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Abstract

This document describes the features andntegration of the
LEONG100/G200 Quad Band GSM/GPRS data and voice modules
The LEONG100/G200 are complete and cost efficient solutions
bringing full feature Quad Band GSM/GPRS data and voi
transmission technabgy in a compact form factor.
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Preface

u-blox Technical Documentation

As part of our commitment to customer support, ublox maintains an extensive volume of technical
documentation for our products. In addition to our product-specific technical data sheets, the following manuals
are available to assist #blox customers in product design ad development.

AT Commands Manual: This document provides the description of the supported AT commands by the LEON
GSM/GPRS Voice and Data Modules to verify all implemented functionalities.

System Integration Manual: This Manual provides hardware design Btructions and information on how to
set up production and final product tests.

Application Note: document provides general design instructions and information that applies to all-blox
Wireless modules. See SectioRelated documentsfor a list of Application Notes related to your Wireless
Module.

How to use this Manual

The LEONG100/G200 System Integration Manualprovides the necessary information to successfully design in
and configure these ublox wireless modules.

This manual has a modular structure. It is not necessary to read it from the beginning to the end.
The following symbols are used to highlight impatant information within the manual:

& An index finger points out key information pertaining to module integration and performance.

& A warning symbol indicates actions that could negatively impact or damage the module.

Questions
If you have any questionsabout u-blox Wireless Integration, please:
Read this manual carefully.
Contact our information service on the homepagenttp://iwww.u -blox.com
Read the questions and answers on our FAQ database on the homepalg://www.u -blox.com

Technical Support

Worldwide Web

Our website (vww.u -blox.com) is a rich pool of information. Product information, technical documents and
helpful FAQ can be accessed 24h a day.

By E-mail
Contact the nearest of the Technical Support offices by email. Use our service pool email addresses rather than
any personal email address of our staff. This makesure that your request is processed as soon as possible. You
will find the contact details at the end of the document.
Helpful Information when Contacting Technical Support
When contacting Technical Support please have the following information ready:

Module type (e.g. LEONG100) and firmware version

Module configuration

Clear description of your question or the problem

A short description of the application

Your complete contact details

GSM.G1-HW-09002-D Preliminary Preface
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1 System description

1.1 Overview

LEONG100/G200 GSM/GPRS moduteintegrate a full-featured Release 99 GSMGPRS protocol stackwith the
following main characteristics.

Quad band support: GSM 850 MHz, EGSM 900 MHz, DCS 1800 MHz and PCS 1900 MHz

Power class 4 (33 dBm ominal maximum output power) for GSM/EGSM bands

Power class 1 (30 dBm nominal maximum output power) for DCS/PCS bands

GPRS multslot class 10

All GPRS coding schemes from CS1 to CS4 are supported

GPRS bit rate: 85.6 kis (max.), 53.6 ki#s (typ.) indown-link; 42.8 kb/s (max.), 26.8 ki#s (typ.) in uplink
CS (Circuit Switched) Data calls are supported in transparent/non transparent mode up to 9.6/&b
Encryption algorithms A5/1 for GSM and GPRS support

Bearer service fax Group 3 Class 2.0 support

Class B Mobile Stations (i.e. the data module can be attached to both GPRS and GSM services, using one
service at a time)

Network operation modes | to Il are supported
PBCCH/PCCCH logical channels supported, CB@&teption when PBCCH supported

Paging messagedor GSM calls can optionally be monitored during GPRS data transfer in nobordinating
network operation mode NOM IHII.

GPRSmulti-slot class determines the maximum number of timeslots available for upload and download and thus
the speed at which datacan be transmitted and received: higher classes typically allow faster data transfer rates.
GPRS multslot class 10 uss a maximum of 4 slots in download (reception) and 2 slots in upload (transmissign)
with 5 slots in total.

The network automatically configures the number of timeslots usedfor reception or transmission(voice calls
take precedence over GPRS trafficThe network also automatically configure channel encoding(CS1 to CS4)

The maximum GPRS bit rate of thenobile station depends on the ©ding scheme and number of time slots

GSM.G1-HW-09002-D Preliminary System description
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1.2 Architecture
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Figure 1: LEON-G100 block diagram
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Figure 2: LEON-G200 block diagram
GSM.G1-HW-09002-D Preliminary System description
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1.2.1 Functional blocks

LEONG100/G200 modulesconsist ofthe following functional blocks
RF
Baseband
Power Management

1211 RF
The RMblock is composedof the following main elements:

RF transceiver(integrated in the GSM/GPRS single chipperforming modulation, up-conversion of the
baseband I/Q signalsdown-conversion and demodulation of the RF received signal§he RF transceiver
includes:

Constant gain directconversion receiver with integrated LNAS;

Highly linear RF quadrature demodulator;
Digital SigmaDelta transmitter modulator;
FractionalN SigmaDelta RF synthesizer;
3.8 GHz VCO;

Digital controlled crystal oscillator.

Transmit module, which amplifies thesignals modulated by the RF transceiver and connects the single
antenna input/output pin of the module to the suitable RX/TX pathyiaits integrated parts:
Power amplifier;

Antenna switch;
RX diplexer SAWband passilters

26 MHz crystal, connected to he digital controlled crystal oscillator to perform the clock reference in active
or connected mode

1.2.1.2 Baseband
The Basebandblock is composed of the following main elements:

Baseband integrated in the GSM/GPRS single chip¢luding:
Microprocessor

DSP(for GSM/GPRS Layer 1 and audio processjng
Peripheral blockdfor parallel control of the digital interfaces;
Audio analog front-end,;

Memory system in a multichip package integratng two devices:
NOR flash nonvolatile memory;

PSRAM volatile memory;

32.768 kHz crystal, connected to the oscillator of the RTC to perform the clock reference in idle or power
off mode.

1.2.1.3 Power Management

The Power Managementblock is composed of the following main elements:
Voltage regulators integrated in the GSM/GPRS&ngle chip for direct connection to battery
Charging control circuitry.

1.2.2 Hardware differences between LEON -G100 and LEON-G200
Hardware differences between the LEOM5100 and the LEONG200 modules:
Charging control circuitryis availableon the LEONG200 module only
ADC input is provided on the LEON5100 module only

GSM.G1-HW-09002-D Preliminary System description
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1.3 Pin-out
Tablel describes thepin-out of LEONG100/G200 modules,with pins grouped by function.

Function

Power

RF

Audio

Pin
VCC

GND

V_BCKP

VSIM

V_CHARGE-
(LEON-G200)

CHARGE_SENSE
(LEON-G200)

ANT
HS_DET
12S_WA

(LEON-G200)

12S_TXD
(LEON-G200)

12S_CLK
(LEON-G200)

12S_RXD
(LEON-G200)

HS_P

SPK_P

SPK_N

GSM.G1:HW-09002-D

No
50

1, 3,6,
7,8, 17,
25, 36,
45, 46,
48, 49

35

a7

18

26

27

28

29

37

38

39

I/0
[

N/A

110

110

LEONG100/G200 - System Integration Manual

Description

Module Supply

Ground

Real Time Clock supply

SIM supply

Charger voltage supply
input

Charger voltage
measurement input

RF antenna

Headset detection input

12S word alignment

12Stransmit data

12S clock

12Sreceive data

First speaker output
with low power single-
ended analog audio

Second speaker output
with high power
differential analog audio
Second speaker output
with power differential

Preliminary

Remarks

Clean and stable supply is required: lowipple and
low voltage drop must be guaranteed.

Voltage provided has to be always above the
minimum limit of the operating range.

Consider that there are large current spike in
connected made, when a GSM call is enabled.
See sectionl.5.2

GND pins are internally connected but good (low

impedance) external ground can improve RF
performances

V_BCKP = 2.0V (typical) generated by the module
to supply Real Time Clock when VCC supply
voltage is within valid operating range.

See sectionl.5.4

SIM supply automaically generated by the

module.

See section1.10

V_CHARGE and CHARGE_SENSE must be
externally connected.

The external supply used as charging source must
be voltage and currentlimited. See sectionl.5.3
V_CHARGE and CHARGE_SENSE must be
externally connected.

The externalsupply used as charging source must
be voltage and current limited.

See sectionl.5.3

50 Q nominal impedance.
See sectionl.8

Internal active pultup to 2.85 V enabled.
See sectionl.9.1.3

12S Interface: see sectio.9.2. Checkdevice
specificationsto ensure compatibility of supported
modes to LEONG100/G200 module. Add a test
point to provide access to the pin for debugging.

12S Interface: see sectio.9.2. Check device
specifications to ensure compatibility of supported
modes to LEONG200 module. Add a test point to
provide access to the pin for debugging.

12S Interface: see sectioi.9.2. Check device
specifications to ensure compatibility of supported
modes to LEONG200 module. Add a test point to
provide access to the pin for debugging.

12S Interface: see sectiofi.9.2. Internal active pult
up to 2.85 V enabled. Check device specifications
to ensure compatibility of sypported modes to
LEOMG200 module. Add a test point to provide
access to the pin for debugging.

This audio output is used when audio downlink
path i seBNpimakD or DMc
Audio pin: see section1.9.1

This audio output is used wien audio downlink
path is DL.Audidpip seadecionD
191

This audio output is used when audio downlink
path i s DL.Audidpip seadecionD

Systemdescription
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Function

SIM

UART

DDC

ADC

GPIO

System

Reserved

Table 1: LEON-G100/G200 pin -out

Pin

MIC_BIAS2

MIC_GND2
MIC_GND1

MIC_BIAS1

SIM_CLK
SIM_IO
SIM_RST

DSR
RI

DCD
DTR

RTS

CTS
TxD

RxD
SCL

SDA

ADC1
(LEON-G100)

GPIO1

GPIO2
PWR_ON

RESET_N
Reserved
Reserved
Reserved
Reserved
(LEON-G100)
Reserved
(LEON-G100)
Reserved
(LEON-G100)
Reserved
(LEON-G100)
Reserved
(LEON-G100)

GSM.G1:HW-09002-D

No

41

42

43

44

32

33

34

10
11
12

13

14
15

16
30

31

20
21
19

22
23
24
40

26

27

28

29

I/0

/0

O

— 00O

110

110

/10
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Description
analog audio output

Second microphone
analog signal irput and
bias output

Second microphone
analog reference

First microphoneanalog
reference

First microphoneanalog
signal input and bias
output

SIM clock

SIM data

SIM reset

UART data set ready
UART ring indicator
UART data carrier detect
UART data terminal
ready

UART ready to send

UART clear to send
UART transmitted data

UART received data
12C bus clock line

12C bus data line

ADC input

GPIO

GPIO
Poweron input

External reset input

Preliminary

Remarks
1.9.1

This audio input is used when audio uplink path is
set as DHeads.dAudioMi:see opt
section1.9.1

Local ground of second microphone. Audio pin:
see sectionl.9.1

Local ground of the first microplone. Audio pin:
see section1.9.1

This audio input is used when audio uplink path is
setasDHands et MiAudiopmitseen e D
section1.9.1

SIM interface: see sectiori.10. Must meet SIM
specifications

SIM interface: see sectiori.10. Internal 4.7k pulk
up to VSIM. Must meet SIM specifications

SIM interface: see sectiorl.10. Must meet SIM
specifications

See sectionl.11.1. Control convention of the pins
See sectionl.11.1. Control convention of the pins
See sectionl.11.1. Control convention of the pins
Internal active pultup to 2.85 V enabled.

See sectionl.11.1. Control convention of the pins

Internal active pultup to 2.85 V enabled.

See sectionl.11.1. Control convention of the pins
See sectionl.11.1. Control convention of the pins
Internal active pultup to 2.85 V enabled.

See sectionl.11.1. Control convention of the pins
See sectionl.11.1. Control convention of the pins
Fixed open drain. External pull -up required.
See sectionl.11.2

Fixed open drain. External pull -up required.
See sectionl.11.2

Resolution: 12 bits. See sectiof.12; consider that
the impedance of this input changes depending
on the operative mode

See sectionl.13. Add a test point to provide
access to the pin for debugging.

See sectionl.13

PWR_ON pin has high input impedance.

Do not keep floating in noisy environment:
external pull -up required. See sectionl.6.1

See sectionl.6.3
Do not connect
Do not connect
Do not connect
Do not connect

Do not connect. Add a test point to provide access
to the pin for debugging.

Do not connect. Add a test point to provide access
to the pin for debugging.

Do not connect. Add a test point to provide access
to the pin for debugging.

Do not connect. Add a test point to provide access
to the pin for debugging.

System description
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1.4 Operating modes

LEONG100/G200 - System Integration Manual

LEONG100/G200 modules include several operating modeseach have different features and interfaces.Table2
summarizes the various operating modes and provides general guidelines for operation.

General Status

Powerdown

Normal operation

GSM.G1:HW-09002-D

Operating Mode
Not-Powered Mode

PowerOff Mode

Idle-Mode

Active-Mode

Description

VCC supply not presenir
below normal operating range
Microprocessor notoperating.
RTConly operatesif supplied
through V_BCKP pin.

VCC supply within normal
operating range.
Microprocessornot operating.
Only RTCQruns.

Microprocessor runs with 32
kHz as reference oscillator.
Module does notaccept data

signals from an external device.

Microprocessor runs with 26
MHz as reference oscillator.
The module is prepared to
accept data signals from an
external device.

Preliminary

Features / Remarks

Module is switched off.

Module cannot be switched onby a falling edge provided on
the PWR_ON input, neither by gresetRTC alarmpr a rising
edge to a valid voltage for charger detection provided on the
V_CHARGE and CHARGE_SENSE isput

Application interfacesnot accessible.

Internal RTC timer operagsonly if a valid voltage is applied
to V_BCKP pin.

Any external signal connected to UART I/F, 12S IHS_DET,
or a GPIO must be set low or tristated to avoid an increase
of module power-off consumption.

Module is switched off: rormal shutdown after sending the
AT+CPWROFF comman(@efer to u-blox AT Commands
Manual [2]).

Module can be switched onby a falling edge provided on
the PWR_ON input, by a preset RTC alarm, or by a rising
edge to a valid voltage for charger detection provided on the
V_CHARGE and CHARGE_SENSE inputs.

Application interfacesare not accessible.

Only the internal RTC timern operation.

Any external signal connected to the UART I/F, 12S I/F,
HS_DET pinor a GPIO must be set low or trstated to avoid
an increase of the module poweroff consumption.

Module isswitched on and is in idle mode i(e. power saving
/ sleep mode.

Application interfaces disabled.

Module by default automaticaly entersidle mode whenever
possible,unlessthis mode isdisabled by gpropriate AT
command (refer to u-blox AT Commands Manual[2]).

If module is registeredwith the network, it automatically
entersidle mode and periodically wakes up to active mode
to monitor the paging channel for the paging block
reception according to network indication.

If module is not registeredwith the network, it automatically
goes in idle mode and periodically wakes up to monitor
external activity

Module wakes upfrom default idle mode to active mode if
an RTC alarm occurs.

Module wakes up from default idle mode to active mode
when data received onUART interface with HW flow control
enabled.

Module wakes up from default idle mode toactive mode if a
voice or data callincoming.

Module wakes up from default idle mode toactive mode
when the RTS input line is set to the ON state by the DTE if
the AT+UPSV=2 command is sent to the module (feature not
enabled by default).

The hardware flow control output (CTSline) indicates when
the module is in idle (power saving mode): thdine is driven
in the OFF state when the module is not prepared to accept
data signals.

Module is switched on andis fully active: power saving is not
enabled.

The application interfaces are enabled.

System description
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General Status

Charging
(LEONG200 only)

Operating Mode

Connected-Mode

Precharge mode

Chargemode

Description

Voice or data call enabled.
Microprocessor runswith 26
MHz as reference oscillator.
Module is prepared to accept
data signals from an external
device.

Battery connected to VCC
Battery voltage level is below
the VCC normal operating
range.

Charger connected to
V_CHARGE and
CHARGE_SENSE inputs with
proper voltage and current
characteristics.

Charging of the deeply
discharged battery issnabled
while the module is switched
off.

Battery connected to VCC.
Batteryvoltage level is within
the VCC normal operating
range.

Charger connected to
V_CHARGE and
CHARGE_SENSE inputs with
proper voltage and current
characteristics.

Charging processenabled while
the module is switched on and
normal operations are enabled.

Table 2: Module operating modes summary

GSM.G1:HW-09002-D

Preliminary

LEONG100/G200 - System Integration Manual

Features / Remarks

The module is switched on and avoice call or a data call
(GSM/GPRS in progress.

Module is fully active.

Application interfaces are enabled.

When call terminates,module returns to the last operating
state (ldle or Active).

Module is switched offand cannot be switched on(not
powered mode).

The PreCharge phase of the charging process is enabled:
charging of the deeply discharged battery is forced by HW at
slow current while the moduleis switched off

Module is switched on and mrmal operations are enabled
(Idle mode, Active mode or Connected mode)

The charging process is enabled: charging of battery is
controlled by the microprocessor while the module is
switched on

System description
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1.5 Power management

1.5.1 Power supply circuit overview

LEONG100/G200 - System Integration Manual

LEON-G100/G200

4-Bands GSM FEM

A 4

GSM/GPRS Chipset

VCC

v_sckrilEl

VSIM

j 1pF

MCP Memory

Figure 3: Power supply concept

Name Description

VCC Module Supply

GND Ground

V_BCKP Real Time Clock supply

Table 3: Power supply pins

GSM.G1}:HW-09002-D Preliminary

Remarks

Clean and stable supply is required: low ripple and low
voltage drop must be guaranteed.

Voltage provided has to be always above the minimum limit
of the operating range.

Consider that there are large current spike in connected
mode, when a GSM call is enabled

GND pins are internally connected but good (low impedance)
externalground can improve RF performances.

V_BCKP = 2.0 V (typical) generated by the module to supply
Real Time Clock when VCC supply voltage is within valid
operating range.

System description
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Power supply isvia VCCpin. Thisisthe only one main power supply pin.

VCC pin connect the RF Power Amplifier and theintegrated power management unit within the module: all
supply voltages needed by the module are generated from the VCC supply by integed voltage regulators

When the VCC voltage is withinthe valid operating range, the module suppkesthe Real Time Clock. If the VCC
voltage is under the minimum operating limit, the Real Time Clock can bexternallysuppliedvia V_BCKPpin.
When a 1.8 V or a 3 V SIM card type is connected, LEGBILO0 / LEONG200 automatically suppy the SIM card
via VSIM pin. Activation and deactivation of the SIM interface with autenatic voltage switch from 1.8to 3 V is
implemented, in accordanceto the ISOIEC 7816-e specifications.

The integrated power managementunit also provides the control state machine for system start up, including
start up with discharged batteries, precharging and system reset control.

LEONG100 / LEONG200 feature a power managemnent concept optimized for most efficient use of battery
power. This is achieved by hardware design utilizing power efficient circuit topology, and by power management
software controlling the power saving mode of the module. Battery management runs in thecontext of the
operation and maintenance process

Battery charging control, in order to maintain he full capacity of the battery
Collecting and processing of measurements of battery voltage

1.5.2 Module supply (VCC)

LEONG100 / LEONG200 modules mustbe supplied through VCCpin by a DC power supply Voltages must be
stable, due to the surging consumption profile of the GSM system (described in the sectioh.5.2.1). The DC
power supply can beselectedfrom:

A switching regulator with appropriate power capabilities low output ripple, and with a switching
frequency greater or equal to 1 MHz

An LDO linear regulator withappropriate power capabilities and with prope power dissipation
A rechargeable Lilon battery with a capacity from 500 mAh up to 1100 mAh (recommended)
A primary (not rechargeable) battery withappropriate power capabilities

The voltage provided to VCC pin must be within the normal operating range limits specified in the
LEONG100/G200 Data Sheeff1]. Complete functionality of the module is only guaranteed within the specified
minimum and maximum VCC voltage range.

&~  Ensure that the input voltage atVCCpin is above the normal operating range minimum limit to enable the
switch-on of the module. Note that the module camot be switched on if the VCC voltage value is below
the minimum specified limit. SeeLEONG100/G200 Data Sheef1].

When LEONG100 / LEONG200 modulesare in operation, the voltage provided to the VCC pin canexceedthe
normal operating range limits but must be within theextended operating range limitsspecified in
LEONG100/G200 Data Sheef1]. Module reliability is only guaranteed within the specified operational extended
voltage range.

&~  Ensurethat the input voltage at the VCC pin never drops below the extended operating range minimum
limit when the module is switched on, not even during a GSM transmit burst, wherethe current
consumption can rise up to maximum peaks of 2.5 A in case of a misnehed antenna load. Note that the
module switches off when the VCC voltage value drops below theninimum limit.

& Operation above the extended operahg range maximum limitis not recommended and extended exposure
beyond it may affect device reliability

GSM.G1-HW-09002-D Preliminary System description
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&~  Stress beyond the VCC absolute maximum ratings may cause permanent damage to the module: if
necessary, voltage spikes beyond VCC absolute maximum ratings must be limited to values within the
specified boundaries by using appropriate protection.

When desgning the power supply for the application, pay specific attention to power losses and transients:
do not exceed 200 mVvoltage dropsduring transmit bursts
avoid undershoot and overshoot on voltage drops at the start and at the end of a transresion
minimize voltage ripple on the supply

Voltage
A
. overshoot
ripple
3.8V . 'i!
(typ) A
¢ drop
ripple
PP undershoot
RX [unused|unused| TX |unused|unused| MON [unused] RX |unused|unused| TX |unused|unused| MON | unused
slot slot slot slot slot slot slot slot slot slot slot slot slot slot slot slot R
P GSM frame ola GSM frame A Time
4.615 ms 4.615 ms
(1 frame = 8 slots) (1 frame = 8 slots)

Figure 4: Description of the VCC voltage profile versus time during a GSM call

To reduce voltage drops, use a low impedance pogr source. The resistance of the power supply lines
(connected to VCC and GND pins of the module) on the application board and battery pack should also be
considered and minimized: cabling and routingnust be as short as possible in order to minimize powebsses.

To avoid undershoot and overshoot on voltage drops at the start and at the end of a transmit burst during a
GSM call (when current consumption on the VCC supply can rise up to 2.5 A in the worst case), place a 330 pF
low ESR capacitofe.g. KEMETT520D337MO06ATEO045 located nearVCCpin of LEONG100/G200 board.

To reduce voltage ripple and noisgplace nearVCCpin of the LEONG100/G200 the following:
100 nF capacitor é.g Murata GRM155R61A104K) and a 10 nF capacitoe(g. Murata GRM155R71C103K)
to filter digital logic noises from clocks and data sources
10 pF capacitor é.g. Murata GRM1555C1E100J) to filter transmission EMI in the DCS/PCS bands
39 pF capacitor €.g. Murata GRM1555C1E390J) to filter transmission EMI in the SM/EGSM bands

&~  Any degradation in power supply performance(due to losses, noise or transienjswill directly affect the RF
performance of the module since the single external DC power source indirectly supplies all the digital and
analog interfaces,and also directly supplies the RF power amplifier (PA).

If the module is supplied by a battery, do not connect any other power supply a¥CC pin in parallel to the
battery.

Figure5 and the components listed inTable4 show an example of a power supply circujtwhere the module is
not supplied by a battery This example is implemented on the Evaluation Board EM®25H. VCC supply is
provided by a stepdown switching regulator with a 1 MHz switching frequency.

GSM.G1-HW-09002-D Preliminary System description
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Figure 5: Suggested schematic design for the VCC voltage supply application circuit using a step

-down regulator

Reference Description Part Number - Manufacturer

C37 330 pF Capacitor TantalunD_SIZE 6.3/ 45 mY T520D337MO06ATEO45 KEMET
C41 47 pF Capacitor Aluminum 0810 50V MAL215371479E3- Vishay

C43 10 pF Capacitor Ceramic X7R 5750 15% 50 V C5750X7R1H106MB- TDK

C4a4 10 nF Capacitor Ceramic X7R 0402 10% 16 V GRM155R71C103KA01- Murata
C46 680 pF Capacitor Ceramic X7R 0402 10% 16 V GRM155R71H681KA01- Murata
C47 10 nF Capacitor Ceramic X7R 0402 10% 16 V GRM155R71C103KA01- Murata
C49 470 nF Capacitor Ceramic X7R 0603 10% 25 V GRM188R71E474KA12 Murata
C51 22 pF Capacitor Ceramic X5R 1210 10% 25 V GRM32ER61E226KE15Murata
C61 22 pF Capacitor Ceramic COG 0402 5% 25/ GRM1555C1H220JZ0% Murata

D7 Schottky Diode 40V 3A MBRA340T3G- ON Semiconductor
L5 10 pH Inductor 744066100 30% 3.6 A 744066100 - Wurth Electronics

L6 1 pH Inductor 7445601 20% 8.6 A 7445601 - Wurth Electronics

R56 470 kY Resistor 0402 5% 0.1W 2322-705-87474-L - Yageo

R58 15 kY Resistor 0402 5% 0.1W 2322-705-87153-L - Yageo

R60 33 kY Resistor 0402 5% 0.1W 2322-705-87333-L - Yageo

R65 390 kY Resistor 0402 1% 0.063W RC0402FR07390KL - Yageo

R66 100 kY Resistor 0402 5% 0.1W 2322-705-70104-L - Yageo

U1z Step Down Regulator MSOP10 3.2 2.4 MHz LT3972IMSE#PBHLinear Technology

Table 4: Suggested components for VCC voltage supply application circuit using a step -down regulator
If another step-down switching regulator is used, the switching frequencymust be set to 1 MHz or upper values
to avoid a degradation of the RF modulation spectrunperformance.

An LDO linear voltage regulator can be used to supply the modulénsure proper power dissipation on the
regulator in order to avoid reaching LDO thermal limits during the high current peakgenerated by the module
during a GSM transmit burst.

1.5.2.1 Current consumption profiles

During operation, the current consumed by LEONG100/G200 through VCC pin can vary byseveralorders of

magnitude. This applies to ranges from the high peak of current consumption during the GSM transmitting

bursts at maximum paver level in connected mode, to the low current consumption during power saving in idle
mode.

1.5.2.2 Current consumption profiles - Connected -mode

When a GSM call is established, the battery is discharged at a rate determined by the current consumption
profile typical of the GSM transmitting and receiving bursts.

GSM.G1}:HW-09002-D System description
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The peak of current consumption during a transnssion slot is strictly dependent on the transmitted power,
which is regulated bythe network. If the module transmits in GSM talk mode in the GSM 850 or inthe EGSM
900 band at the maximum RF power control level 5 (that is approximately 2 W or 33 dBm), the battery discharge
current is modulated at up to 2500 mA (worst case value) with pulses of 576.9 us (width of 1 slot/burst) that
occur every 4.615 ms (widh of 1 frame = 8 slots) according to GSM TDMA.

During a GSM call, current consumption isip to 170 mA in receiving or in monitor bursts and is about 3660
mA in the inactive unused bursts (low current period)The more relevant contribution to determine the average
current consumption is set by the transmitted power in the transmit slot.

An example of current consumption profile of the data module in GSM talk mode ishown in Figure6.

Current
A
2500 mA
r
Dependson
TX power
v
200 mA
~170mA ~170mA
I \ ! | [ ~40mA 7T
RX unuseiunused TX [unusedfunused| MON |unused RX [unused unuset{ TX |unused unuseﬂ MON |unused
slot slot slot slot slot slot slot slot slot slot slot slot slot slot slot slot >
< GSM frame »l< GSM frame Time
4.615ms 4.615ms

(1 frame = 8 slots)

(1 frame =8 slots)

Figure 6: Description of the VCC current consumption profile versus time during a GSM call

When a GPRS connection is established, the battery is discharged at a rate determined by the current
consumption profile typical of the GPRS transmitting and receiving burstén contrastto a GSM call, during a
GPRS connection more thn one slot can be ugd to transmit and/or more than one slot can be used to receive.
The transmitted power depends on network conditions and sets the peak of current consumption, but following
the GPRS specifications the maximum transmitted power can be reduced if more thame slot is used to
transmit, so the maximum peak of current consumption is not as high as can bibe casein a GSM call.

1.5.2.3 Current consumption profiles - Idle-mode

By default the module automaticallyentersidle-mode (power-saving mode)whenever possible unlessidle mode
is disabled using theappropriate AT command (refer to u-blox AT Commands Manual2]).

When the data module is registered or attached to a network and a voice or data call is not enablethe module
must periodicallymonitor the paging channel of the current base station (paong block reception),in accordance
to GSM system requirements. When the module monitarthe paging channel, it wakes up to active mode to
enable the reception of paging block. In between, the module switches toidle-mode (power-saving modé. This
is known as GSM discontinuous reception (DRX).

The module processor core is activated during the paging block receptiomnd automatically switches its
reference clock frequency from the 32 kHz to the 26 MHz used in activenode.

The time periodbetween two paging block receptions is defined by the network. The time interval between two
paging block receptions can be from 470.76 ms (width of 2 GSM multiframes = 2 x 51 GSM frames = 2 x 51 x

GSM.G1}:HW-09002-D System description
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4.615 ms) up to 2118.42 ms (width of 9 GSM multiframes = 9 x 51 frames = 9 Y51 x 4.615 ms): this is the
paging period parameter broadcast and fixed by the base station.

An example ofthe current consumption profile of the data moduleis shown in Figure7: the module is registered
with the network, automatically goes irto idle mode and periodically wakes up to active mode to monitor the
paging channel for paging block reception

~150 mA
500-700 pA || O "
/\/

—> —>| |[—
0.44-2.09s ~30ms
IDLE MODE ~1E£mA - ACTIVE MODE
20-22mA
8-10 mA |
o L %ed
4 PLL  Enabled 4
Active Mode Enabled Idle Mode
Enabled Enabled
P ~30ms o
IDLE MODE ACTIVE MODE IDLE MODE

Figure 7: Description of the VCC current consumption profile versus time when the module is registered with the network: the
module is in idle mode and periodically wakes up to active mode to mon itor the paging channel for paging block reception

1.5.3 Battery charger (LEON-G200 only)

For battery charging functionalitiesthe module is provided with integrated circuitry and software. Two pins are
available to connect the positive pole of theexternal DCsupply used as charger

Name Description Remarks

V_CHARGE Charger Voltage Supply Input V_CHARGE and CHARGE_SENSE pins must be externally
connected.

CHARGE_SENSE Charger Voltage Measurement Input V_CHARGE and CHARGE_SENSE pins must be externally
connected.

Table 5: Battery charger pins

The V_CHARGEpin is the charger supply input. TheCHARGE_SENSHiIn is connected to aninternal ADC
converter to measire the charging voltage.

GSM.G1}:HW-09002-D Preliminary System description
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&~ TheV_CHARGEand CHARGE_SENSHRins must be exernally connected together as shown inFigure8.

LEON-G200
CHARGE_SENSE
+ V_CHARGE
Charger
voltage and currentlimited

= . o

S VCC
|
Li-lon Battery —
500mAh E 1 1M0Ah

. o

Figure 8: Connection of an external DC supply used as charger and a Li  -lon battery to the LEON -G200 module

When charger detection is implemented: a valid charger is recognized if the voltage provided ¥ CHARGEand

CHARGE_SENSHins are within the operating range limits (5.6 V minimum, 15 V maximum). If the module is
switched off, the charger circuitry generates the power on in charging mode after charger detection.

& To prevent damage to the module and the battery, use only chargers that comply with the
characteristics given in section 1.5.3.1.

The algorithm that controls battery charging, implemens a classic L-lon battery charging process, divided ito 4
phases:

1. PreCharge, at slow current for deeply discharged batteries

2. Fast Charge, at the maximum current provided by the extern&C supply used as chargemgust be current
limited)

3. Top Charge, to complete the overcharging of the batteries, after the maiimum voltage (4.2 V for Lilon
battery) is reached

4. Trickle Charge, to maintain the battery at higher level of charge, if the external DC supply used as charger
remains connected

If the batteries are deeply discharged{CC voltage within 0 V and 3.1 V) andthe device isin not-powered
mode, the charger circuit starts precharging when a valid voltage is provided toV_CHARGE and
CHARGE_SENSIHins of the module. In the precharging phase, the charge transistor switch mounted inside the
module is pulsed with 100 Hz and a duty cycle of 12.5%. Tlis means the average charge current is reduced to
avoid overheating d charger parts and to genty charge the deeply discharged batteries. Preharging is
hardware controlled and continues as long as theVCC voltage reactes the 3.1V typical limit, so the module is
able to start the following charging phase.

During fast charging (following the pre-charging phase)the charge transistor switch mounted inside the module
can be driven by software according to the charge algattim. The duty cycle of the charge current never reaas

GSM.G1-HW-09002-D Preliminary System desdption
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100%: the charge switch is not closed 100% of the time butis still pulsed with a 100 Hz clockwith an on-time
of >99% of a period. The remaining off time is used to check if the AGDC adapter is stil connected since
detection is critical when charging switch is closed.

The integrated charging circuit doesnCt have any vol't
chosen very carefully: during the fast charging phase, the battery is clgged with the maximum DC current

provided by the external DC supply used as chargewhich must be current limited as described in the charger
specification section

When the battery voltage reaches the nominal maximum voltagé4.2 V for Lilon battery), charging entersthe
constant voltage phase top charge algorithm): in this phase the average charging current decreases until the
battery is completely charged.

After the constant voltage phase, thebattery is maintained ata higher level of charge with the trickle charge
algorithm until an external charger is connected to the module.

The charging process is enabled onlyithin the temperature range: from 0°C to 50°C with a 5°C hysteresis to
prevent rapid switching on and off as the temperature drifts aroundthe set point: it is disabled when the
temperature falls below 0°C and then enabled whernit rises above 5°C; it is disabled when the temperature rises
above 50°C and then enabled when falls below 45°C.

Battery overvoltage detection is implemented to swith-off charging if e.g. the battery is removed during
charging. The overvoltage threshold level is set to the nominal value of 4.47 V (evaluated with 2% of tolerance).

1.5.3.1 Charger specification

&~ To avoid damage to the module, the external supply used as chairg source must be voltage and current
limited.

The value of the charger voltage limit must bel. 15 V. Since the module is not provided with an internal
overvoltage protection circuit onV_CHARGEand CHARGE_SENSHins, the charging voltage must be lower or
equal to the maximum acceptable charging voltage value of 15 V at any time: voltage spikes that may occur
during connection or disconnection of the charger must be limited within this value.

The value of the charger current limit must be lower or equal tdhe value of the battery capacity plus 100 mA:
the maximum acceptable value for the charger current limit depends on the capacity of the-lan battery used
For example using a 500 mAh battery, the charger current limit must be lower or equal to 600 mA.ilge the
module is not provided with an internal overcurrent protection circuit on V_CHARGEand CHARGE_SENSE
pins, the charging current must be lower or equal to the maximum acceptable charging current value at any
time: current spikes that may occurduring charger connection or disconnection must be limited within this
value.

&~  There may not be any capacitor on the charge path: a straight connectiormust be provided between the
output of the external supply used as charging sourcand V_CHARGEand CHARGE_SENSHPins of the
module.

The charger must be able to provide a minimum pen circuit output voltage | 5.6 V for the valid charger
detection.

A minimum current for the charger is not specified: this value has to béarge enough to perform the whole
battery charging process within the time interval specified by the application. For examplesing a 500 mAh
battery, the minimum current available by the charger can be 400 mA to reach the complete charge of the
battery within a useful period.

&~  DC supplieswith fold -back current protection cannot be used as chargefior the module.
Use a charger with the following electrical characteristics:
6 V DC voltage

Current limit equal to the capacity of the used battery (i.e. 500 mA current limit if a 500 mAh batteryis
used)

The \£1 output characteristics of the external supply used as charger must be within the valid area delated by:
the maximum acceptable charging voltage (equal to 15 V in any case)

GSM.G1-HW-09002-D Preliminary System description
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the minimum voltage valid for charger detection (equal to 5.6 \in any case)
the maximum acceptable charging current (equal to the capacity value of the used battery plus 100 mA)
the minimum charging current (specified by the applicatione.g. 400 mA)

For example, Figure 9 and Figure 10 show the valid area for the charger VI output characteristics using a 500
mAh Li-lon battery (Figure9) and a 1100 mAh Lilon battery (Figure 10).
V A

16—
15.0

14—
13—
12—
11—
10—
9 —
8 —|
7 —
6 —
5 —|
4 -
3 -
2 —
1 —
0

5.6

T 1 | T T T T T 1 >
0 100 200 300 500 700 800 900100011001200 1300 mMA

400 600

Figure 9: Valid area for the charger V -l output characteristics using a 500 mAh Li -lon Battery
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Figure 10: Valid area for the charger V -l output characteristics using a 1100 mAh Li  -lon Battery
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1.5.4 RTC Supply (V_BCKP)

V_BCKPconneds the Real Time @ck (RTC)supply, generated internally by a linear regulator integrated in the
module chipset. The output of this linear regulator is enabled when the main voltage supply pviding the
module through VCC is within the valid operating range, or if the module is switchedoff.

The RTCprovides the time reference (date and time) of the modulealso in power-off mode, sincethe RTCruns
when the V_BCKPvoltage is within its valid range ¢pecified inLEONG100/G200 Data Sheef1]). TheRTCblock
is able to provide programmable alarm functions by means of the intaal 32.768 kHz clock.

The RTCblock hasverylow, but highly temperature dependentpower consumption. For example at 25°C and a
V_BCKPvoltage of 2.0 V the power consumption is approximatel\2 pA, whereas at85°C and an equal voltage
it increases to 5 pA.

The RTCcan be supplied from an externalback-up battery through V_BCKR when the main voltage supply is
not provided to the module through VCC Thisenablesthe time reference (date and time)}to run evenwhen the

main supply is not provided to the module. The module cannot switch on if a v voltage is not presat on

VCC even whenRTCis supplied throughV_BCKP(meaning that VCCis mandatory to switchron the module).

If V_BCKPis left unconnected and the main voltage supply of the module is removed fronVCC the RTCis
supplied from the 1 pF buffer capacitor mounted inside the module. However, this capacitor is not able to
provide a long buffering time: within 0.5 seconds the voltage on V_BCKPwill fall below the valid range (1 V
min).

V_BCKPcan be left unconnected if RTCis not required when VCC supply is removed.lf RTChasto run for a
time interval of T [seconds] at 25°Cand VCC supply is removed,place a capacitorof nhominal capacitance of C
[UF] at theV_BCKPpin. Choosethe capacitorusing the following formula:

C [UF] = (Current_Consumption [HA] x T [seconds] ) / Voltage_Drop [V] =2 x T [seconds]

The current consumption of the RTC is around 2 pA at 25°Cand the voltage drop is equal to 1 V (from the
V_BCKPtypical value of 2.0 V to the valid range minimum limit of 1.0 V).

Forexample, a 100 pF capacitofsuchas the Murata GRM43SR60J107Mcan be placed atvV_BCKPto provide a

long buffering time. This capacitor will hold V_BCKPvoltage within its valid range for around 50 seconds at
25°C, after the VCCsupply is removed If a very long buffering time is required, a 70 mF supecapacitor (e.g.

Seiko Instruments XH414HVO01E can be placed atV_BCKR with a 4.7 k series resistor to hold theV_BCKP
voltage within its valid range for around 10 hours at 25°C, afterthe VCC supply is removed These capacitors
will allow the time referenceto run during a disconnection of the battery.

LEON-G100/G200

100 F LBl V_BCKP

GRM43SR60J107M T

LEON-G100/G200

4.7k

20mE ;L—:'—n V_BCKP

XH414H-IVO1E "1

Figure 11: Real time clock supply (V_BCKP) application circuits using a 100 pF capacitor to let the RTC  run for ~50 seconds at
25°C or using a 70 mF capacitor to let the RTC run for ~10 hours at 25°C when the VCC supply is removed
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1.6 System functions

1.6.1 Module power on

The power-on sequence of the module is initiated in one of 4 ways:
Rising edge on theVCCpin to a valid voltage as module supply
Low levelon the PWR_ONsignal

RTC alarm
Rising edge on theV_CHARGEand CHARGE_SENSHoO a valid voltage for charger detection (LEON5200
only)
Name Description Remarks (Refer to [2]; AT+USPM command)
PWR_ON Poweron input PWR_ON pin has high input impedance.
Do not keep floating in noisy environment: external pulup
required.

Table 6: Power -on pin

1.6.1.1 Rising edge on VCC

When a battery supply is connected td/CCpin, the battery supervision circuit controls the subsequent activation
of the power up state machines: the module is switcheebn if the battery is connected for the first time and the
voltage rises up to theVCCnormal operating range (SeeLEONG100/G200 Data Sheet[1]).

1.6.1.2 Low level onthe PWR_ON
Power-on sequence of the module starts when dow levelis forced on the PWR_ONsignal.

The electrical baracteristics of thePWR_ONinput pin are different from the other digital I/0 interfaces: the high
and the low logic levels have different operating ranges and the pin is tolerant against voltages up to the battery
voltage. The detailed electrical charderistics are described in the datasheet.

&~ PWR_ONpin has high input impedance and is weakly pulled to ta high level on the module. Aroid keep it
floating in noisy environment To hold the high logic level stable, it is suggested to add a puHup to the
V_BCKPsupply.

If PWR_ONinput is connected to an external devic€e.g. application processo), use an open drain output of the
external device with anexternal pultup. Connect the pullup to V_BCKPsupply or to another supply rail present
on the application board, inrange from 1.8 V to 3.3 V. It should also be available when the module is in power
off mode. Another possibility is to use a puskpull output of the external device and take care to fix the proper
level in all the possible scenario®tavoid an inappropriate switchon of the module.

&~ The module can be switchedon by forcing a low level for at least 5 ms on the PWR_ON pin: the module is
not switched-on by a falling edge provided on the PWR_ON pin. The suggested PWR_ON quylresistor
value is 100 kohm: a lower resistance value (i.e. 10 kohm) will increase the module poweff consumption
(seeFigure12).

GSM.G1-HW-09002-D Preliminary System description
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LEON-G100/G200
V_BCKP
Power-on
push button 100k
e 2 PWR_ON
Application Processor LEON-G100/G200
100k
M JEl PWR_ON
s

Figure 12: Power on (PWR_ON) application circuits using a push button or using an application processor

1.6.1.3 RTC alarm

The module can be switchedon by the RTCalarm if a valid voltage is applied to the VCC pin, when Real Time
Clock system reaches a prdefined scheduled time. The RTC system will then initiate the boot sequence by
indicating to the power management unit to turn on power. Also included in this séup is an interrupt signal
from the RTC block to indicate to the baseband processor, that a RTC event hagoored.

1.6.1.4 Rising edge on V_CHARGE and CHARGE_SENSE (LEOGK200 only)

The module can be switcheebn by a charger: when the power management unit detectsthat a charger is
connected to the module through the V_CHARGEand CHARGE_SENSHins, it turns on power and the module
is switched on in charge mode.

1.6.1.5 Additional considerations

If a valid batteryvoltage is connected toVCCbefore the detection of a startup event, most input-output pads of
the baseband chipset are locked in trstate. The power down tristate function isolates the outputs of the
module from its environment, whenno proper operation of the outputs can be guaranteed. To avoid an increase
of the module current consumption in power down mode, any external signal of the digital interfaces connected
to the module must be set low or tri-stated when the module is innot-powered mode or in the power-off mode.

After the detection of a start-up event, during the power-on sequence, the baseband core is held in reset state
before enabling the input-output pads. Any signal of the module digital interfaces is held to the reset state until
the application starts See Figure 14.The reset state of all themodule input-output pins is reported in the pin
description table of the LEONG100/G200 Data Sheef1].

The power-on sequence is described ifrigure 13Figure13.
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Valid Start-up
VCC event
v v
VCC
V_BCKP
PWR_ON | don't care * don't care *
LDOs
RESET_N

Figure 13: Power on sequence description (* - the signal state is not relevant during this phase)

BB Pads State

1.6.2 Module power off
LEONG100/G200 can be switchedoff by one of the following switch -off events:

e Via AT command AT+CPWROFF (more ddtin u-blox AT Gommands Manual [2]). Thisis the only way to
switch off the module

¢ An under-voltage shutdown will be done if VCCfalls below the valid operating limit

After a switch-off event has been triggered the digital pins are locked in tri-state by the module. Al internal
voltage regulators except theRTCsupply are turned off in a defined poweroff sequence.

&~  To avoid an increase ofnodule current consumption in powerdown mode, any external signal connected

to the module digital pins (UART interface, Digital audio interface, HS_DET, GPIOs) must be set low er tri
stated when the module is in the notpowered or power-off modes. If the external signals connected to the
module digital pins cannot be set low or tristated, insert a switch (e.g. Texas Instruments
SN74CB3Q16244 or Texas Instruments TS5A315%r Texas Instruments TS5A63157between the two-
circuit connections Set the switch to high impedance when the module is in powerdown mode (to avoid
an increase of the modulepower consumption).

The power-off sequence is described ifFigure 14.
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Turn-off
triggered

VCC
V_BCKP
LDOs

RESET N

Figure 14: Power off sequence description

1.6.3 Module reset
Reset the module using RESET_Nthis performs an externalor hardware reset. WhenRESET_Npin is driven

low, the device is initialized into a defined reset stateAn asynchronous reset of tle entire module - except for
the RTC- is triggered.

Name Description Remarks (Refer to [2]; AT+USPM command)
RESET_N External reset input

Table 7: Reset pin

The electrical characteristics oORESET_Nare different from the other digital I/O interfaces. e high and low
logic levels have different operating ranges and the pin is toleranb voltages up to the battery voltage (a series
protection diode is mounted inside the module to protect the pin). The detailed electrical characteristics are
described inthe LEONG100/G200 Data Sheef1].

RESET_Nss pulled high by an integrated pulup resistor Therefore an external pultup is not required on the
application board. An internal circuit pulls the level to 1.88 V (sed-igure15).

Forcing RESET_Now for at least 50 mswill cause an external reset of the moduleWhen RESET_Ns released
from the low level, the module automatically starts its poweron reset sequence.

If RESETN is connected to an external devicde.g. an application processor onan application board) an open
drain output can be directly connected without ary external pultup. Otherwise, use a push-pull output. Make
sure to fix the proper levelon RESET_Nn all possible scenariggo avoid unwanted reset of the module.

The reset state of allinput-output pins is reported in the pin description table in the LEONG100/G200 Data
Sheet[1].
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Reset LEON-G100/G200
push button ook 188V

_|_—‘.-.‘ RESET_N T

Application Processor LEON-G100/G200

u N

RESET N 126k =88V

Figure 15: Application circuits to reset the module using a push button or using an application processor

When the module is inpower-off mode or in reset state RESET_Ns pulled low (e.g. during boot sequence,a
watchdog timer, or software reset).

RESET_Ncan indicate to an external applicationthat the module is powered up and is not in the reset state,
when:

RESET_Nconnectedthrough a biased inverting transistor to aLED

RESET_Nconnectedthrough a biased inverting and levekhifting transistor to an input pin of an application
processor that will sense a low logic level when the module is powered up and is not in the reset state

RESET_Nconnected through a pull-down resistor to an input pin of the application processor that snses a
high logic level (1.8 V) when the module is powered up and is not in the reset state.

Examples ofapplication circuits areshown in the Figure 16.

s[pzm LEON-G100/G200
5 I 220k
RESET_N
<
Application Processor T LEON-G100/G200
22k
INPUT.—Q
220k
>| RESET_N
<
Application Processor LEON-G100/G200
INPUT]R ’ RESET_N
EGSO k

Figure 16: Application circuits to sense if the module is in the reset state
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1.7 RFconnection

The ANT pin has 50 ohm nominal impedance and must be connected to the antenna through a 50 ohm
transmission lineto allow transmission and reception of radio frequency (RF) signafsthe GSM operating bands.

Name Description Remarks

ANT RF antenna 50 Q nominal impedance.

Table 8: Antenna pin

Choosean antenna with optimal radiating characteristicsfor the best electrical performance and overall module
functionality. An internal antenna, integrated on the application board, or an external antenna, connected to the
application board through a proper 50 ohm connector, can be used.

A The recommendations of the antenna producer for correct installation and deployment (PCB
layout and matching circuitry)  must be followed.

If an external antenna is used, the PCB)-RFcable transition must be implemented using either a suitable 50
ohm connector, or an RFsignal solder pad (including GND) thatis optimized for 50 ohm characteristic
impedance

For antenna supervison functionality, the antenna should havea built-in DC resistor to ground The module
injects a known DC current few hundredths of a pA) on ANT and measures the resulting DC voltage, thus
effectively achieving a resistance measurement for anteardetection (see sectiorl.8).

1.8 Antenna supervisor

Antenna detection is internallyperformed by the module via ANT. The RF port is DC copled to the ADC unit in
the baseband chip. The module measures the DC voltage at ANT, in the range of 0..2 V. Additionally, the
module caninject a known DC current ¢ 100 pA) on ANT and measures the resulting DC voltage.
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Figure 17: Antenna Supervisor internal circuit

If the DC voltage is present on ANT, or a DC connection to a known resistor at the radiating elementis
implemented, the module will be ableto check the connectionto the Antenna element.

Refer to the u-blox AT Commands Manual [2] for more detailson how to access this feature.

1.9 Audio

LEONG100/G200 modules providefour analog and one digital audio interfaces:

Two microphone inputs:
First microphone inputcan be used fa' direct connection of the electret condenser microphone of a
handset. Thisinput is used whenthe main uplink audio pathisDHands et Mi referdop[Zl;o ne d (
AT+USPM command<main_uplink> parametep
Second microphone inputcan be used for direct connection of thevelectret condenser microphone of an
headset. Thé input is used whenthe main uplink audio pathisDHe ad s et Mi crop2oned (
AT+USPM command<main_uplink> parametej)

Two speaker outputs:
First speaker outputis a single ended low power audio outputthat can be used todirectly connect the
receiver (earpiece) of an handset or an headset. Broutput is used whenthe main downlink audio path
i s DNor mal earpieced or DMono h e ads &maih_downliekf e r t o
parameter) These two downlink path profilesuse the same physical output but have different sets of
audio parameters (Refer td2]: AT+USGC, +UDBF, +USTN commands)
Second speaker outputis a differential high power audio output that can be used to directly connect a
speaker or a loud speaker used for ringones or for speech in handsree mode. This output is used
when audi o downl i nk pat h_2];iAS+USPMacaminanp, <manedovehlink>raedf e r  t
<alert_sound> parameters)

Headset detection input:

f enabl ed, causes the automatic switcerd odndupdadwmrkl i
audio path to DMono h e athkesdetecton cai beadortrolledgby gparsnaterl i n g
<headset_indication>in AT+USPM command (refer t42]).

I2S digital audio interface:
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This path is selected when parametersmain_uplipk> and <main_downlink> in +USPM commandv(refer
to[2) are respectively DI 2S input | ined and DI 2S out |

&~ Not all combinations of Input-Output audio paths are allowed. Please check audio command +USPM [8]
for allowed combinations of audio path and for their switching during different use casessfpeech/alert
tones).

&~ The default values for audio parameters tuning commands (Reféo [2]; +UMGC,+UUBF, +UHFP, +USGC,
+UDBF, +USTN commands) are tuned for audio device connected as suggested above (i.e. Handset
microphone conneced on first microphone input, headset microphone on second microphone input). For a
different connection, (i.e. connection of an Hands Free microphone) these parameters should be changed
on the audio path corresponding to the connection chosen.

1.9.1 Analog Audio interface

1.9.1.1 Uplink path (microphone inputs)

The TX (uplink) path of theanalog audio front-end on the module consists of two identical microphone circuits.
Two electret condenser microphones can be directly connected to the twavailable microphoneinputs.

The main required electrical specifications fahe electret condenser microphone are 2.2 K as maximum output
impedance at 1 kHz and 2 V maximum standard operating voltage.

Board-to-board pins related to the uplink path (microphones inputsare:
Hrst microphone input:
MIC_BIASZ: single ended supply to the first microphone and represents the microphone signal input
MIC_GND1: local ground for the first microphone
Second microphone input:
MIC_BIAS2:single ended supply to the second microphone and pgresents microphone signal input
MIC_GND2: local ground for the second microphone
For a description of the internal function blocks se&igure22.

1.9.1.2 Downlink path (speaker outputs)

The RX (downlink) path of theanalog audio front-end of the module consists of two speaker outputs available
on the following pins:

First speaker output:

HS_P low power single ended audio output. This pin is internally connected to the output of the single
ended audio amplifier of the chipset

Second speaker output:

SPK_N/SPK_P high power differential audio output. These two pins are internally connected to th
output of the high power differential audio amplifier of the chipset

See Figure22 for a description of the internal function blocks.
& Warning: excessive sound pre ssure from headphones can cause hearing loss.

Detailed electrical characteristics of thdow power single-ended audio receivepath and the high power
differential audio receivepath can be found in LEONG100/G200 Data Sheef1].

Table9 lists the signals related taanalog audio functions.
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Name

HS_DET
HS_P

SPK_P
SPK_N

MIC_BIAS2

MIC_GND2
MIC_GND1

MIC_BIAS1

Description

Headset detection input

First speaker output with low power singleended
analog audio

Second speaker output with high power differential
analog audio

Second speaker outpt with power differential
analog audio output

Second microphoneanalog signal input and bias
output
Second microphoneanalog reference

First microphoneanalog reference

First microphoneanalog signal input and bias output

Table 9: Analog Audio Signal Pins

LEONG100/G200 -

System Integration Manual

Remarks (Refer to [2]; AT+USPM command)

Internal active pultup to 2.85 V enabled.

This audio output is used when audio downlink path is
DNor mal earpieceD or DMono

This audio output is used when audio downlink path is

DLoudspeaker

D.

This audio output is used when audio downlink path is

DLoudspeaker

D.

This audio input is used when audio uplink path is set as
DHeads et nMiSingloendedsupply output and
signal input for the second microphone.

Local ground of second micr ¢
mi crophoned path.
Local ground ofthef i r st mi crophone. U
mi crophoned path

This audio input is used when audio uplink path is set as
DHandset MiSingl®gnded suppli output and
signal input for first microphone.

&  All audio lineson an Application Board must be routed in pairs be embedded in GND(have the ground
lines as close as possible to the audio linegnd maintain distance from noisy linessuch as VCCand from
components as switching regulators

1.9.1.3 Handset mode
Handset mode is thedefault audiovoperating mode of LEONG100/G200 modules In this mode the main uplink
audi o path is DHandmandomind ri mgkh oantedi, o
AT+USPM command<main_uplink>, <main_downlink> parameters)

Handset microphone must be connected to inputdVMIC_BIAS1/MIC_GND1

Handset receiver must be connected to outpuHS P
Figure 18 shows an example of anapplication drcuit connecting a handset (with a 2.2 kohm electret
microphone and a 32 ohm receiver) to theLEONG100/G200 modules. The following should be done on the
application circuit:

Mount a series capacitor on theHS_Pline to decouple the bias

Mount A 10 pF ceramic capacitor (e.g. Murata GRM188R60J106M) if connecting a 32 ohm receiver, or a
load with greater impedance (such as a single endednalog input of a codec). Otherwise if a 16 ohm

receiver is connected to the line, a ceramic capacitor with greater nominal capacitance must be used: a 22
UF series capacitor (e.g. Murata GRM21BR60J226M) is required

Mount a 33 nH series inductor(e.g. Murata LQP15M33NG02 on each microphone lineand a 27 pF bypass
capacitor (e.g. Murata GRM1555C1H270J on all audio lines to minimize RF coupling andTDMA noise

GSM.G1:HW-09002-D

Preliminary

t phagt énc eids (DrNeofremma | t

System description
Page 32 of 77



@b I Ox LEONG100/G200 - System Integration Manual

LEON-G100/G200
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Figure 18: Handset connector application circuit

1.9.1.4 Headset mode

The audio path is automatically switched from handset mode to headset mode when a rising edge is detected by
the module on HS_DET The audio path returns to the handset mode when the line returns to low level.

In headsetmode themainupl i nk audi o path i s Maedaodwndti nrki caruadp hoo npead ,h
headsetd (refer t o :kran;uplidgk¥ <«mai§ FdvWnlioke pamnmeted3.
The audio path used in headset mode:

Headset microphone must be connected tMIC_BIAS2/MIC_GND2

Headset receiver must be connected télS_P

Figure19 shows an application circuitconnecting a headset (with a2.2 kohm electret microphone and a 32 ohm
receiver) to theLEONG100/G200 modules Pin 1 & 2 are shorted h the headset connector causingHS DETto
be pulled low. When the headset plug is insertedHS_DETis pulled internally by the module causing arising
edge for detection.

Do the following on the application board (as shown in Fig. 21):

Mount a series capacitor on theHS P line to decouple the bias. 10 uF ceramic capacitor (e.g. Murata
GRM188R60J106M) is required if a 32 ohm receiver or a load with greater impedance (as a single ended
analog input of a codec) is connected to the line.22 pF series capacitor (e.g. Murata GRRBR60J226M) is
required if a 16 ohm receiver is connected to the line

Mount a 33 nH series inductor (e.g. Murata LQP15M33NG02) on each microphone line, and a 27 pF bypass
capacitor (e.g. Murata GRM1555C1H270J) on all audio lines to minimize RF couplingdathe TDMA noise
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Figure 19: Headset connector application circuit

1.9.1.5 Hands-free mode
Hands-free mode can be implementedusing a Loudspeaker and a dedicated microphone

Handsfree functionality is implemented using appropriate DSP algorithms fowoice-band handling (echo
canceller and automatic gain control), managed via software. (Refer to [2]; AT+UHFP command)

In this mode the main downlink audio path must be DL o u d s p e a knaim wplink dudice path can be
DHandset mi crophoned or (refeH® a2];s AT+USPMi acomnoapdh &maénduplink>,
<main_downlink> parameters) Combination of these paths is chosen byAT+USPM commandRefer to [2). Use
of an uplink audio path for Hands free precludes using it foother device (handset/headsét Therefore:

Microphone can be connected to the input pinsMIC_BIAS1/MIC_GND1 or MIC_BIAS2/MIC_GND2
High power loudspeaker must be connected to the output pinsSPK_P/SPK_N

&7 The default parameters for audio uplink profiles DHa
to [2]; AT+HUMGC,+UUBF, +UHFP) are for an handset and an headset microphone. To implement
handsfree mode, these parameters should be changed on the auadlipath corresponding to the connection
chosen. Procedure to tune paamet er s f or Hands free mode ( galLBEON, ech
Audi o Appli.cation Noted

When handsfree mode is enabled, the audio output signal orHS_Pis disabled.

&~ The physcal width of the high-power audio outputs lines on the application board must be wide enough to
minimize series resistance.
Figure 20 shows an application circuit for handsfree mode. In this example theLEONG100/G200 modules are
connected to an8 ohm speaker anda 2.2 kohm electret microphone Insert a33 nH series inducbr (e.g. Murata
LQP15M33NGO02 on each microphone ling and a 27 pF bypasscapacitor (e.g. Murata GRM1555C1H270J on
all audio lines to minimize RF coupling andthe TDMA noise.
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Figure 20: Hands free mode application circuit

1.9.1.6 Connection to an external analog audio device

When LEONG100/G200 module analog audio output is connected to an external audio deviceHS_P analog
audio output can be used.

A 10 uF series capacitor (e.g. Murata GRM188R60J106M) must be inserted between tH& P output and
the single endedanalog input of the external audio device (to decouple the bias)

An additional single ended to differential circuit is required for audio deices with a differentialanalog input.
The signal levels can be adapted by setting gain using AT commands, but additional circuitry must be
inserted if the HS_Poutput level of the module is too high for the input of the audio device
If LEONG100/G200 module analog audio input is connected to an external audio device,
MIC_BIAS1/MIC_GND1 can be used (defaultanalog audio input of the module).

Insert a 10 pF series capacitor (e.g. Murata GRM188R60J106M) between the single endedlog output of
the externalaudio device andMIC_BIAS1

Connect the reference of the single endecdanalog output of the external audio device toMIC_GNDL. If the
external audio device is provided with a differentiabnalog output, insert an additional differential to single
ended circut. The signal levels can be adapted by setting gain using AT commands, but additional circuitry
must be inserted if the output level of the audio device is too high foMIC_BIAS1

Examples of connecting LEOK100/G200 modulesto external audio applicationsare illustrated in the Figure21.
To enable the audio path corresponding to these input/output, please refer to [2], AT+USPM command.
To tune audiolevels for the external device please refer to [2], AT+USGC, + UMGC commands.
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LEON-G100/G200 Audio Device
10pF
HS_P Single-ended Analogue Input
GND Reference
10pF
MIC_BIAS1 Single-ended Analogue Output
MIC_GND1 Reference

LEON-G100/G200 Audio Device
Single -ended Positive Analogue Input
HS_P Lo
Differential Negative Analogue Input
GND Reference
Differential Positive Analogue Output
MIC_BIAS1 to
Single-ended Negative Analogue Output
MIC_GND1 Reference
Figure 21: Application circuits to connect the LEON module to external audio devices with proper single -ended or differential

analog audio inputs/outputs

1.9.2 Digital Audio interface (LEON -G200 only)

LEONG200 supports a bidirectional 4wire 12S digital audio interface.The module acts as master only The 12S
pins arelisted in Table10:

Name Description Remarks

12S_ WA 12S word alignment Module output (master)*
I12S_TXD 12S transmit data Module output *
12S_CLK 12S clock Module output (master)*
12S_RXD 12S receive data Module input *

Internal active pultup to 2.85 V enabled.

Table 10: 12S interface pins

The 12S interface can be can be used in two modes:
PCM mode:[12Sx
Normal 12S mode:l2Sy

! Check device specifications to ensure compatibility of supported modes to LEGB.00/G200 module. Add a test point to provide access to
the pin for debugging.
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Beyond the supported transmission modality, the main difference between theCM mode and the normal 12S
mode is represented by the logical connection to the digital audio processing system integrated in the chipset
firmware (seeFigure22):

In PCM mode provides complete audigprocessingfunctionality

Normal I12S mode:digital filters, digital gains, side tone, some audio resources as tone generator, info tones
(e.g. free tone, connection tone, low battery alarnj, and ringer are not available

Thel2S interfaceis activated and onfigured using AT commands, seethe u-blox AT commands manua[2].

If the I2Sinterface is used inPCM mode digital path parameterscan be @nfigured and saved asthe normal
analog paths, using appropriate path index as described in the-blox AT commands manual2]. Analog gain
parameters of microphone and speakers are unused when digital path is selected.

&~ Any external signal connected to the digital audio interface must be set low or tstated when the module
is in power down mode to avoid an increase of modulepower consumption. If the external signals
connected to the digital audio interface cannot be set low or tristated, insert a multi channel digital switch
(e.g. Texas Instruments SN74CB3Q16244 S5A3159 or TS5A63157) between the two-circuit connections
and set to high impedance when the module is in power down mode.

&~ For debug purposs, include a test point at each 12S pin also if the digital audio interface is not used.
&~ Referto [2], +UI2SAT command for possible combinations of connection and settings.

1.9.2.1 PCM mode

In PCM mode I2S_TX and 12S_RX are respectively parallel to theanalog front end 12S_RXand 12S_TX as
internal connections to the voice processing system (sédégure22), so resources available foanalog path can be
shared:

Digital filters and digital gains are available in both uplink and downlink directionConfigure using AT
commands

Ringer tone and service tone are mixed on th&X path when active (downlink)
The HF algoithm acts on I12S path

Main features of the 12S interface in PCM mode:
I2S runs in PCM short alignment mode (configurablewith AT commands)
Module functions as 12S masterlgS_CLKand 12S_WA signalsgenerated by the module)
12S_WA signal alwaysruns at 8 kHz

I2S_ WA toggles high for 1 or 2 CLK cycles of synchronism (configurable), then toggles low for 16 CLK
cycles of sample width.Frame length can be 1 + 16 = 17 bits or 2 + 16 = 18 bits

I12S_CLKfrequency depends on frame length Can be 17 x 8 kHz =136 kHz or 18 x 8 kHz = 144 kHz

2STX, I2SRXdata are 16 bit words with 8 kHz sampling
notation. MSBis transmitted first

When 12S_WA toggles high, first synchronzation bit is always low. Second synchronism bit (present only in
case of 2 bit long 12S WA configuration) is MSB of the transmitted word (MSB isransmitted twice in this
case)

I2S_TX changes o 12S_CLKrising edge,|2S_RX changes onl2S_CLKfalling edge

1.9.2.2 Normal I12S mode
Normal 12Ssupports

16 bits word

mono interface

8 kHz frequency
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Main features of 12S interface in Normal 12S mode:
I2S_WA signal always runs at 8 KHz and the channel can hather high or low

I2S_TXdata 16 bit words with 32 bit frame and 2, dual mono (the word can be written on 2 channels).
Data are in 2Cs compl ement notati on. MSB is transmit
on 12S_CLKrising or falling edge (configurable)

I2S_RXdata are read on thel2S_CLKedge opposite tol2S_TXwriting edge
I12S_CLKfrequency depends by the number of bits and number of channels so is 16 x 2 x 8 KHz = 256 KHz

The modes are configurable through a specific AT commandefier to u-blox AT commands manual2]) and the
following parameters can be set:

I2S_TXword can be written while 12S_WA is high, low or both

MSB can be 1 bit delayed or nondelayed onl2S_WA edge

I2S_TXdata can change on rising or falling edge o12S_CLKsignal (Rising edge in this example)
I2S_RXdata read on the opposite front of 1I2S_CLKsignal

1.9.3 Voice-band processing system

The digital voiceband processing on the LEON5100/G200 is implemented in the DSP core inside the baseband
chipset. Theanalog audio front-end of the chipset is connected to the digital system through 16 bit ADC
converters in the uplink path, and through 16 bit DAC convertes in the downlink path. The digitized TX and RX
voice-band signals are both processed by digital gain stages and decimation filter in TX, interpolation filters in RX
path. The processed digital signals of TX and RX are connected to the DSP for varioukggs.e. speech codec,
digital mixing and sidetone, audio filtering) implemented in the firmware modules.

External digital audio devices can be interfaced to the DS®ice-band processing systenvia the 12S interface.
The voiceband processing system candsplit up into three different parts:

Samplebased Voiceband Proessing (at 8 kHz / 125 ps)

Framebased Voiceband Pro@ssing (20 ms)

Circular Mixing Buffer, to mix different sound signals (Sound Ringer, MIDI synthesizer) lwithe downlink
signal at 48kHz
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Figure 22: LEON-G10/G200 voice-band processing system block diagram

The samplebased voiceband processing is done on an interrupt level and its main task is to transfer the
voice-band samples from eitheranalog audio front-end TX path or 12Sx RX path to the Voickand Sample
Buffer and from the Voiceband Sample Buffer to theanalog audio front-end RX path and/or 12Sx TX path.

First the TX path (uplink) is processed: the input sample is scaled, filtered and befat is copied into the
voice-band input buffer for the speech frame based processing and it is used to generate the sidetone for the RX
path processing. Furthermore the signal is mixed with the output of the circular buffer.

The framebased voiceband processing consists of these operating parts: voice memo; echo cancellation and
auto gain control for hands free mode. The uplink path starts with output samples from voicdand buffer and
stops with speech encoding. The downlink path starts with output samles from speech decoder and stops with
output samples to voiceband buffer.

The circular buffer is a 3000 word buffer to store and mix the voicédband samples from external sources
(synthesizer data). The buffer has a circular structure, so that when therite pointer reaches the end of the
buffer, it is wrapped to the begin address of the buffer.

Two different samplebased sample rate converters are used: an interpolator, required to convert the sample
based voiceband processing sampling rate of 8 kHz tadhe analog audio front-end output rate of 47.6 kHz; a
decimator, required to convert the circular buffer sampling rate of 47.6 kHz to the 12Sx TX or the uplink path
sample rate of 8 kHz.

1.9.3.1 Audio codecs
The following speech codecs are supportebly firmware on the DSP:
GSM Half Rate (TCH/HS)
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GSM Full Rate (TCH/FS)
GSM Enhanced Full Rate (TCH/EFR)
3GPP Adaptive Multi Rate (AMR) (TCH/AFBCH/AHS)

1.9.3.2 Echo cancelation and noise reduction

LEONG100/G200 support algorithms for echo cancellation, noise suppression and sumatic gain control.
Algorithms are configurablewith AT commands (refer to theu-blox AT Commands Manual2]).

1.9.3.3 Digital filters and gains

Audio parameters such as digital filters, digital gain, Sideone gain (feedback from uplink to downlink path) and
analog gain are available for uplink and downlitk audio paths. Theseparameterscan be modified by dedicated
AT commands and be saved in 2 customer profilesn the non-volatile memory of the module (refer to the u-blox
AT Commands Manual2]).

1.9.3.4 Ringer mode

LEONG100/G200 modules support polyphonic ring tones. The ringer tones are generated by a btiift generator

on the chipset and then amplified by the internal amplifier.

The synthesizer output is only mono and annot be mixed with TCH voice path (the two are mutually exclusive).
To perform in-band alerting during TCH with voice path open, only Tone Generator can be used.

The analog audio path used in ringer mode can be the high power differential audio output (fer to [2];
AT+USPM command, <main_downlink> and <alert_sound> parameters for alert sounds routing ). In this case
the external high power loudspeakermust be connected to the SPK_P/SPK_N output pins of the module as
shown in the application circuit (Figure20) described in sectionl.9.1.5.

1.10SIM interface

SIM card inerface is provided on the boardto-board pins of the module. High-speed SIM/ME interfae is
implemented as well asautomatic detection of the required SIM supporting voltage.

Both 1.8 V and 3 V SIM typs are supported: activation and deactivation with automatic voltage switch from 1.8
to 3 V is implemented, according to ISGIEC 7816-e ecifications. The SIM driver supports the PPS (Protocol
and Parameter Selection) procedurdor baud-rate selection, according to the valuesdetermined by the SIM
Card.

Table11 describesthe board to board pinsrelated to the SIM interface

Name Description Remarks

VSIM SIM supply 1.80 V typical or 2.85 V typical automatically generated by the
module

SIM_CLK SIM clock 3.25 MHz clock frequency

SIM_IO SIM data

SIM_RST SIM reset

Table 11: SIM Interface pins

Figure23 showsa circuit with the minimal connections between the LEON and the SIM card.
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Figure 23: SIM interface application circuit

When connecting the module to SIM connectomperform the following steps on the application board

To prevent RF coupling ground via a 47 pF capacitor(e.g. Murata GRM1555C1H470J)near the SIM
connector on each SIM signal§IM_CLK SIM_I10O, SIM_RST)

Ground viaa 100 nF capacitor(e.g. Murata GRM155R71C104K on the SIM supply ¥YSIM)

Mount very low capacitance ESD protectiore(g. Infineon ESD8VOL2B3L or AVX USB0O002RMear the SIM
card connector

Limit capacitance on each SIM signal to match the SIM specifications: the connections should alwalye
routed as short as possible

1.10.1 SIM functionality

The following SIM servicesare suppoted:
Abbreviated Dialing Numbers (ADN)
Fixed Dialing Numbers (FDN)
Last Dialed Numbers (LDN)
Service Dialing Numbers (SDN)

SIM Toolkit R99 is supported.
1.11 Serial Communication

1.11.1 Asynchronous serial interface (UART)

The UART interface is an 8vire unbalanced asynchronous serial interfaceghat provides an AT commands
interface, GPRS data and CSD data, software upgrades.

The UART interface provides R&32 functionality conforming with ITUT V.24 Recommendation (more details
available in[4]), with CMOS compatible signal levels: &/ for low data bit or ON state, and 2.85 V for high data
bit or OFF state An external voltage translator (Maxim MAX3237) is requiredd provide RS232 compatible
signal levels. For the detailed electrical characteristics refer to thEONG100/G200 Data Sheet [1].
LEONG100/G200 modules are desiged to operate as a GSM/GPRS modenmwhich represents the data
circuit-terminating equipment (DCE) as described by the ITU V.24 Recommendation. A customer application
processor connected to the module through the UART interface represents the data termirequipment (DTE).
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&~ The signal names of thdk EONG100/G200 UART interfaceconform to ITUT V.24 Recommendation.
The UART interface includethe following lines:

Name Description Remarks

DSR Data set ready Module output, functionality of ITU-T V.24 Circuit 107 (Data
set ready)

RI Ring Indicator Module output, functionality of ITU-T V.24 Circuit 125
(Calling indicator)

DCD Data carrier detect Module output, functionality of ITU-T V.24 Circuit 109 (Data
channel received line signal detector)

DTR Data terminal ready Module input, functionality of ITU-T V.24 Circuit 108/2 (Data

terminal ready)
Internal active pultup to 2.85 V enabled.
RTS Ready to send Module hardware flow control input, functionality of ITU-T
V.24 Circuit 105 (Request to send)
Internal active pultup to 2.85 V enabled.

CTS Clear to send Module hardware flow control output, functionality of ITU-T
V.24 Circuit 106 (Ready for sending)
TxD Transmitted data Module data input, functionality of ITUT V.24 Circuit 103

(Transmitted dat)
Internal active pultup to 2.85 V enabled.

RxD Received data Module data output, functionality of ITU-T V.24 Circuit 104
(Received data)

Table 12: UART pins

1.11.1.1 UART features
UART interfacés) are controlled and operated with
AT commandsaccording to [5]
AT commandsaccording to [6]
AT commands &cording to [7]
u-blox AT commands

All flow control handshakes are supported by the UART interfacand can be set by @propriate AT commands
(seeu-blox AT Commands Manual[2]): hardware flow control (RTS/CTS), softwarfiow control (XON/XOFF), or
none flow control.

Autobauding is supported It can be enabled/ disabled by an AT command (see-blox AT Commands Manual
[2]). Autobauding is enabled by default.

&~ Hardware flow control is default.

&~ For the complete list of supported AT commands and their syntax refer to thei-blox AT Gmmands Manual
[2].

& Autobauding result can be unpredictable with spurioudata if idle-mode (power-saving is entered and the
hardware flow control is disabled

Thefollowing baud ratescan be configured ushg AT commands
2400 b/s
4800 b/s
9600 b/s
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19200 b/s

38400 b/s

57600 b/s

115200 b/s. Default when autobauding disabled
Thefollowing baud-rates are availablevith autobauding only:

1200 b/s

230400 b/s

Automatic frame recognition is supported: this feature is enabled in conjunction wittautobauding only, which is
enabled by default. The frame format can be

8N1 (8 data bits, No parity, 1 stop bit)
8E1 (8 data bits, even parity, 1 stop bit)
801 (8 databits, odd parity, 1 stop bit)
8N2 (8 data bits, No parity, 2 stop bits)
The defaultframe configuration with fixed baud rate is 8N1, described in theFigure24.

Normal Transfer, 8N1

Start of 1-Byte Possible Start
l transfer next transfer

DO| DL| D2| D3| D4 | D5 || D6 | D7

T Start Bit o T Stop Bit
(Avays 0) (Avays 1)
tye = 1/(Baudrate

Figure 24: UART default frame format (8N1) description

1.11.1.2 UART signal behavior
SeeTable?2 for a description of operating modes and states referred to in this section.

By default the RxD and the TxD lines are set to OFF statat UART initialization,following the boot sequence
when the module is switched on. The module holds RxD and TxD in OFF state until datas either transmitted or
received by the module: an active pullip is enabled inside the module on theTxD input.

The hardware flow control output (CTS line) indicates when tke module is in active mode and the UART
interface is enabled: the module drives the&€TSline to the ON state or to the OFF state when it igither prepared
or not prepared to accept data from the external device (DTE)

After the boot sequence he CTSline is set to ON state atUART initialization, when the module is in etive-mode
and ready to operate.By default the module automaticallyentersidle-mode (power saving)unlessthis mode has
been disabled usingan AT command (seeu-blox AT Commands Manual2]). Data sent by the DTE can be losif
hardware flow-control is not enabled The module periodically wakes up fromidle-mode to activeemode to be
synchronized with network activity. Idleemode time is fixed by network parameters and can be up to ~2.1 s.
When the module wakesup to active-mode, the UART interface is enabledthe CTSline is switched to ON state
and is held in this state for a minimumof ~11 ms.

The behavior of hardware flowcontrol output (CTSline) during the module normal operations (idle mode and
active mode) is illustrated inFigure25.
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The time delay for the module to go from activemode to idle-mode depends (in addition to dependency on
network parameters)on the timeout from the last data received at the serial portThis timeout is configurableby
the AT+UPSV commangdbetween 40 GSM frames (~184 msjnd 65000 GSM frames (~300 s)Default valueis
2000 GSM frames (~9.2 s)

Data input
CTS OF
CTS Ot
< > >iie < > time [s]
max ~2.1 ¢ min ~11 ms ~9.2 s (default]
UART disable UART enable UART enable:

Figure 25: CTS behavior during normal module operation: the CTS line indicates when the module is able (CTS = ON) or not able
(CTS = OFF) to accept data from the DTE and communicate through the UART interface

The hardware flow control input RTSline) is set by default to OFF state aUART initializationat the end of the
boot sequence after the module switch on. RTSline is then held by the module in OFF state ifhardware flow-
control is not enabled by the DTEAnN active pultup is enabled inside the module on theRTSinput.

The module drives theDSRIine to indicate whether it is ready to operateor not. After the module switches on,
DSRine switches from ON stateto OFF stateas shown in Figure 26. During the Boot process of the module,
DSRis forced to OFF,until the module is not ready to opeate. It is switched to ON state when the module is
ready to operate.The timeT_,, depends on theduration of the boot process, andis in the range of ~1s.

witch

DSR OFF
DSR ON
| T | _ >
0 0.024 Towitch time [s]
Poweron

Figure 26: DSR behavior at power -on

The DTRIine is set by default to OFF state at the UART initialization, at the end of the boot sequenadter the
module switch on. DTR line is then held by the module in the OFF state if the line is not activated by the ®BRAn
active pultup is enabled inside the module on theDTRinput.

Rl and DCD lines are sethy default to OFF stateat UART initialization, at the end of the boot sequence. Th&l
line is then held by the module in OFF state until an incoming call or SMS&received. TheDCD line is held in OFF
state until a data call is accepted.

During an incoming call theRl line is switched from OFF state to ON state witla 4:1 duty cycle and a 5 seconsd
period (ON for 1 second, OFF for 4 secondee Figure27), until the DTE attached to the module sends the ATA
string and the module accepts the incoming data callThe RING string sent by the module (DCE) to the serial
port at constant time intervals is not correlated with the switch of theRl line to the ON state. When the data call
is accepted, the moduleis set to ON state and the serial line DCD sends the CONNECT<communication
baudrate> to the DTE. DTE senddata through the DCE and the GSM network to the remote DCEDTEsystem
and data communication can beperformed asfor outgoing data calls.
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RI OFF

RI ON
| 1 1 1 >
0 5 10 15 time [s]

Call incomes

Figure 27: Rl behavior at incoming call

The Rl line is usedto notify an SMS arrival When the SMSarrives, the Rl line switches from OFF to ON for 1
second geeFigure28).

1s

<>
RI OF
RI OM
T >
? time [s]
SMS arrive

Figure 28: RI behavior at SMS arrival

1.11.1.3 Connecting UART on application boards - Full RS232 Functionality

For complete R$232 functionality conforming to [4] in DTE/DCEserial communication, the complete UART
interface of the module (DCE)must be connected to the DTE a described inFigure 30.
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Application Processor LEON-G100/G200
(DTE) (DCE)
TXD - TXD
RxD -< RxD
RTS - RTS
CTS -: CTS
DTR ! DTR
DSR -< DSR
RI -< RI
DCD -4 DCD

Figure 29: UART interface application circuit with complete V.24 link in the DTE/DCE serial communication

1.11.1.4 Connecting UART on a pplication boards - TxD, RxD, RTS and CTS linesonly (not using the
complete V .24 link)

Follow the application circuit described in Figure 30. HW flow-control is used. The module wakes up from
default idle-mode to activemode when data is receivedat the UART interface since the HW flow control is
enabled by default in the module.

Connect on the application board DSR output line to the module DTR input line, sincethe module requires

DTR active (low electrical level) andSRis active (low electrical level) once the module is switched on and
the UART interface is enabled

LeaveDCD and Rl linesof the module unconnectedand floating

Application Processor LEON-G100/G200
(DTE) (DCE)
TxD > TxD
RxD < RxD
RTS > RTS
CTS < CTS
DTR /—> iVl DTR
DSR — DSR
RI 10 &
DCD DCD

Figure 30: UART interface application circuit with partial V.24 link (4 -wire) in the DTE/DCEserial communication

GSM.G1-HW-09002-D Preliminary System description

Page 46 of 77



@b I Ox LEONG100/G200 - System Integration Manual

1.11.1.5 Connecting UART on application boards - TxD and RxD lines only (not complete V24 link)

Follow the application circuit described inFigure 31. HW flow control is not used. h e mo d u | tevaké ope s n C
from the default idle-mode to activeemode when datais receivedat the UART interface. ice HW flow control is
by default enabled in the module data delivered by the DTE can be lost

The module cannot be wolen-up in this case and for this reason this configuration is not recommended

Connect on the application circuit the module CTS output line to the module RTSinput line, since the
module requiresRTSactive (low electrical level) andCTSis active (low electrical level) when the module is in
active mode and the UART interface is enabled

Connect on the application circuit the module DSR output line to the module DTR input ling since the
module requires DTR active (low electrical level) andSRis active (low electrical level) once the module is
switched on and the UART interface is enabled

DCD and Rl lines of the module can be leftunconnected and floating

Also in this configuration the UART interfacecan be used as AT commands interface, for GPRS data and CSD

data communication and for software upgrades, but without the HW flow control, data delivered by the DTE
can be lost.

Application Processor LEON-G100/G200
(DTE) (DCE)
TxD 15 Hke
RxD < I RxD
RTS ] KM RTS
CTS | 7l CTS
DTR | iVl DTR
DSR DSR
RI 10
DCD N DCD

Figure 31: UART interface application circuit with partial V.24 link (2 -wire) in the DTE/DCEserial communication

&~ To avoid an increase in module power consumption, any external signal connected to the UART must be set
low or tri-stated when the module is in powerdown mode. If the external signals in the application circuit
connected to the UART cannot be set low or trstated, a multi channel digital switch (e.g. Texas
Instruments SN74CB3Q16244) or a single channel analog switch (e.gexas Instruments TS5A3159 or
Texas Instruments TS5A63157) must be inserted between the twarcuit connections and set to high
impedance when the module is in powerdown mode.

& ltis highly recommended to provide on an application board a direct accedss RxD and TxD linef the
module (in addition to access to these lines from an application processor). This enables a direct connection
of PC (or similar) to the modulefor execution of Firmware upgrade over the UART.

1.11.1.6 MUX Protocol (3GPP 27.010)
The moduk has a software layer with MUX functionalitycomplaint with [7].
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Thisis a data link protocol (layer 2 of OSI modelysing HDLClike framing and operates between he module
(DCE) and the application processor (DY.EThe protocol allows simultaneous sessions ovethe UART. Each
session consists of a stream of bytes transferring various kinds of data like SMS, CBS, GPRS, AT commands in
general. This permits, for example, SMS to be transferred to the DTE when a data connection is in progress.

The following virtual channels are defined:
Channel O reserved forMUX control
Channel 1 reservel for GPS data
Channel 25: free usage

1.11.2 DDC (FC) interface

1.11.2.1 Overview

An I’C compatible Display Data Channel (DDC) interfader serial communicationis implemented. This interface
is intended exclusively toaccessu-blox GPSreceivers

Name Description Remarks
SCL 12C bus clock line Fixed open drain. External puilip required.
SDA 12C bus data line Fixed open drain. External pulip required.

Table 13: DDC pins

To be complaint with the FC bus specifications, the module pads of the bus interface are open drain output and
pull up resistors must be used. Since the pullp resistors are not mounted on the module, theymust be
mounted externally. Resistor valus must conform to the FC bus specificationg8]. If LEONG100/G200 modules
are connected through the DDC bus to a single u-blox GPS receiver onlyonly one device is connected on the
DDC bus), use a pultup resistorof 4.7 kQ. Pull-ups must be connected to a supply voltage of 2.85 V (typical),
since this is the voltage domain of theDDC pins (for detailed electrical characteristicseethe LEONG100/G200
Data Sheet [1]).

DDC Slavemode operation is not supported, the module can actas master only.

Two lines serial data EDA) and serial ¢ock (SCL), carry information on the bus SCLis used to synchronize data
transfers and SDA is the data line. Sinceboth lines are open drain outputs, the DDC devices can only drive them
low or leave them open. Thepull-up resistor pulls the line up to the supply rail if no DDC device is pulling it
down to GND. If the pull-ups are missing,SCLand SDA lines are undefined and the DDC bus will not work.

The signal shapeis defined by the values of the pulup resistors and the bus capacitance. Long wires on the bus
will increase the capacitance. If the bus capacitance is increasedse pull-up resistors with lower nominal
resistance alue than 4.7 kQ, to match the I’C bus specifications regarding rise and fall times of the signa[8].

& Capacitance must be limited on the bus to match the’C specifications:route connections as sha as
possible.

& Ifthe pins are not used aDDC bus interface, they can be left unconnected.

1.11.2.2 DDC application circuit

The SDA and SCLlines can be used only to connect the LEON module to abiox GPS module: LEON DDC@)
interface is enabled by the +UGPS AT command onl&PIO2 is automatically driven as output by the +UGPS AT
command to switch-on or switch-off the u-blox GPS module, connectingsP102to the active-high enable pin (or
the active-low shutdown pin) of the voltage regulator that supplies the ublox GPS module on the application
board. The application circuit forSDA, SCLand GPIO2is illustrated in the following figure.
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u-blox GPS receiver LEON-G100/G200

soA IR Tl soA

85
@ 47k
scL < . 30 e

vee [l «<—Mout sHonn GPIO2

Figure 32: DDC Application circuit

1.12 ADC input (L EON-G100 only)

One Analog to Digital Converter input is available ADC1) and is configurable using u-blox AT commands (see
u-blox AT Commands Manu#&[2]). The resolution of this converter is 12it with a single ended input range.

Name Description Remarks
ADC1 ADC input Resolution: 12 bits.

Table 14: ADC pin

The electrical behavior of the measurement circuit in voltage mode can be modeled laycircuit equivalentto
that shown in Figure 33. This includesa resistor (R), voltage source (), analog preamplifier (with typical gain
G=0.5), and a digital amplifier (with typical gain g,,.=2048 LSB/).
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LEON-G100
Rsig ADC1 |
—__ +
G Qaoc [—»
Req -

Usig C) Uadc

Ueq

Figure 33: Equivalent network for ADC single -ended measurement

The ADC software driver takes care of the parametes shown in Figure 33 (R, U, G, g,,). The voltage
measured by the ADC is |J.. If the voltage source () has a significant internal resistance ([} compared to the
input resistance in measurement mod€R,) of the ADC, this should be takeninto account and corrected.

&~ If an external voltage divideris implemented to increase the voltage range, check thénput resistance in
measurement mode(R,) of the ADC input and all the electrical characteristics.
The detailed electrical specificatiors of the Analog to Digital Converter input are reported in the
LEONG100/G200 Data Sheef1].

1.13 General Purpose Input/Output (GPIO)

LEONG100/G200 modules provide two General Purpose Input/Outpupins (GPIO1, GPIO2 which can be
configured via uwblox AT commands (more details availadlin u-blox AT Commands Manual2]).

Name Description Remarks
GPIO1 GPIO Add a test point to provide access to the pin for debugging.
GPIO2 GPIO Dedicated for connection to a ublox GPS receiver

Table 15: GPIO pins

GPIO2is dedicatedfor connection to a u-blox GPS receiverAT commands are usedto drive the GPIO as output
to wake up the u-blox GPS module If LEONG100/G200 module is not connected to a ublox GPSmodule,
GPIO2 can be used for general purpose
&~ To avoid an increase of module power consumption @y external signal connected to a GPIO must be set
low or tri-stated when the module is in powerdown mode. If the external signalsin the application circuit
connected to a GPIO cannot be set low or trstated, mount a multi channel digital switch (e.g. Texas
Instruments SN74CB3Q1624or a single channel analog switch(e.g. Texas Instruments TS5A315%r
TS5A63157 between the two-circuit connections and set to high impedance.

& For debug purpose, add atest point on the GPIO1 pin evenif this GPIO is not used.

Preliminary System description

GSM.G1:HW-09002-D
Page 50 of 77



@b I Ox LEONG100/G200 - System Integration Manual

1.14 Approvals

1.14.1 Compliance with FCC and IC Rules and Regulations
LEON-G100/G200 modulesare approved by thefollowing regulatory bodies:

European Conformance CE mark : EC identification number 0682
R&TTED(Radio and Telecommunications Terminal Equipment Directive)
PTCRB(PCS Type Certification Review Board)

GCF(Global Certification Forum), partial compliance

AT&T network compatibility

CMIIT (China Ministry of Information Industry);SRRC(State Radio Regulation Center)Approval Code:
LEONG100: CMIIT ID: 2010CJ0053

LEONG200: CMIIT ID: 2010CJ0054

FCC(Federal Communications Commission) Identifier:
LEONG100: XPYLEONG100

LEONG100: XPYLEONG100

IC (Industry Canada) Certification Number:
LEONG100: 8595A-LEONG100

LEONG200: 8595A-LEONG200

& Manufacturers of mobile or fixed devices incorporating LEON -G100 / LEON-G200 modules are
authorized to use the FCC Grants a nd Industry Canada Certificates of the LEON -G100/LEON-
G200 modules for their own final products according to the conditions referenced in the
certificates.

The FCC Label shall in the above case be visible from the outside, or the host device shall bear a
second label stating:

"Contains FCC ID: XPYLEONG100" resp. "Contains FCC ID XPYLEONG200".

& IMPORTANT: Manufacturers of portable applications incorporating LEON -G100 / LEON-G200
modules are required to have their final product certified and apply for the ir own FCC Grant
and Industry Canada Certificate related to the specific portable device. This is mandatory to

meet the SAR requirements for portable devices.

Changes or modifications not expressly approved by the party responsible for compliance could
void the user's authority to operate the equipment.
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2 Design-In

This section provides a desigin checklist.

2.1 Schematic design -in checklist

The following are the most important points for a simple desigrin check:

R VCCsupply should be capablef deliveiing 2.5 A current bursts with low voltage drop.

R VCCsupply should be clean, with very low ripple and noise.

R Do no connect DC/DC regulator output and Battery Pack oW CC they are mutually exclusive.

R V_CHARGEand CHARGE_&NSEmust be externally shorted (LEOXE200 only).

R The DC supply used as chargenust be current limited as specified LEONG200 only).

R Do no leavePOWER_ONfloating: add a pull-up resistor.

R Insert a series inductor on each microphone lines and a 27 pF bygsacapacitor on each audio line.

R Capacitance must be limited on each SIM signal to match the SIM specifications.

R Checkthat voltage level of connected digital pins does not exceed operating range.

R Check UART signals direction, sindde signal names followthe ITUT V.24 Recommendation.

R Add a proper pulkup resistor on each line of theDDC interface.

R Capacitance must be limited on each line of thddDC interface.

R Check the matching of the digital audio interface specifications to connect a proper devicg. EQN-G200
only).

R For debug purpose, add atest point on each I12S pin and onGPIO1also if they are not used.

R To avoid an increase ofmodule current consumption in power down mode, any external signal
connected to the module digital pins (UART interface, Dital Audio Interface, HS_DET GPIOsmust be
set low or tri-stated when the module is in power down mode.

Layout

R Check 50Y impedance of ANT line.

R Ensure no coupling occurs with other noisy or sensitive signals

R VCCline should be wide and short.

R Route VCCsupply line away from sensitiveanalog signals.

R Avoid coupling of any noisy signals to microphone inputs lines.

R Ensure proper grounding.

R ConsideopubNmgd areas for the Data Module footprint.

R Optimize placement for minimum length of RF line and closer path from DC source fMCC

Antenna:

R Antenna should have 50Y impedance, V.S.W.R less then 3:1, recommended 2:1 on operating bands in
deployment geographical area.

R Antenna should have built in BC resistor to ground to get proper Antenna detection functionality.
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2.2 Design Guidelines for Layout

The following design guidelines must bemet for optimal integration of LEONG100/G200 moduleson the final
application board.

2.2.1 Layout guidelines per pin function

Thissection groups the LEONG100/G200 pins by signal function and providesa ranking of importance in layout
design

Legend:
\Very Important
GND 00 @ 00 O 0 O o q m Careful Layout
V BCKP il E:DE o ~ |:||:| GND Common Practice
GND - o GND
V_CHARGE T A
CHARGE SENSE/ADC ﬂ} o GND
GND E GND
GND o fim MIC BIAS1
GND ﬂﬁ] @ [l & [D“]m Dg MIC GND1
SEEE BE 58 BE = ° @ @ = | Mic_enp2
rgl ] e D IR 2L mic BiAS?
DCD o o 9o Reserved
DTRY | = 088 o Ll SPK N
RTS Helds 08 @ . SPK P
CTS Ho i HS P
TXD O GND
RXD o0 VSIM
GND 52O Boo]  SiIM RST
HS_DE ij ﬂ SIM_IO
PWR ON B SIM_CLK
oo oo
GPIO1 ‘B SDA
GPI102 g SCL
B
RESET_Ni | g [ ] 12S_RXD
Reserved 12S_CLK
Reserved Q 12S_TXD
GND (N a1 12S_WA
Pinout_Layout_R1.1(ppt)
Figure 34: Module pin -out with highlighted functions
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7(h

Function

RF Antenna In/out

DC Supply

Analog Audio
Audio Inputs

Audio Outputs
Ground

Charger

Sensitive Pin :
Backup Voltage

A to D Converter
(If implemented)

Power On
Digital pins :
SIM Card Interface

Digital Audio

DDC
UART

External Reset

General Purpose 1/0

Pin(s)

ANT

\iele:

MIC_BIAS1, MIC_GND1,
MIC_BIAS2, MIC_GND2

SPK_P, SPK_N, HS_P
GND

V_CHARGE,
CHARGE_SENSE

V_BCKP
ADC1

PWR_ON

VSIM, SIM_CLK, SIM_IO,

SIM_RST

12S_CLK, I12S_RXD,
12S_TXD, 12S_WA

SCL, SDA

LEONG100/G200 - System Integration Manual

Layout

Very
Important

Very
Important

Careful Layout

Careful Layout

Careful Layout

Careful Layout

Common
Practice

TXD, RXD, CTS, RTS, DSF

RI, DCD, DTR
RESET N
GPIO1, GPIO2

Table 16: Pin list in order of decreasing importance for layout design

2211

RF Antenna connection

The RFantenna connection pinANT is verycritical in layout design. The PCB linenust be designed to provide 50
Y characteristic impedance and minimam loss up to radiating element.

Remarks

Design for 50Q characteristic impedance.

See sectior2.2.1.1

VCCline should be wide and short. Route away
from sensitive analog signals. See sectich2.1.2
Avoid coupling with noisy signals

See sectior2.2.1.3

Provide proper grounding.

See sectior2.2.1.4

Check Charger line width.

See sectior2.2.1.5

Avoid coupling with noisy signals.
See section2.2.1.6

Follow common practice rules for digital pin
routing
See sectiorn2.2.1.7

Provide proper transition between theANT pad to application board PCB

Increase GND keeqout for ANT pin to at least 250 um up to adjacent pals metal definition and up to 500
pm on the area below the Data Module

Add GND keepout on buried metal layers below antenna pad if op-layer to buried layer dieletric thickness
is below 200 pm

The transmission line up to antenna connector or pad may be micro strip or a stripline. In any case must be
designed to achieve 50Y characteristic impedance

Microstrip lines are usually easier to implement and the reduced number of layer transeitis up to antenna
connector simplifiesthe design and diministesreflection losses. Howeverthe electromagnetic field extends
to the free air interface above the stripline and may interact with other circuitry

Buried stripline exhibits better shielding to incoming and generated interferense Therefore are preferred br
sensitive application. In case a stripline is implemented, carefully check that the via pstdck does not
couple with other signals on the cresed and adjacent layers

Minimize the transmission line length; the insertion loss should be minimized as mu&s possible, i the
order of a few tenths of a dB

The transmission line should not have abrupt chang® thickness and spacing to GND, but must be uniform
and routed as smoothly as possible
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The transmission line must be routed in a section of the PCB wheminimal interference fran noise sources
can be expected

Route ANT line far from other sensitive circuits as it is a sourcaf electromagnetic interference
Avoid coupling with VCCrouting and analog Audio lines

Ensuresolid metal connection ofthe adjacert metal layer on the PCB stackip to main ground layer
Add GND vias around transmission line

Ensure no other signals are routegbarallel to transmission lineor that other signds cross on adjacent metal
layer

If the distance between the transmission lineand the adjacent GND area (on the same layer) does not
exceed 5 times the track width of t he micro Ystrip,
charecteristic impedance calculation

DonCt route microstrip | i neamdrlaficepacatl orstaptaget e component

When terminating transmission line on antenna connector (or antenna pad) it is very important tetrictly
follow the connector manufacturerC eecommended layout

GND layer under RF connectors and close to buried vias should be cut out in order to remove stray
capacitance and thus keep the RF line 5¥. In most case the large active pad ofthe integrated antenna or
antenna connector needs to have a GND keeput at least on first inner layer to reduce parasitic capacitance
to ground. Note that the layout recommendation is not always available from connector manufacturee.g.
the classical SMA PiThrough-Hole needs to have GND cleared on all the layeraround the central pin up to
annular pads of the four GND poss. Check 50Y impedance of ANT line

Ensure no coupling occurs with ther noisy or sensitive signals

2.2.1.2 Main DC supply connection

The DC supply ofLEONG100/G200 modulesis very important for the overall performarce and functionality of
the integrated product. For detailed description check the design guidelirein section 1.5.2. Some main
characteristics are

VCC connection may carry amaximum burst current in the order of 2.5 A. Therefore, it is typically
implemented asa wide PCB line with short routing from DC supply (D€DC regulator, battery pack, etc)

The module automatically initiates an emergency shutdown if supply voltage drops below hardware
threshold. In addition, reduced supply voltage caset a worst case operation point for RF circuitry that may
behave incorrectly. It follows that each voltage drop in the DC supply track will restrict the operating mgin
at the main DC source output. Therefore the PCB connection has to exhibit a minimum or zero voltage
drop. Avoid any series component withEquivalent Series Resistance(ESRyreater than a few mY's

Given the large burst current,VCCline is a source ofdisturbance for other signals. Terefore route VCC
through a PCB areaseparatedfrom sensitiveanalog signals. Typicallyt is good practice to interpose at least
one layer of PCB ground between/CCtrack and other signal routing

The VCC supply current supply flows back to main DC source through GND as ground current: provide
adequate return path with suitable uninterrupted ground plane to main DC source

A tank capacitor with low ESR is often used to smooth current spikes. Thisnsst effective when placed as
close as possible to/CC From main DC source, first connect the capacitor and thewWCC If the main DC
source is aswitching DGDC converter, place the large capacitor close tthe DC-DC output and minimize
the VCC track length. Otherwise considerusing separate capacitors for DGDC converter and LEON
G100/G200 tank capacitor. Note that the capacitor voltage rating may be adequat to withstand the
charger overvoltage if battery-pack is used

VCCis directly connected tothe RFpower amplifier. Add capacitor in the pF range fromVCCto GND along
the supply path

Since VCC is directly connected to RF Power Amplifier, voltage ripple at high frequency magsult in
unwanted spurious modulation of transmitter RF signal. This is especiallges with switching DGDC
converters, in which case it is better to select the highest operating frequency fothe switcher and add a
large L-C filter before connecting to LEONG100/G200 in the worst case
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The large current generatesa magnetic field that is not well isolated by PCB ground layers angthich may
interact with other analog modules (e.g.VCO) even if placed on opposite side of PCB. In this case routéCC
away from other sensitive functional units

The typical GSM burst has eriodic nature of approx. 217 Hz, which lies in the adible audio range. Asoid
coupling between VCCand audio lines (especially microphone inputs

If VCCis protected by transient voltage suppressor / reverse polarity protection diode to ensure that the
voltage maximum ratings are not exceeded,place the protecting device along the path from the DC sorce
toward LEONG100/G200, preferably closer to the DC sourcéotherwise functionality may be compromisedl

VCCpad is longer than other pads and requiresa DRout i n gal ang otherasignas on the top layer
of the application board P@, below the LEONG100/G200

VCC line should be wide and short
Route away from sensitive analog signals

2.2.1.3 Analog Audio

Accurate analog audio design iveryimportant to obtain clearand high quality audio. The GSM signalburst has
a repetition rate of 271 Hz that lies in the audible range. A careful layout is required to reduce the risk of noise
pickup from audio lines due to both VCChurst noise coupling andRF detectia.

Analog audio is separated in the two paths,

1. Audio Input (Uplink path): MIC_BIASx, MIC_GNDx

2. Audio Outputs (Downlink path): SPK_P/ SPK_N HS_P

The most sensitive is the Uplink pathsince the analog input signalsare in the pV range The two microphone
inputs havethe same electrical characteristics, ani is recommended to implement their layout withthe same
routing rules.

Avoid coupling of any noisy sigals to microphone inputs lines

It is strongly recommended to route MIC signals away from batterand RF antenna line. Try to skip fast
switching digital lines as well

Keep ground separation from other noisy signals. Use an intermediate GND layer\oas wall for coplanar
signals
MIC_BIAS and MIC_GND carry also the bias for external electret active miiophone. Verify that microphone

is connected with right polarity, i.e. MIC_ BIASt o t he pi n mawCk@ND (z&c \dolt) sorthe
chassis of the device

Despitedifferent DC level, MIC_BIAS and MIC_GND are sensed ifferentially within the module. Therebre
they should be routed as a differential pair oMIC_BIAS up to the active microphone

Route MIC_GND with dedicated line together with MIC BIAS up to active microphone. Note that
MIC_GND is grounded internally withinmodule and does notneed external comection to GND

Cross other signals lines on adja&nt layers with 90° crossing

Place bypass capacitor for RF very close to active microphone. The preferred microphone should be designed
for GSM applications which typically have internal buiin bypass capaitor for RF very close to active device.

If the integrated FET detects the RF burst, the resulting DC level will be in the pdmnd of the audio
circuitry and cannotbe filtered by any other device

If DC decoupling is required, considethat the input impedance of microphone lines is in the X range.
Therefore series capacitors withsufficiently large value to reduce the high-pass cutoff frequency of the
equivalent high-pass RC filter

Output Audio lines have two separated configuratiors.
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SPK_P/ SPK_Nare high level balanced output. They are DC coupled and must be used with a speaker
connected in bridge configuration

Route SPK_P/ SPK_Nas differential pair, to reduce differential noise pickup. The balanced configuration
will help reject the common maode noise

If audio output is directly connected to speaker transducer, given the low load impedance of its load, then
consider enlargingPCB lines tareduce series resistive losses

HS_Pis single endedanalog audio referenced to GND. Reduce coupling with noisy lines as this Audio
output line does not benefit from common mode noise rejection of SPK_P/ SPK_N

Use twisted pair cable for balanced audio usage, shielded cable fonbalanced connection to speaker

If DC decoupling is required,a large capacitor need to be used, typically in thepuFrange, depending on the
load impedance, in order not to increase the lower cubff frequency due to its High-Pass RC filter response

2.2.1.4 Module grounding

Good connection of the module with application board solid ground layer is required for correct R
performance. It significantly reduces EMCissues andprovides athermal heat sink forthe module.

Connect eachGND pin with application board solid GND layer. It is strongly recommended that eacBND
pad surrounding VCCand ANT pins have one or more dedicated via down to application board da ground
layer. The sameppliesto GND pins on the opposite side close to @arger pins

If Application board is a multilayer PCB, then it is required to tight together each GND area with complete
via stack down to main board ground layer

It is recommended to implement one layer of the application board as ground plane

Good grounding of GND pads will also ensure thermal heat sink. This is critical during call connection, when
the real network commands the module to transmit at maximum power: proper groundinghelps prevent
module overheating

2.2.1.5 Charger Layout

If battery charger is implenented, V_CHARGE must withstand the charge current (typically in the order of
several hundredmA) continuous current sink.Voltage drop is not as critical as fo’vCC but dimension the line
width adequately to support the charge current without excessiveloss that may lead to increase in PCB
temperature.

CHARGE_SENSEenses the charger vthge: it sinksa few pA. Therefore its line width is not critical. Since it is
an analog input, it must be connected toV_CHARGEaway from noisy sources.

2.2.1.6 Other Sensitive pins

A few other pins on the LEONG100/G200 require careful layout.
Backup battery (V_BCKB: avoid injecting noise on this voltage domain as it may affect th stability of
sleep oscillator
Analog -to -Digital Converter (ADC1): it is a high impedanceanalog input; the conversion accuracy will be

degraded if noise injected. Lowpass filter may be used to improve noise rejection; typicallyC tuned for RF
rejection gives better results

Power On (PWR_ON): is the digital input for power-on of the LEONG100/G200. It is implemented as high
impedance input. Ehsure that the voltage level is well defined during operation and no transient noise is
coupled on this line, otherwisethe module may detect a spurious poweron request
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2.2.1.7 Digital pins

External Reset (RESETN): input for external reset, a logic bw voltage will reset the module

SIM Card Interface (VSIM, SIM_CLK, SIM_IO, SIM_RSY: the SIM layout may be critical if the SIM card is
placed far away from LEONG100/G200 or in close vicinity of RF antenna. Irthe first case the long
connection may radiate higher harmonic of digital data. h the second case the same harmonics may be
picked up and create seklinterference that can reduce the sensitivity of GSM Receiver channels whose carrier
frequency is coincident wth harmonic frequencies. In the later caseising RF bypass capacitors othe digital
line will mitigate the problem. In addition, sincethe SIM card typically access by the end use, it may be
subjected to ESDdischarges add adequate ESD protection to mprove the robustness of the digital pins
within the module. Remember to add such ESD protection along the path between SiNblder toward the
module

Digital Audio (I12S_CLK, 12S_RX, 12S_TX, 12S_WA the I2S interface requires the same consideration
regarding electro-magnetic interference asthe SIM card. Keep the traces short and avoid coupling with RF
line or sensitiveanalog inputs

DDC (SCL, SDA: the DDC interface requires the same consideration regarding electro-magnetic
interference as for SIM card. Kep the traces short and avoid coupling with RF line or sensitivanalog inputs
UART (TXD, RXD, CTS, RTS, DSR, RI, DCD, DY.Rhe serial interface require the same consideration

regarding electro-magnetic interferenceas for SIMcard. Keep the traces short and avoid coupling with RF
line or sensitiveanalog inputs
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2.2.2 Footprint and paste mask

1.0 mm [39.3 mil] 9] Jé
0.8 mm [31.5 mil]
-~ T I
E‘
= Stencill: 200 pm
3
c 1.1 mm [43.3 mil]
£
o
o
i
— 0.8 mm [31.5 mil]
.o mm o mi
™
£ wEE
|1 g Rkt
o N, [S)sch
— F—
Vv 1.55 mm [61.0 mil] || 1760mm[60290mil 4 | |
| | | H 18.90 mm [744.1 mil] i |
! 18.90 mm [744.1 mil] >I| | 22,70 mm [893.7 mi] |
I 1
Figure 35: LEON-G100/G200 footprint Figure 36: LEON-G100/G200 paste mask

To improve the wetting of the half vias, reduce the amount of solder paste under the module and increase the
volume outside of the module by defining the dimensions of the paste mask to form a-Shape (or equivalent)
extending beyondthe Copper mask. The solder paste should have a total thickness of 2@@n.

&~ The paste mask outline needs to be considered when defining the minimal distance to the next component.
&~  The exact geometry, distances, stencil thicknesses and solder pastéumes must be adapted to the specific
production processes (e.g. soldering etc.) of the customer.
The bottom layer of LEONG100/G200 shows some unprotected copper areas foGND and VCC signals, plus
GND keep-out for internal RF signals routing.
&~ cConsi derrouNon g d alE@NG400/5200 footpthineas follows:
1. Ground copper and signals keeput below LEONG100/G200 on Application Motherboard due to VCC
area, RFANT pin and exposed GND pad ormodule bottom layer (seeFigure37).
2. Signals KeepOut below module on Application Motherboard due to GND opening onLEONG100/G200
bottom layer for internal RF signals (seEigure38).
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VBAT AREA
NO COPPER AREA ON MOTHERBOARD

15. 11
‘]] 2.79—+= ~—
Ik T NO SOLDER GND AREA
L T ! T
5 3,
[ a '9) | E*'— RFNPAD : USE 50 OHM LAYOUT ON MOTHERBOARD
16.50 <=—1.00
g
BOTTOM SIDE
<THROUGH MODULE V\EW)
[ Jeinas Pin 26 [
= 18.90

Figure 37: Ground copper and signal keep -out below data module on application motherboard due to due to VCC area, RF ANT
pin and expo sed GND pad on data module bottom layer
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Figure 38: Signals keep -out below data module on application motherboard due to GND opening on data module bottom layer
for internal RF signals

Routing below LEON-G100/G200 on application motherboard is generally possible but not recommended: in
addition to the required keep-out defined before, consider that the insulation offered by the solder mask
painting may be weakened corresponding to micrevias on LEONG100/G200 bottom layer, thus increasing the
risk of short to GND if the application motherboard has unprotected signal routing on same coordinates.

2.2.3 Placement
Optimize placement for minimum length of RF line and closer path from DC source f{&/CC

2.3 Module thermal resistance

The Caseto-Ambient thermal resistance (R,) of the module, with the LEONG100/G200 mounted on a 130 x
110 x 1.6 mm FR4 PCB with a high coverage of coppee(g. the EVKG25H evaluation kit) in still air conditions is
equal to 14°C/W.

With this Caseto-Ambient thermal resistance, the increase of the module temperature is:

Around 12°C when the module transmits at the maximum power level during a GSM call in the GSM/EGSM
bands
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