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SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE

Notice

While reasonable efforts have been made to astereadcuracy of this document, Titan
assumes no liability resulting from any inaccura@eomissions in this document, or from use
of the information obtained herein. The informationthis document has been carefully
checked and is believed to be entirely reliablewkler, no responsibility is assumed for
inaccuracies or omissions. Titan reserves the tmhtake changes to any products described
herein and reserves the right to revise this doouirguied to make changes from time to time in
content hereof with no obligation to notify any g@&n of revisions or changes. Titan does not
assume any liability arising out of the applicatmmuse of any product, software, or circuit
described herein; neither does it convey licenskeuits patent rights or the rights of others.

It is possible that this publication may contaiferences to, or information about Titan products
(machines and programs), programming, or servitaisare not announced in your country.
Such references or information must not be condttoenean that Titan intends to announce
such Titan products, programming, or services i ymuntry.

Copyrights

This instruction manual and the Titan products dieed in this instruction manual may be,

include or describe copyrighted Titan material, hsu&s computer programs stored in
semiconductor memories or other media. Laws inltddg and other countries preserve for

Titan and its licensors certain exclusive rightsdopyrighted material, including the exclusive

right to copy, reproduce in any form, distributelamake derivative works of the copyrighted

material. Accordingly, any copyrighted materialTéfan and its licensors contained herein or
in the Titan products described in this instructimanual may not be copied, reproduced,
distributed, merged or modified in any manner witthihe express written permission of Titan.
Furthermore, the purchase of Titan products stalbe deemed to grant either directly or by
implication, estoppel, or otherwise, any licensadamthe copyrights, patents or patent
applications of Titan, as arises by operation ofilathe sale of a product.

Computer Software Copyrights

The Titan and 3rd Party supplied Software (SW) pobsldescribed in this instruction manual
may include copyrighted Titan and other 3rd Padpptied computer programs stored in
semiconductor memories or other media. Laws inltddg and other countries preserve for
Titan and other 3rd Party supplied SW certain esteki rights for copyrighted computer
programs, including the exclusive right to copyreproduce in any form the copyrighted
computer program. Accordingly, any copyrighted fiitar other 3rd Party supplied SW
computer programs contained in the Titan produetstidbed in this instruction manual may
not be copied (reverse engineered) or reproduceshynmanner without the express written
permission of Titan or the 3rd Party SW suppliertkermore, the purchase of Titan products
shall not be deemed to grant either directly aintgylication, estoppel, or otherwise, any license
under the copyrights, patents or patent applicatmmTitan or other 3rd Party supplied SW,
except for the normal non-exclusive, royalty frieemse to use that arises by operation of law
in the sale of a product.
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Usage and Disclosure Restrictions

License Agreements

The software described in this document is thegntgpf Titan and its licensors. It is furnished
by express license agreement only and may be udgdncaccordance with the terms of such
an agreement.

Copyrighted Materials

Software and documentation are copyrighted materi®laking unauthorized copies is
prohibited by law. No part of the software or doamtation may be reproduced, transmitted,
transcribed, stored in a retrieval system, or teded into any language or computer language,
in any form or by any means, without prior writ@@@rmission of Titan

High Risk Materials

Components, units, or third-party products usetéproduct described herein are NOT fault-
tolerant and are NOT designed, manufactured, ended for use as on-line control equipment
in the following hazardous environments requiriagr$afe controls: the operation of Nuclear
Facilities, Aircraft Navigation or Aircraft Commurdtion Systems, Air Traffic Control, Life
Support, or Weapons Systems (“High Risk ActivitjeSitan and its supplier(s) specifically
disclaim any expressed or implied warranty of é&r such High Risk Activities.

Trademarks

The Titan Logo is a registered trademark. All otperduct or service names are the property
of their respective owners.

Copyright © Titan Automotive Solutions NV.
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Introduction

Scope

The aim of this document is to present possiblerandmmended hardware solutions useful
for developing a product with the Titan LE920 madudll the features and solutions detailed
are applicable to all LE920, where “LE920” refeosthe modules listed in the applicability

table.

If a specific feature is applicable to a specifioguct, it will be clearly highlighted.

NOTICE:
The description text “LE920” refers to all modulesed in theAPPLICABILITY TABLE 1.

Audience

This document is intended for Titan customers, @sflig system integrators, about to
implement their applications using our LE920 module

Contact Information, Support

For general contact, technical support, to repocudhentation errors and to order manuals,
contact Titan Technical Support via Team forge &ulet.

https://ctf.tustitan.com/

Alternatively, get in touch with your usual Titaargact.
For more information about Titan visit:

http://www.tustitan.com

To register for product news and announcementsrgrbduct questions contact Titan
Technical Support. Our aim is to make this guideelpful as possible. Keep us informed of
your comments and suggestions for improvements.

Titan appreciates feedback from the users of dornmation.
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1.4. Document Organization
This document contains the following chapters:

Chapter 1: “Introductionprovides a scope for this document, target audiecuntact and
support information, and text conventions.

Chapter 2: “General Product Descriptiogives an overview of the features of the product.

Chapter 3: “LE920 Module Connectiond&als with the pin out configuration and layout.

Chapter 4: “Hardware Commandsistructs how to control the module via hardware

Chapter 5: “Power Supplydeals with supply and consumption.

Chapter 6: “AntennaThe antenna connection and board layout desigthammost important
parts in the full product design

Chapter 7: “Logic Level specificationSpecific values adopted in the implementation of
logic levels for this module.

Chapter 8: “USB Port”

Chapter 9: “Serial Ports”

Chapter 10: “Peripheral Ports”

Chapter 11: “Audio Section Overview”

Chapter 12: “General Purpose I/8bw the general purpose I/O pads can be configured

Chapter 13 "DAC and ADC SectioJeals with these two kind of analog converters.

Chapter 14: “Mounting the module on your board”

Chapter 15: “Application Guides”

Chapter 16: “Packing System”

Chapter 17: “Safety Recommendations”

Chapter 18: “Document History”

‘ T s
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Text Conventions

Danger — This information MUST be followed or catimgphic equipment failure or bodily
injury may occur.

Caution or Warning — Alerts the user to importanbmts about integrating the module, if
these points are not followed, the module and esguequipment may fail or malfunction.

Tip or Information — Provides advice and suggestionithat may be useful when integrating
the module.

All dates are in 1ISO 8601 format, i.e. YYYY-MM-DD.

Related Documents

o LE920-EUG/NAG Product Description, 80407ST10118A

o LE920-EUG/NAG AT command reference guide, 80407 ITEA
e Titan EVK2 User Guide, 1vwv0300704

e Titan XE920 Audio Settings Application Note, 80404ND095A
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2. General Product Description

2.1. Overview

The aim of this document is to present possiblerandmmended hardware solutions useful
for developing a product with the Titan LE920 ma=ul

In this document all the basic functions of a vassl module will be taken into account; for
each one of them a valid hardware solution wilsbggested and usually incorrect solutions
and common errors to be avoided will be highlightedviously this document cannot
embrace every hardware solution or every prodwttritay be designed. Obviously avoiding
invalid solutions must be considered as mandatWtereas the suggested hardware
configurations need not be considered mandatoeyinfiormation given should be used as a
guide and a starting point for properly developpogr product with the Titan LE920 module.

NOTICE:

The integration of the GSM/GPRS/EGPRS/WCDMA/HSPARALE920 cellular module
within user application must be done accordindhedesign rules described in this manual.

The information presented in this document is belieto be accurate and reliable. However,
no responsibility is assumed by Titan Communica8gnA. for its use, such as any
infringement of patents or other rights of thirdtjgs which may result from its use. No
license is granted by implication or otherwise uraley patent rights of Titan
Communication S.p.A. other than for circuitry emisetlin Titan products. This document is
subject to change without notice.

I
& = o BV =
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2.2. LE920 Mechanical Dimensions
The Titan LE920 module overall dimensions are:
. Length: 34 mm , +/- 0.15 mm Tolerance
. Width: 40 mm , +/- 0.15 mm Tolerance
. Thickness: 2.9 mm, +/- 0.13 mm Tolerance
2.3. Weight

The module weight of LE920 is about 9.0 gram.

‘& -‘;‘
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2.4. Environmental requirements

2.4.1. Temperature range

—40°C ~ +85°C

—40°C ~ +85°C

2.4.2. RoOHS compliance

As a part of Titan corporate policy of environmémiatection, the LE920 complies with the
RoHS (Restriction of Hazardous Substances) direatfthe European Union (EU directive

2011/65/EU).

bt 5 4
Reproduction forbidden without written authorizatio
Reserved. Page 14 of 86

n from Titan Automotive Solutions NV. - Al Rights




Titan O

LE920 Hardware User Guide
1vv0301026 Rev.11 2019-11-21

2.5. Operating Frequency
The operating frequencies in GSM850, EGSM900, D@81BCS1900, WCDMA & LTE

modes are conformed to the 3GPP specifications.
2.5.1. LE920-EUG(cs1550f-B), LE920-EU (cs1647c)
EOL product
2.5.2. LE920-NAG (cs1550f-A)
EOL product

2.5.3. LE920-NA (cs1701), LE920-NA AUTO S (cs1717)
824 ~ 849 869 ~ 894 128~ 251 45 MHz
1850 ~ 1910 1930 ~ 1990 512 ~ 810 80MHz

Tx: 9262 ~ 9538
1850 ~ 1910 1930 ~ 1990 Rx: 9662 ~ 9938 80MHz

Tx: 1312 ~ 1513
1710~ 1755 2110~ 2155 Rx: 1537 ~ 1738 400 MHz

Tx: 4132 ~ 4233
824 ~ 849 869 ~ 894 Rx: 4357 ~ 4458 A5MHz

Tx: 18600 ~ 19199
1850 ~ 1910 1930 ~ 1990 Rx: 600 ~ 1199 80MHz

Tx: 19950 ~ 20399
1710~ 1755 2110~ 2155 Rx: 1950 ~ 2399 400MHz

Tx: 20400 ~ 20649
824 ~ 849 869 ~ 894 Rx: 2400 ~ 2649 45MHz

Tx: 20750 ~ 21449
2500 ~ 2570 2620 ~ 2690 Rx: 2750 ~ 3449 120MHz

Tx: 23010 ~ 23179
699 ~ 716 729 ~ 746 Rx: 5010 ~ 5179 30MHz

P & = = 7 b 3
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2.5.4. LE920-CN (cs1648D)
EOL product

2.6. Sensitivity

LE920 maximum sensitivity levels are as follow:
= -113dBm @ 2G

= -112dBm @ 3G

» -111 dBm @ TD-SCDMA (BW=1.6MHz)

= -102dBm @ 4G FDD (BW=5MHz)

» -101dBm @ 4G TDD (BW=5MHz)

2.7. Conformity assessment issues
2.7.1. FCC/IC Regulatory notices
2.7.1.1. Modification statement

Titan has not approved any changes or modificatiornkis device by the user. Any changes or madfifins
could void the user’s authority to operate the puongnt.

Titan n’approuve aucune modification apportée gppareil par I'utilisateur, quelle qu’en soit la nate. Tout
changement ou modification peuvent annuler le dfaitilisation de I'appareil par l'utilisateur.

2.7.1.2. Interference statement

This device complies with Part 15 of the FCC Ruded Industry Canada licence-exempt RSS standard(s).
Operation is subject to the following two conditsorfl) this device may not cause interference, (@hdhis
device must accept any interference, includingfatence that may cause undesired operation aldhiee.

Le présent appareil est conforme aux CNR d'Indeisidnada applicables aux appareils radio exempts de
licence. L'exploitation est autorisée aux deux dbmus suivantes : (1) lI'appareil ne doit pas pragude
brouillage, et (2) I'utilisateur de I'appareil dorccepter tout brouillage radioélectrique subi, neési le
brouillage est susceptible d'en compromettre letionnement.

0
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2.7.1.3. RF exposure

This equipment complies with FCC and IC radiatiopasure limits set forth for an uncontrolled
environment. The antenna should be installed aedabgd with minimum distance of 20 cm between
the radiator and your bodfntenna gain must be below:

Frequency band| Antenna gain
700MHz 5,6€ dBi
850 MHz 6,1Z dBi
1700 MH: 5,0CdBi
1900 MH: 8,01dBi
2600 MH: 8,01 dBi

This transmitter must not be co-located or opegaiim conjunction with any other antenna or
transmitter.

Cet appareil est conforme aux limites d'exposi@ox rayonnements de la IC pour un environnement non
contrdlé. L'antenne doit étre installé de facoreadgr une distance minimale de 20 centimétres datseurce
de rayonnements et votre corps. Gain de l'antemwiteétle ci-dessous:

Bande de fréquence Gain de I'antenne
700 MHz 5,6€ dBi
850 MHz 6,15 dBi
1700 MH: 5,0CdBi
1900 MH: 8,01dBi
2600 MH: 8,01 dBi

L'émetteur ne doit pas étre colocalisé ni fonctEmeonjointement avec a autre antenne ou autre téonet

2.7.1.4. FCC Class B digital device notice

This equipment has been tested and found to comphythe limits for a Class B digital device,
pursuant to part 15 of the FCC Rules. These limits designed to provide reasonable protection
against harmful interference in a residential ifeti@n. This equipment generates, uses and caatead
radio frequency energy and, if not installed anelduim accordance with the instructions, may cause
harmful interference to radio communications. Hogrevhere is no guarantee that interference will
not occur in a particular installation. If this @ggument does cause harmful interference to radio or
television reception, which can be determined byity the equipment off and on, the user is
encouraged to try to correct the interference byy@nmore of the following measures:

- Reorient or relocate the receiving antenna.

- Increase the separation between the equipmentkander.
onoect the equipmentinto an outlet on a ciggiffigieent from that to which the re'ggivg |

N \
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- Consult the dealer or an experienced radio/TV tietdim for help.

2.7.1.5. Labelling Requirements for the Host device

The host device shall be properly labelled to iihetihe modules within the host device. The certifion label
of the module shall be clearly visible at all timelsen installed in the host device, otherwise tbst ldevice
must be labelled to display the FCC ID and IC & thodule, preceded by the words "Contains transmitt
module", or the word "Contains", or similar wordiegpressing the same meaning, as follows:

Contains FCC ID: 2AUECLE920NA1
Contains IC: 25635-LE920NA1

L'appareil hote doit étre étiqueté comme il fautippermettre l'identification des modules qui suient.
L'étiquette de certification du module donné dbi¢ @osée sur I'appareil hdte a un endroit bienvaa en tout
temps. En I'absence d'étiquette, I'appareil hotie marter une étiquette donnant le FCC ID et led@module,
précédé des mots « Contient un module d'émissiau »not « Contient » ou d'une formulation similaire
exprimant le méme sens, comme suit:

Contains FCC ID: 2AUECLE920NA1
Contains IC: 25635-LE920NA1

CAN ICES-3 (B) / NMB-3 (B)

This Class B digital apparatus complies with CaaadCES-003.

Cet appareil numérique de classe B est conforngerédime canadienne ICES-003.

| Ei; f" L /.
o g
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3. LE920 Module Connections
3.1 PIN-OUT

PAD Signal I/O Function Type COMMENT
USB HS 2.0 Communication Port

D19 USB_D+ I/O USB differential Data(+)

F19 USB _D- I/O USB differential Data(-)
Al18 USB_VBUS Al P i i 22 =S 20

) ower sense for the internal USB transceiver Power @ (s

Asynchronous UART — Prog. / data +HW Flow Control
AH19 C103/TXD | Serial data input (TXD) from DTE 1.8V
AF19 C104/RXD O Serial data output to DTE 1.8V
AC18 C108/DTR I Input for Data terminal ready signal (DTR) from DT|1.8V
AA18 C105/RTS I Input for Request to send signal (RTS) from DTE 1.8V
AK19 C106/CTS O Output for Clear to send signal (CTS) to DTE 1.8V
AE18 C109/DCD O Output for Data carrier detect signal (DCD) to DTE 1.8V
AG18 C107/DSR O Output for Data set ready signal (DSR) to DTE 1.8V
AJ18 C125/RING O Output for Ring indicator signal (RI) to DTE 1.8V
Asynchronous Auxiliary UART
AB19 TXD_AUX O Auxiliary UART (TX Data to DTE) 1.8v
AD19 RXD_AUX | Auxiliary UART (RX Data from DTE) 1.8v
SPI — Serial Peripheral Interface

P19 SPI _CLK O SPI Clock output 1.8V

M19 SPI_MISO |  SPI data Master Input Slave output 1.8V

K19 SPI_MOSI O SPI data Master Output Slave input 1.8V

N18 SPI_CS O SPI Chip select output 1.8V
SDIO - Secure Digital I/0
AH17 SD/MMC_CMD O SD Command 1.8/2.95V
AD17 SD/MMC_CLK O SD Card Clock 1.8/2.95Vv
Y17 SD/MMC_DATAO I/O SD Serial Data 0 1.8/2.95Vv
AF17 SD/MMC_DATAL I/O SD Serial Data 1 1.8/2.95V
AB17 SD/MMC_DATA2 I/0O SD Serial Data 2 1.8/2.95Vv
W17 SD/MMC_DATA3 1/O SD Serial Data 3 1.8/2.95Vv

ul7 SD/MMC_CD |  SD card detect input 1.8V Active Low
Wi-Fi (SDIO) control Interface
AB3 WiFi_ SD CMD O Wi-Fi SD Command 1.8V
AM3 WiFi_SD_CLK O Wi-Fi SD Clock 1.8v
AD3 WiFi_SD DATAOI/O Wi-Fi SD Serial Data O 1.8V
AF3 WiFi_SD _DATA11/0O Wi-Fi SD Serial Data 1 1.8v

“ 4l , 3| RSy
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PAD Signal I/0
AH3 WiFi_SD DATA2I1/O
AK3 WiFi_SD DATA3I/O
Y3 WiFi RST.Cr O
SIM Card Interface 1

A10 SIMCLK1 o
B1l1 SIMRST1 O
B9 SIMIO1 I/O
B7 SIMIN1 I

A8 SIMVCC1 -
E8 ESIM_RST -
Analog Audio interface

B5 EAR1 _MT+ AO
Ad EAR1 MT- AO
B3 MIC1 MT+ Al

A2 MIC1_MT- Al
Digital Voice interface (DVI)
D11 DVI_WAO (@)
C8 DVI_RX I
D9 DVI_TX (@)
C10 DVI_CLK (0]
Digital I/O

F9 GPIO_01 I/1O
E10 GPIO_02 I/O
F11 GPIO_03 I/1O
E12 GPIO 04 I/O
F13 GPIO_05 I/1O
E14 GPIO_06 I/O
R18 GPIO_07 I/1O
S19 GPIO_08 I/O
Uil9 GPIO_09 I/1O
W19 GPIO_10 I/O
RF Section

AD1 Antenna /O
AU9 ANT_DIV I
GPS Section

S1 ANT_GPS I
V2 GPS LNA EN O
Miscellaneous Function
AP1 RESET# I
AS1 ON_OFF# I
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Type
1.8V
1.8V

Wi-Fi Reset output control / Power enable control 1.8V

External SIM signal — Clock

External SIM signal — Reset

External SIM signal - Data 1/O

External SIM signal - Presence (active low)

1.8/2.85Vv
1.8/2.85V
1.8/2.85Vv
1.8v

External SIM signal — Power supply for the SIM 1.8/2.85V

Internal eSIM signal — Reset

Earphone signal outputl, phase +
Earphone signal outputl, phase -
Mic signal inputl, phase +
Mic signal inputl, phase -

Digital Voice interface (WAO master output)
Digital Voice interface (RX)
Digital Voice interface (TX)
Digital Voice interface (CLK master output)

GPIO_01
GPIO_02
GPIO_03
GPIO_04
GPIO_05
GPIO_06
GPIO_07
GPIO_08
GPIO_09
GPIO_10

GSM/EDGE/UMTS/LTE Antenna (50 Ohm)
UMTS/LTE Antenna Diversity Input (50 Ohm)

GPS Antenna (50 Ohm)
Enable the external regulator for GPS LNA

Reset Input
Input Command for Power ON

1.8/2.85V

Audio
Audio
Audio
Audio

1.8v
1.8V
1.8v
1.8V

1.8V
1.8v
1.8V
1.8v
1.8V
1.8v
1.8V
1.8v
1.8V
1.8v

RF
RF

RF
1.8v
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I12C alternate
I2C alternate
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I2C alternate
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PAD Signal I/0 Function Type COMMENT
AN12 SHDN_N I Unconditional Shut down Input Active Low
P17 VAUX/PWRMON O Supply Output for External Accessories / Power 1.8V

Monitor

Alf ' To be used t
F17 VRTC VRTC Backup Capacitor Power back up th
AO ,
RTC sectio

D5 ADC _IN1 Al Analog/Digital Converter Input 1 Analog
E6 ADC_IN2 Al Analog/Digital Converter Input 2 Analog
F7 ADC _IN3 Al Analog/Digital Converter Input 3 Analog
AU3 STAT_LED O Status Indicator LED 1.8v
AN10 SW_RDY O Indicates that the boot sequence completed suctigs 1.8V
Power Supply
AP17 VBATT - Main Power Supply (Digital Section) Power
AP19 VBATT - Main Power Supply (Digital Section) Power
AR18 VBATT - Main Power Supply (Digital Section) Power
AS17 VBATT_PA - Main Power Supply (RF Transmit Power Section) Power
AS19 VBATT PA - Main Power Supply (RF Transmit Power Section) Power
AT18 VBATT_PA - Main Power Supply (RF Transmit Power Section) Power
AU17 VBATT_ PA - Main Power Supply (RF Transmit Power Section) Power
AU19 VBATT_PA - Main Power Supply (RF Transmit Power Section) Power
A6 GND - Ground
Al2 GND - Ground
B13 GND - Ground
B15 GND - Ground
B17 GND - Ground
C4 GND - Ground
C6 GND - Ground
D3 GND - Ground
D7 GND - Ground
E18 GND - Ground
F1 GND - Ground
G18 GND - Ground
H19 GND - Ground
M1  GND - Ground
N2 GND - Ground
P1 GND - Ground
P3 GND - Ground
R2 GND Ground
T2 GND Ground
T18 GND - Ground
Ul GND - Ground

Lo
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PAD Signal I/0 Function Type COMMENT
V18 GND - Ground
wi GND - Ground
X2 GND - Ground
X18 GND - Ground
Y1 GND - Ground
Y19 GND Ground
AA2 GND - Ground
AB1 GND - Ground
AC2 GND - Ground
AE2 GND - Ground
AF1 GND - Ground
AG2 GND - Ground
AH1 GND - Ground
AJ2 GND - Ground
AK1 GND - Ground
AK17 GND - Ground
AL18 GND - Ground
AM17 GND - Ground
AM19 GND - Ground
AN16 GND - Ground
AN18 GND - Ground
AP3 GND - Ground
AP5 GND - Ground
AP7 GND - Ground
AP9 GND - Ground
AP11 GND - Ground
AP13 GND - Ground
AP15 GND - Ground
AR2 GND - Ground
AR4 GND - Ground
AR6 GND - Ground
AR8 GND - Ground
AR10 GND -  Ground
AR12 GND - Ground
AR14 GND - Ground
AR16 GND - Ground
AS5 GND -  Ground
AS7 GND - Ground
AS9 GND -  Ground
AS11 GND - Ground

AS13 GND | |- Ground

s, ™
T O
w

|

B
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PAD Signal I/0 Function Type COMMENT
AS15 GND - Ground
AT4 GND - Ground
AT6 GND - Ground
AT8 GND - Ground
AT10 GND - Ground
AT12 GND - Ground
AT14 GND - Ground
AT16 GND - Ground
AUl GND - Ground
AU5 GND - Ground
AU7 GND - Ground
AUl11 GND - Ground
AU15 GND - Ground
Reserved

Cl2 Reserved -  Reserved
Al4 Reserved - Reserved
Al6 Reserved - Reserved
M17 Reserved - Reserved
AN6 Reserved - Reserved
Cl4 Reserved - Reserved
D13 Reserved -  Reserved
C16 Reserved - Reserved
D17 Reserved -  Reserved
E16 Reserved - Reserved
Cl18 Reserved -  Reserved
D15 Reserved - Reserved
F15 Reserved -  Reserved
E4 Reserved - Reserved
F3 Reserved -  Reserved
F5 Reserved - Reserved
G2 Reserved -  Reserved
H1 Reserved - Reserved
H3 Reserved -  Reserved
H17 Reserved - Reserved
J2 Reserved -  Reserved
J18 Reserved - Reserved
K1 Reserved -  Reserved
K3 Reserved - Reserved
K17 Reserved -  Reserved
L2 Reserved - Reserved
L18 Reserved -  Reserved

r i
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PAD Signal I/0 Function Type COMMENT
M3 Reserved - Reserved
S3 Reserved - Reserved
S17 Reserved - Reserved
U3 Reserved - Reserved
W3  Reserved - Reserved
AL2 Reserved - Reserved
AM1 Reserved - Reserved
AN2 Reserved - Reserved
AN4 Reserved - Reserved
AN8 Reserved - Reserved
AN14 Reserved - Reserved
AS3 Reserved - Reserved
AT2 Reserved -  Reserved
B19 Reserved - Reserved
AU13 Reserved -  Reserved
E2 Reserved - Reserved
D1 Reserved - Reserved
C2 Reserved - Reserved
B1 Reserved - Reserved

NOTE:
Wh((jan the UART signals are used as the communicationbetween the Host and the
Modem:

- DTR pin must be connected in order to enter LE9pO\wer saving mode.

- RI pin must be connected in order to wake the Wwbstn a call is coming during sleep
mode of host.

- RTS must be connected to GND (on the module sidlw control is not used
In case UART port isn’'t used, all UART signals nimeyleft disconnected

NOTE:

E8 port — eSIM Reset signal is available for LEQ2®-AUTO S model only. For other
models, E8 is internally disconnected.

NOTE:

Unless otherwise specified, RESERVED pins must beft unconnected (Floating).
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The table below specifies the LE920A4 signals thast be connected even if not used by

end application:

PAD Signal Notes
VBATT &

AP17,AP19,AR18,AS17,AS19,AT18,AU17,AU19 VBATT PA

A6,A12,B13,B15,B17,C4,C6,D3,D7,E18,F1,G18,H1¢

M1,N2,P1,P3,R2,T2,T18,U1,V18,W1,X2,X18,Y1,Y1¢

AA2,AB1,AC2,AE2,AF1,AG2,AH1,AJ2,AK1,AK17,

AL18,AM17,AM19,AN16,AN18,AP3,AP5,AP7,AP9, GND

AP11,AP13,AP15AR2,AR4AR6,AR8,AR10,AR12,

AR14,AR16,AS5,AS7,AS9,AS11,AS13,AS15,AT4,

AT6,AT8,AT10,AT12,AT14,AT16,AU1,AU5,AU7,

AU11,AU1E

AS1 ON/OFF*

AN12 SHDN_N
If not used should be connected fo

ol S b a Test Point or an USB conne
If not used should be connected fo

A Jes b a Test Point or an USB conne
If not used should be connected fo

A Jes viede a Test Point or an USB conne

AH19 C103/TXD If not used should be connected fo
a Test Poir

AF19 C104/RXD If not used should be connected fo
a Test Poir

AA18 C105/RTS If the flow control is not used it
should be connected to Gl

AK19 C106/CTS If not used should be connected fo
a Test Poir

AB19 TXD_AUX If not used should be connected to
a Test Poir

AD19 RXD_AUX If not used should be connected to
a Test Poir

AD1 Antenn

AU9 ANT DIV

S1 ANT GP¢

G2, J2, L2, F3, H3, K3, E4, AN14 Reserved

(@)

If not used should be connected
a Test Poir

v
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LGA Pads Layout

3.1.1.

X Y AA AB AC AD AE AF AG A A A AL AW AN AP | AR AS AT AU

Vifi
s asT WiFi_SD ViFi_$D WiFi_$D| WiFi_SD WiFi_SD ViFL_SD STAT
& -CMD _DATA0 DATA1 -DATA2 -DATAS CIK -LED
u ﬂ
8 SIMYCC m
E E m TOP VIEW
10 SIMCLX E - (198 ball)

LE920 updated : 2012.06.05

C1o8!
OTR
._.xa
X

s M
_Mosi _Miso n_.

RXD cloa c1o3t n82
_AUX RXD ™0
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4. Hardware Commands

4.1. Turning ON the LE920
To turn on LE920, the pad ON# must be tied lowdfleast 1 second and then released.
The maximum current that can be drained from theé* @aH is 0.1 mA.
A simple circuit to power on the module is illugtd below:

ON #

Ql L >
L L

Power On Impulse m

— GND

4.2. Initialization and Activation state

Upon turning on LE920 module, The LE920 is not\attd yet because the boot sequence of
LE920 is still going on internally. It takes abduit seconds to complete the initializing the

module internally.

For this reason, it would be useless to try to s€t€920 during the Initialization state, as
shown below. To reach full stability, The LE920 deat least 15 seconds after the
PWRMON goes High to become operational by reactfiegactivation state.

VBATTERY
1 sec < HOLD TIME < 2 sec //
- (4
ON/OFF# |=— 1 sec—™
PWRMON {1ooms !
<+ monitoring PWRMON status

'+ 15 56C ———————!
1]

During thelnitialization state any kind of AT-command is not available. DTE mwsit for
the Activation statebefore communicating with LE920.

.. oo

i o : S g
N O
. h
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NOTE:

To check if the LE920 has powered on, the hardiwaeePWRMON must be monitored.
When PWRMON goes high, the module has powered on.

NOTE:

Do not use any pull up resistor on the ON# lings ihternally pulled up. Using pull up
resistor may cause latch-up problems on the LE@@@pregulator and improper powering
on/off of the module. The line ON# must be connéctely in an open collector
configuration.

NOTE:

In this document all the lines are inverted. Aclive signals are labeled with a name that
ends with "#" or with a bar over the name.

NOTE:

In order to avoid a back-powering effect it is neroended to avoid having any HIGH logic
level signal applied to the digital pins of the mtEwhen it is powered OFF or during an
ON/OFF transition.

4.3. Turning OFF the LE920

Turning off the device can be done in four différeays:
e by Software command AT#SHDN
e by Hardware Shutdown using pad ON/OFF#
¢ by Hardware Unconditional Reset using the RESET#
e by Hardware Unconditional Shutdown using the SHDN#

When the device is shut down by software commaridrardware shutdown, it issues to
the network a detach request that informs the néttiat the device will not be reachable
any more.

TIP
To check if the device has powered off, hardware RWRMON must be monitored. When
PWRMON goes low it can be considered the devicepbasred off.

NOTE:

In order to avoid a back-powering effect it is neroended to avoid having any HIGH logic
level signal applied to the digital pins of the mbtelwhen it is powered OFF or during an
ON/OFF transition.

5 . "1
L O
]
v
|
|

B
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Shutdown by Software Command

LE920 can be shut down by a software command.

When a shutdown command is sent, LE920 goes imtfintalization state and finally will
shut down PWRMON at the end of this state.

The duration of the finalization state can diffecarding to the situation in which the LE920
is, so a value cannot be defined.

Normally it will be more than15 seconds after sagch shutdown command, DTE should
monitor the status of PWRMON to observe the agtoaler off.

VBATTERY

AT#SHDN

PWRMON manitoring PWRMON status

H la Variable
i i Above 155ecC

Internal state — Hna&aﬁmgh‘le _

TIP:

To check if the device has powered off, hardware PWRMON must be monitored. When
PWRMON goes low, the device has powered off.

7 2 - 7 y Y | ,4[\ = fol)
; L., - :., ] o R ‘ 7_‘
65 ///‘ : ; W/
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4.3.2. Hardware Shutdown

To turn OFF LE920 the pad ON/OFF# must be tiedflamat least 2 seconds and then
released. The same circuitry and timing for the groen must be used.

When the hold time of ON/OFF# is above 2.5 secob820 goes into the finalization state
and finally will shut down PWRMON at the end ofdfstate.

The period of the finalization state can differ @acling to the situation in which the LE920 is,
so it cannot be fixed definitely.

. Normally it will be more than15 seconds after sagdi shutdown command ; DTE should
monitor the status of PWRMON to see observe theshgower off.

VBATTERY

25 sec < HOLD TIME < 3 sec

-

ON/OFF#

PWRMON monitoring PWRMON status

le Varlable . :
Above 15 sec

TIP:

To check if the device has powered off, hardware RWRMON must be monitored. When
PWRMON goes low, the device has powered off.

L LN F 7 - sl
4 P iy : ; : L
s/
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4.3.3. Hardware Unconditional Restart (RESET)

To unconditionally restart LE920, the pad RESET#nhe tied low for period between 500 -
2000 milliseconds and then released.

A simple circuit to do it is:

RESET#
E)eﬁi;eertn;:j:.lsr;conditional Ql J I >
Rl —
R2
— GND

NOTE:
Do not use any pull up resistor on the RESET#dinany totem pole digital output. Using

pull up resistor may cause latch-up problems o E@20 power regulator and improper

functioning of the module. The line RESET# mustbenected only in open collector
configuration.

NOTE:

Asserting tRESET low for period greater than 200lisaconds will cause the module to
shut down.

TIP:

The unconditional hardware Restart must alwaysrpeimented on the boards and the
software must use it only as an emergency exitquhoe,andnot as a normal power-off
operation
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4.3.4. Hardware Unconditional Shutdown

To unconditionally Shutdown LE920, the pad SHDN_Nstbe tied low for at least 200
milliseconds and then released.

A simple circuit to do it is:

SHDN#
External unconditional I
Shut Down >
Q1 |
R1

I L—w

N

R2

— GND

NOTE:

Do not use any pull up resistor on the SHDN_N bn@ny totem pole digital output. Using

pull up resistor may cause latch-up problems o E@20 power regulator and improper
functioning of the module. The line SHDN_N mustda@nected only in open collector
configuration.

NOTE:

The unconditional hardware SHDN_N must always bglémented on the boards. The
software must use it as amergency exitprocedure only, andot as a normal power-off
operation.

WARNING:

& Please carefully follow the recommended procedorstiut down and power off.
Not following the recommended shut-down and poviigprmcedures might damage the device
and consequently void the warranty.
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4.4, Summary of Turning ON and OFF the module

The chart below describes the overall sequenceBuiating ON and OFF.

VBATTERY

'Il.-tI-IT-cis_ﬁ- A 2a<HT<3s i 1s<HT <23 '

ONIOFE# |a—158c-u] a1 80C -

PWRMON g

Varlable
i —w ™ Above 158 ™™ [ 13w
| | i |

—a — ]
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5. Power Supply

The power supply circuitry and board layout aregyvmportant part in the full product
design and they strongly reflect on the overalbduct performance. Reading carefully the
requirements and the guidelines that follow wilere a good and proper design.

5.1. Power Supply Requirements
The LE920 power requirements are:
Nominal Supply Voltag 3.8V
Max Supply Voltag 4.2V
Supply Voltage Ran¢ 3.3V-4.2V

Mode Average(mA) Mode Description
SWITCHED OFF . .
Switched Off 40 uA Module supplied but switched Off
IDLE mode Standby mode; no call in progress
WCDMA 16
AT+CFUN=1 GSM 19 Normal mode; full functionality of the module
LTE 20
AT+CEUN=4 10 Disabled TX and RX; modules is not registered an th
networl
4.4 DRx2
2 DRx3
2.¢€ DRx4
2E DRx5
GSM
2 DRx6
21 DRx7
2.C DRx8
AT+CFUN=5
1.¢ DRx9
3.0 DRx6
2.2 DRx7
WCDMA
1.8 DRx8
14 DRx9
e 6.3 Paging cycle #32 frames (0.32 sec DRx cycle)
3.8 Paging cycle #64 frames (0.64 sec DRx cycle)
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2.5 Paging cycle #128 frames (1.28 sec DRx cycle)
1.9 Paging cycle #256 frames (2.56 sec DRx cycle)
Operative mode (LTE)
LTE (0dBm) 203 LTE data call channel BW 5MHz,RB=1, TX = 0dBm)
LTE (22dBm) 540 LTE data call (channel BW 5MHz,RB=1, TX = 22dBm)
Operative mode (WCDMA)
WCDMA Voice 185 WCDMA voice call (TX = 10dBm)
WCDMA HSDPA (0dBm) 170 WCDMA data call (Cat 14, TX = 0dBm, Max Throughput)
WCDMA HSDPA (22dBm) 470 WCDMA data call (Cat 14, TX = 22dBm, Max Throughput

Operative mode (GSM)
GSM TX and RX mode
GSM900 PL5 290

M Voice Call
DCS1800 PLO 170~ CGSMVoiceCa
GPRS 1TX + 4RX
GSM900 PL5 410 _
GPRS Sending data mode
DCS1800 PLO 320
EDGE 1TX + 4RX
GSM900 PL5 255
EDGE Sendi
DCS1800 PLO 240 GE Sending data mode

* Worst/best case depends on network configuraimhis not under module control.

TIP
The electrical design for the Power supply mustagle ensuring that it will be capable of a
peak current output of at least 2A.

NOTE:

In GSM/GPRS mode, RF transmission is not continamasis packed into bursts at a base
frequency of about 216 Hz with relative currentikzeas high as about 2A&herefore the
power supply must be designed to withstand thegemupeaks without big voltage drops;
this means that both the electrical design andtiaed layout must be designed for this
current flow. If the layout of the PCB is not wd#signed, a strong noise floor is generated
on the ground. This will reflect on all the audiatips producing an audible annoying noise at
216 Hz; if the voltage drops during the peaks,antrabsorption is too high. The device may
even shut down as a consequence of the supplygeadtiap.
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5.2. General Design Rules

The principal guidelines for the Power Supply Dassgnbrace three different design steps:
e the electrical design
e the thermal design
e the PCB layout

5.2.1. Electrical Design Guidelines

The electrical design of the power supply depetrdsgly on the power source where this
power is drained. We will distinguish them intogad&rcategories:

e +5Vinput (typically PC internal regulator output)
e +12V input (typically automotive)
e Dbattery

5.2.1.1. + 5V Input Source Power Supply Design Guidelines

e The desired output for the power supply is 3.8\hdeethere is not a big
difference between the input source and the desugalt and a linear regulator
can be used. A switching power supply will not b#able because of the low
drop-out requirements.

¢ When using a linear regulator, a proper heat singtrhe provided in order to
dissipate the power generated.

o A Bypass low ESR capacitor of adequate capacityt imeiprovided in order to
cut the current absorption peaks close to LE9QAMAF tantalum capacitor is
usually suitable (on both VBATT and VBATT_PA tobet)..

e Make sure the low ESR capacitor on the power supplgut (usually a tantalum
one) is rated at least 10V.

e A protection diode must be inserted close to thegranput, in order to protect
LE920 from power polarity inversion.

it W7 R / 7
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An example of linear regulator with 5V input is:

+5V input linear regulator

U201
LT152BCQ

Vin Vout —I +3,8V Out

C201 +
10uF

— 10nF 10uF GND1
6

: . 5
N
DZ201
C203 C202 + 3 | GND Sense |

5.2.1.2. + 12V Input Source Power Supply Design Guidelines

o The desired output for the power supply is 3.8\hdeedue to the big difference
between the input source and the desired outpugar regulator is unsuitable
and must not be used. A switching power supply bélpreferable because of its
better efficiency especially with the 2A peak cuatriwad represented by LE920.

¢ When using a switching regulator, a 500 kHz or nswéching frequency
regulator is preferable because of its smallerdtaiusize and its faster transient
response. This allows the regulator to respondktyuto the current peaks
absorption.

¢ In any case, the frequency and switching desigectieh is related to the
application to be developed due to the fact théchiwig frequency could also
generate EMC interference.

e For car batteries (lead-acid accumulators) thetiapltage can rise up to 15.8V
and this must be kept in mind when choosing comptznall components in the
power supply must withstand this voltage.

o A bypass low ESR capacitor of adequate capacity beuprovided in order to
cut the current absorption peaks. A fiBQantalum capacitor is usually suitable
(on both VBATT and VBATT_PA together).

o Make sure the low ESR capacitor on the power suppigut (usually a tantalum
one) is rated at least 10V.

¢ For automotive applications a spike protection diaulist be inserted close to the
power input, in order to clean the supply of spikes

e A protection diode must be inserted close to thegranput, in order to protect
LE920 from power polarity inversion. This can be #ame diode as for spike
protection.

e / < e - 73 ° 7 | ; B
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An example of switching regulator with 12V inputiisthe below schematic (it is split in 2

parts):
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5.2.1.3. Battery Source Power Supply Design Guidelines

e The desired nominal output for the power supp8:&/ and the maximum allowed
voltage is 4.2V, hence a single 3.7V Li-lon celttbey type is suited for supplying
the power to the Titan LE920 module.

NOTE:

Do not use any Ni-Cd, Ni-MH, and Pb battery typeeatly connected with LE920. Their use
can lead to overvoltage on LE920 and damage it.ddgeLi-lon battery types.

o A bypass low ESR capacitor of adequate capacity beiprovided in order to
cut the current absorption peaks; a|iP@antalum capacitor is usually suitable
(on both VBATT and VBATT_PA together).

e Make sure the low ESR capacitor (usually a tantadae) is rated at least 10V.

e A protection diode must be inserted close to thegranput, in order to protect
LE920 from power polarity inversion. Otherwise tiadtery connector must be
done in a way to avoid polarity inversions whenraxting the battery.

e The battery capacity must be at least 900mAh iemota withstand the current
peaks of 2A.

s Lo 7 /
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5.2.2. Thermal Design Guidelines

The thermal design for the power supply heat sinktrbe done with the following
specifications:

e Average current consumption during HSPA transmisgiPWR level max in
LE920: 640mA (TBD)

e Average current consumption during class12 GPR&mn&ésion @PWR level
max: 680mA (TBD)

e Average GPS current during GPS ON (Power Savirgptesl) : 65mA (TBD)

NOTE:

The average consumption during transmissions depamthe power level at which the
device is requested to transmit via the networlke dberage current consumption hence varies
significantly.

NOTE:

The thermal design for the Power supply must beenk@gping an average consumption at
the max transmitting level during calls of 640mAPIS/680mMA(GPRS) rms plus 65mA rms
for GPS in tracking mode.

Considering the very low current during idle, espicif Power Saving function is enabled,
it is possible to consider from the thermal poinview that the device absorbs significant
current only during calls.

If we assume that the device stays in transmidsioghort periods of time (let us say few
minutes) and then remains for quite a long timeelii@ (let us say one hour), then the power
supply always has time to cool down between calikthe heat sink could be smaller than the
calculated for 640mA (HSPA)/680mA (GPRS) maximum Kburrent. There could even be
a simple chip package (no heat sink).

Moreover in average network conditions the dewsceequested to transmit at a lower power
level than the maximum and hence the current copgamwill be less than 640mA (HSPA)
/680mA (GPRS) (being usually around 250mA).

For these reasons the thermal design is rarelypeeco and the simple ground plane where
the power supply chip is placed can be enoughdarera good thermal condition and avoid
overheating.

For the heat generated by the LE920, you can cengitb be during transmission 2W max
during class12 GPRS upload. This generated hdlatevmostly conducted to the ground
plane under the LE920; you must ensure that yopiicgtion can dissipate heat.

In the WCDMA/HSPA mode, since LE920 emits RF sigraintinuously during
transmission, you must pay special attention hodidsipate the heat generated.

The current consumption will be up to about 640mAISPA (630mA in WCDMA)
continuously at the maximum TX output power (23dBif)us you must arrange on the PCB
used to mount LE920, that the area under LE928 large as possible. You mustount
LE920 on the large ground area of your applicatioard and make many ground vias to
dissipate the heat.
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Even though peak current consumption in GSM modhigiser than in WCDMA,
consideration for the heat sink is more importarthe case of WCDMA.

As mentioned before, a GSM signal is bursty, thhus temperature drift is more insensitive
than WCDMA. Consequently, if you successfully mambagat dissipation in WCDMA mode,
you don’t need to think more about GSM mode.

5.2.3. Power Supply PCB Layout Guidelines

As seen in the electrical design guidelines, thegssupply must have a low ESR capacitor
on the output to cut the current peaks and a protediode on the input to protect the supply
from spikes and polarity inversion. The placemdnthese components is crucial for the
correct working of the circuitry. A misplaced conmemt can be useless or can even decrease
the power supply performances.

e The bypass low ESR capacitor must be placed ctodestTitan LE920 power
input pads, or in the case the power supply isitcking type, it can be placed
close to the inductor to cut the ripple as longhasPCB trace from the capacitor
to LE920 is wide enough to ensure a drop-less adiumeeven during the 2A
current peaks.

e The protection diode must be placed close to thetinonnector where the power
source is drained.

¢ The PCB traces from the input connector to the poagulator IC must be wide
enough to ensure no voltage drops occur durin@Aheurrent peaks. Note that
this is not done to save power loss but espedialvoid the voltage drops on the
power line at the current peaks frequency of 21@Hdz will reflect on all the
components connected to that supply (also intredyuitie noise floor at the burst
base frequency.) For this reason while a voltage df 300-400 mV may be
acceptable from the power loss point of view, thme voltage drop may not be
acceptable from the noise point of view. If youpligation does not have audio
interface but only uses the data feature of thenTitE920, then this noise is not
so disturbing and power supply layout design cambee forgiving.

e The PCB traces to LE920 and the bypass capacitst beuwide enough to
ensure no significant voltage drops occur wherRheurrent peaks are
absorbed. This is needed for the same above-mexti@asons. Try to keep this
trace as short as possible.

e The PCB traces connecting the switching outpufi¢oinductor and the switching
diode must be kept as short as possible by plabminductor and the diode very
close to the power switching IC (only for switchipgwer supply). This is done
in order to reduce the radiated field (noise) atdWwitching frequency (usually
100-500 kHz).

e The use of a good common ground plane is suggested.

e The placement of the power supply on the board imeistone in a way to
guarantee that the high current return paths imgtbhend plane are not
overlapping any noise sensitive circuitry suchhesricrophone amplifier/buffer
or earphone amplifier.
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e The power supply input cables must be kept sepf@tenoise sensitive lines
such as microphone/earphone cables.

—a 5 : : b &
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Antenna(s)

The antenna connection and board layout desigthanmost important parts in the full
product design and they strongly reflect on thelpob's overall performance. Read carefully
and follow the requirements and the guidelinesafgood and proper design.

1. GSM/WCDMA/LTE Antenna Requirements

The antenna for a Titan LE920 device must fulfik following requirements:

GSM / WCDMA/ LTE Antenna Requirements

Depending on frequency band(s) provided by the odtwperator, theustomer must use the most suitable ar
that/those band(

LE920-EU LE920-NAG LE920-NA
GSM850 : 70 MHz GSM850 : 70 MHz
GSM850 : 70 MHz GSM900 : 80 MHz GSM1900(PCS) : 140 MHz
GSM900 : 80 MHz GSM1800(DCS) : 170 MHz WCDMA band 11(1900) : 140 MHz
GSM1800(DCS) : 170 MHz GSM1900(PCS) : 140 MHz WCDMA band IV(1700) : 445 MHz
GSM1900(PCS) : 140 MHz WCDMA band 1(2100) : 250 MHz WCDMA band V(850) : 70 MHz

WCDMA band 1(2100) : 250 MHz WCDMA band 11(1900) : 140 MHz LTE Band 11(1900) : 140 MHz
WCDMA band 111(1800) : 170 MHz WCDMA band 1V(1700) : 445 MHz LTE Band IV(1700) : 445 MHz
WCDMA band VI111(900) : 80 MHz WCDMA band V(850) : 70 MHz  LTE Band V (850) : 70 MHz
LTE Band 1(2100) : 250 MHz WDCMA band VI(800): 70MHz  LTE Band VI1I(2600) : 190 MHz
LTE band I11(1800) : 170 MHz LTE Band 1(2100) : 250 MHz LTE Band XVII(700) : 42 MHz
LTE Band VII(2600) : 190 MHz  LTE Band 11(1900) : 140 MHz LTE Band XII(700) : 42 MHz
LTE Band VIII(900) : 80 MHz LTE Band IV(1700) : 445 MHz
LTE Band XX(800) : 71 MHz LTE Band V (850) : 70 MHz

LTE Band XVII(700) : 42 MHz

Gain < 3dB

50 Ohn

> 33dBm(2 W) peak power in GSM

> 24dBm Average power in WCDMA & LT
<=10:1

<=2:1

When using the Titan LE920, since there’s no ardezonnector on the module, the antenna
must be connected to the LE920 antenna pad (AD1l)mbmns of a transmission line
implemented on the PCB.

In the case that the antenna is not directly caledeto the antenna pad of the LE920, then a
PCB line is required in order to connect with itwth its connector.

902 TR | PSR SN N |
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This transmission line shall fulfill the followingquirements:
Antenna Line on PCB Requirements
Characteristic Impedance s500hm
Max Attenuation 0.3dB
Coupling with other signals shall be avoided
Cold End (Ground Plane) of antenna shall be eqgeipi@ to the LE920 ground pads

Furthermore if the device is developed for the W&/ar Canada market, it must comply with
the FCC and/or IC approval requirements:

This device is to be used only for mobile and fexgglication. The antenna(s) used for this
transmitter must be installed to provide a sepanatilistance of at least 20 cm from all
persons and must not be co-located or operatingpimjunction with any other antenna or
transmitter. End-Users must be provided with traittemoperation conditions for satisfying
RF exposure compliance. OEM integrators must enthaethe end user has no manual
instructions to remove or install the LE920 modéletennas used for this OEM module must
not exceed 3dBi gain for mobile and fixed operatiagfigurations.

6.2. GSM/WCDMA/LTE Antenna — PCB line Guidelines

Make sure that the transmission line’s characteristpedance is 500hm.

o Keep the line on the PCB as short as possible shecantenna line loss should be less
than around 0.3dB.

e Line geometry should have uniform characteristicsnstant cross section, avoid
meanders and abrupt curves.

e Any suitable geometry/structure can be used folempnting the printed transmission
line affecting the antenna.

e If a Ground plane is required in the line geometimat plane must be continuous and
sufficiently extended so the geometry can be adasias possible to the related canonical
model.

o Keep, if possible, at least one layer of the PGRIumly for the Ground plane; if possible,
use this layer as reference Ground plane for Hrestission line.

e |t is wise to surround (on both sides) the PCBdmaigsion line with Ground. Avoid
having other signal tracks facing directly the anteline track.

¢ Avoid crossing any un-shielded transmission lingffoint with other tracks on different
layers.

e The Ground surrounding the antenna line on the ROBt be strictly connected to the
main Ground plane by means of via-holes (once penat least) placed close to the
ground edges facing the line track.

o Place EM-noisy devices as far as possible from [0E®&#enna line.

o Keep the antenna line far away from the LE920 paupply lines.

¢ If EM-noisy devices are present on the PCB hodtimgLE920, such as fast switching
ICs, take care to shield them with a metal frameeco

e |If EM-noisy devices are not present around the liising geometries like Micro strip or
Grounded Coplanar Waveguide is preferred since tyggally ensure less attenuation

s = - —
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compared to a Strip line having the same length.

6.3.
Guidelines

GSM/WCDMA/LTE Antenna — Installation

¢ Install the antenna in a location with access ¢ortitwork radio signal.

¢ The antenna must be installed such that it provédssparation distance of at
least 20 cm from all persons and must not be catéator operating in
conjunction with any other antenna or transmitter;

e The antenna must not be installed inside metalkcase

e The antenna must also be installed according tankenna manufacturer’s

instructions.

6.4.

Antenna Diversity Requirements

This product includes an input for a second RX mmaeto improve the radio sensitivity. The

function is called Antenna Diversity.

ANTENNA REQUIREMENTS

Frequency range
LE920-EU

WCDMA band 1(2100) : 250 MHz
WCDMA band 111(1800) : 170 MHz
WCDMA band VIII(900) : 80 MHz
LTE Band 1(2100) : 250 MHz

il LTE band I11(1800) ; 170 MHz
LTE Band VI11(2600) : 190 MHz
LTE Band VI111(900) : 80 MHz
LTE Band XX(800) : 71 MHz
Impedance 502

VSWR recommended < 2:1

Depending on frequency band(s) provided by the odtwperator, the
customer shall use the most suitable antenna &tithlbse band(

LE920-NA
WCDMA band 1(2100) : 250 MHz
WCDMA band 11(1900) : 140 MHz
WCDMA band IV(AWS) : 445 MHz
WCDMA band IV(850) : 445 MHz
WCDMA band V(850) : 70 MHz
WDCMA band VI(800): 55MHz
LTE Band 1(2100) : 250 MHz
LTE Band 11(1900) : 140 MHz
LTE Band IV(1700) : 445 MHz
LTE Band V (850) : 70 MHz
Band XVII(700) : 42 MHz
Band XII(700) : 42 MHz

When using the Titan LE920, since there’'s no ardezonnector on the module, the antenna
must be connected to the LE920 antenna pad (AU9mbmns of a transmission line

implemented on the PCB.
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In the case that the antenna is not directly caiedeat the antenna pad of the LE920, then a
PCB line is required in order to connect with itwith its connector.

The second Rx antenna should not be located ioltise vicinity of the main antenna. In order
to improve Diversity Gain, Isolation and reduce valtinteraction, the two antennas should be
located at the maximum reciprocal distance possthaléng into consideration the available
space within the application.

NOTE:

If the RX Diversity is not used/connected, disabie Diversity functionality using the
AT#RXDIV command (refer to the AT User guide) aedve the Diversity pad AU9
unconnected.

6.5. GPS/GNSS Antenna Requirements

LE920 supports an active antenna.
It is recommended to use antennas as follow:

e An external active antenna (GPS only).
e Anexternal active antenna, GNSS pre-filter.

NOTE:

Released models LE920-NA cs1550f-A & LE920-EU c<¥55 include internal LNA
(13.5dB gain typ.).

For LE920-NA cs1550f-A & LE920-EU cs1550f-B modéls recommended to use:
» An external passive antenna (GPS only).
» An external passive antenna, GNSS pre-filter.

NOTE:

The external GNSS pre-Filter shall be requiredd3aONASS application.
GNSS pre-Filter requirement shall fulfill the folling requirements.

® Source and Load Impedance = 500hm

Insertion Loss (1575.42 — 1576.42MHz) = 1.4dB (Max)

Insertion Loss (1565.42 — 1585.42MHz) = 2.0dB (Max)

Insertion Loss (1597.5515 — 1605.886MHZ) = 2.0dBagV
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NOTE:

It is recommended to add a DC block to the custmm®PS application in order to prevent
damage to the LE920 due to unwanted DC voltage

& WARNING:

The LE920 software is implemented differently degieg on the configurations of an external
device. Please refer to the AT command User Guidkeiail.

6.5.1. Combined GPS/GNSS Antenna

The use of combined RF/GPS/GNSS antenna is NOThmm@emded. This solution could
generate extremely poor GPS/GNSS reception. Intiaddithe combination of antennas
requires an additional diplexer, which adds sigatfit power losses in the RF path.

6.5.2. Linear and Patch GPS/GNSS Antenna

Using this type of antenna introduces at least 8fI®ss compared to a circularly polarized
(CP) antenna. Having a spherical gain responseadsif a hemispherical gain response could
aggravate the multipath behaviour & create pooitiposaccuracy.

6.5.3. Front End Design Considerations

When using the Titan LE920, since there’'s no argezonnector on the module, the antenna
must be connected to the LE920 through the PCBa@ntenna pad.

In the case that the antenna is not directly caiedeat the antenna pad of the LE920, then a
PCB line is required.

This line of transmission shall fulfill the followg requirements:
Antenna Line on PCB Requirements
Characteristic Impedance 500hm

Max Attenuation 0.3dB

Coupling with other signals shall be avoided

Cold End (Ground Plane) of antenna shall be eqeripial to the LE920 ground pads
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Furthermore if the device is developed for the W8/ar Canada market, it must comply with
the FCC and/or IC requirements.

This device is to be used only for mobile and fisgglication.

GPS/GNSS Antenna - PCB Line Guidelines

Ensure that the antenna line impedance is 50ohm.

Keep the line on the PCB as short as possibleducesthe loss.

The antenna line must have uniform characteristogstant cross section, avoiding
meanders and abrupt curves.

Keep one layer of the PCB used only for the Graplade; if possible.

Surround (on the sides, over and under) the anfarean the PCB with Ground. Avoid
having other signal tracks directly facing the angeline track.

The Ground around the antenna line on the PCB bmustrictly connected to the main
Ground plane by placing vias at least once per 2mm.

Place EM-noisy devices as far as possible from I0E®&&enna line.

Keep the antenna line far away from the LE920 paupply lines.

If EM-noisy devices are around the PCB hostinglth820, such as fast switching ICs,
ensure shielding the antenna line by burying id@she layers of PCB and surrounding
it with Ground planes; or shield it with a metadrfre cover.

If you do not have EM-noisy devices around the REBE920, use a Micro strip line
on the surface copper layer for the antenna lihe.lihe attenuation will be lower than a
buried one.

GPS/GNSS Antenna — Installation Guidelines
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The LE920, due to its sensitivity characteristissgcapable of performing a fix inside

buildings. (In any case the sensitivity could Heeted by the building characteristics i.e.
shielding)

The antenna must not be co-located or operatimgmjunction with any other antenna
or transmitter.

The antenna shall not be installed inside metasas

The antenna shall also be installed accordinggattienna manufacturer’s instructions.
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Logic Level Specifications

Where not specifically stated, all the interfaageuits work at 1.8V CMOS logic levels.

The following table shows the logic level specifioas used in the Titan LE920 interface
circuits:

NOTE:

Do not connect LE920’s digital logic signal dirgctb OEM'’s digital logic signal with a level
higher than 2.7V for 1.8V CMOS signals.

For 1.8V CMOS signals:

Absolute Maximum Ratings - Not Functional

LE920
Parameter :
Min Max
Input level on any 0.3V +2.16V
digital pin when o
Input voltage on 03V +2.16 V

analog pins when «

Operating Range - Interface levels (1.8V CMOS)

LE920
Level :
Min Max
Input high level 1.5V 2.1V
Input low level -0.3V 0.5V
Output high level 1.35V 1.8V
Output low level ov 0.45V
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8. USB Port

The LE920 module includes a Universal Serial BuSBYUtransceiver, which operates at
USB high-speed (480Mbits/sec). It can also workaiwSB full-speed (12Mbits/sec) hosts

It is compliant with the USB 2.0 specification acah be used control and data transfers as
well as for diagnostic monitoring and firmware ugddn fact firmware update by the host is
only possible via USB and not possible via UARTeThason is that Titan consider it
impractical to transfer firmware binaries exceedi@9Mb via UART.

The USB port on the Titan LE920 is typically theimiaterface between the module and
OEM hardware.

The USB_DPLUS and USB_DMINUS signals have a cl@tk of 480MHz. The signal traces
should be routed carefully. Trace lengths, numbierias and capacitive loading should be
minimized. The impedance value should be as clegmssible to 90 Ohms differential.

The table below describes the USB interface signals

LE920

Signal Pad No. Usage
Power sense for the internal USB transceiver.
SEIEEVELS AILE Acceptable input voltage range 2.—5.25V @ max 5mA consumpti
USB D- F19 Mln_us () line qf the differential, bi-direction&lSB signal to/from the:
= peripheral devic
USB D+ D19 Plus (+) line of the differential, bi-directionalSB signal to/from the

peripheral devic

NOTE:

- USB_VBUS input power is internally used to detéet USB port and start enumeration
process. It isn't used for supplying internal LE928B HW block. Therefore, only
maximum of 5mA is required.

- The USB_VBUS is internally pulled-down by 10k ohesistor. Customer host
application must take into account voltage dividéh the internal pull down resistor
meeting the minimum of 2.2V input, in case thaeaas resistor is placed on
USB_VBUS signal.

NOTE:

In the case of not using USB communication, itiislghly recommended to place an
optional USB connector in the application board.

USB physical communication is needed in the cassVéfupdate

= AN SRR AT
t/]L:H?_ -

Reproduction forbidden without written authorizatio
Reserved. Page 50 of 86

n from Titan Automotive Solutions NV. - All Righis



Titan O

LE920 Hardware User Guide
1vv0301026 Rev.11 2019-11-21

9. Serial Ports

The serial port on the Titan LE920 is typicallyexendary interface between the module and
OEM hardware.

Two serial ports are available on the module:
¢ MODEM SERIAL PORT 1(Main)
¢ MODEM SERIAL PORT 2 (Auxiliary)

Several configurations can be designed for thalsgort on the OEM hardware.

The most common are:
e RS232 PC com port;
e Microcontroller UART @ 1.8V (Universal AsynchronoReceive Transmit) ;
e Microcontroller UART @ 5V or other voltages diffetefrom 1.8V.

Depending on the type of serial port on the OEMihare, a level translator circuit may be
needed to make the system work. The only configadahat does not need a level translation
is the 1.8V UART.

The serial port 1 on LE920 is a +1.8V UART withthié 7 RS232 signals. It differs from the
PC-RS232 in signal polarity (RS232 is reversed)landls.

The Serial port 2 is a +1.8V AuxiliatyART.
The levels for LE920 UART are the CMOS levels:

Absolute Maximum Ratings -Not Functional

LE920
Parameter :
Min Max
Input level on any 0.3V 4216V
digital pin when o ' '
Input voltage on 0.3V 4216V

analog pins when ¢

Operating Range - Interface levels

LES920
Level ;
Min Max
Input high level 1.5V 2.1V
Input low level -0.3Vv 0.5V
Output high level 1.35Vv 1.8v
Output low level oV 0.45Vv
I \m S 0 = A
Reproduction forbidden without written authorizatio n from Titan Automotive Solutions NV. - All Rights

Reserved. Page 51 of 86



Titan O

LE920 Hardware User Guide
1vv0301026 Rev.11 2019-11-21

9.1. Modem Serial Port 1

Serial port 1 on the LE920 is a +1.8V UART with alRS232 signals.
It differs from the PC-RS232 in the signal pola(iR5232 is reversed) and levels.

RS232

; . LE920
Pin Signal Name Usage
Number Pad Number
DCD - Data Carrier Output from the LE920 that indicates the carrier
1 AE18
dcd_uart Detect presence
2 RXD - AF19 Transmitline o 0 it transmit line of the LE920 UART
Tx_uar see Not
TXD - Receive line .
3 Rx_uart AH19 +see Note Input receive of the LE920 UART
4 DTR - AC18 Data Terminal  Input to the LE920 that controls the DTE READY
dtr_uart Ready condition
5 GND A6, A12, B13, B15... Grounc grounc
6 DSR - AG18 Data Set Ready Output from the LE920 that indicates the module is
dsr_uar ready
7 RTS - AA18 Request to Send Input to the LE920 that controls the Hardware flow
rts_uar contro
CTS - Output from the LE920 that controls the Hardwaosvfl
8 cts_uar AK19 Clear to Send contro
RI - . . Output from the LE920 that indicates the Incomiag ¢
9 ri_uart AJ18 Ring Indicator condition
NOTE:
In order to avoid a back-powering effect it is neroended to avoid having any HIGH logic
level signal applied to the digital pins of the mbtelwhen it is powered OFF or during an
ON/OFF transition.
TIP
For minimum implementations, only the TXD and RXbek need be connected, the other
lines can be left open provided a software flowtoans implemented.
NOTE:

According to V.24, RX/TX signal names are referrethe application side, therefore on the
LE920 side these signal are in the opposite doecii XD on the application side will be
connected to the receive line (here named TXD/axt Juof the LE920 serial port and vice
versa for RX.
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Modem Serial Port 2

Serial port 2 on the LE920 is a +1.8V UART with pithe RX and TX signals.
The signals of the LE920 serial port are:

PAD Signal  1/O Function Type COMMENT
AB19 TXD_AUX O Auxiliary UART (TX Datato DTE) 1.8V
AD19 RXD_AUX |  Auxiliary UART (RX Datato DTE) 1.8V

NOTE:

In order to avoid a back-powering effect it is neroended to avoid having any HIGH logic
level signal applied to the digital pins of the mtelwhen it is powered OFF or during an
ON/OFF transition.

RS232 Level Translation

In order to interface the Titan LE920 with a PC qoont or a RS232 (EIA/TIA-232)
application a level translator is required. Thigelegranslator must:

¢ Invert the electrical signal in both directions;
¢ Change the level from 0/1.8V to +15/-15V.

Actually, the RS232 UART 16450, 16550, 16650 & 1@ thipsets accept signals with lower
levels on the RS232 side (EIA/TIA-562), allowindpaver voltage-multiplying ratio on the
level translator. Note that the negative signalagg must be less than 0V and hence some
sort of level translation is always required.

The simplest way to translate the levels and intertsignal is by using a single chip level
translator. There are a multitude of them, diffgiiim the number of drivers and receivers and
in the levels (be sure to get a true RS232 leaeldator not a RS485 or other standards).

By convention the driver is the level translatamirthe 0-1.8V UART to the RS232 level.
The receiver is the translator from the RS232 léwé€l-1.8V UART.

In order to translate the whole set of controldingé the UART you will need:
e 5 drivers

e 3receivers

NOTE:

The digital input lines working at 1.8V CMOS haveabsolute maximum input voltage of
2.7V, therefore the level translator IC shall netgowered by the +3.8V supply of the
module. Instead, it must be powered from a +1.8d{chted) power supply.

This is because in this way the level translatool@puts on the module side (i.e. LE920
inputs) will work at +3.8V interface levels, damagithe module inputs.
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An example of RS232 level adaption circuitry colld accomplished using a MAXIM
transceiver (MAX218).

In this case the chipset is capable of translatiregtly from 1.8V to the RS232 levels (Example
on 4 signals only).

A mel™ e
il
LX Vs . =
il I v 2
*C T 2
_—'g MAX218 (1. L_L:'T:
ON/OFF >—3 SHON M

N LAl > moutje
MODULE RS232

. 8 JT2IN T2> T20UTH12
e gfriouT m RINjI2

MODULE RS232
o 10 JR2OUT :’/\nz RZNQTT

GND
ENABLE » ‘ i M
NOTE:
In this case the length of the lines on the apficamust be taken into account to avoid

problems in the case of High-speed rates on RS232.

The RS232 serial port lines are usually conneaied®B9 connector with the following
layout: signal names and directions are named afidedl from the DTE point of view

DCO_AS232 -
DSR_RS232[ H O
A¥-AS232 [ S
Hlb-HSh‘HE{:l ............................................................. '-.\_,:'
T¥-A5232 ¢ ]
CTS_RS232[ S
OTR-AS232 ¢

RI_R3232[

Reproduction forbidden without written authorizatio n from fl'itan Automotive Solutions NV. - All Rights
Reserved. Page 54 of 86



Titan O

LE920 Hardware User Guide
1vv0301026 Rev.11 2019-11-21

10. Peripheral Ports

In addition to Titan LE920 serial ports, the LES2(pports the following peripheral ports:
e SPI — Serial Peripheral Interface
e 12C - Inter-integrated circuit
e 2 x SDIO — Secure Digital I/O

10.1. SPI — Serial Peripheral Interface
The LE920 SPI supports the following:

e Master Mode only
e 1.8V CMOS level
e Up to 26MHz clock rate

NOTE:
SPI is supported only on the Linux side.

LE920 can support Master mode only, and can’t digored as slave mode.

PAD Signal I/O Function Type COMMENT
P19 SPI_CLK O SPI Clock output 1.8V
M19 SPI_MISO I  SPI data Master Input Slave output 1.8V
K19 SPI_MOSI O SPI data Master Output Slave input 1.8V
N18 SPI_CS O SPI Chip select output 1.8v
LE920 (Master) Host (Slave)

SPI_CS » SPI_CS

SPI_CLK > SPI_CLK

SPI_MOSI » SPI_MOSI

SPI_MISO SPI_MISO
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10.2. I2C - Inter-integrated circuit
The LE920 12C is an alternate function of our GRKDO pins.
Any GPIO can be configured as SCL and SDA
Available only from Modem side as SW emulation2€lon GPIO lines.
LE920 supports 12C Master Mode only.

NOTE:
I2C is supported only on from Modem side as SW atian of 12C on GPIO lines.
Refer to LE920 AT SW manual for command settings

10.3. SDIO - Secure Digital 1/0

The LE920 is used to support standard SD/MMC meroargs with the following:
e Interface with SD/MMC memory cards up to 2 TB

e Max clock: 50 MHz SDR at 1.8 V, Max Data: 25MB/sMZ standard: MMC 4.4
type 3 SDR at 1.8 V; SD standard: UHS-SDR25 aW1.8

e Max clock: 50 MHz SDR at 2.95 V, Max Data: 25MBKMC standard: MMC
4.4 type 3 SDR at 2.95 V; SD standard: DS, HS @ 2.

PAD Signal I/O Function Type COMMENT
AH17 SD/MMC_CMD O SD Command 1.8/2.95Vv
AD17 SD/MMC_CLK O SD Card Clock 1.8/2.95Vv
Y17 SD/MMC_DATAO I/O SD Serial Data 0 1.8/2.95Vv
AF17 SD/MMC_DATAL I/O SD Serial Data 1 1.8/2.95Vv
AB17 SD/MMC_DATAZ2 I/O SD Serial Data 2 1.8/2.95Vv
W17 SD/MMC_DATA3 1/O SD Serial Data 3 1.8/2.95Vv
Ul7 SD/MMC_CD | SD card detect input 1.8V Active Low

Z ,ﬁ . // ';l » o , "-, / -

o BV - y [ S
Reproduction forbidden without written authorizatio n from Titan Automotive Solutions NV. - All Rights
Reserved. Page 56 of 86




Titan O

LE920 Hardware User Guide
1vv0301026 Rev.11 2019-11-21

Connection diagram of the SD interface is showowel

Ext, Card supply
A

GND C=100nF LES20

SDIO Interface

microSD
DATA2 |« i SD/MMC_DATA2
DATA3 |« —o » SD/MMC_DATA3
CMD |« o SD/MMC_CMD
VDD
CLK |« SD/MMC_CLK
VSS
DATAO |« C »| SD/MMC_DATAO
DATA1 |« o SD/MMC_DATA1
r SW2 —/— swi »  SD/MMC_CD
v

GND GND

NOTE:
1. SDIO is supported only on the Linux side.

2. SD/MMC card supply shall be provided by the Hogilajation board. LE920 doesn’t
provide a dedicated SD/MMC card supply.

Pull-up resistors should be place on the applinatiast board
Card detection input has an internal pull-up resist
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10.4. Wi-Fi (SDIO) control Interface

The LE920 has an integrated SW driver for suppgi@ualcomm QCA6053 Wi-Fi chipset via
a 29 dedicated SD bus interface.
The secondary SD bus interface can be used onytiat QCA6053 chipset, and can’t be used
as external SD/MMC card connection.
For detailed explanation, refer to Titan 80407NTRIR - xE920 - Wi-Fi interface Application
Note

PAD Signal I/O Function Type COMMENT

AB3 WiFi_ SD CMD O Wi-Fi SD Command 1.8V

AM3 WiFi_SD_CLK O Wi-Fi SD Clock 1.8v

AD3 WiFi_SD DATAOI/O Wi-Fi SD Serial Data O 1.8v

AF3 WiFi_SD DATA1l/O Wi-Fi SD Serial Data 1 1.8V

AH3 WiFi_SD DATA21/0 Wi-Fi SD Serial Data 2 1.8v

AK3 WiFi_SD DATA31/O Wi-Fi SD Serial Data 3 1.8v

Y3 WiFi_RST Ctr O Wi-Fi Reset output control / Power enable control 1.8V Active Low
WARNING:

A\

Reserved.

Wi-Fi (SDIO) control interface is fully supported LE920-EU and LE920-NA.
However, in some cases isn’'t supported in LE920-Ed& LE920-NAG.

If Wi-Fi control is required for LE920-NAG or LE92RAG, please contact your local Titan
rep. or contact customer support for specific argginfo.

NOTE:

‘Wifi_RST_Ctr’ should have an optional Pull-up resistor to 1.8V on the host
application, to disable Wi-Fi reset function if needed

Z ,ﬁ . // ';l » o , "-, / -
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Reproduction forbidden without written authorizatio

n from Titan Automotive Solutions NV. - All Rights
Page 58 of 86



Titan O

LE920 Hardware User Guide
1vv0301026 Rev.11 2019-11-21

11. Audio Section Overview

The LE920 module support analog and digital auclierfaces.

11.1. Analog Audio

The LE920 module provides single analog audio pattsmitting and receiving.
Please refer to the xXE920_Audio_Settings_Applicatidote, 80404NT10095A

WARNING:

& LE920 Analog audio implementation uses an inte@@DEC.
LE920 internal codec uses the same external LE#RGdAudio interface signals
Therefore, applications that are using analog quaiiast make sure that the digital audio
interface shall be either not connected, or Hi+Zjrgut’' to Host application.

11.2. Digital Audio

LE920 can be connected to an external codec thrthegtigital interface.
The product provides one Digital Audio Interface/(pon the following Pins:

PAD Signal I/0 Function Type COMMENT

D11 DVI._ WAO O Digital Audio Interface (WAO) ?.'gVD PCM_SYNC
C8 DVI_RX I Digital Audio Interface (RX) ?.-gVD PCM_DIN
D9 DVI_TX (@) Digital Audio Interface (TX) ?.'gVD PCM_DOUT
C10 DVI. CLK O  Digital Audio Interface (CLK) ?._gvD PCM_CLK
LE920 DVI supports PCM master 2048khz short frame

0
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Primary (short sync) PCM interface (2048 kHz clock)

——1{sync) —s s—-

PCM_SYNC \ s ! W
e— {synca) 4+~—$ i—r tsyned)
PCM_SYNC timing
ticlk)
t{clkh) etitckl)
PCM_CLK / / / \.s i / N
t(susync) Ivl—DlI—tU"IS)l' ne) —-I
PCM_SYNC [/ \ ( s
]
Hsuding -—r‘—hi t{hdin}

PCM _DIN Pz ssziiiieson MSB Kzzzdn ) Wezizzid LSB X 777
PCM_CODEC to LE920 timing

l— t(clk)
ticlkh) }:t{wk!):l

¥

Reserved.

PCM_CLK / ' \ / \ s N/
v—}i t{hsync) iﬂ/
H{susync)
PCM_SYNC / N (f
3
[+—#{ l{pdout) |'—'1 L{pdout) | Lt{zdmt)ﬂ
PCM_DOUT MSB \ LSB —
Leazo to PCM_CODEC timing
PCM_CODEC timing parameters
Parameter Comments Min Typ Max Unit
t{sync) PCM_SYNC cycle time - 125 - us
t{synca) PCM_SYNC asserted time - 488 - ns
t{syncd) PCM_SYNC de-asserted time - 124.5 - us
t(clk) PCM_CLK cycle time - 488 - ns
t(clkh) PCM_CLK high time = 244 = ns
t(clkl) PCM_CLK low time — 244 - ns
t{sync_offset) | PCM_SYNC offset time to - 122 - ns
PCM_CLK falling
t(sudin) PCM_DIN setup time fo 60 - - ns
PCM_CLK falling
t{hdin) PCM_DIN hold time after B0 - - ns
PCM_CLK falling
t(pdout) | Delay from PCM_CLK rising to - N 60 ns
PCM_DOUT valid
t(zdout) Delay from PCM_CLK falling to - - 60 ns
PCM_DOUT HIGH-Z
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12. General Purpose I/O

The general-purpose I/O pads can be configuredttm ahree different ways:
e input
e output
¢ alternate function (internally controlled)

Input pads can only be read and report the digéhkle (high or low) present on the pad at the
read time; output pads can only be written or eaeeand set the value of the pad output; an
alternate function pad is internally controlledthg LE920 firmware and acts depending on
the function implemented.

The following GPIOs are available on the LE920.

PAD Signal I/0 Function Type Drive Strength
F9 GPIO_01 1/O  Configurable GPIO CMOS 1.8V 2mA
E10 GPIO 02 1/O Configurable GPIO CMOS 1.8V 2mA
F11 GPIO 03 1/O Configurable GPIO CMOS 1.8V 2mA
E12 GPIO 04 1/O0 Configurable GPIO CMOS 1.8V 2mA
F13 GPIO 05 1/O Configurable GPIO CMOS 1.8V 2mA
E14 GPIO 06 1/O  Configurable GPIO CMOS 1.8V 2mA
R18 GPIO_07 1/O  Configurable GPIO CMOS 1.8V 2mA
S19 GPIO_08 1/O  Configurable GPIO CMOS 1.8V 2mA
U19 GPIO_09 1/O Configurable GPIO CMOS 1.8V 2mA
w19 GPIO_10 1/O Configurable GPIO CMOS 1.8V 2mA
NOTE:
In order to avoid a back-powering effect it is neroended to avoid having any HIGH logic
level signal applied to the digital pins of the mbtelwhen it is powered OFF or during an
ON/OFF transition.
NOTE:
LE920 GPIO can also be used as alternate 12C fumcti

Refer to 12C section
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Logic Level Specifications

Where not specifically stated, all the interfacewits work at 1.8V CMOS logic levels.
The following table shows the logic level specifioas used in the LE920 interface circuits:

For 1,8V signals:
Absolute Maximum Ratings -Not Functional

LE920
Parameter :
Min Max
Input level on any 0.3V +2.16V
digital pin when o ' '
Input voltage on 0.3V +2.16 V

analog pins when ¢

Operating Range - Interface levels (1.8V CMOS)

LE920
Level :
Min Max
Input high level 1.5V 2.1V
Input low level -0.3V 0.5V
Output high level 1.35V 1.8V
Output low level ov 0.45V

Using a GPIO Pad as Input

The GPIO pads, when used as inputs, can be codnectedigital output of another device
and report its status, provided this device harfate levels compatible with the 1.8V
CMOS levels of the GPIO.

If the digital output of the device is connectedhithe GPIO input, the pad has interface
levels different from the 1.8V CMOS. It can be lauéfd with an open collector transistor with
a 47KQ pull-up resistor to 1.8V.

n ithout written authorizatio
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12.3. Using a GPIO Pad as Output

The GPIO pads, when used as outputs, can drive @QN®S digital devices or compatible
hardware. When set as outputs, the pads have gppillstutput and therefore the pull-up
resistor may be omitted.

VDD_PX

| ypp——. b
HIGH (max) >=VDD PX - 50mV
Low (min) <= 50mV

IR Loss
<= 50mV

\/
N

output PAD equivalent circuit

12.4. Using the Temperature Monitor Function

12.4.1. Short Description

The Temperature Monitor is a function of the modhkt permits to control its internal
temperature and if properly set (see the #TEMPMOMroand on AT Interface guide) it
raises to High Logic level a GPIO when the maxintemperature is reached.

: :

i - (AR

: S K 2

| ﬁi«x £h ey el &
'
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12.5. Indication of Network Service Availability

The STAT_LED pin status shows information on thewaek service availability and call
status. In the LE920 modules, the STAT_LED usuadlgds an external transistor to drive an
external LED. Because of the above, the statusdteld in the following table is reversed

with respect to the pin status:

LED status DeviceStatus
Permanently off Device off
Fast blinking Net search / Not registered /
(Period 1s, Ton 0,5 turning off
Slow blinking Registered full service
(Period 3s, Tol0,3s
Permanently on a call is active
WBATT
R101
330
5%
0603
DL101
RNp Ly-Ma/8-0251-26
3
10K
2 | sTaT_LED
47K
1
—GND

Y &k /// ” _— ‘ ‘, :‘; o | | 4 ' 4 r 7;5
o L T, [ - e /_
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12.6. RTC Bypass

The VRTC pin brings out the Real Time Clock suppljch is separate from the rest of the
digital part, allowing having only the RTC operatiwhen all the other parts of the device are
turned off.

If maintaining internal RTC block is needed, it@eanended to connect a backup capacitor
or a coin cell to this pin (valid range from 2.5/3.2V), otherwise, it can be left unconnected

Operating Modes:

1. LE920 has a valid VBAT supply, and the unit is eotrON — RTC block supply will be
generated from main VBAT supply, and the VRTC piti autput the VRTC supply,
charging external coin cell or capacitor.

2. LE920 has no VBAT connected — The External coihaetapacitor will maintain
VRTC supply, keeping the internal RTC unit bloclecgtional.

NOTE:

NO devices may be powered from this pin.

12.7. VAUX Power Output

A regulated power supply output is provided in ortdesupply small devices from the
module. This output is active when the module is&@M goes OFF when the module is shut
down. The operating range characteristics of tipplsuare:

Operating Range — VAUX power supply

Min Typical Max
Output voltage 1.75V 1.80V 1.85V
Output current 100mA
Output bypass capacitor 1uF

(Inside the module)
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13. ADC section

13.1. ADC Converter
13.1.1. Description

The on board ADCs are 8-bit converters. They ale @read a voltage level in the range of
0-2 volts applied on the ADC pin input and stord aonvert it into 8 bit word.

Min Max Units
Input Voltage ranc 0 1.7 Volt
AD conversiol - 8 bits
Resolutiol - < 6.€ mV

The LE920 module provides 3 Analog to Digital Conges.

13.1.2. Using ADC Converter

An AT command is available to use the ADC function.
The command is AT#ADC=1,2. The read value is exggeésn mV

Refer to SW User Guide or AT Commands Reference&iar the full description of this
function.
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14. Mounting the module on your board

14.1. General
The LE920 modules have been designed to be complitna standard lead-free SMT

process.
DETAIL A
SCALE 5:1
& SEE DETAIL A 135 |
8. : __1_74
& | 0.7 ,‘+ 0.45
| , I \
— %=
e,') [ gﬂ nnnnnu@:n&\:@:uuunnn
| ﬁl; oooooao oogo ooooooao
i gl o uuuuuuunnuFuuuunuunu
PN 2 o ooo
1 é' : _?{ - nnuuuu i DDDDDD
| A A= | ooo ooo
! = 73 <= oo | ooo
| e ?-:I @3;! ‘ ooo
—_——— e ———————— —_t,———————— —+ %——— ?:; 1 O————— —_———— - — o-ao0—|- —
| = %ﬂ nnnnn ‘ DDDDDD
1 7 i
| Zl‘ @:nnn \ oo
1 Z'l ooo I o
| i, ooo oo
7l nnnunnnnnnLnnunnnnnn
i /;I 0000000000000 O0O0OO0O0O0O00
7= OoooooOoO0OOO0OOO0OOOOOOO0
! i
' V= 1
| |
|
400.15 SECTION B-8 0.9 1.820.05 \
Pitch '

L / =
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14.3. Recommended foot print for the application
44, 00 i
= =
ﬂ_ﬂﬂ\w —>H<-°‘—” 1. 80 e |
[
|| "1 ™
EDDD:DEN:UEFD_JLLDIJ:EDDDDDLJ
= nCooooooOdoooOWoooooon
= [ s A s o A o s s s s e R e B s M
0oo 0oDo =
Ooao Oo00 |-
OO0 008
OO0 O o8
Ooog ol o [ =
o 0DOQO o ol(@,
= ooao ooo—
- 0Ooao 0Onoao
B 3 4 Inhibit Wiring Sl
OOoo \_Mﬂ%ﬂ
Oooao oo
ODOoO OoQo
Ooog Oooao
0 s T s o O s s O s A B s R R e R s R R o
DO0O0O0O0O0O0ODO0OOODODOODODODODD ,;l
o 0 o o o A s s I e s s B s R R
Y
; 2. 10 2. 10
198 pads
Top View

In order to easily rework the LE920 it is suggedtedonsider that the application has a 1.5
mm placement inhibit area around the module.

It is also suggested, as a common rule for an Sffiponent, to avoid having a mechanical
part of the application in direct contact with thedule.

NOTE:

In the customer application, the region under WIRINNHIBIT (see figure above) must be
clear from signal or ground paths.
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14 .4. Stencil

Stencil’s apertures layout can be the same asettemmended footprint (1:1). A suggested
thickness of stencil foil is greater than 120 um.

14.5. PCB Pad Design
Non solder mask defined (NSMD) type is recommerfdethe solder pads on the PCB.

Copper Pad Solder Mask

N
)

SMD NSMD
(Solder Mask Defined) (Non Solder Mask Defined)

7

o~ ba E _— =
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Recommendations for PCB Pad Dimensions (mm)

14.6.

Solder resist openings

It is not recommended to place via or micro-via cotered by solder resist in an area of 0,3
mm around the pads unless it carries the samel sifjttee pad itself (see following figure).

PR

Inhibit area for micro-via

! LA
,.. 'l._ P
r %
o
s Ll

Holes in pad are allowed only for blind holes antifor through holes.

Recommendations for PCB Pad Surfaces:

Finish Layer thickness (um) Properties
Electro-less Ni / Immersion Au3 -7 / 0.05 — 0.15 g_ood SDEEr Il rotEEar:
high shear force valu

The PCB must be able to resist the higher tempestwhich occur during the lead-free
process. This issue should be discussed with tiBeR@plier. Generally, the wettability of tin-
lead solder paste on the described surface pletibegtter compared to lead-free solder paste.

.
,.: r,‘
z F /
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14.7. Solder Paste

Solder Paste Lead free
Sn/Ag/Cu

We recommend using only “no clean” solder past#dter to avoid the cleaning of the modules
after assembly.

14.7.1. Solder Reflow

Recommended solder reflow profile:

Limit Up
Tp Limit Down
— = = Recommended
TL
Tsmax
Tsmin
w
S
=]
e
©
T
]
Q
£
]
'—.
Time

AT g - _ ~ — |
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Average ram-up rate (. to Tg)
Preheat

— Temperature Min (Tsmin)
— Temperature Max (Tsmax)
— Time (min to max) (s
Tsmax to TL

— Ramy-up Ratt

Time maintained above:

— Temperature (TL)

—Time (tL)

Peak Temperature (T

Time within 5°C of actual Peak
Temperature (t}

Ramy-down Rat

Time 25°C to Peak Temperat
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Pb-Free Assembly
3°C/second me

150°C
200°C
60-180 seconc

3°C/second me

217°C

60-150 seconc
245+0/-5°C
10-30 seconds

6°C/second ma
8 minutes ma:

NOTE:

All temperatures refer to topside of the packageasnred on the package body surface.

WARNING:

The LE920 module withstands one reflow process.only

. el
4 o f :
s/
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15. Application guide
15.1. Debug of the LE920 in production

To test and debug the mounting of LE920, we stipngtommend foreseeing test pads on
the host PCB, in order to check the connection betwthe LE920 itself and the application
and to test the performance of the module by cdimeit with an external computer.
Depending on the customer application, these padisde, but are not limited to the
following signals:

e TXD
e RXD
ON/OFF
SHUTDOWN
RESET
e GND
VBATT
TXD_AUX
RXD_AUX
USB_VBUS
e USB D+
e USB_D-
In addition the below signal are also recommendteti rfot must)
e PWRMON
e STAT LED
e SW_RDY
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15.2. Bypass capacitor on Power supplies

When a sudden voltage is asserted to or cut frenpoiwver supplies, the steep transition
makes some reactions such as overshoot and undersho

This abrupt voltage transition can affect the dewiausing it to not work or make it
malfunction.

Bypass capacitors are needed to alleviate thisviimhd& he behavior can be affected
differently according to the various applicatio@sistomers must pay special attention to this
when they design their application board.

The length and width of the power lines need tadiesidered carefully and the capacitance
of the capacitors need to be selected accordingly.

The capacitor will also prevent ripple of the powapplies and the switching noise caused in
TDMA systems like GSM.

Especially, a suitable bypass capacitor must bentedwon the Vbatt & Vbatt PA (Pads
AP17,AP19,AR18,AS17,AS19,AT18,AU17,AU19) and USB_WB (Pad A18) lines in the
application board.

The recommended values can be presented as:

® 100uF for Vbatt
® 4.7uF for USB_VBUS (including the 1uF capacitoridiesthe module).

Customers must still consider that the capacitama@@ly depends on the conditions of their
application board.

Generally more capacitance is required when theeptine is longer.

o g
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15.3. SIM interface

This section deals with the recommended schemfatidhe design of SIM interfaces on the
application boards.

15.3.1. SIM schematic example

Figure 1 illustrates in particular how the applicatside should be designed, and what values
the components should have.

:..-_gj..-,' Telit Module

@
!
sim a
U1 =
ot
B te SIMIO
] 3 SIMCLK SIMCLK
SIMRST
— 2 SIMRST
SIMVCC
4 [—O 1 1MV SIMVEC
@ ~
l SIMIN | — SinfIN
H H
= = c1y c2 ] c4
! 33p pF 33pF
' —
'

seenotes
|
|
|

NOTE FOR R1:

The resistor value on SIMIO pulled up to SIMVCC shibbe defined accordingly in order to
be compliant with 3GPP specification for USIM etexl testing.

LE920 contains an internal pull-up resistor of 2Dkn SIMIO.

However, the un-mounted option in the applicati@sigh can be recommended in order to
tune R1 if necessary.

The following Table lists the values of C1 to bejpigd with the LE920 product:

Product P/N C1 range (nF)
LE920-EU/NA 100 nF

Refer to the following document for the detail:

® B80000NT10026A - SIM Interface And ESD Protectiorphgation Note Rev.2

H
B > ’: of 3 > 4o = i i f 5
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15.3.2. eSIM interface guidelines

NOTE:

eSIM feature available with LE920-NA AUTO S modely

LE920-NA AUTO S model designed to operate eithahvimternal build-in eSIM, external
SIM card or with both options, switching SIM cangsng following setups:

e For using internal eSIM configuration only, conn&8& pin “ESIM_RST” to B11
“SIMRST1".

Connect B7 SIMIN1 to GND, leave all other SIM caatts disconnected:

LE920-NA AUTO S module

ﬂSIMIOl

ESIMCLKI

B11

SIMRST1

E8

\4

ESIM_RST
—A8gmvect

B7

r&SIMINl

GND

i . A .5 . | . r«'l-W/
b LA e = , JEeEt 1 : .
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e For external SIM configuration only, leave E8 of§enset to GND) and follow 15.3.1
section guidelines.

o For configuration with both internal eSIM and exigr SIM cards use following
approach:

1) Both eSIM and external SIM share the same lines@x@&IMRST1 and SIMIN1
lines that should be switched between them, eétesmtronically or manually. For
SIMRST1 switching, it is mandatory to keep secoatpot of SW1 in high Z state
when connected to the first one, therefore anadgyr(for example DG9431
Single SPDT Analog Switch) / mechanical relay /t&tes buffer with separate
enable for each output is recommended.

2) Connect 200 pulldown resistor (R2) to external SIM Reset lioe keeping
external SIM in high Z state during internal eSlseuwhenever SIMRSTL1 signal
routed to E8 ESIM_RST path. This method preventsf@rence between the SIM
cards enabling only one of them by SW1 selection.

3) For SIMIN1 card detection mechanism, similar apphoato SIMRST1
recommended. Manual selection witf2 @esistors is another option.

LE920-NA AUTO S module

= R1
External SIM card 2o B
g ] SIMIO1
3
] 3 o AL0| g )pcLka
5 SPDT switch 1
2 o—feSW1 l¢ BllisiMRsT1
5 N |R2 A
p—_ o
=] L E8lesim RsT
ND
4 E A A8lsimvect
- - SPDT switch 2
I ! SIMIN SW2.1 Blgving
GND GND e cd o A
GND GND
NOTE FOR R1:
The resistor value on SIMIO pulled up to SIMVCC shibbe defined accordingly in order to

be compliant with 3GPP specification.
LE920-NA AUTO S contains an internal pull-up resisbn SIMIO1.

However, the un-mounted option in the applicati@sigh can be recommended in order to
tune R1 if necessary.

N - N ; ! 2
3./ 2 /// <@ L — l
é 1L R, ' g / P [
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15.4. EMC recommendations

All LE920 signals are provided with some EMC prdi@t. Nevertheless the accepted level
differs according to which pin. The characteristics described in the following Table:

Pad Signal  1/O Function Contact Air
All Pins
Al +4KV £ 8KV
Antenna
AD1,AU9,S1 A”Pt:(rl”a Al Antenna pad + 8KV £ 15KV

Appropriate series resistors must be considergddiect the input lines from overvoltage.
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15.5. Download and Debug Port

One of the following options should be chosen endksign of host system in order to download
or upgrade the Titan software and debug LE920 wtedR0 is already mounted on a host

system.

Users who use both UART and USB interfaces to commicate with LE920
- Must implement a USB download method in a hostesydor upgrading.E920when it is mounted.

Users who use USB interface only to communicate Wit.E920
- Must arrange for a USB port in a host system fdaudging or upgradinge920when it is mounted.

Users who use UART interface only to communicate wi LE920
- Must arrange for a USB port in a host system for deugging or upgrading LE920 when it is mounted.

. .
v *
5 o K
4 A =
? o
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16. Packing system

The Titan LE920 is packaged on trays. The traye®BEC compliant, injection molded antistatic Modifie
Polyphenylene ether (MPPO). It has good thermaltatheristics and can withstand a the standard bakin
temperature up to 125°C, thereby avoiding handfegmodules if baking is required. The trays ajirthus
providing more mechanical protection against tramspstress. Additionally they are re-usable and so

environmentally sustainable.

There are 2 (two) antistatic rubber bands thatomeckéach envelope.

The carton box is rigid, thus offering mechaniaaitection. The carton box has one flap across thaevop
surface. It is sealed with tape along the edgéiseobox.

in each inside each inside each
Tray
tray envelope carton box
Modules/tray Description modules/ trays/ modules/ envelopes/  modules/
tray envelope envelope carton box box
XEQZC.) JEDEC Tray 24 5+ 1 empty 120 4 480
packaging
Qty
Minimum Order
Quantity (MOQ) oAt
Standard Packing
Quantity (SPQ) 480

Each tray contains 24 pieces as shown in the falig\picture:
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JEDEC TRAY (x5+1)

ABC
ABC
ABC

ABC
ABC

ABC
ABC

ABC
ﬂ _JE El_ _Jﬂ

xE920 module (x24)

Dry-agent (x2)

Humidity indicator

Shielding & ESD envelope ~ Rubber band (x2

UPPER SIDE

TOTAL: 120 MODULES

LOWER SIDE

Cardboard box

(o2}

NOTICE

Humidity Indicator: compliant with
IPC/JEDEC J-STD-033B.1

(HIC 5% - 10% - 60% spots)

Dry-agent: compliant with

MIL-D-3464, TYPE || (Dessicant, total 2 UNITS). Multiple packaging label

TOTAL: 480 MODULES

Shielding & ESD envelope: compliant with
IPC/JEDEC J-STD-033B.1 (Moisture Barrier Bag)

— : ’ E PTG g b (3
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Tray Drawing

16.1.
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16.2. Moisture Sensitivity

The LE920 is a Moisture Sensitive Device leveln3accordance with standard IPC/JEDEC J-
STD-020. Observe all of the requirements for usimg kind of components.

Calculated shelf life in sealed bag: 4 months &°€4and <90% relative humidity (RH).

WA - — . = a »
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17. Safety Recommendations

READ CAREFULLY

Be sure that the use of this product is allowegbuar country and in the environment
required. The use of this product may be dangemadsmust be avoided in the following
areas:

e Where it can interfere with other electronic desiaeenvironments such as
hospitals, airports, aircrafts, etc.

e Where there is risk of explosion such as gasoliagosis, oil refineries, etc.

It is the responsibility of the user to enforce tleintry regulations and the specific
environment regulations.

Do not disassemble the product; any mark of tampgenill compromise the warranty
validity.

We recommend following the instructions of the etk user guides for correct wiring of
the product. The product must be supplied withabhited voltage source and the wiring
conform to the security and fire prevention regolsd.

The product must be handled with care, avoidingamytact with the pins because
electrostatic discharges may damage the prodett ithe same caution must be taken for
the SIM, checking carefully the instructions far itse. Do not insert or remove the SIM when
the product is in power saving mode.

The system integrator is responsible for the fumitig of the final product; therefore, care
must be taken of the external components of theutepds well as of any project or
installation issue, because of the risk of distugihe GSM network or external devices or
having any impact on safety. Should there be amjpti®mlease refer to the technical
documentation and the regulations in force.

Every module must be equipped with a proper antentiethe specified characteristics. The
antenna must be installed with care in order tacaaay interference with other electronic
devices and must be installed with the guaranteenoinimum 20 cm distance from a human
body. In case this requirement cannot be satisfiedsystem integrator must assess the final
product against the SAR regulation.

The European Community provides some Directivegliectronic equipment introduced on
the market. All the relevant information is avalabn the European Community website:

http://europa.eu.int/comm/enterprise/rtte/dir99%m.h

The text of the Directive 99/05 regarding telecomination equipment is available, while
the applicable Directives (Low Voltage and EMC) available at:

http://europa.eu.int/comm/enterprise/rtte/dir99%m.h
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- Section 15.3 upds]
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- Section 3.1.1 update figure

- Section 10.1, correct SPI_CS LGA pad

- Added differences NAG and NA (removing name NAA)
- Section 2.5, changed to 3 discrete fig
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- Added section 2.5.4 — LE920-CN model bands.
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TDD.
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- Section 5.2.1.3 — Battery recommendations updated
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- Section 15.2 — Recommended USB_VBUS decupling
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