
Peter Schrey

Sr. Manager, Product Marketing
RF360 Europe GmbH 

RFFE Auto

Munich, GermanyMay 2021 @qualcomm



2

Agenda

• Automotive Electronics

• Innovation

• Telematics 4G/5G

• Wi-Fi / Bluetooth

• Digital Radio

• Extractor

• Positioning / GNSS

• Car Access / RKE

• Look up

• Q&A

Auto Telematics
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Automotive
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Voice

Multimedia
DVB-T

Satellite Radio

Smart Key

Wi-Fi

Remote Control
for Accessories

BluetoothV2X

TPMS
Tire Pressure 

Monitoring System

Antenna

Internet

eCall

ADAS

GNSS

Automotive applications with RFFE
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Customer benefits
Qualcomm Technologies offers a 
specialized RFFE portfolio for 
automotive applications

• Component qualification
in line with AEC-Q100/200

• Long lifetime / production cycle

• PPAP available

• Discrete components certified to 
automotive standard IATF 16949

• Special frequencies and 
customized product solutions

• Comprehensive application support

5
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Qualcomm® RF Front End (RFFE) solution

Qualcomm Technologies brings together 

a vast set of advanced RF front-end 

technologies to 

• build a comprehensive mobile 

platform that is designed to maximize 

throughput and thermal performance

• accelerate time-to-launch for 5G 

multimode devices in challenging 

automotive designs.

Creating value for customers in the more and more complex RF environment 

Modem

RF transceiver

Antennas

Qualcomm Technologies unique 

modem-to-antenna solution

Qualcomm RFFE is a product of Qualcomm Technologies, Inc. and/or its subsidiaries.
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SAW/BAW automotive component qualification

Package technology Automotive Ceramic Automotive Qualcomm® CSSP™ 

Package size

[x.x mm * y.y mm]
2520, 3025, 3030, 3838 1109, 1411, 1511, 1612, 1814, 2016

AEC-Q200 grade yes→ grade 1 (-40 to +125 °C)

grade 3 (-40 to +85 °C)

yes→ grade 2 (-40 to +105 °C)

grade 1 (-40 to +125 °C)

Temperature cycling
1000 cycles @

(-40°C to +125°C)

1000 cycles @

(-40°C to +85 / 105 / 125 °C)

Biased or static humidity

@ 85°C, 85% rel. humidity
1000 hours 1000 hours

Qualcomm CSSP is a product of Qualcomm Technologies, Inc. and/or its subsidiaries.
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Filter Types

Rx

Rx

Rx/Tx

phone GNSS, SDARS

Rx GNSS

GNSS + phone

DRx phone

Rx1

Rx2

f1 f2

Rx1

Rx2
f1 f2 f3

Rx3

Tx

Rx

Rx Tx
Rx1

Rx2

f1

f2

Rx

phoneDVB-T

Rx/Tx

f1
f2

Single

Diplexer

GNSS extractor

Duplexer

Triplexer

LTE band stop filter

2 in 1

Double hump

GNSS/SDARS band stop filter

Rx/Tx
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Function: Extractor vs Notch Filter
Example: GNSS extractor and SDARS notch (band-stop) filter

The band-stop filter offers 

a much deeper notch 

than the extractor.

GNSS extractor SDARS notch filter

notch at the 

GNSS frequency

notch at the 

SDARS frequency

band pass filtering 

in the GNSS path

The GNSS extractor is a 

splitter with:

• notch functionality in 

the phone path (and) 

• band pass filtering in 

the GNSS path. 

Rx

Rx/Tx

phone GNSS, SDARS

Rx GNSS

GNSS + phone

DRx phone



10

Size Evolution

• Ceramic packages

3838 3030 2520

• Automotive CSSP for duplexers

2016 1814 1612

• Automotive CSSP for filters

1411 1109

Miniaturization of automotive package
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Global Presence
Automotive SAW Footprint

Germany
Munich

FE: BAW

Japan
Tokyo

Korea
Seoul

China
Wuxi

BE: Ceramic
PackageSingapore

FE: SAW

BE: Automotive CSSP
Automotive MDP

HQ

Component Design

Manufacturing

Product Marketing

USA
Bridgewater 
NJ

USA
San Diego 
CA
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Plant in Munich, Germany

RF360 Europe GmbH, 

Qualcomm Germany RFFE GmbH

Wireless terminals components (front-end)

• SAW duplexers

• BAW duplexers

• RF filters and multipexer for cellular, GPS, 

Bluetooth and WLAN applications

• Qualcomm® TFAP™ (Thin Film Acoustic 

Package) technology

• Qualcomm® ultraSAW Filter Technology

32,500 m²

Founded in 1968

Employees: 1250 (RF360), 120 (RFFE)

Certification

• ISO 9001

• IATF 16949

• ISO 14001

• ISO 50001
Qualcomm TFAP and Qualcomm ultraSAW are products of Qualcomm Technologies, Inc. and/or its subsidiaries
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Plant in Singapore

RF360 Singapore Pte. Ltd.

• SAW automotive and infrastructure systems

(front-end)

• RF filters

• IF filters

• Resonators

• SAW communications (front- and back-end)

• SAW duplexers

• BAW duplexers

• RF filters and multiplexer for cellular, GPS, 

Bluetooth and WLAN applications

• CSSP and TFAP packaging technology

66.858 m²

(K1: 20.487; K2: 3.927; K3: 6.136; K4: 36.308)

Founded in 1997

Employees: 1450

Certification

• ISO 9001

• IATF 16949

• ISO 14001
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Plant in Wuxi, China

RF360 Technology (Wuxi) Co., Ltd., 

Qualcomm CSR RF Technologies (Wuxi) Co., 

Ltd (RFFE)

Discrete SAW components (back-end):

• RF filter/duplexer, IF filter and resonators for 

cellular, automotive and industrial applications

• Ceramic and CSSP packaging technology

Modules (back-end):

• Bare Die SAW components assembly and test 

• Cellular

• Connectivity 

• Prototyping

• Testing

34,750 m²

Founded in 2000

Employees: 1750 (RF360), 90 (RFFE)

Certification

• ISO 9001

• IATF 16949

• ISO 14001
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Automotive Electronics – Certificates
Certified to automotive standard IATF 16949:2016
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Innovation
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• Excellent transmit, receive 

and cross isolation

• High frequency selectivity

• Q-factor as high as 5000

• Very low insertion loss

• Excellent temperature 

stability – Single-digit 

ppm/Kelvin range

Qualcomm  
ultraSAW
Technology
Thin-film filter technology for 
high performance at low cost

Discrete ultraSAW filters

PA modules (PAMiDs)

Front-end modules (FEMiDs)

Diversity modules (DRx)

Wi-Fi extractors

GNSS extractors

Frequencies: 0.6 – 2.7 GHz

Quality factor: Q > 5000

High performance filter technology enhances RF Front-End portfolio 
including modules and discrete filters

Source: Calibrated measurements in Qualcomm Technologies’ labs comparing Qualcomm UltraSAW pre-commercial components with commercially available products
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Telematics
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Qualcomm 
RF Front End
(RFFE) solution
Modem-RF system
for LTE, LTE-A and 5G

Modem-to-antenna
system addresses
4G and the massive
complexity of 5G

Acoustic Filters

RF modules

Power amps

LNAs

RF switches

Envelope trackers

RF 
Transceiver RF front-end

Modem
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High perf
antenna
swapping

5G  power
tracking

Highly
integrated
PA+filter
modules

Architecture
Power 

efficiency

High
Tx power

High
peak-to-avg
power ratio

Wide-band
power
tracking

Antennas

Number of
antennas

Wide
bandwidths

Antenna
sharing with
Wi-Fi, GPS

Antenna
tuning
optimization

Expanded
frequency range
(0.6–6 GHz)

Up to 100 MHz UL BW
Up to 100 MHz DL BW

More aggregated
carriers

4G/5G dual
connectivity
(EN-DC)

5G impact
on system 
requirements

Requirements for 5G NR sub-6 GHz
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Flexible RFFE design approach based on customer need
Comparison of different approaches

Discrete Hybrid Modular

• High flexibility

• Optimized cost

• Individual design

• Up to LTE Cat 9

Choose the best of both

concepts according to

the individual needs

• High integration

• High performance

• Small PCB area

• Less supplier handling

• Max CA/EN-DC support
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5G Sub 6
DRX Modules

Band
n79

Band
n77/
n78

5G L-PAFs
n41 PAF

n79
L-PAF

n77
n78

L-PAF

n41
PAF

Envelope tracking

100
MHz
ET

60
MHz
ET

4G & Refarmed to
5G L-PAMID

Mid
High
band

Low
band

4G & Refarmed to
5G DRX Modules

Mid
High
band

Low
band

Config options

4G/5G MMPA

MHB MIMO
ROW

MHB MIMO
NA

GSM PA C-V2X LNA

C-V2X PA

Auto Grade Filters /
Duplexer / Quadplexers

Global solution

Filtering

Auto Grade Filters /
Duplexer / Quadplexers

Average power tracking

APT

4G LNAs

Mid
High
band

Low
band

4G MMPA + Switch

High
band

switch

LMHB
MMPA

Regional options

Discrete
RFFE

4G and 5G RF Front End for Telematics

Global solution

Modular
RFFE

Modular
RFFE

4G DRX Modules

Mid
High
band

Low
band

Envelope tracking

60
MHz
ET

4G L-PAMiD

Mid
band

Low
Band

High
band

Config options

GSM PA C-V2X LNA C-V2X PA

Auto Grade Filters /
Duplexer / Quadplexers

S
A

4
1

5
M

S
A

5
1

5
M
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Modem/RFFE leadership
“Digital to Antenna” for Automotive

Modem

+

Transceiver

Envelope

Tracker

(QET)

PA (QPA)
PAMiD (QPM)

LPAF (QPM)

PA

LNA

T/R

Switch
Filter

Diversity Module (QDM)

FilterLNA
Antenna

Switch

Power Amplifier Module with Integrated Duplexers 

5G LNA + PA + Filter Module 

Duplexer

Duplexer

Duplexer

Antenna

Switch

ENDC 

Multiplexers

B
a

n
d

 

S
e

le
c
t

Power

Amp

Reduced power consumption

Improved thermal footprint

Full Support for 

Chipset Portfolio

Multiple filter technologies 
(SAW, BAW, TF SAW) 

Integration of ALL assets
into PAMiDs essential for 

seamless transition from
4G to 5G

Highly Integrated 

4G/5G RxD Modules

High Order RxD

MMIO

5G Transmit-Receive 

Modules with 

broadband ET support
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China – TDD licenses

B39

China Mobile

1880 1900 1920 MHz

B40

China Unicom

2300 2320 2370

China Mobile China Telecom

2390 2400 MHz  

B41

China Unicom China Mobile China Telecom

2496 2555 2635 2655 2690 MHz

2570 2620

B38

XGP

2545 2575

2575
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Source sample text

Wi-Fi 
Bluetooth
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Wi-Fi 2.4GHz
Solutions for different needs

The band information is only for illustration. The dB level is not a specification.

Standard filter portfolio Coexistence filter portfolio

All channels,
incl. Ch 14 for Japan

High-performance
solution

26

Cost-efficient
solution

Coexistence
with B7 / B40 / B41
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Portfolio expansion

Wi-Fi 5/6   5170-5890 MHz

Wi-Fi 6E   5925-7125 MHz

2.4 GHz / 5 GHz Diplexer

5+ GHz Passband filter

In addition to 2.4 GHz band

Wi-Fi 
5 / 6 / 6E

Wi-Fi for 5+ GHz is getting more 

important in the market

Enhancing the filter portfolio 

→ More to come

Frequencies

2.4 GHz / 5 GHz Double Hump

5 GHz Notch
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• SDARS

• DAB

Digital Radio
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SDARS

• Radio program via satellite

• In North America: USA, Canada

• History: Sirius + XM → SiriusXM (merger in 2008)

• Lineup: 150 full time channels (USA) / 130 for Canada

• Paid service: 15 USD/m and more depending on channel  

• Applications:
• Home based

• Option for car radio

• Similar ground based radio infrastructure in other regions:
• Germany DAB / DAB+ (free service)

Satellite Digital Audio Radio Service
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Automotive SAW filters for SDARS satellite antenna
Based on reference design 

A)

B)

LNA module

Main filterPre filter

C)

Super low loss

pre filter
Main filter

Main filter

- Module from competition
- High performance filter with WCS rejection
→ Less relevant solution according to market success

- Non coexistence solution with WCS band
- 3 LNAs
- Super low loss filter
- High performance filter with WCS rejection
→ Medium relevant solution according to SDARS

- Coexistence solution with WCS band
- 2 LNAs
- Super low loss filter to avoid LNA saturation
- High performance filter with WCS rejection
→ Most relevant solution in the market

Technical data subject to change. Filter specification must be taken from the respective Product Data Sheet.

blue: Latest Product [size]
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• GNSS

• Wi-Fi

• SDARS

Source sample text

Extractor /  
Notch
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Function: Extractor vs Notch Filter
Example: GNSS extractor and SDARS notch (band-stop) filter

The band-stop filter offers 

a much deeper notch 

than the extractor.

GNSS extractor SDARS notch filter

notch at the 

GNSS frequency

notch at the 

SDARS frequency

band pass filtering 

in the GNSS path

The GNSS extractor is a 

splitter with:

• notch functionality in 

the phone path (and) 

• band pass filtering in 

the GNSS path. 

Rx

Rx/Tx

phone GNSS, SDARS

Rx GNSS

GNSS + phone

DRx phone
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Source sample text

Positioning 
GNSS
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RFFE Automotive GNSS Filter solutions

High Variety
Pre- and Post- LNA filters 

Available 2019

Higher Performance
All-rounder TC filters

Available 2020

Additional portfolio expansion

More to come in 2021

Low IL Pre-Filter; High Att Post-Filter @ low GDR
Single, Diplexer & Double Hump solutions

Low IL & High Att @ low GDR
all-in-one filter, Diplexer

Besides being a major supplier for all standard GNSS 

products, RFFE offers high-performance filter solutions

to address the growing multi-frequency, high-precision 

market requirements with optimized SAW filters using 

advanced temperature compensation technology.

Antenna Dashboard
L1 1,559-1,606 MHz L1 1,559-1,606 MHz

L2+L5 1,166-1,250 MHz L2+L5 1,166-1,250 MHz

Pre-Filter Post-Filter

GNSS IC L1

GNSS IC
L2+L5

→ Separate presentation specialized on Positioning / GNSS
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Car Access
RKE
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Car access evolution

* Integrated Automotive 

SAW/BAW filters from RFFE

• Remote keyless entry

• Immobilization

Classic Key Fob Smart Key Advanced Smart Key

• Passive keyless entry / start

• Display key and diagnostics

• Remote control of car functions

• Smartphone / Smart Watch access

• Cloud-based virtual key management

• Car sharing and fleet management

ISMISM

Transmitter – Receiver*

LF

Transceiver – Transceiver*

NFC / LF

Transceiver* – Transceiver*

NFC / LF

UWB*

Bluetooth*

→ Separate presentation specialized on Car Access / RKE

http://www.google.de/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiMwdzyraLVAhWKXhQKHbFuAT8QjRwIBw&url=http://emf3.bundesnetzagentur.de/tech_uwb.html&psig=AFQjCNEikmXSvlsKBU7u--J683tPdyVsqA&ust=1501000768106573
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• Internet

• Flyer

Source sample text

Look Up
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Look Up

https://rffe.qualcomm.com

Products

• Automotive

• Mobile

• Industrial

Internet

https://rffe.qualcomm.com/
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Look Up
Flyer: Antenna
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Look Up
Flyer: IoT
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Look Up
Flyer: GNSS
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Source sample text

Q&A



Follow us on:

For more information, visit us at:

www.qualcomm.com & www.qualcomm.com/blog

Thank you

Nothing in these materials is an offer to sell any of the 

components or devices referenced herein.

©2018-2021 Qualcomm Technologies, Inc. and/or its affiliated 

companies. All Rights Reserved.

Qualcomm, CSSP and TFAP are trademarks or registered 

trademarks of Qualcomm Incorporated. Other products and 

brand names may be trademarks or registered trademarks of 

their respective owners.

References in this presentation to “Qualcomm” may mean Qualcomm 

Incorporated, Qualcomm Technologies, Inc., and/or other subsidiaries 

or business units within the Qualcomm corporate structure, as 

applicable. Qualcomm Incorporated includes Qualcomm’s licensing 

business, QTL, and the vast majority of its patent portfolio. Qualcomm 

Technologies, Inc., a wholly-owned subsidiary of Qualcomm 

Incorporated, operates, along with its subsidiaries, substantially all of 

Qualcomm’s engineering, research and development functions, and 

substantially all of its product and services businesses, including its 

semiconductor business, QCT.


