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1 Introduction

In any audio streaming system, where audio source and destination have different clock source as shown in
Figure 1, there must be clock drift to some extent. Therefore, the buffer eventually overruns or underruns, which
lead to bad audio quality like audio skipping or dropout.

To avoid these troubles, the destination clock must be synchronized with the audio source clock, by changing
the PLL frequency occasionally on the fly. It is called clock synchronization. In this application note, Audio PLL is
introduced to realize clock synchronization on the i.MX RT1170 family.
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Figure 1. Audio streaming system working on different clock source

2 Audio PLL

Audio PLL is a fractional PLL (Figure 2), whose frequency is expressed in Equation (1):

_ NUMERATOR 1 (1)
S out = et (DIVIDER + DENOMINATOR)POST DIVIDER

To adjust the frequency accurately, the fractional part can be used. The valid range is -2 to +2. The numerator is
signed 30 bits and the denominator is unsigned 30 bits.
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Figure 2. Audio PLL inputs the crystal's reference clock and outputs to the post divider

One of the big characteristics of the Audio PLL is that the numerator can be changed on the fly. With this
feature, the destination clock can be synchronized with the audio source clock on the fly.

Note: The numerator cannot be changed more frequently than f,.#200 times per second because the maximum
lock time is 200/fef.

The frequency of Audio PLL cannot be changed more than 200 kHz on the fly without significant glitch.

3 Software implementation

This section explains how to read/write Audio PLL in your software.

3.1 Analog IP interface

The chip has various analog IP and components that are controlled via an Al interface. Audio PLL is one of
them. To perform register accesses through the Al interface, follow the following steps:
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* To perform a write operation of an analog component Al interface, perform the following steps:
1. Write *Al_CTRL register
2. Write *Al_WDATA
3. Write *CTRL IP Toggle
* To perform a read operation of an analog component Al interface, perform the following steps:
1. Write *Al_CTRL register
2. Write *CTRL IP Toggle
3. Read *CTRL
4. Read *Al_RDATA

For more details, refer to the i.MX RT1170 Processor Reference Manual (document IMXRT1170RM). The
ANATOP_AI_Read() and ANATOP_AI_Write() functions in our SDK can be used to read/write Audio PLL
registers instead of implementing it on your own.

3.2 Source code

In the project associated with this document, the Audio PLL's numerator is swept every second by an interrupt
while playing 220 Hz sound via 12S on MIMXRT1170-EVKB. By doing so, the SYNC signal (sampling rate) is
swept between 15.98 kHz to 16.02 kHz on the fly.

Concretely, the handler of the GPT is called every second while playing the 220 Hz sound via 12S. The GPT
handler is shown as follows:

void EXAMPLE GPT IRQHandler (void)
{
uint32 t numer;
GPT ClearStatusFlags (EXAMPLE GPT, kGPT OutputComparelFlag);

if (ANADIG PLL->PLL AUDIO CTRL &
ANADIG PLL PLL AUDIO CTRL PLL AUDIO STABLE MASK == 0)

{

assert (false) ;

}

numer = ANATOP AI Read(kAI Itf Audio, kAI PLLAUDIO CTRL2) &
ANADIG PLL PLL AUDIO NUMERATOR NUM MASK;

numer = ANADIG PLL PLL AUDIO NUMERATOR NUM(get next numer (numer)) ;

ANATOP AI Write(kAI Itf Audio, kAI PLLAUDIO CTRL2, numer);

PRINTF ("%d Hz\n", CLOCK GetRootClockFreq(kCLOCK Root Sail) / (24 *
DEMO AUDIO BIT WIDTH * DEMO AUDIO DATA CHANNEL)) ;

#if defined  CORTEX M && (_ CORTEX M == 4U || _ CORTEX M == 7U)
_ _DSB();

#endif

}

At first, the PLL_AUDIO_STABLE register is read to check if the PLL is locked or not. It must be locked because
the period of the interrupt is bigger than the maximum lock time. If PLL is locked, the numerator is read and
written via an Al Interface. At last, the frequency of the SYNC signal is logged in the serial console.

4 Running the demo

To run the demo, perform the following steps:

1. Install the MCUXpresso SDK 2.13.1 in the MCUXpresso IDE and open the project.
2. Connect a USB cable between the host PC and the MIMXRT1170-EVKB.
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3. Ensure that the below registers are mounted:
R2001, R2002, R2003, R2004, R2005, R2006, and R2007

4. To observe the I12S and analog signals, connect an oscilloscope to the signals in Table 1.
5. Build and download the program to the target board.

Table 1. 12S and analog signal

Pin Signal
Jo7 BCLK
Josg SYNC
J101-1 R
J101-4 L
J101-5 GND

You can observe in Figure 3 that the SYNC signal is swept between 15.98 kHz to 16.02 kHz on the fly.

]

Figure 3. SYNC signal swept between 15.98 kHz to 16.02 kHz on the fly

You can observe in Figure 4 that the analog signal is also swept depending on the SYNC signal on the fly.
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Figure 4. Analog signal is also swept depending on the SYNC signal on the fly

5 Conclusion

This application note concludes that the clock synchronization can be realized by changing the Audio PLL's
numerator on the fly.

6 Note about the source code in the document

Example code shown in this document has the following copyright and BSD-3-Clause license:

Copyright 2024 NXP Redistribution and use in source and binary forms, with or without modification, are
permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the
following disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the
following disclaimer in the documentation and/or other materials must be provided with the distribution.

3. Neither the name of the copyright holder nor the names of its contributors may be used to endorse or
promote products derived from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS I1S" AND ANY
EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES
OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT
SHALL THE COPYRIGHT HOLDER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED
TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR
BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN
CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN

ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH
DAMAGE.
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Table 2 summarizes the revisions to this document.

Table 2. Revision history

Document ID

Release date

Description

AN14420 v.1.0

22 October 2024 Initial public release
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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 in a draft version of a document and shall have no
liability for the consequences of use of such information.

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.
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notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Suitability for use — NXP Semiconductors products are 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.
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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.

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.

Suitability for use in non-automotive qualified products — Unless

this document expressly states that this specific NXP Semiconductors
product is automotive qualified, the product is not suitable for automotive
use. It is neither qualified nor tested in accordance with automotive testing
or application requirements. NXP Semiconductors accepts no liability for
inclusion and/or use of non-automotive qualified products in automotive
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In the event that customer uses the product for design-in and use in
automotive applications to automotive specifications and standards,
customer (a) shall use the product without NXP Semiconductors’ warranty
of the product for such automotive applications, use and specifications, and
(b) whenever customer uses the product for automotive applications beyond
NXP Semiconductors’ specifications such use shall be solely at customer’s
own risk, and (c) customer fully indemnifies NXP Semiconductors for any
liability, damages or failed product claims resulting from customer design and
use of the product for automotive applications beyond NXP Semiconductors’
standard warranty and NXP Semiconductors’ product specifications.

HTML publications — An HTML version, if available, of this document is
provided as a courtesy. Definitive information is contained in the applicable
document in PDF format. If there is a discrepancy between the HTML
document and the PDF document, the PDF document has priority.

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

Security — Customer understands that all NXP products may be subject to
unidentified vulnerabilities or may support established security standards or
specifications with known limitations. Customer is responsible for the design
and operation of its applications and products throughout their lifecycles

to reduce the effect of these vulnerabilities on customer’s applications

and products. Customer’s responsibility also extends to other open and/or
proprietary technologies supported by NXP products for use in customer’s
applications. NXP accepts no liability for any vulnerability. Customer should
regularly check security updates from NXP and follow up appropriately.
Customer shall select products with security features that best meet rules,
regulations, and standards of the intended application and make the
ultimate design decisions regarding its products and is solely responsible
for compliance with all legal, regulatory, and security related requirements
concerning its products, regardless of any information or support that may be
provided by NXP.

NXP has a Product Security Incident Response Team (PSIRT) (reachable
at PSIRT@nxp.com) that manages the investigation, reporting, and solution
release to security vulnerabilities of NXP products.

NXP B.V. — NXP B.V. is not an operating company and it does not distribute
or sell products.
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