE .......ccocctiiiiiiiiiiniiiteeeeesteee ettt st 83
FIGURE 40: POWER CONSUMPTION IN THE PTF MODE.......cccccocininiiiiiiiiieninineeeeeeeeeenn 84
FIGURE 41: MECHANICAL DIMENSIONS OF MODULE (UNIT: MM) ...oooiiieiiieieeieees 86
FIGURE 42: MECHANICAL DIMENSIONS OF MODULE PCB DECAL (UNIT: MM) .............. 87

SIM5X8C_HD_V1.01 7 25.03.2008



SIM5X8C Hardware Design A comeany of SM Tech
FIGURE 43: ASTRON1590060-09T-R BOARD TO BOARD CONNECTOR.......c.ccccceeniriinienianins 88
FIGURE 44: ASTRON BOARD TO BOARD CONNECTOR PHYSICAL PHOTO ........ccccecueeuenen. 88
FIGURE 45: MMO9329-2700B..........eettiiiiieiieitee ettt ettt sttt ettt e st e ettt et e saeenbe et e 89
FIGURE 46: RF CONNECTOR MXTK .....ccttitiitiiiiieiienieete ettt sttt et et st saee e ee e 89
FIGURE 47: PHYSICAL SIMS08C/SA8C .....ettiteetteiteiieie ettt ettt eae e nee e 91
FIGURE 48: REFERENCE CIRCUIT WITH EXTERNAL MCU (STANDALONE APPLICATION
FOR EXAMPLE) ...ttt ettt ettt st sb ettt eet e b e nbaenbees 92
FIGURE 49: AGPS CONNECTION.......ooittiitiitiientieteete ettt ettt sttt ettt st seeesae e et saee e 93

SIM5X8C_HD_V1.01 8 25.03.2008



SIM5X8C Hardware Design Acompany of SM Tech

Version History

W

Scope of the document

This document is intended for the following versions of the SI\V@GPRS&GPS modules

*SIM508C: GSM/GPRS 900/1800 MHz Version &

*SIM548C: GSM/GPRS 850/900/1800 /1900MHz Ver%
O
>
ol
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1 Introduction

This document describes the hardware interface of the SIMCom SIMS508C/548C module that
connects to the specific application and the air interface. As SIM508C/548C can be integrated
with a wide range of applications, all functional components of SIM508C/548C are described in

great detail.

This document can help you quickly understand SIM508C/548C interface speciﬁcationgﬁ%ly‘

and mechanical details. With the help of this document and other SIM5X8(C) application note
user guide, you can use SIM508C/548C module to design and set-up mobile ap@ms ickly.

1.1 Related documents

K

Table 1: Related documents

])

M;\
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o]
-_q

1.2 Terms and abbreviations

Table 2: Terms and abbreviations ((’\(t
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2 Overview

Designed for global market, SIM5X8C is a GSM/GPRS and GPS module. SIM508C with a
Dual-band GSM/GPRS engine works on frequencies EGSM 900 MHz/DCS 1800 MHz, and
SIM548C with a Quad-band GSM/GPRS engine works on frequencies EGSM 900 MHz/DCS
1800 MHz and GSM850 MHz/PCS 1900 MHz. SIM508C/548C also supports GPS technology for
satellite navigation. SIM508C/548C provides GPRS multi-slot class10 / class 8 (option)
capabilities and supports the GPRS coding schemes CS-1, CS-2, CS-3 and CS-4.

With a tiny configuration of 50mm x 33mm x 8.8mm, SIM508C/548C can meet almost all the
space requirement in your application, such as smart phone, PDA phone, GPS hand-held device
and other mobile device, or applications of AVL (Automated Vehicle Location), location service

and so on.

The physical interface to the mobile application is an 60-pin board-to-board connector, which

provides all hardware interfaces between the module and customers’ boards except the RF antenna

interface.

® The SPI display interface will give you the flexibility to develop customized applications.

®  One serial GSM port and two serial GPS pots can help you easily develop your applications.

® Two audio channels include two microphones inputs and two speakers’ outputs. These can be
easily configured by AT command.

® Charge interface

With the charge circuit integrated inside the SIM508C/548C, it is very suitable for the battery

power application,

SIM508C/548C provides GSM RF antenna interface with alternatives: antenna connector and
antenna pad. The antenna connector is MURATA MM9329-2700 RA1. And customer’s antenna
can be soldered to the antenna pad. A separate GPS antenna must be connected to the GPS part of

the module in order to properly receive satellite data.

The SIM508C/548C is designed with power saving technique, so that the current consumption of
GSM part maintains is as low as about 3mA in SLEEP mode.
The SIM508C/548C is integrated with the TCP/IP protocol, extended TCP/IP AT commands are

developed for customers to use the TCP/IP protocol easily, which is very useful for those data
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transfer applications.
The SIM508C/548C is fully RoHS compliant to EU regulation.

2.1 Key features

Table 3: Key features

SIM5X8C_HD_V1.01 15 25.03.2008
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(1) The SIM508C/548C does work, but deviations from the GSM specificati
example, both the frequency error and the phase error will be large.

Table 4: Coding schemes and maximum net data rates ove ,@Hﬁc

2.2 Functional diagra@

The SIM508C/548 e two circuits parts (GSM part and GPS part)which are place on one PCB
and have only 0 r .The following figure shows a functional diagram of the
SIM508C/ 5 ustrates the mainly functional part:

K\G§M baseband engine

as| and SRAM
® e GSM radio frequency part
® The antenna interface
® The board-to-board interface

GPS part:

® The SIRFIII GPS engine

® The GPS radio frequency part
® The antenna interface
[

The board-to-board interface
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Figure 1: Functional diagram

2.3 Evaluation board

In order to help you on the application of SIM508C/548C, SIMCom can supply an Evaluation
Board (EVB) that interfaces the SIM508C/548C directly with appropriate power supply, SIM card
holder, RS232 serial port, handset port, earphone port, antenna and all GPIO of the
SIM508C/548C.

For details please refer to the SIM508C-EVB_UGD document.
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3 GSM application interface

All hardware interfaces except RF interface that connects SIM508C/548C to the customers’
cellular application platform is through an 60-pin 1.27mm pitch board-to-board connector.

Sub-interfaces included in this board-to-board connector are described in detail in following

chapters:

® Power supply and charging control %
® GSM serial interface w

® Two analog audio interfaces /\/

® SIM interface Q

Electrical and mechanical characteristics of the board-to-board %x%eciﬁed in Chapter

6. There are also ordering information for mating connector&

3.1 Pin description @
Table 5: Board-to-Board connector pin d c
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3.2 Operating modes

The table below briefly summarizes the various operating modes referred to in the following

chapters.
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Table 6: Overview of operating modes
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GHOST Mode GHOST mode means off and charging mode. In this mode, the module can not

2 () seee

: om
SIM5X8C Hardware Design i Tecn

only parts of AT commands can be available.

(Charge-only be registered to GSM network and only limited AT commands can be
mode) accessible, the following way will launch GHOST mode:
® From POWER DOWN mode: Connect charger to the module’s VCHG pin,
and battery is present while the module is power down.
® From Normal mode: Connect charger to the module’s VCHG pin, and

battery is present, then power down the module by “AT+CPOWD=1"

Charge mode Start charging while the module is in normal mode (including: SLEEP, IDLE,
during normal TALK, GPRS IDLE and GPRS DATA)

operation

3.3 Power supply

The power supply of SIM508C/548C GSM part is from a single voltage source of VBAT=
3.4V...4.5V. In some case, the ripple in a transmitting burst may cause voltage drops when current
consumption rise to typical peaks of 2A.So the power supply must be able to provide sufficient

current up to 2A.

For the VBAT input, a local bypass capacitor is recommended. A capacitor (about 100uF, low
ESR) is recommended. Multi-layer ceramic chip (MLCC) capacitors can provide the best
combination of low ESR and small size but may not be cost effective. A lower cost choice may be
a 100 pF tantalum capacitor (low ESR) with a small (0.1 pF to 1uF) ceramic in parallel, which is
illustrated as following figure. The capacitors should put as close as possible to the module VBAT

pins.

Ca — Ce

Figure 2: Reference circuit of the VBAT input
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The circuit design of the power supply depends strongly on the power source where this power is

) seee

drained. The following figure is the reference design of +5V input source power supply. The
designed output for the power supply is 4V, thus a linear regulator can be used. If there’s a big
difference between the input source and the desired output (VBAT), a switching converter power
supply will be preferable because of its better efficiency especially with the 2A peak current in
burst mode of the module.

The single 3.6V Li-lon cell battery type can be connected to the power supply of the module
VBAT directly. But the Ni_Cd or Ni_MH battery types must be used carefully, since their

maximum voltage can rise over the absolute maximum voltage for the module and damage it.

VBAT
0201 BE
DC input [ 512V MIC29302WT
%201
S 2 outl 4 .
B _ | | ]
Y3 S EEEE
! £ cont N N
= 100uF con? —con3 F203
= e e 155
_ . e e ae

Figure 3: Reference circuit of the source power supply input

The following figure is the VBAT voltage ripple wave at the maximum power transmit phase, the
test condition is VBAT=4.0V, VBAT maximum output current =2A, C,=100uF tantalum
capacitor (ESR=0.7Q2) and Cg=1pF.

oTTus | 4. 615ms
—> ——

IvBaT | |_| |_| T Burst:2A

VBAT

|_| |_| |_| |_|_ ______ Max : 400mV

Figure 4: VBAT voltage drop during transmit burst
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3.3.1 Power supply pins on the board-to-board connector

Four VBAT pins of the board-to-board connector are dedicated to connect the supply voltage. The
VCHG pin serves as control signal for charging a Li-Ion battery. VRTC pin can be used to back
up the RTC.

3.3.2 Minimizing power losses

Please pay special attention to the supply power when you are designing your applications. Please
make sure that the input voltage will never drop below 3.4V even in a transmitting burst during
which the current consumption may rise up to 2A. If the power voltage drops below 3.4V, the
module may be switched off. So the impedance from extern power supply to module VBAT pins
should be as low as possible. When using a battery, you should also take the impedance of the
battery pack, the battery connector and PCB track on the host board into account. The PCB traces
from the VBAT pins of connector to the power source must be wide enough to ensure less voltage

drops occur in the transmitting burst mode.

3.3.3 Monitoring power supply

To monitor the supply voltage, you can use the “AT+CBC” command which include three
parameters: charging status, voltage percentage and voltage value (in mV). It returns charge state.

the battery voltage 1-100 percent of capacity and actual value measured at VBAT and GND.

The voltage is continuously measured at intervals depending on the operating mode. The
displayed voltage (in mV) is averaged over the last measuring period before the AT+CBC
command is executed.

For details please refer to document [1]

3.4 Power up and down scenarios
3.4.1 Turn on the GSM part

The GSM part of SIM508C/548C can be turned on by various ways, which are described in
following chapters:

® Via PWRKEY pin: starts normal operating mode;

® Via VCHG pin: starts GHOST modes;

® Via RTC interrupt: starts ALARM modes
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Note:

Only enter AT command through serial port after the module is power on and Unsolicited
Result Code “RDY” is received from serial port. However if autobauding is set, the serial port
will receive nothing. The AT command can be set after 2-3s from the GSM part is power on.You
can use AT+IPR=x;&W to set a fixed baud rate and save the configuration to non-volatile flash
memory. After the configuration is saved as fixed baud rate, the Code “RDY” should be
received from the serial port all the time when the GSM part is power on. Please refer to the
chapter AT+IPR in document [1].

3.4.1.1 Turn on the GSM part using the PWRKEY pin (Power on)

You can turn on the GSM part of the module by driving the PWRKEY to a low level voltage for some
time and then release. This pin is pulled up to VBAT in the module. The maximum current that
can be drained from the PWRKEY pin is 0.4mA. The simple circuit illustrates as the following

figures.

PWRKEY

L

L

4.7K
_,_\_ _

Turn on impulse

Figure 5: Turn on GSM part using driving circuit

S1
PWRKEY

;
——O O >
| L
= TVS1

Figure 6: Turn on GSM part using button

The power on scenarios illustrates as following figure.
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VBAT
Pulldown > 2s
\ O Hiz
| L
PWRKEY | V> 0.6“VBAT
(INPUT) | V, <0.2*VBAT

VDD_EXT
(OUTPUT)

|
T
\

Figure 7: Timing of turn on GSM part

When power on procedure complete, the GSM part of SIMS08C/548C will send out following
result code to indicate the module is ready to operate, and STATUS pin will drive to 2.8V and

keep this level when in work mode.

RDY
Only set baud rate that serial port can send out “RDY”, if set auto-baud rate, serial port will send

nothing.
3.4.1.2 Turn on the GSM part using the VCHG signal

As described in chapter 3.5, charger can be connected to the GSM part of the module’s VCHG pin

regardless of the module’s operating mode.

If the charger is connected to the module’s VCHG pin while the GSM part of the module is in
POWER DOWN mode, it will go into the GHOST mode (Off and charging). In this mode, the
module will not register to network, and only a few AT commands can work in this mode. For

detailed information please refers to chapter 3.5.4.

When the module is powered on using the VCHG signal, the GSM part of the module sends out

result code as following when fixed baud rate:

RDY
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GHOST MODE

+CFUN: 0
In GHOST mode, by driving the PWRKEY to a low level voltage for some time (Please refer to
the power on scenarios in 3.4.1.1), the GSM part of SIM508C/548C will power up and go into
charge mode (charging in normal mode), all operation and AT commands can be available. In this

case, the GSM part of SIM508C/548C will send out result code as following:

From GHOST MODE to NORMAL MODE

3.4.1.3 Turn on the GSM part using the RTC (Alarm mode)

Alarm mode is a power-on approach by using the RTC. The alert function of RTC makes the
GSM part of the module wake up while the module is power off. In alarm mode, the GSM part of
the module will not register to GSM network and the software protocol stack is close. Thus the
parts of AT commands related with SIM card and Protocol stack will not accessible, and the

others can be used as well as in normal mode.

Use the AT+CALARM command to set the alarm time. The RTC remains the alarm time if the
GSM part of the module is power down by “AT+CPOWD=1" or by PWRKEY pin. Once the
alarm time is expired and executed, the GSM part of the module will go into the Alarm mode. In

this case, the GSM part of the module will send out an Unsolicited Result Code (URC):

RDY
ALARM MODE

During alarm mode, use AT+CFUN command to query the status of software protocol stack; it
will return 0 which indicates that the protocol stack is closed. Then after 90s, the GSM part of the
module will power down automatically. However, during alarm mode, if the software protocol is
started by AT+CFUN=1 command, the process of automatic power down will not be available. In
ALARM mode, driving the PWRKEY to a low level voltage for a period will cause the GSM part

of the module to be powered down (Please refer to the power down scenario ).

The table follow briefly summarizes the AT commands that are used usually during alarm mode,

for details of the instructions refer to document [1]:
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Table 7: AT commands used in Alarm mode

AT command USE

AT+CALARM Set alarm time

AT+CCLK Set data and time of RTC
AT+CPOWD Power down

AT+CFUN Start or close the protocol stack

3.4.2 Turn off the GSM part

Following procedure can be used to turn off the GSM part of SIM508C/548C:

® Normal power down procedure: Turn off the GSM part of SIM508C/548C using the
PWRKEY pin

® Normal power down procedure: Turn off the GSM part of SIMS508C/548C using AT
command

® Over-voltage or under-voltage automatic shutdown: Take effect if over-voltage or
under-voltage is detected

® Over-temperature or under-temperature Automatic shutdown: Take effect if over-temperature

or under-temperature is detected

3.4.2.1 Turn off the GSM part using the PWRKEY pin (Power down)

You can turn off the GSM part of SIM508C/548C by driving the PWRKEY to a low level voltage

for some time. Please refer to the turn on circuit. The power down scenarios illustrate as figure 4.

This procedure lets the module log off from the network and allows the software to enter into a

secure state and save data before completely disconnecting the power supply.

Before the completion of the switching off procedure the module will send out result code:

NORMAL POWER DOWN

After this moment, the AT commands can’t be executed. The module enters the POWER DOWN
mode, only the RTC is still active. POWER DOWN can also be indicated by STATUS pin, which

is a low level voltage in this mode.
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1000ms > Pulldown > 500mg Logout net about 2000ms to 8000ms
PWRKEY < } 4 }
(INPUT) '_.IEL.Z_.
AN Vir>0.6*VBAT |
%JSO.Z*VBAT /
STATUS
(OUTPUT)

Figure 8: Timing of turn off GSM part

3.4.2.2 Turn off the GSM part using AT command

You can use an AT command “AT+CPOWD=1" to turn off the module. This command lets the
module to log off from the network and allows the GSM part to enter into a secure state and save

data before completely disconnecting the power supply.

Before the completion of the switching off procedure, the module will send out result code:

NORMAL POWER DOWN

After this moment, the commands can’t be executed. The GSM part enters the POWER DOWN
mode, only the RTC is still active. POWER DOWN can also be indicated by STATUS pin, which

is a low level voltage in this mode.

Please refer to document [1] for detail about the AT command of “AT+CPOWD”.

3.4.2.3 Over-voltage or under-voltage automatic shutdown

The module will constantly monitor the voltage applied on the VBAT, if the voltage << 3.5V, the
following URC will be presented:
UNDER-VOLTAGE WARNNING
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If the voltage = 4.5V, the following URC will be presented:
OVER-VOLTAGE WARNNING

The uncritical voltage range is 3.4V to 4.6V. If the voltage = 4.6V or < 3.4V, the module will

be automatic shutdown soon.

If the voltage < 3.4V, the following URC will be presented:
UNDER-VOLTAGE POWER DOWN

If the voltage = 4.6V, the following URC will be presented:
OVER-VOLTAGE POWER DOWN

After this moment, no further more AT commands can be executed. The module logs off from
network and enters POWER DOWN mode, and only the RTC is still active. POWER DOWN can

also be indicated by STATUS pin, which is a low level voltage in this mode.

3.4.2.4 Over-temperature or under-temperature automatic shutdown

The GSM part will constantly monitor the temperature of the module, if the temperature is equal
or higher than 85°C, the following URC will be presented:
+CMTE: 1

If the temperature < -40°C, the following URC will be presented:
+CMTE:-1

The uncritical temperature range is -45°C to 90°C. If the temperature > 90°C or < -45°C, the

module will be automatic shutdown soon.

If the temperature > 90°C, the following URC will be presented:
+CMTE:2

If the temperature < -45°C, the following URC will be presented:
+CMTE:-2

After this moment, the AT commands can’t be executed. The module logs off from network and
enters POWER DOWN mode, and only the RTC is still active. POWER DOWN can also be
indicated by STATUS pin, which is a low level voltage in this mode.
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To monitor the temperature, you can use the “AT+CMTE” command to read the temperature when

the module is power on.

For details please refer to document [1]

3.4.3 Restart the GSM part using the PWRKEY pin

You can restart the module by driving the PWRKEY to a low level voltage for some time, the

same as turning on the module using the PWRKEY pin. Before restarting the module, you need

delay at least 500ms from detecting the STATUS low level on. The restarting scenarios illustrates

as the following figure.

Turn off
PWRKEY |«

Delay > 500ms

Restart

(INPUT)

VDD_EXT
(OUTPUT)

V, <0.3*VDD_EXT

Pull down the PWRKEY
to turn on the module

Figure 9: Timing of restart GSM part

3.5 Charging interface

The GSM part of the module has integrated a charging circuit for Li-Ion batteries charging control,

which make it very convenient for applications to manage their battery charging.

A common connection is shown in the following figure:

SIM5X8C_HD_V1.01
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YCHG
MODULE YEAT

Battery Pack

TENP_EAT —
Rrsur
thermistor
1

Figure 10: Battery charger and pack

The TEMP_BAT function should be supported by the software in the module. It’s a customization
function. The Rrgpp is @ NTC thermistor. We recommend to use NCP15XH103F03RC from
MURATA. The impedance of the NTC thermistor is 10Kohm in 25°C. Please refer to the above
figure for the reference circuit.

3.5.1 Battery pack characteristics

The GSM part of the module has optimized the charging algorithm for the Li-Ion battery that
meets the characteristics listed below. To use the GSM part of the module’s charging algorithm
properly, it is recommended that the battery pack you integrated into your application is compliant
with these specifications. The battery pack compliant with these specifications is also important
for the AT command “AT+CBC” to monitor the voltage of battery, or the “AT+CBC” may return

incorrect battery capacity values.

® The maximum charging voltage of the Li-lon battery pack is 4.2V and the capacity is
recommended to 580mAh. The capacity of battery packs down to 580mAh or more than
580mAh are allowed, too.

® The battery pack should have a protection circuit to avoid overcharging,overdischarging and
over-current. This circuit should be insensitive to pulsed current.

®  On the GSM part of the module, the build-in power management chipset monitors the supply
voltage constantly. Once the Under-voltage is detected, the GSM part of the module will
power down automatically. Under-voltage thresholds are specific to the battery pack.

® The internal resistance of the battery and the protection circuit should be as low as possible.
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It is recommended that the battery internal resistance should not exceed 70mQ and the
internal resistance include battery and protection circuit of battery pack should not exceed
130mQ.

® The battery pack must be protected from reverse pole connection.

® The Li-Lon/Polymer battery charge protect parameter is required as following table

Table 8: recommended battery protect circuit parameter

3.5.2 Recommended battery pack

Following is the spec of recommended battery pac\(%

Table 9: Spec of recommended battery p
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B N
3.5.3 Implemented charging technique :@’
nc

The GSM part of the module includes th

r battery charging. There are three pins in the

connector related with the battery charging function: VCHG, VBAT and TEMP_ BAT pins. The
VCHG pin is driven by an exte ge, this pin can be used to detect a external charger

supply and provide most ch

charging is in fast cha

\ rrent through the GSM part of the module to battery when
ge state. The module VBAT pin give out charging current from the GSM

part of the module al battery. TEMP_BAT pin is used for measuring the battery

temperature. ,:i pin open if battery temperature measuring is not your concern.

So it isv%’ ple to implement charging technique, you need only connect the charger to the
p

a C

d connect the battery to the VBAT pin.

VC}%
&b:it e GSM part of the module detected the charger supply and the battery are both present,
b

harging will happen. If there is no charger supply or no battery present, the charging will

not be enabled.

Normally, there are three main states in whole charging procedure.

® DDLO charge and UVLO charge;

® Fast charge;

®  Trickle charge;
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DDLO charge and UVLO charge:

DDLO (deep discharge lock out) is the state of battery when its voltage under 2.4V. And UVLO
(under voltage lock out) means the battery voltage less than 3.2V and more than 2.4V. The battery
is not suitable for fast charge when its condition is DDLO or UVLO. The GSM part of the module
provides a small constant current to the battery when the battery is in DDLO or UVLO. In DDLO
charge, The GSM part of the module gives out SmA current to the battery. And in UVLO charge,
The GSM part of the module provide about 30mA current to the battery.

DDLO charge terminated when the battery voltage reaches 2.4V. UVLO charge terminated when
the battery voltage is up to 3.2V. Both DDLO and UVLO charge are controlled by the GSM part

of the module hardware only.

Fast charge:

If there is a charger supply and battery present and the battery is not in DDLO and UVLO, the
GSM part of the module will enter fast charge state. Fast charge controlled by the software. Fast
charge delivers a strong and constant current (about 450mA) through VBAT pin to the battery

until battery voltage reach 4.2V.

Trickle charge:
After fast charging, the battery voltage is approach the whole battery capacity voltage, trick charge

begins .in this state, the GSM part of the module charge the battery under constant voltage.

3.5.4 Operating modes during charging

The battery can be charged during various operating mode. That means that when the GSM engine
is in Normal mode (SLEEP, IDLE, TALK, GPRS IDLE or GPRS DATA mode), charging can be
in progress while the GSM part of the module remains operational (In this case the voltage supply

should be sufficient). Here we name Charging in Normal mode as Charge mode.

If a charger is connected to the module’s VCHG pin and the battery is connected to the VBAT pin
while the GSM part of the module is in POWER DOWN mode, the GSM part of the module will
go into the GHOST mode (Off and charging). The following table gives the difference between
Charge mode and GHOST mode.
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Table 10: operating modes

I..Q

NY
Note: Q\/

VBAT can not provide much m n 5mA current while the module is during the DDLO

charge state. In other word{ itis gly recommended that VBAT should not be the main
bsystem while the module is during the DDLO charge state.

power supply in the applicati

Table 11; @nd usually used in GHOST mode
N\

D

ol
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3.5.5 Charger requirements %)

Following is the requirements of charger for the GSM part %ﬂe.

- Simple transformer power plug @

- Output voltage: 5.0V-5.25V Q

- Charging current limitation: 650mA

- A 10V peak voltage is allowed for um 1ms when charging current is switched off.
- A 1.6A peak current is allowe aximum 1ms when charging current is switched on.

There are

is used %% odule into minimum functionality mode and DTR hardware interface signal can be
1

or the module to enter into low current consumption status. “AT+CFUN”

4
us e %tem to be in SLEEP mode (or slow clocking mode).
Y

bﬁnimum functionality mode

Minimum functionality mode reduces the functionality of the module to a minimum and, thus,
minimizes the current consumption to the lowest level. This mode is set with the “AT+CFUN”
command which provides the choice of the functionality levels <fun>=0, 1, 4

®  (: minimum functionality;

® [: full functionality (default);
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® 4: disable phone both transmit and receive RF circuits;

If the GSM part of the module has been set to minimum functionality by “AT+CFUN=0”, then the
RF function and SIM card function will be closed. In this case, the serial port is still accessible,

but all AT commands need RF function or SIM card function will not be accessible.

If the GSM part of the module has been set by “AT+CFUN=4”, the RF function will be closed,
the serial port is still active. In this case but all AT commands need RF function will not

accessible.

After the GSM part of the module has been set by “AT+CFUN=0" or “AT+CFUN=4", it can
return to full functionality by “AT+CFUN=1"

For detailed information about “AT+CFUN?”, please refer to document [1].

3.6.2 SLEEP mode (slow clock mode)

We can control the GSM part of the module to enter or exit the SLEEP mode in customer

applications through DTR signal.

When DTR is in high level and there is no on air and hardware interrupt (such as GPIO interrupt
or data on serial port), the GSM part of the module will enter SLEEP mode automatically. In this

mode, the GSM part of the module can still receive paging or SMS from network.

In SLEEP mode, the serial port is not accessible.

Note: For some special software versions, it requests to set AT command “AT+CSCLK=1" to
enable the sleep mode; the default value is 0, that can’t make the module enter sleep mode. For

more details please refer to our AT command list.

3.6.3 Wake up the GSM part from SLEEP mode

When the GSM part of the module is SLEEP mode, the following method can wake up the module
® Enable DTR pin to wake up the GSM part of the module
If DTR pin is pull down to a low level, this signal will wake up the GSM part of the module

from power saving mode. The serial port will be active after DTR changed to low level for
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about 40ms.
® Receiving a voice or data call from network to wake up the GSM part of the module
® Receiveing a SMS from network to wake up the GSM part of the module
® RTC alarm expired to wake up the GSM part of the module

Note: DTR pin should be held low level during communicating between the module and DTE.

3.7 Summary of state transitions (except SLEEP mode)

Table 12: Summary of state transitions I
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3.8 RTC backup ,\/

The RTC (Real Time Clock) power supply of module can be provided by an external capacitor or
a battery (rechargeable or non-chargeable) through 11 on the board-to-board connector. There
is a 10K resistance has been integrated in the the module used for limiting current.

You need only a coin-cell battery or a supeiéﬁ 11 to backup power supply for RTC.
a

Note: The VRTC couldn’t be desig pin in your circuit. You should connect the
VRTC pin to a battery or a capaciv%
The following figures show %)js:ample circuits for RTC backup.

&\ N» ___________________ VRO RTC

C Non-chargeable _+
i Backup Battery —7—

Figure 11: RTC supply from non-chargeable battery
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module
VRTC 10K RTC
e
...................................... + \D_ Core
Rechargeable —:
Backup Battery __I
Figure 12: RTC supply from rechargeable battery
module
VRTC 10K RTC
....................................... ( >—
. + N Core
Large—capacitance [
Capacitor -T

Figure 13: RTC supply from capacitor

® Li-battery backup
Rechargeable Lithium coin cells such as the TC614 from Maxell, or the TS621 from Seiko, are
also small in size, but have higher capacity than the double layer capacitors resulting in longer

backup times.

Typical charge curves for each cell type are shown in following figures. Note that the rechargeable

Lithium type coin cells generally come pre-charged from the vendor.
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Charger Characteristic

0 20 40 60 80 100 120

Time (min)

Figure 14: Panasonic EECEMOEZ204A Charge Characteristic

Charge characteristic

VRTC (V)

0 5 10 15 20 25
Time (hrs)

Figure 15: Maxell TC614 Charge Characteristic
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Charger Characteristic
2 I s
19 —
1.7 e
1.6 e
S 1s5f ]
o T
'5-‘ 1.4 /

Time (hrs)

Figure 16: Seiko TS621 Charge Charajﬂisgb\)
Note: @

Gold-capacitance backup
Some suitable coin cells are the electric doa‘%l/ capacitors available from Seiko (XC621),

or from Panasonic (EECEMOE204A f%ha a small physical size (6.8mm diameter) and a
i rs of backup time.

nominal capacity of 0.2F to O.3F:
3.9 GSM Serial i rfaceQ)
Table 13: Pin r@ of the serial interfaces

m—
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The GSM part of the module provides two unbalanced asynchronous serial ports. One is the serial
port and another is the debug port. The GSM part is designed as a DCE (Data Communication
Equipment), following the traditional DCE-DTE (Data Terminal Equipment) connection.The
module and the client (DTE) are connected through the following signal (as following figure
shows). Autobauding supports baud rate from 4800bps to 115200bps.

Serial port ‘\%}

® TXD: Send data to the RXD signal line of the DTE
® RXD: Receive data from the TXD signal line of the DTE Q
Debug port

® DBG TXD: Send data to the /RXD signal line of the DTE \)
® DBG RXD: Receive data from the /TXD signal line of the TE%
The logic levels are described in following table &

Table 14: Logic levels of serial ports pins &
£

N
&>
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MODULE (DCE) CUSTOMER (DTE)
Serial port Serial portl
TXD TXD
RXD >< RXD
RTS = RTS
CTS p CTS
DTR |- DTR
DCD » DCD
RI —» RI
Debug port Serial port2
DBG TXD >< /TXD
DBG_RXD /RXD

Figure 17: Connection of the serial interfaces

Note: The RTS PIN must be connected to the GND in the customer circuit when only the TXD
and RXD are used in the Serial Port communication.

3.9.1 Function of serial port & debug port supporting

Serial port
® Secven lines on serial port.
® Contains data lines TXD and RXD, State lines RTS and CTS, Control lines DTR, DCD and
RI.
® Serial port can be used for CSD FAX, GPRS service and send AT command of controlling
module. Supports only basic mode of multiplexing so far.
® Serial port supports the communication rates as following:
300, 1200, 2400, 4800, 9600, 19200, 38400, 57600, 115200 Default as 115200bps.
® Autobauding supports baud rates as following:
4800, 9600, 19200, 38400, 57600 and 115200bps.
Autobauding allows the GSM engine to automatically detect the baud rate configured in the host
application. The serial port of the GSM engine supports autobauding for the following baud rates:
4800, 9600, 19200, 38400, 57600, 115200bps. Factory setting is autobauding enabled. This gives
you the flexibility to put the GSM engine into operation no matter what baud rate your host

application is configured to. To take advantage of autobauding mode, specific attention should be
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paid to the following requirements:
Synchronization between DTE and DCE.

When DCE powers on with the autobauding enabled, it is recommended to wait 2 to 3 seconds
before sending the first AT character. After receiving the “OK” response, DTE and DCE are

correctly synchronized.

Restrictions on autobauding operation

® The serial port has to be operated at 8 data bits, no parity and 1 stop bit (factory setting).

® The Unsolicited Result Codes like "RDY", "+CFUN: 1" and "+CPIN: READY” are not
indicated when you start up the ME while autobauding is enabled. This is due to the fact that
the new baud rate is not detected unless DTE and DCE are correctly synchronized as

described above.

Note: You can use AT+IPR=x;&W to set a fixed baud rate and save the configuration to
non-volatile flash memory. After the configuration is saved as fixed baud rate, the Unsolicited
Result Codes like ""RDY"" should be received from the serial port all the time that GSM part of
the module is power on.

Debug port

® Two lines on Debug port

® Only contains Data lines /TXD and /RXD

® Debug Port only used for debugging. It cannot be used for CSD call, FAX call. And the
Debug port can not use multiplexing function. It doesnot support autobauding function.;

® Debug port supports the communication rate as following:
9600, 19200, 38400, 57600, 115200bps (default)

3.9.2 Software upgrade and software debug

The TXD. RXD. DBG TXD. DBG RXD. GND must be connected to the IO connector when
user need to upgrade software and debug software, the TXD. RXD should be used for software
upgrade and the DBG TXD. DBG RXD for software debugging. The PWRKEY pin is
recommended to connect to the IO connector. The user also can add a switch between the
PWRKEY and the GND. The PWRKEY should be connected to the GND when the module is

upgrading software. Please refer to the following figures.
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MODULE (DCE) CUSTOMER (DTE)

Serial port
RXD RXD

PWRKEY —C/ Q:L

Figure 18: Connection of software upgrade

MODULE (DCE) CUSTOMER (DTE)

Debug port
DBG TXD >< TXD
DBG RXD RXD

Figure 19: Connection of software debug

The serial port and the debug port don’t support the RS232 level and it only supports the CMOS
level. Please refer to the table of Logic levels of serial ports pins for details about the voltage level.
You should add the level converter IC between the DCE and DTE. If you connect it to the

computer. Please refer to the following figure.
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Figure 20: RS232 level converter circuit

Note: For detail information about serial port application, please refer to document [12]

3.10 Audio interfaces

Table 15: Pin definition of the Audio interface

(AIN1/AOUT1)

(AIN2/AOUT2)

Name Pin
MICI1P 42
MICIN 44
SPK1P 41
SPKIN 43
MIC2P 46
MIC2N 48
SPK2P 45
SPK2N 47

Function
Microphonel input +
Microphonel input -
Audiol output+
Audiol output-
Microphone?2 input +
Microphone?2 input -
Audio2 output+

Audio2 output-

The module provides two analogy input channels, AIN1 and AIN2, which may be used for both

microphone and line inputs. The electret microphone is recommended when the interface is used
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for microphone. One of the two channels is typically used with a microphone built into a handset.
The other channel is typically used with an external microphone or external line input. The
module analogy input configuration is determined by control register settings and established

using analogy multiplexers.

For each channels, you can use AT+CMIC to set the input gain level of microphone, use
ATHSIDET to set the side-tone level. In addition, you can also use AT+CLVL to adjust the output
gain level of both receiver and speaker at the same time, use AT+CHFA to activate one of the two

audio channels and deactivate the other one.. For more details, please refer to document [1].

Note: Use AT command AT+CHFA to select_audio channel:
0— AIN1/AOUT1 (normal audio channel), the default value is 0.
1— AIN2/AOUT2(aux_audio channel) .

It is suggested that you adopt the one of the following two matching circuits in order to improve
audio performance. The difference audio signals have to be layout according to difference signal
layout rules. As show in following figures (Note: all components package are 0603.) If you want
to adopt an amplifier circuit for audio, we recommend National company’s LM4890. Of course

you can select it according to your requirement.

3.10.1 Speaker interface configuration

Close to speaker

— GNI =

\I
Mifferential layoul

i

1{Ipl 53pF

module &

TSFExN 10

e

o

-
i,

— GHD -

Figure 21: Speaker interface configuration
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Close to speaker

=r}
=

=

b1
Differential lavout ‘ h

L
i |

3apF ESD

10pF
' AT

Amplifier
Circuit

3a0F

module |

>

——1J 10pF

I = -
— = =

SPE=l |
n | I
SPKxN I_I
! . . 50
- 10pF HipF Tl
LY )
| GME =
= = ey

Figure 22: Speaker interface with amplifier configuration

3.10.2 Microphone interfaces configuration

Close to
Microphone

(Diffarential la}'out\' | |

Electret
‘—O Microphone

TT
T T
= — 11

Figure 23: Microphone interface configuration

SIM5X8C_HD_V1.01 51 25.03.2008




. =1l Com
SIM5X8C Hardware Design Acompany of SM Tech

3.10.3 Earphone interface configuration

( N . N
Close to Socket
Close to MODULE Differential
layout GED GED GND
33pF 33pF
MIC2N
1 wicep -
= | ¢
) 68R
(]
[
5 N
o]
1uF 10R
SPK2P a ° Py Py 3
= Tr Y
AGND 33pF 10pF, 2 ¥ /\ r )
1
33pF 33pF Amphenol
9001+8905-050
AGND — — — = = AGND
GND  GND

q GND GND ) % GND P,
Figure 24: Earponfiguration

3.10.4 Referenced electronic characteris

Table 16: MIC Input Charact@

%

h

Table 17: SPK Output Characteristics

52
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3.11 SIM interface %)

3.11.1 SIM card application

You can use AT Command to get information in SI . For more information, please refer to

document [1]. Q

The SIM interface supports the functionali %GSM Phase 1 specification and also supports
the functionality of the new GSM + specification for FAST 64 kbps SIM (intended for use
with a SIM application Tool@

Both 1.8V and 3.0V Cards are supported.

The SIM in@owered from an internal regulator in the module having normal voltage 3V.

All pin%‘ tputs driving low. Logic levels are as described in table18
, Y
Beside the

interface pin, there are also a SIM card holder in the module. The customer can

i he?;he SIM card holder in the module or the SIM interface pin.
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Table 18: Pin definition of SIM interface (board-to-board connector)

Pin  Signal Description
17 SIM_VDD SIM Card Power supply, it can identify automatically the SIM
Card power mode, one is 3.0V+10%, another is 1.8V=10%.
Current is about 10mA.

19 SIM RST SIM Card Reset
21 SIM _DATA SIM Card data I/O
23 SIM CLK SIM Card Clock

15 SIM_PRESENCE SIM Card Detection

Following is the reference circuit about SIM interface. We recommend an Electro-Static discharge

device ST (www.st.com ) ESDA6V1WS5 or ON SEMI (www.onsemi.com ) SMF05C for “ESD

ANTT”.

The SIM_PRESENCE pin is used for detecting the SIM card removal. You can use the AT
command “AT+CSDT” to set the SIMCARD configuration. For detail of this AT command,

please refer to document [1]:

You can select the 8-pins SIM card holder. The reference circuit about 8 pins SIM card holder

illustrates as following figure.

SIM VDD
ISIM_RST | Svee s .
odule  |SM-CLK e R A I
SIM_PRESENCE r 8 {pRESENCE =
MOLEX—91338
SIM_DATA

/1 1’1 1 /1 SMFO5C

Figure 25: SIM interface reference circuit with 8-pin SIM card

If you don’t use the SIM card detection function, you can let the SIM_PRESENCE pin, connect to

the GND. The reference circuit about 6 pins SIM card illustrate as following figure.
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C707-10M008 512 2
STM VDD
STM_RST * W gy O
e @ RST o VPP—
module A 5™ (LK ® ax T DATA
TSIM DATA : —

1M _PRESENCE

SMFOSC

Figure 26: SIM interface reference circuit with 6-pin SIM card

3.11.2 Design considerations for SIM card holder

For 6-pin SIM card holder, we recommend to use Amphenol C707-10M006 512 2 .You can visit

http://www.amphenol.com for more information about the holder.

/ﬂl NG ACCIROING 10 G5 11,00

I ——I5 [

. . 30,1 -
76,50
:‘ﬂlﬁm\ OPTIONAL WX ES FOR PROGOCTION LINE //_mmm
o — \T x T
) - S [gﬁrmll =
c3 -i I’ c7 : d\ X ’IHLntim |
:? Ei :EG: C6 o : i F —] E @ @ }
- 4 3.5 = == 3| 55
mi 19 S 4B R Em T EIG;
T v | O e
S . 1 , R ! LR ”
! e l o | Se— | S - CONER LOCED
OOVER (ML20GT | Z
o I :‘%%mmwnwm~ i
= (uax. 30,1)

on dar O/MENSIEN ONCF
SUKTNG LOCKING DRURRATION

Figure 27: Amphenol C707-10M006 512 2 SIM card holder
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Table 19: Pin definition (Amphenol SIM card holder)

Pin Signal

C1 SIM_VDD
c2 SIM_RST
C3 SIM_CLK
C5 GND

C6 VPP

C7 SIM_DATA

Description

SIM Card Power supply, it can identify automatically the SIM

Card power mode, one is 3.0V+10%, another is 1.8V+10%.

Current is about 10mA.
SIM Card Reset.

SIM Card Clock.
Connect to GND.

Not connect.

SIM Card data I/0.

For 8-pin SIM card holder, we recommend to use Molex 91228.You can visit

http://www.molex.com for more information about the holder.

NOTE 3
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Table 20: Pin definition (Molex SIM card holder)

~

3.12 LCD interface ‘s

The GSM part of the module provides a serial L interface that supports serial

communication with LCD device. These are composite pins that can be used as GPIO ports or
LCD display interface according to y ication. When use as LCD interface, the following
table is the pin description. LCD‘Q iming should be united with the LCD device.

Table 21: Pin definition of the LCD interface

Note: This function is not supported in the default firmware. There must be some special
firmware if you want. Please contact SIMCom for more details.
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3.13 ADC

The GSM part of the module provide two auxiliary ADC (General purpose analog to digital
converter.) as voltage input pin, which can be used to detect the values of some external items
such as voltage. temperature etc. User can use AT command “AT+RADC” to read the voltage

value added on ADCO pin. For detail of this AT command, please refer to document [1].

Table 22: ADC specification

(1): ADC accuracy 12bits.

3.14 General purpose input & output (GP%
Table 23: Pin description of the GPIO inte Q

-—_

Note: This function is not supported in the default firmware. There must be special firmware if
you require. PI% SIMCom for more details.

O
3.1;@&&6 of the RI line (serial portl interface only)

24: Behaviours of the RI line
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If the module is used as caller, the RI on the board-to-boa (c&gtor. However when it is used as

receiver, following is timing of RI.

RI
HIGH ! | | 1
| | | |
| | | |
| | | |
| | |
LW | A S : :
Power on Ring ; ang on R i
[ 1 £ (talking M) oM Ring
Hai % Hang up
igure 29: The GSM part Services as Receiver
‘§)
N
RI
ow 4 4y
Power on calling Echo talking Hang up R calling Echo  Hang up

Figure 30: The GSM part Services as caller

SIM5X8C_HD_V1.01 59 25.03.2008



SIM5X8C Hardware Design P comoies f SM Toch

3.16 Network status indication

The NETLIGHT on the board-to-board connector can be used to drive a network status indication
LED lamp. The working state of this pin is listed in table;

Table 25: Working state of the NETLIGHT

State The GSM part of SIM508C/548C function

Off The GSM part of the module is not running

64ms On/ 800ms Off The GSM part of the module does not find the network
64ms On/ 3000ms Off The GSM part of the module find the network

64ms On/ 300ms Off GPRS communication

We provide a reference circuitry for you, shown as the following figure:

VBAT

HTINAON

NETLIGHT C

Figure 31: Reference circuit of NETLIGHT

3.17 Buzzer

The BUZZER on the board-to-board connector can be used to drive a buzzer to indicate incoming
call. The output volume of buzzer can be set by “AT+CRSL”. The reference circuit for buzzer
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shown as following figure:

VBAT

dT1NAON

4. 7K
BUZZER [ ,\)

Figure 32: Reference circuit of BH@)

Table 26: Buzzer Output Characteristics
AN
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4 GPS application interface

A GPS receiver with high performance has been integrated to offer GPS full function, it
continuously tracks all satellites in view and provides accurate satellite position data. Otherwise,
the GPS part can run separately even while the GSM part of SIM508C/548C has been deregistered

form the GSM network.

4.1 Theory of operation

The theory of operation is shown in the following figure:

LART
Lk .

o oas s “ DATA
RF Section |C——) hannel I::’ CTIRE I:' 0l : /

Figure 33: Theory of operation

The Module’s GPS part is designed to use L1 Frequency (C/A Code) GPS receiver and performs
the entire GPS signal processing, from antenna input to serial position data output.

The processing steps involved are:

RF section

In the RF section the GPS signal detected by the antenna is amplified, filtered and converted to an
intermediate frequency (IF). An A/D converter converts the analogue intermediate frequency into

a digital IF signal.

GPS channels

The received digital IF signal bit stream is passed to the baseband section, where it is fed into the
correlators. The function of the correlators are to acquire and track the satellite signals. There are
12 channels used in parallel, with each correlator looking for a characteristic PRN code sequence
in the bit stream. Once the correlator has found a valid signal, pseudo range, carrier phase and

orbit information can be extracted from the GPS signal.
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GPS CORE
The on-board processor is running an algorithm that calculates the position, velocity and time.
This calculation is called navigation solution. Once the navigation solution is calculated, it can be

transformed into the desired coordinate system, e.g. Latitude/Altitude.

DATA OUT

The data of the navigation solution are available at the serial RS-232 interface.

4.2 Technical data

Power consumption
180mW with active antenna (continuous mode),
150mw with Passive antenna (continuous mode)

Push-to-Fix reduces power by as much as 98%

Note: The operation of Push-to-Fix mode please refer to document [2].

Protocols

SiRF binary/NMEA-0183

AI3/F (SIRF Interface) for AGPS
RTCM (for DGPS)

Position accuracy

Autonomous: < 10m

SBAS (WASS, EGNOS: <5m)
Beacon DGPS: <3m

Receiver

Tracking: L1, C/A code

Channels: 20

Update rate: Default 1 Hz

Tracking Sensitivity: -157 + 2 dBm (refer to note)
Max. Altitude: <60.000 ft (18,000 m)

Max. velocity: <1.000 knots (515 m/s )

Protocol support: NMEA-0183, SiRF binary
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Acquisition rate

Standalone

Hotstart: < 1 seconds, open sky
Warmstart: < 38 seconds, open sky

Coldstart: <42 seconds, open sky

AGPS %
GSM or 3G: <Is, open sky \)
GSM or 3G: <24s, indoor AQ/V\/

CDMA: <Is, open sky

CDMA: <18s, indoor \)
Note: x; !
1) The receiver sensitivity above-mentioned is mostly :@t na reference point, such as

the antenna type, the antenna amplifier, the cust ication or the placement and the

applied reference setup and so on.

2) AGPS: This function needs more supp t@w the mobile telecommunication network.
AGPS support, based on the AGPS fi re. the standard version of the firmware in the
module does not support AGPS. %

4.3 Pin description Q)Q

Table 27: Pin definit
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Table 28: Consolidated PIN Characteristics
A .

QY
4.4 Turn on the GPS part %

To turn on the GPS module, the GPS_VCC %i)er than 2.3V, and should be kept on for

220ms at least. The theory of turning or@nzi following figure:

N\
§®

14

S
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Voltage M

GPS VCC
3.3V
|
2.3V I
GPS OFF I GPS ON
|- - - - - _ _ _ _ _ _ _ _ _
I
I
«—————
220mS
RESET signal |
I
I
I
| GPS_BOOTSEL
‘ &
0 time

Figure 34: Turn on the GPS module

4.5 The theory of the GPS RTC circuit

The RTC is very important for the GPS module, because the data kept in the SRAM is depended
on the VRTC. Please keep the VRTC on if you want to use the function of hotstart, warmstart, or
Push-To-Fix mode. There is a RTC LDO in our SIM508C/548C module; it can provide 1.5V

voltage to the SRAM. The theory of RTC circuit is shown in the following figure:
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MODULE
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8.3 10K 24 10K S ouT
+
BATTERY —— ]
1 SR RIC
= o |1

SRAM

Figure 35: Theory of the GPS RTC circuit

4.6 The theory of the RESET Circuit

There is a RESET IC in the module’s GPS part. If the input of the reset IC is lower than 2.3V, the
“reset” pin will keep low; then the input voltage is higher than 2.3V, the RESET IC will output a

low level voltage for about 220mS as a reset signal. After that the reset output pin will be kept
high. So, if the user wants to reset the module’s GPS part, the GPS_M-RST should be pulled
down longer than 10ms, and then pull it up. The theory of the RESET Circuit is shown in the

figure:

MODULE
GPS_M-RST A v RESET
1K
D——A -
L g—_ RESET
GPS_VCC 1K |, . = 1

GPS
CORE

Figure 36: Theory of the RESET circuit
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4.7 GPS operation modes

Table 29: GPS operation modes

4. %Srkerface of the GPS part

%P part of the module offers two serial interfaces, Allows for different protocols to operate

on each port.

For example:

Serial port A

® 2-wire serial interface

® Includes the GPS_RXA (receive) and TXA (transmit) lines

®  Supported baud rate: 1200 -115200bps, but 4800 - 38400bps is a common rate range
®  Protocol: Default NMEA ,4800bps
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® Default output message: GGA,GSA, GSV,RMC,VTG
® Update rate: Default 1Hz
® Datum WGS84 default (User configurable)

Serial port B

® 2-wire serial interface

® Includes the GPS RXB(receive) and GPS_TXB (transmit) lines
®  Supported baud rate: 1200— 115200 bps
[

Protocol: Default none

Notes:

1. Both interfaces are configured as 8 data bits, no parity and 1 stop bit..

2. The serial ports also can be configured to adapt to customer specific applications, such as for
DGPS, and so on. More detail please contact with SIMCom Itd.

3. We can also help the user to change the protocol and baud rate of the two serial ports by

different firmware. For more detail please contact SIMCom Ltd.

4.9 Start-up procedure

The start-up strategy of the module’s GPS part depends on the last position, current time and
ephemeris data, that the receiver has stored the external SRAM memory. There are three different

start-up procedures:
4.9.1 Coldstart

The coldstart takes place when the receiver has no knowledge of its last position or time. In this
case the GPS RTC has not been running and no valid ephemeris data or almanac data is available

(The receiver has never been navigating or no battery backup memory available).
4.9.2 Warmstart

This start-up procedure is performed whenever the receiver is able to use the valid almanac data,
and has not in an important manner moved since the last valid position calculation. This procedure
starts if the receiver has been shut off for more than 2 hours, but the last position, time and
almanac are still acknowledged. This procedure is able to announce the current visible satellites in
advance. However, since ephemeris data are not available or cannot longer be used, the receiver

has to wait for the ephemeris broadcast to complete.
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4.9.3 Hotstart

Hotstart is performed whenever the receiver still has access to valid ephemeris data and exact time.
This procedure starts if the receiver has been shut off for less than 2 hours and the GPS RTC has
been running during that time. Furthermore, during the previous session, the receiver must have
been navigating (to allow it to decode and store ephemeris data). In Hotstart, the receiver can
announce in advance the currently visible satellites, and is therefore able to quickly obtain and
track the signal. Due to the fact that ephemeris is already known, there is no need to wait for the

ephemeris broadcast to complete.
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5 Antenna interface

5.1 GSM Antenna

The RF interface has an impedance of 50Q. To suit the physical design of individual applications

the module offers alternatives:

® Recommended approach: antenna connector on the component side of the PCB

® Antenna pad and grounding plane placed on the bottom side.

To minimize the loss on the RF cable, it need be very careful to choose RF cable. We recommend
the insertion loss should be meet following requirement:

® GSMS850/GSM900<0.5dB

® DCS1800/PCS1900<1.0dB

5.1.1 GSM Antenna connector

The module use MURATA’s MM9329-2700 RA1 RF connector on the module side, we
recommend user use MURATA’s MXTK92XXXXX as matching connector on the application side.
Please refer to appendix for detail info about MURATA’s MXTK92XXXXX.

5.1.2 GSM Antenna pad

The antenna can be soldered to the pad, or attached via contact springs. To help you to ground the
antenna, The module comes with a grounding plane located close to the antenna pad. The antenna

pad of the module is shown as the following figure:
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Figure 37: RF connector and RF pad

The GSM part of SIM508C/548C material properties:
PCB Material: FR4
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Antenna pad: Gold plated pad

5.1.3 Module RF output power

Table 30: The GSM part conducted RF output power

e e wn
me mDoom

5.1.4 Module RF receive sensitivity \)

Table 31: Conducted RF receive sensitivity of the GS I&/

5.1.5 Module operating frequencies

%art operating frequencies
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5.2 GPS Antenna

5.2.1 GPS Antenna Connection

As same as the GSM antenna interface, the module also offer two alternative methods for

customer to install the GPS antenna.

The first method, and which is our recommended method, is installing GPS antenna via a proper
Microwave Coaxial Cable and connect to the antenna connector of the module provided. About

the connector’s type and the matched Microwave Coaxial Cable, please refer to the section 5.1.1.

The second method of installing the GPS antenna is soldering the GPS antenna on the GPS
antenna pad of the module provided. The antenna pad’s structure is similar to the GSM Antenna
pad which is refered in section 5.1.2. The GND pad, which close to the GPS antenna pad, is
provided to customer for soldering the Microwave coaxial cable’s outer conductor with the
module’s GND. The location of the GPS Antenna Connector and GPS antenna pad can be found

in the following figure.

GPS Antenna GPS Antenna
Pad Connector

w
=
=
-
. @m
g
3] )
-—
9
L
.‘.>|
]
]
o
T
=
7]

Figure 38: RF connector
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5.2.2 GPS Antenna Choice Consideration

To obtain excellent GPS reception performance, a good antenna will always be required. The
antenna is the most critical item for successful GPS reception in a weak signal environment.
Proper choice and placement of the antenna will ensure that satellites at all elevations can be seen,
and therefore, accurate fix measurements are obtained. Most customers contract with antenna
design houses to properly measure the radiation pattern of the final mounted configuration in a
plastic housing with associated components near the antenna. Linear antennas are becoming more
popular, and the gain is reasonable, since a smaller ground plane can be used. Chose a linear
antenna with a reasonably uniform hemispherical gain pattern of >-4dBi. Use of an antenna with
lower gain than this will give less than desirable results. Please note that a RHCP antenna with a
gain of -3dBic, equates to a linear polarized antenna of -0dBi. Proper ground plane sizing is a
critical consideration for small GPS antennas. Proper placement of the GPS antenna should always

be the FIRST consideration in integrating the GPS Module.

If the customer’s design will allow for a ceramic RHCP patch antenna with an appropriately sized
ground plane, and the patch is normally oriented towards the sky, then that particular solution
usually works the best. Please note that if the patch antenna ground plane is less than 60x60mm,
then compromises to the beam width and gain pattern could result. Usually the gain becomes very
directional, and looses several dB of performance. Since results can vary, measuring the antenna

radiation pattern in the final housing in an appropriate anechoic chamber will be required.

Some customers do not have the size availability to implement a patch antenna approach. In that
instance, use of a Linear Polarized (LP) antenna is the next best alternative. There are new ceramic
LP antennas on the market that exhibit reasonable gain characteristics once properly mounted in
the housing, and when mated to an appropriate sized ground. That is the key point to consider here.
“When mated to an appropriate sized ground”.

Usually, the ground plane requirements are smaller for a LP antenna when compared to a patch,
but once again, proper testing in an anechoic chamber is a mandatory requirement. These ceramic
elements will need to be located near the end of the ground plane, and will require several mm of

clearance between the closest component.
It is important to note that use of a LP antenna will result in a minimum of 3dB of gain loss when
compared to a RHCP antenna at a defined elevation. This is due to the right hand gain rule of

antenna propagation.
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Use of PIFA antenna is another LP possibility, but the PIFA usually exhibits a considerable
amount of gain nulls, or “holes” in the radiation pattern. This will be undesirable for obtaining a
low circular error probability (CEP), since the antenna may not allow the receiver to capture the
desired satellite at the ideal orientation due to these noted gain nulls.

Once again, careful testing in an appropriate anechoic chamber is required.

If the customer’s design is for automotive applications, then an active antenna can be used and

located on top of the car in order for guarantee the best signal quality.

Here are two GPS antenna manufacturers be recommended, you can visit their websites for details,

http://www.inpaq.com.tw and http://www.passivecomponent.com. But the GPS antenna choice

should base on the designing product and other conditions.
For detailed Antenna designing consideration, please refer to related antenna vendor’s design

recommendation. The antenna vendor will offer further technical support and tune their antenna

characteristic to achieve successful GPS reception performance depends on the customer’s design.
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6 Electrical, reliability and radio characteristics

6.1 Absolute maximum ratings

Absolute maximum rating for power supply and voltage on digital and analog pins of

SIMS508C/548C are listed in table 33 and table 34.

Table 33: Absolute maximum ratings (GSM part)

2

)

‘\i)\w
Table 34: Absolute maximum ratings?ffga»rt;
AN

JEN

6.2 Oper eratures
<\
The &%&emperature is listed in table35:

35: Operating temperature

§’

* The module does work, but deviations from the GSM specification may occur, For example, the
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frequency error or the phase error will be large.

6.3 Power supply rating

Table 36: Power supply rating (GSM part)

Parameter Description

VBAT Supply voltage

Voltage
during

burst

drop

transmit

Voltage ripple

IVBAT Average

current)

SIM5X8C_HD_V1.01

supply

Conditions Min

Voltage must stay within the 3.4
min/max  values, including

voltage drop, ripple, and spikes.

Normal  condition,  power

control level for Pout max

Normal  condition, power
control level for Pout max

@ f<200kHz

@ >200kHz

POWER DOWN mode
SLEEP mode
( BS-PA-MFRMS=5 )
IDLE mode (Not connect
console)
EGSM 900
DCS 1800/ PCS 1900

IDLE mode (connect console)
EGSM 900
DCS 1800/ PCS 1900

TALK mode
EGSM 900
DCS 1800/ PCS 1900

DATA mode, GPRS(3 Rx,2Tx)
EGSM 900
DCS 1800/ PCS 1900

79

Typ
4.0

35
2.5

23
23

33
33

260
200

470
340

Max Unit
4.5 A%
400 mV
50 mV
2
uA
mA
mA
mA
mA
mA
25.03.2008
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DATA mode, GPRS(4 Rx,1Tx)

EGSM 900 275 mA
DCS 1800/ PCS 1900 220
Peak supply Power control level 2 3.1 A
current (during
transmission
slot every 4.6ms)
Table 37: Power supply rating (GPS part)
Parameter Description Conditions Min Typ Max Unit
GPS_VCC  Supply voltage 3.0 33 5 Vv
IGPS VCC Average supply Continuous mode (with antenna 65 110 mA

current feeding on GPS VCC_RF)

Note: Basing on current standard GSW3 soft version, the power saving mode of GPS part is not
available, that results 65 mA IGPS_VCC remained while the GPS receiver is running in normal

mode.

6.4 Current consumption

6.4.1 The current consumption of the GSM part.

Table 38: Current consumption (GSM part)

Voice Call

EGSM 900/EGSM 850 @power level #5 <350mA, Typical 260mA
@power level #10,Typical 130mA

@power level #19,Typical 86mA

DCS 1800/ PCS 1900 @power level #0 <300mA, Typical 200mA
@power level #10,Typical 87mA

@power level #15,Typical 80mA

GPRS Data

EGSM 900/ EGSM 850 @power level #5 <350mA, Typical 260mA
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@power level #10,Typical 125mA
@power level #19,Typical 84mA

DCS 1800/ PCS 1900

EGSM 900/EGSM 850

@power level #0 <300mA,Typical 200mA
@power level #10,Typical 83mA
@power level #15,Typical 76mA

@power level #5 <550mA,Typical 470mA
@power level #10,Typical 225mA
@power level #19,Typical 142mA

DCS 1800/ PCS 1900

EGSM 900/EGSM 850

@power level #0 <450mA,Typical 340mA
@power level #10,Typical 140mA
@power level #15,Typical 127mA

@power level #5 <350mA,Typical 270mA
@power level #10,Typical 160mA
@power level #19,Typical 120mA

DCS 1800/ PCS 1900

@power level #0 <300mA,Typical 220mA
@power level #10,Typical 120mA
@power level #15,Typical 113mA

Class 10 is default set when the module work at data translation mode, the module can also work

at class 8 set by AT command.

6.4.2 The current consumption of the GPS part

To save more current consumption, we suggest the user to design their system in one of the two

modes: 1. Power Down mode; 2.Push-To-Fix mode

6.4.2.1 Power down Mode

The circuit of this mode is shown in the figure:

SIM5X8C_HD_V1.01
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Figure 39: Power Down mode

GPS VOO

MODULE

When the user wants to save more current consumption of the GPS part, he can pull down the

POWER_CTRL of the MCU to stop the LDO outputting. And this operation will cut off the

power of the GPS part. Note that the VRTC must be kept on.

6.4.2.2 Push-To-Fix mode

The circuit of this mode is shown in figure 39.
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GPS_M-RST I GPS M ORST
MCU
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Figure 40: Push-To-Fix mode

The user can also save power by sending the “Push-To-Fix” command to the GPS part of the

module.

The Push-to-Fix mode puts the receiver into a background duty cycle mode that provides a
periodic refresh of position, GPS time, ephemeris, and RTC calibration every 10 seconds to 2

hours. Typical PTF operation is illustrated in Figure 39.

The PTF period is 30 minutes by default but can be anywhere between 10 seconds and 2 hours.
When the PTF mode is enabled, upon power on or a new PTF cycle, the receiver will stay on full
power until the good navigation solution is computed. The stand-by state will follow for the
remainder of the period. If it took 36 seconds to fix position and refresh ephemeris on the default
period of 30 minutes, the receiver will sleep for the 29 minutes and 24 seconds. When the
application needs a position report, it can toggle the GPS_M-RST pin to wake up the receiver.

When the receiver wakes up, it can produce a valid position in the normal hot-start time.
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Power consumption in the PTF mode

Again, a typical setting of 1800 seconds PTF interval is considered.

Assuming it takes 8 seconds to compute a good position since the start of a cycle, the average

current and power consumption of each typical cycle is:

lavg = (65 mA * 8160 ms + 1 mA * 1791840 ms) / 1800 seconds = 1.290 mA

Pavg=3.3 V * 1.290 mA =4.257 mW

Curment(mA)

Powerdn /

Note:

<

Figure 41: Power consumption in the PTF mode
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1. When the user wants to use Power Down mode or Push-To-Fix mode, the RTC battery must

be 2.5V+.1f the RTC battery level is lower than 2.5V, the module will not go into PTF mode.

2. Push-To-Fix mode is only available in protocol of :SiRF binary, please refer to the document

[2].

6.5 Electrostatic discharge

The GSM engine is not protected against Electrostatic Discharge (ESD) in general. Therefore, it is

subject to ESD handing precautions that typically apply to ESD sensitive components. Proper

ESD handing and packaging procedures must be applied throughout the processing, handing and

operation of any application using a SIM508C/548C module.

The measured values of SIM508C/548C are shown as the following table:
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Table 39: The ESD endure statue measured table (Temperature: 25°C, Humidity: 45% )
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7 Mechanics

This chapter describes the mechanical dimensions of SIM508C/548C.

7.1 Mechanical dimensions

Following shows the Mechanical dimensions of SIM508C/548C.

Figure 42: Mechanical dimensions of module (Unit: mm)
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Figure 43: Mount the module (Unit: mm)
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Figure 44: Mechanical dimensions of module PCB decal (Unit: mm)

7.2 Mounting the module onto the application platform

Use the connector ASTRON1491060-09T-R and four pads to fix the SIM508C/548C onto

customer platform.

7.3 Board-to-board connector

We recommend ASTRON Company’s1491060-09T-R and 1590060-09T-R as the board-to-board
connector. These high density SMT connectors are designed for parallel PCB-to-PCB

applications.
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7.3.1 Mechanical dimensions of the ASTRON 1590060-09T-R
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Figure 45: ASTRON1590060-09T-R Board to Board connector
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Figure 46: ASTRON Board to Board connector physical photo

Note: The connector ASTRON ASTRON1491060-09T-R is used in pin side (SIM508C/548C
module) and 1590060-09T-R is used in socket side (user side).
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7.3.2 Adapter cabling

(R0.15) 0.15:0.03 _,
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(in mm)
Figure 47: MM9329-2700B
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Figure 48: RF connector MXTK

For more information about the connector, please visit http://www.murata.com/
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APPENDIX A: PIN assignment of board-to-board connector

Table 40: Pin assignment

PINNO. | PINNAME 110 PINNO. | PIN NAME 1/0
1 GND 2 VBAT |

3 GND 4 VBAT |

5 GND 6 VBAT |

7 GND 8 VBAT |

9 ADCO | 10 VCHG |
11 VRTC 1/0 12 VCHG |
13 PWRKEY | 14 TEMP BAT |
15 SIM _PRESENCE | | 16 NETLIGHT o)
17 SIM_VDD o) 18 BUZZER o)
19 SIM_RST o) 20 STATUS o)
21 SIM_DATA 10 22 GPIOI1 1/0
23 SIM_CLK o) 24 DISP_CS o)
25 DCD o) 26 DISP_CLK o)
27 DTR | 28 DISP_DATA 1/0
29 RXD | 30 DISP_D/C o)
31 TXD o) 32 DISP_RST o)
33 RTS | 34 GPIOO 1/0
35 CTS o) 36 DBG_RXD |
37 RI o) 38 DBG_TXD o)
39 AGND 40 AGND

41 SPK 1P o) 42 MIC1P |
43 SPKIN o) 44 MICIN |
45 SPK2P o) 46 MIC2P |
47 SPK2N o) 48 MIC2N |
49 GPS_M-RST | 50 GPS BOOTSEL | |
51 GPS_TXA o) 52 EPS—TIMEMAR ©
53 GPS_RXA | 54 GPS_WAKEUP | |
55 GPS_TXB o) 56 GPS_VCC_RF o)
57 GPS_RXB | 58 GPS_VANT |
59 GPS_VRTC | 60 GPS_VCC |
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The following figure is a top-view of SIM508C/548C module. With the indication of Pin 1, 2, 59
and 60.
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Figure 49: physical SIM508C/548C
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APPENDIX B: Reference Circuit with external MCU (GPS standalone application)
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Figure 50: Reference Circuit with external MCU (standalone application for example)
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APPENDIX C: Reference Diagram with external MCU (AGPS application)

The next Figure shows the connection for AGPS application ,DISP_DATA pin is used for TX and
DISP_D/C for RX. For details please refer to SIM508 AGPS application note document.

RXDl1 4 TXD
TXDI - RXD
DISP_DATA
DISP D/C
22R % 7R
GPS TXB
MCU

—» | GPS RXB
The Module

RXD2 < GPS TXA

TXD2 > GPS RXA

Figure 51: AGPS connection
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