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1. General description

The SAF360x is a monolithic integrated digital terrestrial radio processor. The SAF360x
family includes different chip variants—SAF3600, SAF3601, SAF3602, SAF3604,
SAF3606, SAF3607. The SAF360x provides reception, demodulation, audio decoding
and application processing for various digital radio standards.

The SAF360x system-on-chip (SoC) is a next generation HD Radio/DAB/DAB+/T-DMB/
DRM solution for breakthrough in system integration and cost reduction. The chip is
qualified in accordance with AEC-Q100 and includes the following features:

* Next generation HD Radio / DAB / DAB+ / T-DMB / DRM solution for breakthrough in
system cost reduction

¢ Dual channel processing with on-chip dual DAB front-end, memory and source
decoding

¢ End-of-production line programmability

* DAB-FM / DAB-DAB blending

¢ Advanced reception improvement algorithms

* Integrated antenna splitter enabling antenna diversity

¢ On chip voltage regulation for performance critical Front-end supply via an external
transistor from 3.3 V (SAF3601, SAF3602, SAF3604, SAF3606 only)

* Single system XTAL with optional clock reference output capabilities
¢ Small PCB footprint using state-of-the-art BGA package

2. Features and benefits

2.1 HD Radio technology

B HD Radio signal decoding for AM and FM digital audio
Supports HD Radio single, dual and triple tuner use cases

HD all-digital mode support

SAF3604: On-chip FM-tuner for data service reception

Dual baseband input interface using 12S-bus derivative with I/Q
Secondary baseband interface for dual tuner applications

Data services support for HD Radio reception

Electronic Program Guide (EPG)

Off-chip LOT processing

Enhanced reception through Maximum Ratio Combining (MRC)
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For detailed list of supported features, contact NXP Sales; see Section 11.

DRM

B DRM signal decoding for AM and FM digital audio

B Prepared for dual DRM support with background scanning or data services from
second station

Frontend to baseband interface through serial 12S-bus type interface
Prepared for secondary baseband interface for dual tuner applications
Channel decoder reception improvements

Supports xHE-AAC codec

Prepared for DRM+

DAB, DAB+ and T-DMB radio technology

B Dual reception processing with on-chip dual DAB front-end, ADC, memory and source

decoding

Data service reception and filtering

Full dual ensemble processing (2 x 1.8 Mbit/s)

Optional third tuner input via serial 12S-bus type interface

Integrated DAB-FM/ DAB-DAB time alignment and seamless blending

Integrated support for all actual audio codecs (AAC, HE-AAC, MP2, BSAC)

(Optional) Additional features:

@ Reception improvement algorithms for single antenna systems delivering
additionally improved BER

@ Diversity reception improvement through advanced Maximum Ratio Combining
(MRC) algorithms leveraging dual antenna diversity

@ Third external tuner supports enabling background service scan or data services in
case of two primary Saturn tuners are used for antenna diversity reception

Digital audio

Up to 6 channel (5.1) audio support through TDM audio interface or triple 12S
Programmable audio sample rate converter (8 kHz to 48 kHz) for up to 6 channels
I2S audio input for auxiliary processing

Optional SRC (8 kHz to 48 kHz) for 12S-bus input

Optional support for input and output 96 kHz sample rate conversion

Basic audio processing for external digital audio sources

Advanced audio processing (contact NXP for a list of supported audio processing
features; see Section 11)

Other peripheral interfaces

B Two I2C-bus interfaces

B Two Serial Peripheral Interfaces (SPI)

B One High-Speed Serial Peripheral Interface (HS-SPI)

B One UART interface

B 16 individual GPIO pins for applications and diagnostics

All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2015. All rights reserved.
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B One JTAG interface for diagnostics

2.6 Additional features

B Secure boot, image authentication

B |dentical radio architecture with the same chip and specific software for various

standards including DAB, HD Radio and DRM
Radio control reuse from SAF356X with same API
In field software upgrade possibility

Powerful signal, audio processing core architecture
Qualified in accordance with AEC-Q100

SAF360x

One internal clock oscillator and two internal Phase-Locked Loops (PLL)

Remark: Not all features are available on all variants or in all combinations. Contact NXP

sales for more information; see Section 11 “Contact information”.

3. Applications

B Application depends on usages and reception standard

4. Quick reference data

Table 1. Quick reference data

Symbol ‘Parameter ‘Conditions ‘Min ‘Typ ‘Max ‘Unit
Supply voltages

SAF3601, SAF3602, SAF3604, SAF3606

VbpA(VREG)(3v3) | Voltage regulator analog supply voltage 3.0 3.3 3.6 \%
Vbba@ppLLyive) /ADPLL1 analog supply voltage | 1.71 |18 1.89 |V
VDDAXTAL)(1V8) crystal analog supply voltage 1.71 1.8 1.89 |V
Vbpapcoiywvs) |DCO1 analog supply voltage 158 |1.8 1.89 |V
VDDADIV)(1V8) DIV analog supply voltage 1.71 |18 1.89 |V
VbpawvHrayave) | LVHFA analog supply voltage 1.71 |18 1.89 |V
VbpawvHrmyave) | VHFEM analog supply voltage 1.71 |18 1.89 |V
Vbpapcoz)wve) |DCO2 analog supply voltage 158 |1.8 1.89 |V
Vbpa@ppLL2)1ve) /ADPLL2 analog supply voltage 1.71 |18 1.89 |V
VDDA(ADC)(1v8) ADC analog supply voltage 1.71 1.8 1.89 |V
VbpbapprLLyivs) /ADPLL1 digital supply voltage 1.71 |18 1.89 |V
VbbbaprLL2ywvs) /ADPLL2 digital supply voltage 1.71 |18 1.89 |V
VDDD(RFE)(1V8) RFE digital supply voltage 1.71 1.8 1.89 |V
Vbb(o) input/output supply voltage | 3.0 3.3 3.6 \%
Vops OTP programming voltage (2.5 V) 225 |25 2.7 \%
Vbb(a) analog blocks supply voltage 114 |1.2 126 |V
Vbb(c) core supply voltage 114 |12 126 |V

SAF360X_FAM_SDS
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SAF360x

Table 1. Quick reference data ...continued

Symbol Parameter ‘Conditions ‘Min ‘Typ ‘Max ‘Unit
SAF3600, SAF3607

vVDD(IO) input/output supply voltage 3.0 3.3 3.6 vV
Vops OTP programming voltage (2.5 V) 225 |25 2.7 \%
'VDD(A) analog blocks supply voltage 1.14 1.2 1.26 V
Vbp(C) core supply voltage 114 1.2 1.26 V

Supply currents

SAF3601, SAF3602, SAF3604, SAF3606

'DAB 1.8 SW Stack

'DAB 1.8 SW Stack

460 |560 mA

15 20 mA

DAB 1.8 SW Stack

'DAB 1.8 SW Stack

40 55 mA
400 460 mA

HD 1.5 SW Stack

15 20 mA

IpDAXXKK) + combined front-end supply currents
IDDD(xxx)

>|DD(A) analog supply currents

Ipp(10) input/output supply current

bloo(c) core supply current

SAF3600, SAF3607

>|DD(A) analog supply currents

Ipp(10) input/output supply current

bloo(c) core supply current

HD 1.5 SW Stack

'HD 1.5 SW Stack

40 55 mA
260 310 mA

Power dissipation
SAF3601, SAF3602, SAF3604, SAF3606

DAB 1.8 SW Stack

\1.53 \1.93 \w

Piot ‘total power dissipation
SAF3600, SAF3607
Piot ‘total power dissipation

SAF360X_FAM_SDS

HD 1.5 SW Stack

All information provided in this document is subject to legal di
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5. Ordering information

SAF360x

Digital radio and processing system-on-chip

Table 2.  Ordering information

Type number Package ‘
Name Description Version

SAF36xxEL/Vyyyz LFBGA223 | plastic low profile fine-pitch ball grid array package; 223 balls SOT1322-1

Table 3.  Type overview

Not all variants are commercially released. Please contact NXP Sales for further details.

Type number

Main application

Internal tuners

Clock

HD subtypes
SAF3600EL/V1040

single tuner use case No 55.46667 MHz
SAF3600EL/V1041 single tuner use case No 10.4 MHz — 12.288 MHz
' SAF3600EL/V1042 dual and triple tuner use cases No 55.46667 MHz
SAF3600EL/V1043 dual and triple tuner use cases No 10.4 MHz — 12.288 MHz
' SAF3604EL/V3040 dual tuner use case with one internal tuner  Yes (one FM tuner) 55.46667 MHz
DAB subtypes
'SAF3601EL/V3040 single tuner use case Yes (one DAB tuner) 55.19220 MHz, 55.46667
MHz
' SAF3602EL/V3040 dual and triple tuner use cases Yes (two DAB 55.19220 MHz, 55.46667
tuners) MHz
DRM subtypes
'SAF3607EL/V1040 single tuner use case No 55.46667 MHz
SAF3607EL/V1041 single tuner use case No 10.4 MHz — 12.288 MHz
‘Premium
SAF3606EL/V3040 all standards (HD, DAB, DRM); single, dual |Yes (two DAB tuners |55.19220 MHz, 55.46667

SAF360X_FAM_SDS

and triple tuner use cases

or one FM tuner)

All information provided in this document is subject to legal disclaimers.
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Block diagram

RF in 76-108 MHz _|
RF in 167-240 MHz

RF in 76-108 MHz _|
RF in 167-240 MHz

RF in 1452-1492 MHz —

Fig 1.

Block diagram — SAF3601, SAF3602, SAF3604, SAF3606
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Fig 2.

Baseband Baseband

Block diagram — SAF3600, SAF3607
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FM
T AUDIOPOST I
Digital audio | AUDIO POST |
AM output PROCESSING
ANALOG RADIO DEVICE + |
‘ | STEREO AUDIO DAC |
| (optional) |
Digital Digital
baseband Blend audio
inputs control 10
Main DAB IlI/FM L
Aux DAB IlIlI/FM DATA RENDERING
L (STANDARD RELATED):
Control data HOST
SAF360x MICROPROCESSOR | | - LIVE TRAFFIC REPORTS
DAB-L - STOCK TICKERS
- SLIDESHOWS

*

|

|

v

FLASH FLASH
MEMORY MEMORY
aaa-007762

Fig 3. System block diagram — SAF3601, SAF3602, SAF3604, SAF3606
FM
‘ rem— === === 1
Digital audio | ~ AUDIO POST |
AM ouput | PROCESSING
ANALOG RADIO DEVICE ] + I
\L | STEREO AUDIO DAC I
| (optional) 3
Digital Digital
baseband Blend audio
inputs control 10
DATA RENDERING
SAF360x Control data | »| (STANDARD RELATED):
HOST
MICROPROCESSOR - LIVE TRAFFIC REPORTS
- STOCK TICKERS
- SLIDESHOWS
[}
I
I
v
FLASH FLASH
MEMORY MEMORY
aaa-007751
Fig 4. System block diagram — SAF3600, SAF3607
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7. Limiting values

SAF360x

Digital radio and processing system-on-chip

Table 4.  Limiting values
In accordance with the Absolute Maximum Rating System (IEC 60134).

Parameter

coupling

Symbol Conditions Min ‘Max Unit
Voltages
vSAF3601, SAF3602, SAF3604, SAF3606
VDDA(VREG)(3V3) voltage regulator analog supply voltage -0.5 +3.9 \Y;
3.3V)

VDDA(ADPLL1)(1VS) ADPLL1 analog supply voltage -0.5 +2.4 \
>VDDA(XTAL)(1V8) ‘crystal analog supply voltage -0.5 +2.4 \Y
VDDA(DCO1)(LV8) DCO1 analog supply voltage —0.5 12.4 v
VDDADIV@VE) DIV analog supply voltage 05  +2.4 v
VDDA(LVHFA)(1V8) LVHFA analog supply voltage -0.5 +2.4 \V
>VDDA(VHFM)(1V8) VHFM analog supply voltage -0.5 +2.4 Y,
VDDA(DCO2)(LV8) DCO2 analog supply voltage —0.5 12.4 v
>VDDA(ADP|_|_2)(1V8) 'ADPLL2 analog supply voltage -0.5 +2.4 Y,
VDDA(ADC)(1v8) ADC analog supply voltage —0.5 12.4 v
VDDD(ADpLLl)(lvg) 'ADPLL1 digital supply voltage -0.5 +2.4 Y,
VDDD(ADPLL2)(1V8) ADPLL2 digital supply voltage -0.5 +2.4 \%
>VDDD(R|:E)(1V8) RFE digital supply voltage -0.5 +2.4 \Y,
Vbp(i0) input/output supply voltage -05 +3.9 v
’Vst oTP programming voltage (2.5 V) -0.5 +2.7 \%
Vbp(a) analog blocks supply voltage -05 +1.7 v
Voo core supply voltage 05  +17 V
SAF3600, SAF3607
>VDD(IO) input/output supply voltage -0.5 +3.9 \
Vops OTP programming voltage (2.5 V) -0.5 +2.7 \VJ
>VDD(A) ‘analog blocks supply voltage -0.5 +1.7 \%
Vob(c) core supply voltage -0.5 +1.7  V
ilnput voltages/current
Vi input voltage -0.5 +Vppao) |V
FSAF3601, SAF3602, SAF3604, SAF3606
Vi(VHE)(diff) peak differential VHF input voltage between pins - +1.7 \%

VHF_MAIN_IN_P and

VHF_MAIN_IN_N

or

pins VHF_AUX_IN_P

and VHF_AUX_IN_N;

AC coupling
ivi(L_band) ‘peak L-band input voltage pin LBAND_IN; AC - ‘+1.7 \Y

SAF360X_FAM_SDS
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SAF360x

Digital radio and processing system-on-chip

Table 4. Limiting values ...continued
In accordance with the Absolute Maximum Rating System (IEC 60134).

Symbol Parameter Conditions Min Max Unit
VESD electrostatic discharge voltage human body model M 1500 +1500 |V
charged device model
corner pins B 750  +750 \Y
other pins [4 —400 +500 \Y,
hu ‘Iatch-up current Bl -10 +10 mA
SAF3600, SAF3607
VESD electrostatic discharge voltage human body model [ |-2000 |+2000 V
charged device model
corner pins B 750  +750 \Y
other pins [4 —400 +400 \Y,
hu ‘Iatch-up current Bl -100  +100 mA
Temperature
iTamb ambient temperature -40 +85 °C
Tstg storage temperature -65 +150 °C
[1] In accordance with AEC-Q100-002 Rev E, JS-001, 2014, Class C1.
[2] Inaccordance with AEC-Q100-002 Rev E, JS-001, 2014, Class 2.
[3] In accordance with AEC-Q100-011 Rev C1, Class C5.
[4] In accordance with AEC-Q100-011 Rev C1, Class C3.
[5] All supply voltages below the maximum values listed in this table.
SAF360X_FAM_SDS All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2015. Al rights reserved.
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8. Package outline

SAF360x

Digital radio and processing system-on-chip

LFBGA223: plastic low profile fine-pitch ball grid array package; 223 balls SOT1322-1
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Fig 5.
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Package outline SOT1322-1 (LFBGA223)
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9. Revision history

Table 5.  Revision history

Document ID Release date ‘Data sheet status ‘Change notice Supersedes
SAF360X_FAM_SDS v.3 20150123 ‘ Product short data sheet - SAF360X_FAM_SDS v.2
‘Modifications e Updated Section 1 to Section 7.
SAF360X_FAM_SDS v.2 20140822 ‘ Product short data sheet - SAF360X_FAM_SDS v.1
‘Modifications e Updated data sheet with SAF3601, SAF3602, SAF3604 and SAF3606 variants
SAF360X_FAM_SDSv.1 20140716 ‘ Product short data sheet - -
SAF360X_FAM_SDS All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2015. Al rights reserved.
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10. Legal information

SAF360x

Digital radio and processing system-on-chip

10.1 Data sheet status

Document status[[2] Product status[3! Definition

Objective [short] data sheet Development
Preliminary [short] data sheet | Qualification

Production

Product [short] data sheet

This document contains data from the objective specification for product development.
This document contains data from the preliminary specification.

This document contains the product specification.

[1]  Please consult the most recently issued document before initiating or completing a design.

[2] The term ‘short data sheet’ is explained in section “Definitions”.

[3] The product status of device(s) described in this document may have changed since this document was published and may differ in case of multiple devices. The latest product status

information is available on the Internet at URL http://www.nxp.com.

10.2 Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included herein and shall have no liability for the consequences of
use of such information.

Short data sheet — A short data sheet is an extract from a full data sheet
with the same product type number(s) and title. A short data sheet is intended
for quick reference only and should not be relied upon to contain detailed and
full information. For detailed and full information see the relevant full data
sheet, which is available on request via the local NXP Semiconductors sales
office. In case of any inconsistency or conflict with the short data sheet, the
full data sheet shall prevail.

Product specification — The information and data provided in a Product
data sheet shall define the specification of the product as agreed between
NXP Semiconductors and its customer, unless NXP Semiconductors and
customer have explicitly agreed otherwise in writing. In no event however,
shall an agreement be valid in which the NXP Semiconductors product is
deemed to offer functions and qualities beyond those described in the
Product data sheet.

10.3 Disclaimers

Limited warranty and liability — Information in this document is believed to
be accurate and reliable. However, NXP Semiconductors does not give any
representations or warranties, expressed or implied, as to the accuracy or
completeness of such information and shall have no liability for the
consequences of use of such information. NXP Semiconductors takes no
responsibility for the content in this document if provided by an information
source outside of NXP Semiconductors.

In no event shall NXP Semiconductors be liable for any indirect, incidental,
punitive, special or consequential damages (including - without limitation - lost
profits, lost savings, business interruption, costs related to the removal or
replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, NXP Semiconductors’ aggregate and cumulative liability towards
customer for the products described herein shall be limited in accordance
with the Terms and conditions of commercial sale of NXP Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to make
changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

SAF360X_FAM_SDS

All information provided in this document is subject to legal disclaimers.

Suitability for use in automotive applications — This NXP
Semiconductors product has been qualified for use in automotive
applications. Unless otherwise agreed in writing, the product is not designed,
authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or
malfunction of an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors and its suppliers accept no liability for
inclusion and/or use of NXP Semiconductors products in such equipment or
applications and therefore such inclusion and/or use is at the customer's own
risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

Customers are responsible for the design and operation of their applications
and products using NXP Semiconductors products, and NXP Semiconductors
accepts no liability for any assistance with applications or customer product
design. It is customer’s sole responsibility to determine whether the NXP
Semiconductors product is suitable and fit for the customer’s applications and
products planned, as well as for the planned application and use of
customer’s third party customer(s). Customers should provide appropriate
design and operating safeguards to minimize the risks associated with their
applications and products.

NXP Semiconductors does not accept any liability related to any default,
damage, costs or problem which is based on any weakness or default in the
customer’s applications or products, or the application or use by customer’s
third party customer(s). Customer is responsible for doing all necessary
testing for the customer’s applications and products using NXP
Semiconductors products in order to avoid a default of the applications and
the products or of the application or use by customer’s third party
customer(s). NXP does not accept any liability in this respect.

Limiting values — Stress above one or more limiting values (as defined in
the Absolute Maximum Ratings System of IEC 60134) will cause permanent
damage to the device. Limiting values are stress ratings only and (proper)
operation of the device at these or any other conditions above those given in
the Recommended operating conditions section (if present) or the
Characteristics sections of this document is not warranted. Constant or
repeated exposure to limiting values will permanently and irreversibly affect
the quality and reliability of the device.

Terms and conditions of commercial sale — NXP Semiconductors
products are sold subject to the general terms and conditions of commercial
sale, as published at http://www.nxp.com/profile/terms, unless otherwise
agreed in a valid written individual agreement. In case an individual
agreement is concluded only the terms and conditions of the respective
agreement shall apply. NXP Semiconductors hereby expressly objects to
applying the customer’s general terms and conditions with regard to the
purchase of NXP Semiconductors products by customer.

© NXP Semiconductors N.V. 2015. All rights reserved.
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No offer to sell or license — Nothing in this document may be interpreted or
construed as an offer to sell products that is open for acceptance or the grant,
conveyance or implication of any license under any copyrights, patents or
other industrial or intellectual property rights.

Quick reference data — The Quick reference data is an extract of the
product data given in the Limiting values and Characteristics sections of this
document, and as such is not complete, exhaustive or legally binding.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Translations — A non-English (translated) version of a document is for
reference only. The English version shall prevail in case of any discrepancy
between the translated and English versions.

10.4 Licenses

ICs with HD Radio functionality

NXP Semiconductors ICs with HD Radio functionality are manufactured
under license from iBiquity Digital Corporation. Sale or distribution of
equipment that includes this device requires a license, which may be
obtained at: iBiquity Digital Corporation, 6711 Columbia Gateway Drive,
Suite 500, Columbia MD 21046, USA. Telephone: +1 (443) 539 4290, fax:
+1 (443) 539 4291, e-mail: info@ibiquity.com.

ICs with DAB, DAB+ or T-DMB functionality

Use of this product in any manner that complies with the DAB, DAB+ or
T-DMB digital radio standards requires a license under applicable patents in
the DAB patent portfolio covering mainly the two technologies COFDM
radio reception and MPEG audio layer 1l decoding, which license must be
obtained from Koninklijke Philips Electronics N.V. via Philips Intellectual
Property and Standards (www.ip.philips.com), e-mail:
info.licensing@philips.com.
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ICs with MPEG-2 AAC, MPEG-4 AAC or MPEG-4 BSAC functionality

Use of this product in any manner that complies with the MPEG-2 AAC,
MPEG-4 AAC or MPEG-4 BSAC audio compression standards requires a
license under applicable patents in the MPEG-2 AAC and MPEG-4 AAC
patent portfolio, which license is available from Via Licensing Corporation,
100 Potrero Avenue, San Francisco, CA 94103, USA..

ICs with T-DMB functionality

Use of this product in any manner that complies with the T-DMB standard,
which includes an MPEG-2 transport stream, is expressly prohibited without
a license under applicable patents in the MPEG-2 patent portfolio, which
license is available from MPEG-LA, L.L.C., 250 Steele Street, Suite 300,
Denver, Colorado 80206.

ICs with Digital Radio Mondiale (DRM) functionality

Use of this product in any manner that complies with the Digital Radio
Mondiale (DRM) digital radio standard requires a license under applicable
patents in the Digital Radio Mondiale (DRM) patent portfolio, which license
is available from Via Licensing Corporation, 100 Potrero Avenue, San
Francisco, CA 94103, USA.

10.5 Trademarks

Notice: All referenced brands, product names, service names and trademarks
are the property of their respective owners.

12C-bus — logo is a trademark of NXP Semiconductors N.V.
HD Radio — is a trademark of iBiquity Digital Corporation.
HD Radio — logo is a registered trademark of iBiquity Digital Corporation.

For more information, please visit: http://www.nxp.com

For sales office addresses, please send an email to: salesaddresses@nxp.com

SAF360X_FAM_SDS

All information provided in this document is subject to legal disclaimers.

© NXP Semiconductors N.V. 2015. All rights reserved.
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