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1   Introduction

The i.MX RT500 family of MCUs offers a rich set of peripherals and very low power consumption for
applications, such as, battery powered applications. The Free-Running Oscillator (FRO) is widely used in these
applications because it helps to extend battery life as it consumes much less power than using the PLL.

With user demand requiring longer battery life for their applications and simultaneously increasing performance,
the performance of the FRO has been extended from operating at a maximum of 192 MHz up to 250 MHz. It
greatly opens up opportunities for applications that require higher performance while still meeting low power
consumption requirements.

This document describes how the FRO-250M functionality is enabled and available to users.

2   FRO-250M frequency increase

Characterization was conducted to extend the frequency of the FRO. The standard reliability and qualification
processes of NXP were utilized to ensure quality. This enhancement is made as a running change of existing
product, meaning that any RT500 device can support this higher frequency.

The i.MX RT500 Low-Power Crossover Processor (document IMXRT500EC) includes the specification for the
FRO-250M. Table 1 outlines the updated parameter values. For the latest specifications, see the data sheet.

Symbol Characteristic Min. Typ.[2] Max. Unit

ffro250m FRO-250M frequency (nominal) 250 MHz

Δffro250m • User trim close loop (Closed loop) using accurate clk
src

— — ±1 %

tstartup Startup time — 58 — μs

jitcyc Cycle to cycle jitter — 90 — ps

Ifro250m Current consumption (VDDCORE) — 68 — μA

Ifro250m Current consumption (VDD1V8) — 171 — μA

Vmin Minimum voltage 0.85 — — V

Table 1. FRO-250M specifications [1]

[1] FBB is enabled. The logic in VDDCORE domain may require higher VDDCORE voltage to be clocked at 250 MHz. FRO divider options 2/4/8 can be used
to reduce the FRO frequency to the VDDCORE logic. For specific Max. Freq vs VDDCORE limits, see Table 2.

[2] Typical ratings are not guaranteed. The values listed are at room temperature (25 °C), nominal supply voltages.

Note:  Any divided versions of the FRO that are not being used anywhere should be turned off to save power.

To minimize the power consumption of an application for a given frequency, set the supply voltage to the
minimum voltage (Vmin) for that maximum frequency (Fmax). Table 2 in the i.MX RT500 Low-Power Crossover
Processor (document IMXRT500EC) outlines these specifications for VDDCORE, the core supply voltage.
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Symbol Parameter Conditions Min. Type Max. Unit

Retention mode 0.58 0.6 — V

Active Mode
(M33/DSP Max. Freq = 60
MHz, FBB)

0.7 — — V

Active Mode
(M33/DSP/GPU Max. Freq =
100 MHz, FBB)

0.8 — — V

Active Mode
(M33/DSP/GPU Max. Freq =
192 MHz, FBB)

0.9 — — V

Active Mode
(M33/DSP/GPU Max. Freq =
230 MHz, FBB)

1.0 — — V

Active Mode
(M33/DSP/GPU Max. Freq =
250 MHz, FBB)

1.02 — — V

VDDCORE Core supply voltage. On-chip
regulator not used.
LDO_ENABLE=0. Power
supplied by an off-chip Power
Management IC (PMIC).

Active Mode
(M33/DSP/GPU Max. Freq =
275 MHz, FBB)

1.1 — — V

Table 2. General operating conditions

Table 2 applies to the PLL and FRO clock sources. In particular, we want to focus on the FRO where it shows
that to drive a main_clk of 250 MHz a VDDCORE Vmin of 1.02 V is required to meet this Fmax across process,
voltage, and temperature. For details of the RT500 clock tree, see Section 6.1.4 Clock block diagram in the
i.MX RT500 Low-Power Crossover MCU Reference Manual (document IMXRT500RM).

Figure 1. RT500 clock diagram
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3   FRO-250M enablement

The enablement for the FRO-250M is available in an FRO Tuning Function via MCUXpresso SDK 2.13.0 or
later for the RT500 EVK. This function employs a closed-loop user trim technique using an accurate clock
source.

For example, the function CLOCK_FroTuneToFreq (250000000) uses the FRO Tuner, and a hardware block
that can tune the FRO with either the main crystal oscillator or the CLKIN function as the source for the internal
osc_clk signal. For more details of the FRO Tuner, refer to Section 6.4.1 FRO Tuner in the i.MX RT500 Low-
Power Crossover MCU Reference Manual (document IMXRT500RM).

Figure 2. FRO tuner

The function resides in the fsl_clock.c driver:

• status_t CLOCK_FroTuneToFreq(uint32_t targetFreq)

This function can be used in an application to retrim the default FRO-192M to operate at 250 MHz allowing the
user the ability to expand the capabilities of the internal FRO.

In order to do this, the

#define CLK_FRO_HIGH_FREQ 192000000u /*High Frequency of Clock*/ found in the header file
system_MIMXRT595S_cm33.h should be changed to 250000000u.

4   Other considerations

The VDDCORE Vmin required is not always limited by the frequency of main_clk. The data sheet also has
restrictions on VDDCORE for specific peripherals, features, or use-cases of the MCU. The following items
outline some additional limitations to consider, and provides some details from the data sheet. If there are
multiple VDDCORE Vmin requirements in the data sheet that apply, the highest minimum must be used:

• FRO has Vmin VDDCORE requirements based on the trim frequency and dividers used.
• FlexSPI and SDHC have requirements based on the clock frequencies to these peripherals or their external

memories.
• OTP fuses require a high VDDCORE voltage for reads.
• MIPI_DSI_VDD11 is a power supply pin that requires at least 0.85 V when using the MIPI-DSI for a

display. Although this pin is a separate power supply than VDDCORE, board designs typically short
MIPI_DSI_VDD11 to VDDCORE, as done on the RT500 EVK.

For further details of additional requirements for the above items and for those not outlined above, see the i.MX
RT500 Low-Power Crossover Processor (document IMXRT500EC).
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5   Revision history

Table 3 summarizes the revisions to this document.

Revision number Date Substantive changes

0 14 June 2023 Initial release

Table 3. Revision history
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6   Legal information

6.1  Definitions
Draft — A draft status on a document indicates that 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 in a draft version of a document and shall have no
liability for the consequences of use of such information.

6.2  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.

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.

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.

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 data sheet 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
equipment or applications.
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.

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.

6.3  Trademarks
Notice: All referenced brands, product names, service names, and
trademarks are the property of their respective owners.
NXP — wordmark and logo are trademarks of NXP B.V.
i.MX — is a trademark of NXP B.V.
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