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 What is SSC? How to Configure SSC for Audio

Applications

Introduction

The Synchronous Serial Controller (SSC) is a serial synchronous communication module available on
Microchip’s 32-bit ARM Cortex™-M3, Cortex™-M4 and Cortex™-M7 series of microcontrollers (MCUs).
The SSC supports multiple synchronous communication protocols generally used in audio and telecom
applications, such as I2S (Inter-IC Sound), Short Frame Sync, and Long Frame Sync. The SSC has
independent transmitter and receiver modules, and a common clock divider module. The SSC interface
uses data, clock, and frame sync signals for transmission and reception.

The SSC used in conjunction with DMA, enables continuous high data rate transfers without processor
intervention, typically used in Audio applications connecting over the I2S interface.
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1. Description
The SSC is placed on the peripheral bridge of the microcontroller. The peripheral bus provides the clock
to the SSC, which is configured and enabled through the Power Management Control (PMC) module.
The SSC interfaces with the general-purpose extended Direct Memory Access controller (XDMAC) to
enhance operational performance. It has three interface signals, TD/RD, TF/RF and TK/RK, for data
transmission and reception routed through the Peripheral Input Output (PIO) controller. The following
table represents the description of the SSC signals.

Table 1-1. SSC Signals

Pin Name Pin Description Type

RF Receive Frame Synchronization Input/Output

RK Receive Clock Input/Output

RD Receive Data Input

TF Transmit Frame Synchronization Input/Output

TK Transmit Clock Input/Output

TD Transmit Data Output

Interfacing an MCU to an audio CODEC module provides a typical example of using the SSC to interface
over the I2S protocol. The CODEC has two interfaces: an audio data interface over I2S protocol, and a
command interface, typically over the I2C protocol. Microchip’s 32-bit ARM Cortex MCUs have a Two
Wired Interface (TWI). TWI is Microchip’s serial interface compatible with I2C. The following figure
represents the typical connection of the SSC (on a Cortex MCU) to a CODEC device for stereo output
and mono input. The MCU acts as the I2S master and therefore, provides clock to the slave (CODEC).
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Figure 1-1. SSC-I2S Interface

The command interface (TWI) signals from the MCU to the CODEC, and the correspondence of SSC
signals to I2S protocol signals.

Note:  The configuration registers discussed in the following sections are applicable to Cortex-M7
devices. For details of registers on Cortex-M3 and Cortex-M4 devices, refer to the specific device data
sheet.
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2. Configuring the SSC and XDMAC
The following figure shows the flow sequence of registers to configure when interfacing SSC to an audio
CODEC.

Figure 2-1. SSC Configuration Sequence

The following figure shows the flow sequence of registers to configure the XDMAC, when the XDMAC is
used to optimize operational performance of the SSC.
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Figure 2-2. XDMAC Configuration Sequence
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3. Tips
1. The SSC provides three clock source options to generate the TK/RK.

For the transmitter, the supported clock sources are:
• MCK: Divided internal peripheral clock
• Receive Clock (RK): Receiver clock acts as an input to generate the transmitter clock
• Transmit Clock (TK): Externally generated clock is available as input on the TK pin

For the receiver, the supported clock sources are:
• MCK: Divided internal peripheral clock
• Receive Clock (RK): Externally generated clock is available as input on the RK pin
• Transmit Clock (TK): Transmitter clock acts as an input to generate the receiver clock

Note: 
1. The CKS field in the SSC_TCMR/SCC_RCMR registers provides options to specify the clock

source.
2. When the clock source is MCK, the divisor value for the internal peripheral clock is specified

in the SSC_CMR register.
2. To configure the SSC registers to transfer audio data with 16-bit width, use two channels and a

48000 Hz sampling rate when the MCU is acting as an I2S master.
2.1. The following divide factor should be programmed in SSC_CMR to enable generation of

TK from the internal peripheral clock (MCK).
When interfaced with an I2S device, the Transmit Clock (TK) signal corresponds to the
bitrate for the desired audio data.

I2S bitrate = Number of bits per Channel * Number of Channels * Sampling Frequency

I2S bitrate =16 * 2 * 48000 = 1536000 Hz

Therefore, the SSC needs to produce a TK of 1536000 Hz. To generate the required TK,
the SSC peripheral provides an option to divide its internal peripheral clock by an integer
factor.

For a MCK of 150 MHz, Integer Factor Divisor => MCK/TK => 150 MHz/1536000 => 97.65
=> 98

By default the SSC divides the internal clock by two, therefore the factor to be programmed
in the SSC clock mode register SSC_CMR = 49.

2.2. What settings are to be programmed in the SSC_TFMR register to generate a transmit
frame sync (TF)?

Table 3-1. Programmable Settings in SSC_TFMR

Field Value Description

DATLEN 15 DATLEN+1 corresponds to the data word length

DATDEF 0 Default data value 0

MSBF 1 MSB is sent first

DATNB 1 DATNB+1 words per frame

FSLEN 15 FSLEN+1 clock cycles length of each frame sync pulse

FSOS 1 Frame sync output enabled on negative TK pulse
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Field Value Description

FSDEN 0 Frame sync data is driven with default data value (DATDEF)

FSEDGE 0 Frame sync edge detection enabled for positive pulse

FSLEN_EXT 0 Extended pulse length disabled

2.3. What settings are to be programmed in the SSC_TCMR register to generate the TK?

Table 3-2. Programmed Settings to Generate the TK

Field Value Description

CKS 0 Divided MCK clock is the source to generate TK

CKO 1 Continuous TK clock so as to toggle

CKI 0 Data is shifted out on TK falling edge

CKG 0 No gating for TK, it is always enabled

START 7 Start data transmission on the detection of an edge

STTDLY 1 1 clock cycle delay before transmission could start
(Corresponding to I2S protocol)

PERIOD 15 Bit Width (16)-1, hence that frame length (left and right
channels) of 32 bit width is achieved
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4. Relevant Resources
• Synchronous Serial Controller (SSC) of SAMV71 Devices to Output an Audio Stream Through the

On-board WM8904 CODEC
http://asf.atmel.com/docs/latest/
sam.components.audio.codec.wm8904.example.samv71_xplained_ultra/html/index.html

• Synchronous Serial Controller (SSC) of SAM3S Devices to Output an Audio Stream Through the
On-board WM8731 CODEC
http://asf.atmel.com/docs/latest/sam.components.audio.codec.wm8731.example.sam3x_ek/html/
index.html

• ASF SSC in I2S Mode Example – EVK 1100
http://asf.atmel.com/docs/latest/avr32.drivers.ssc_i2s.example.evk1100/html/index.html

• ASF SSC in I2S Mode Example – EVK 1101
http://asf.atmel.com/docs/latest/avr32.drivers.ssc_i2s.example.evk1101/html/index.html

• Connecting the Atmel ARM-based Serial Synchronous Controller (SSC) to an I2S-compatible Serial
Bus
http://www.atmel.com/Images/doc6020.pdf

• How to use the SSC in I2S mode
http://www.atmel.com/Images/doc32127.pdf

• Usage of XDMAC on SAM S/SAM E/SAM V
http://www.atmel.com/Images/Atmel-42761-Usage-of-XDMAC-on-SAMS-SAME-
SAMV_ApplicationNote_AT17417.pdf
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The Microchip Web Site

Microchip provides online support via our web site at http://www.microchip.com/. This web site is used as
a means to make files and information easily available to customers. Accessible by using your favorite
Internet browser, the web site contains the following information:

• Product Support – Data sheets and errata, application notes and sample programs, design
resources, user’s guides and hardware support documents, latest software releases and archived
software

• General Technical Support – Frequently Asked Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant program member listing

• Business of Microchip – Product selector and ordering guides, latest Microchip press releases,
listing of seminars and events, listings of Microchip sales offices, distributors and factory
representatives

Customer Change Notification Service

Microchip’s customer notification service helps keep customers current on Microchip products.
Subscribers will receive e-mail notification whenever there are changes, updates, revisions or errata
related to a specified product family or development tool of interest.

To register, access the Microchip web site at http://www.microchip.com/. Under “Support”, click on
“Customer Change Notification” and follow the registration instructions.

Customer Support

Users of Microchip products can receive assistance through several channels:

• Distributor or Representative
• Local Sales Office
• Field Application Engineer (FAE)
• Technical Support

Customers should contact their distributor, representative or Field Application Engineer (FAE) for support.
Local sales offices are also available to help customers. A listing of sales offices and locations is included
in the back of this document.

Technical support is available through the web site at: http://www.microchip.com/support

Microchip Devices Code Protection Feature

Note the following details of the code protection feature on Microchip devices:

• Microchip products meet the specification contained in their particular Microchip Data Sheet.
• Microchip believes that its family of products is one of the most secure families of its kind on the

market today, when used in the intended manner and under normal conditions.
• There are dishonest and possibly illegal methods used to breach the code protection feature. All of

these methods, to our knowledge, require using the Microchip products in a manner outside the
operating specifications contained in Microchip’s Data Sheets. Most likely, the person doing so is
engaged in theft of intellectual property.

• Microchip is willing to work with the customer who is concerned about the integrity of their code.
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• Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their
code. Code protection does not mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the
code protection features of our products. Attempts to break Microchip’s code protection feature may be a
violation of the Digital Millennium Copyright Act. If such acts allow unauthorized access to your software
or other copyrighted work, you may have a right to sue for relief under that Act.

Legal Notice
Information contained in this publication regarding device applications and the like is provided only for
your convenience and may be superseded by updates. It is your responsibility to ensure that your
application meets with your specifications. MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY
OR OTHERWISE, RELATED TO THE INFORMATION, INCLUDING BUT NOT LIMITED TO ITS
CONDITION, QUALITY, PERFORMANCE, MERCHANTABILITY OR FITNESS FOR PURPOSE.
Microchip disclaims all liability arising from this information and its use. Use of Microchip devices in life
support and/or safety applications is entirely at the buyer’s risk, and the buyer agrees to defend,
indemnify and hold harmless Microchip from any and all damages, claims, suits, or expenses resulting
from such use. No licenses are conveyed, implicitly or otherwise, under any Microchip intellectual
property rights unless otherwise stated.

Trademarks
The Microchip name and logo, the Microchip logo, AnyRate, AVR, AVR logo, AVR Freaks, BeaconThings,
BitCloud, CryptoMemory, CryptoRF, dsPIC, FlashFlex, flexPWR, Heldo, JukeBlox, KeeLoq, KeeLoq logo,
Kleer, LANCheck, LINK MD, maXStylus, maXTouch, MediaLB, megaAVR, MOST, MOST logo, MPLAB,
OptoLyzer, PIC, picoPower, PICSTART, PIC32 logo, Prochip Designer, QTouch, RightTouch, SAM-BA,
SpyNIC, SST, SST Logo, SuperFlash, tinyAVR, UNI/O, and XMEGA are registered trademarks of
Microchip Technology Incorporated in the U.S.A. and other countries.

ClockWorks, The Embedded Control Solutions Company, EtherSynch, Hyper Speed Control, HyperLight
Load, IntelliMOS, mTouch, Precision Edge, and Quiet-Wire are registered trademarks of Microchip
Technology Incorporated in the U.S.A.

Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any Capacitor, AnyIn, AnyOut, BodyCom,
chipKIT, chipKIT logo, CodeGuard, CryptoAuthentication, CryptoCompanion, CryptoController,
dsPICDEM, dsPICDEM.net, Dynamic Average Matching, DAM, ECAN, EtherGREEN, In-Circuit Serial
Programming, ICSP, Inter-Chip Connectivity, JitterBlocker, KleerNet, KleerNet logo, Mindi, MiWi,
motorBench, MPASM, MPF, MPLAB Certified logo, MPLIB, MPLINK, MultiTRAK, NetDetach, Omniscient
Code Generation, PICDEM, PICDEM.net, PICkit, PICtail, PureSilicon, QMatrix, RightTouch logo, REAL
ICE, Ripple Blocker, SAM-ICE, Serial Quad I/O, SMART-I.S., SQI, SuperSwitcher, SuperSwitcher II, Total
Endurance, TSHARC, USBCheck, VariSense, ViewSpan, WiperLock, Wireless DNA, and ZENA are
trademarks of Microchip Technology Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated in the U.S.A.

Silicon Storage Technology is a registered trademark of Microchip Technology Inc. in other countries.

GestIC is a registered trademark of Microchip Technology Germany II GmbH & Co. KG, a subsidiary of
Microchip Technology Inc., in other countries.

All other trademarks mentioned herein are property of their respective companies.
© 2017, Microchip Technology Incorporated, Printed in the U.S.A., All Rights Reserved.
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ISBN: 978-1-5224-2329-4

Quality Management System Certified by DNV

ISO/TS 16949
Microchip received ISO/TS-16949:2009 certification for its worldwide headquarters, design and wafer
fabrication facilities in Chandler and Tempe, Arizona; Gresham, Oregon and design centers in California
and India. The Company’s quality system processes and procedures are for its PIC® MCUs and dsPIC®

DSCs, KEELOQ® code hopping devices, Serial EEPROMs, microperipherals, nonvolatile memory and
analog products. In addition, Microchip’s quality system for the design and manufacture of development
systems is ISO 9001:2000 certified.
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