Wireless Market Intelligence Proprietary * Accurate ¢ Cutting Edge

Maury Wood
+1-781-460-1577
mwood@ejlwireless.com

Smartphone Radio Frequency Front-End Content Trends Analysis
Samsung Galaxy S6 Family / Apple iPhone 6 Family
August 2015

Q51221 RF . RF .
resonnt 5W Wireless Trahnscelver Tx:;riesnzr:r
Inductive Coil " Shannon .
Power Receiver 928 Samsung Galaxy S6 Apple iPhone 6
DD Wireless 0D Wireless
Mobil O . Mobil igi 5 Vi
Avplication e — Mid-Band / Connectivity Applicaton e e g Mid-Sand / Connectivity
Processor Modem High Band RX High-Band Block Diagram Processor Modem igh Band RX. High-Band Block Diagram

Exynos 7420 Shannon 333 A8 APL1011 MDM9625M

samsune High Band TX (s rfmd |
SAMSUNG High Band RX. Primary. High Band RX Qorvo Primary.
Celllar Celllar
Antenna Antenna e Antenna Antenna
i Switch
primary oD Swichi/ primary I Mid-Band / witch /
Wi /BT Mid-Band / = Tuner Wi /BT MidBand ¢ High-Band Tuner
Antenna Bpodboou High-Band Module Antenna Mid Band Modul Module
= . lodule
Module Mid Band TX
BCM4358 385385 BCMA4345 33950228 ] Avaco|
AVaGo MidBand i
- - SKYWORKS
cellutar =Y Cellar
Dual Band oD = Diversiy Dual Band B Qorvo oersiy
Diversity / MIMO 2x2 Dual Stream MIMO et Antenna Diversity / MIMO 2x2 Dual Stream MIMO Low-Band A
wii Wi-Fi / BT P I Suiiiznlf Pt Wi-Fi / BT Module M (Lo i
Radio Module oduie Tuner Radio Module SKYWORKS witcl

Tuner

-
SKYWORKS' > -
] TriQuint ®1 e

Qorvo

Low Band RX

Module

SKYWORKS

Diversity High

GNSS RX Crave: TDD / FDD GNSS RX TDD / FDD
Sensor Hub o RX Diversity Antenna Front-End RX Dl\éerlsltv
Module  BCMA4773 sand i Module SW:‘:‘ Module Oiersty Mid Band X Module
NFC SKYWORKS WD NFC 3RF Ports Total SKYWORKS
NFC T i friiied = NFe Transceiver Ll
Coil CELISEEE? SKYWORKS Coil

Module RF Receiver

amui
PN548  AS3923

Module

SAMSUNG HRerers ol WFR1620

S3FWRNS5P

Entire contents © 2015 EJL Wireless Research LLC. All Rights Reserved. Reproduction of this publication in any form without prior written permission is strictly forbidden and will be prosecuted to the full
extent of US and International laws. The transfer of this publication in either paper or electronic form to unlicensed third parties is strictly forbidden. The information contained herein has been obtained
from sources EJL Wireless Research LLC deems reliable. EJL Wireless Research disclaims all warranties as to the accuracy, completeness or adequacy of such information. EJL Wireless Research LLC shall
bear no liability for errors, omissions or inadequacies in the information contained herein or for the interpretation thereof. The reader assumes sole responsibility for the selection of these materials to
achieve their intended results. The opinions expressed herein are subject to change without notice. All product and company names are trademarks™ or registered® trademarks of their respective holders.
Use of them does not imply any affiliation with or endorsement by them. 1

© 2015 EJL Wireless Research LLC. All Rights Reserved



SMARTPHONE RFFE

TABLE OF CONTENTS CONTENT TRENDS ANALYSIS

72 = 1 0 4

e 1= 8 6

EXECUTIVE SUMMARY iiiiiiiiiiiiiiiiiiit ettt asssaaaasse s s s s e e e aaaannnnnnns 8

CELLULAR CONNE CTIVITY tttiiiiiiiiiitt sttt tttassssaaassssssssesetssssnnsnsssssssssessenes 23
Cellular CONNECEIVIEY OVEIVIEW uuvvvsessrssssssnsnssesssssseeeeesnnsnssssssmreeesrseeesssnsnnns 23
[©1] I = 7= 2 Ve 3 24
CMA / CDMAZ2000 BANAS vevvttnernsennrensennsensesnssnssnssessssamessssmsssessresressrsrsesnrsnnes 26
UMTS W-CDMA UTRA BaNQdS +.iieiuiiiititiararasaraniasarssasantararsssssnsarsssssssnsasssssansnsanns 29
BGPP REICASE 8 LTE utttuuesssennnssseennusssesnnnssseennssssennnsssseesnsssssesnsssssssnnsnssees 35
3GPP REIEASE 10 LTE-A ttttttiittuunnnnnsaseeeeeeeeessssssssssssssssssssssssmeeeeeeererssesrerens 36
€] 2] = @Y 1T Ve o Yo T= o e o I 37
FD-LTE @Nd TD-LTE BaNQAS 4 tuuuttttnnnsseennnnessernnssseennnsssseennmesernnnssssessssssssrsnsssres 39
CellUlar RFFE COMPIEXITY 4 atuutetannnsseennnneeennnnrreennnrreeesnsmeemmnnnsrreeessserersnnernes 46
Cellular Service Provider NEtWOIrK ASSEES .uuuuieisernesennssennsseensssensssensssensssensesennnsens 47
Band Support — Samsung Galaxy S6 Family ..uuuiiieiinisssreinnnersessniesssrrnnsessernnsesseennns 51
Band Support — Apple iPNONE 6 FaMIlY «uuuireiieiiessetneesseennaasseennnaesseennnasssennnnnnsees 52
Samsung Digital Baseband Modem POrtfolio v...eeeessssseeeerennnnnnissaaessssssseerrrnnnnnnnnnnnns 53
SamsuUNg RF TranSCeIVEr POIfOlIO vuuuuuusserssunsreeennseseernnnsreeennnsrreessssserernnssrreennnns 54
Qualcomm Digital Baseband Modem POrtfolio vuuuusissrrssssssresnssssernnsssssrnnsssssssssnssnnns 55
Qualcomm RF Transceiver Portfolio vuuviiiiiriiiiariiiisnsniassstasssasassssssssasassssssssssasnnnns 56
High-Band RFFE — SAMSUNG GalAXY S6 +vvvruuirrrirnnnerseenniessetnnessseennsesseennsesssrnnnnnss 57
Mid-Band RFFE = SAMSUNG GalAXY S6 wuuuuuirereersrseeeernnnnnnnssaasssssssesemmmnnsssssnsesesns 58
Low-Band RFFE — SAMSUNG GalAXY S6 vvvuuuuureerrnnnrreeennnerreennnmmsremnnmrreenimreernnns 59
LOW-Band RFFE — Band 28 AP T 1iituuittettnieesetnnnesseennssseesnnsssssennsssseennsessssnnsnnsses 60
Receive Diversity RFFE — SamSUNG GalaXy S6 ..vvvurnnuniineeerersreererrnmnnnsssssssssssssennnns 61
Antenna Switching and Tuning — SAMSUNG GalaXy S6 ..vuuuuiiirerrrrrrrererrnnnnnnssssaseeserees 62
Cat 6 Carrier Aggregation — SamsuUNg GalaXy S6 ..vvvverurrrerennisrrrennssssrrennsssseessesseens 63
LTE Peak Bandwidth — SAmMSUNG GalaXY S6 .uuueerrunurrrernnnirreemnnnrerernnmrreennimrrrrnnnes 64

© 2015 EJL Wireless Research LLC. All Rights Reserved



SMARTPHONE RFFE

TABLE OF CONTENTS, CONT. CONTENT TRENDS ANALYSIS

High-Band RFFE — APPIE IPRONE 6 1uuuuiitetriisesetnnesseennessesnnnasssrenniesreennssssrrnnnnnss 65
Mid-Band RFFE — APPIE IPHONE B 1evuuiiiitiiiaesseiaiessettnaesseennesseennasssennnnssseennnnns 66
Mid-Band RFFE Quadplexer Implementation Example ....viiiiiiiiiiiiiiiiiiiininarasissnnsnsass 67
Low-Band RFFE — APPIE IPRONE 6 «uuuiiiiiiiiiesttinaessetnaasseetnnaessetnnaasseennasssernnnnnss 68
Receive Diversity RFFE — ApPPIE IPRONE 6 +vvvviiiiinnniiiiaaeesssssseeeersnnnnnnnsssassssssseennns 69
Antenna Switching and TUNING — APPIE IPRONE 6 1uuuuiiietrniirrerrniiiererannarreeaninrerrrnnnnss 70
Cat 4 Carrier Aggregation — Apple IPhoNe@ 6 ...uviiiiiiiii i s e aa s neans 71
Cat 10 Carrier Aggregation — Example RFFE ....vviiiiiiiiiiiiiieiiiiiisiiia i sissssssnsasnnsnnnnns 72
LTE Peak Bandwidth — Apple IPRONE 6 .vviiuiiieiiiiiiesseenneeseetnaassetnnaasssennnaessennnnnsss 73
CELLULAR CONNECTIVITY = SUMMARY ANALYSIS ...ttt 74
WI-FI AND BLUETOOTH CONNECTIVITY iiiiiiiiiiiiiiiiiiiiiiiissseeeeeeeeessereaennnnns 75
Wi-Fi and Bluetooth ConNeCctiVity OVEIVIEW ..uu.ieiniieiissenassennssennssennssennssennssennssennns 75
W-Fi and BIUEtOOth — 2.4 GHZ BaNd .vvvvvvriiiiiiiiiiinssssnteeeeeessssssssssssnnsnnnsnssnnnees 79
L T I ] .0 = - o Vo [ 81
BIUELOOth V4.X = PhYSICAl LAYEI tiuiiiieeeeieiennsaaaeesssssseeeennnnnnnnssassssssssesemnmnnnnnnnnns 83
Wi-Fi, Bluetooth and Cellular Coexistence Challenge ......ciiiiiiiiiiiiiiiiiiriiirisienasasasnnnes 87
Galaxy S6 and iPhone 6 Wi-Fi Peak PerforMancCe ...vvuuiesserunnesseeennnessernnnssssennnnnssennns 89
WI-FI / BLUETOOTH CONNECTIVITY - SUMMARY ANALYSIS ....covvviiiieeiiinns 90
GINSS CONNECTIVITY ittt s s ettt e e aaaaass e s s s e e e naannnnnnnnns 91
GNSS OVErVIEW — BAnNd Plan tuuuuuiessitnnessetnniasssetanesseennsassseensssssernnssssssesssssssnns 91
GNSS Implementation — SAMSUNG GaAlAXY S6 . uuuuiiiirrrrrrerrnnssssiiisirirsereerermssssnnns 93
GNSS Implementation — Apple iIPRONE 6 t.uviiiiiiririiarriasasirasssasasisassssssssssnsnnsarnnnss 94
NEAR FIELD COMMUNICATION CONNECTIVITY .iiiiiiiiiiiiiiiiiiiiiiiiesnneneeeeeeens 95
NFC Overview — PHY @nd MAC ...iiiiiiiiiii e e e saea s sasasasansasasasasansnsassssssnsnsasssnnnns 95
NFC — Samsung Galaxy S6 ImMplementation ......eeeeeesesseeeeeemnnnnssssssssssssserrmnnnnnns 96
NFC — Apple iPhone 6 Implementation ....c.iiiiiiiiiiii i e st e s s i s s s asassasasnnns 97
NFC CONNECTIVITY — SUMMARY ANALYSIS ...ttt nirinnn e n e e 98
WIRELESS CHARGING ..ottt e ettt e st s e s s e aaaaaee e eeeeereeeenn 99
Wireless Charging OVEIVIEW ....euuuesseeenesssetnnesseennesseesnnsessernnnssssennssssssennnnsees 99
Wireless Charging - Samsung Galaxy S6 Implementation.......vveeeerrrrnnnnnsssessssrsreeeeenes 100
APPENDIX - ABBREVIATIONS ..ttt ettt e s s ree e e e reenennnns 101

© 2015 EJL Wireless Research LLC. All Rights Reserved



