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1 Introduction

CoreMark of EEMBC is a benchmark that measures the performance of microcontrollers (MCUs) and Central
Processing Units (CPUs) used in embedded systems. It implements the following algorithms:

* List processing (find and sort)

* Matrix manipulation (common matrix operations)

» State machine (determines whether an input stream contains valid numbers)
* Cyclic redundancy check (CRC)

FlexSPl is a new peripheral for the LPC553x/LPC55S3x series. It expends code of application and data size. It
brings opportunities of many new application designs.

This document emphasizes on how to port a CoreMark project and run on an external FlexSPI interface,
including octal NOR flash and HyperRAM. It provides test results of FlexSPI CoreMark performance data.

Note:
Two prerequisite application notes are listed here:

1. LPC553x/LPC55S3x CoreMark on Cortex-M33 Porting Guide (document AN13579).
This document guides how to port a CoreMark project on LPC553x/LPC55S3x and gives a comprehensive
view of the key point when evaluating a CoreMark project.

2. Programming and Booting Images from External NOR flash on LPC553x/LPC55S3x (document AN13543).
This document introduces how to create an external NOR flash image and how to boot the image from
external NOR flash.

This document heavily reuses the two application notes. If you are not familiar with basic knowledge related to
FlexSPI or CoreMark, read them first.

2 Porting CoreMark project to FlexSPI external memory

The difference between a normal internal flash image and a FlexSPI image is the code space address. Because
the FlexSPI AHB address space started is 0x0800 0000. Boot ROM defines that any FlexSPI image code
execution address starts at 0x0800_1000. We must change the linker file of the CoreMark project.

2.1 Getting CoreMark demo source code

This document reuses a CoreMark demo source code package available with LPC553x/LPC55S3x CoreMark
on Cortex-M33 Porting Guide (Document AN13579). It provides a ready-to-use CoreMark project package for
all three IDEs. For an original source code, the CoreMark data are running on internal flash and internal RAM.
We recommend running the CoreMark demo first and getting familiar with the basic download process and
hardware setup. Get the CoreMark result on internal flash/RAM. It provides a baseline score that can compare
with FlexSPI external memory CoreMark data.

2.2 Changing code execution address

* Keil
Switch the project configuration to 1pc55s3x coremark flash configuration.
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Figure 1. Switching to Ipc55s3x_coremark_flash configuration

Change the linker file to set code space to start from 0x0800 1000.
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Figure 2. Changing linker file in Keil

* IAR

Switch the project configuration to 1pc55s3x_coremark flash configuration.
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Figure 3. Switching to Ipc55s3x_coremark_flash configuration and selecting LPC55S36_flash.icf

33
34 define aymbol m interrupts_start = 0x08001000;
35 define aymbol m interrupts_end = 0x080013FF;
36
37 define aymbol m_text start = 0x08001400;
38 define aymbol m text end = 0Ox0803FFFF;
38
40 define aymbol m data_ start = 0x20004400;
41 define aymbol m data_ end = 0x20007FFF;
42
43 define symbol m sramx sStart = 0x04000000;
44 define aymbol m sramx end = 0x04003FFF;

45

Figure 4. Changing linker file in IAR
* MCUX
Open Property > C/C++ build > MCU Settings and change flash location to 0x0800 1000.
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Memory details (Generic-M33)*

Default LinkServer Flash Driver ‘LPCEEEx.cfx Browse...
Type MName Alias Location Size Driver

EFIash PROGRA.. Flash IU)(B[}[H 000 ] Ox40000 LPC553x.cfx
RAM SRAM RAM O0x20000000 Ox1c000
RAM SRAMX RAM?Z Ox4000000 Ox4000

Add Flash | | Add RAM | |Split| [ loin |Delete| Import..| |Merge..| |Export..| Generate..

Figure 5. Changing linker file in MCUX

All other compile and download steps are the same as described in Programming and Booting Images from
External NOR flash on LPC553x/LPC55S3x (document AN13543).

2.3 Enabling CACHEG64

CACHE®64 is a peripheral to accelerate FlexSPI performance. By default, CACHEG4 is disabled. We must
enable CACHEG4.

_GetDefaultlo
_Init(CACHESG

Figure 6. Adding the CACHEG64 init function in portable_init()
For more information about CACHEG64, see LPC55836 Reference Manual.

3 Coremark result (Octal Flash: MX25UM51345GXDI00)

* Hardware:

— LPCXpresso055S36

— External nor flash: MX25UMS51345GXDI00
Internal Flash configuration:

— Cache enabled

— Code in internal Flash

— Data in SRAM

FlexSPI configuration:

— FlexSPI clock = FRO96M

— CACHE®64 enabled

— Octal DDR mode

— Code in external NOR flash

— Data in SRAM

IDE: All IDE optimization settings are the same as mentioned in LPC553x/LPC55S3x CoreMark on Cortex-
M33 Porting Guide (document AN13579).
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Table 1. LPCXpresso55S36 board CoreMark/MHz score when CoreClock = 12 MHz

IDE CoreMark/MHz (Internal Flash) |CoreMark/MHz (FlexSPI) |Performance (FlexSPI NOR vs. Internal
Flash)

KEIL 4.086 4170 102 %

IAR 4.025 4.081 101 %

MCUX 2.964 2.971 101 %

Table 2. LPCXpresso55S36 board CoreMark/MHz score when CoreClock =96 MHz

IDE CoreMark/MHz (Internal Flash) | CoreMark/MHz (FlexSPI) |Performance (FlexSPI NOR vs. Internal
Flash)

KEIL 3.986 4.011 100 %

IAR 4.023 4.080 101 %

MCUX 2.956 2.952 100 %

Table 3. LPCXpresso55S36 board CoreMark/MHz score when CoreClock = 100 MHz

IDE CoreMark/MHz (Internal Flash) | CoreMark/MHz (FlexSPI) |Performance (FlexSPI NOR vs. Internal
Flash)

KEIL 3.972 3.995 100 %

IAR 4.01 4.068 101 %

MCUX 2.945 2.938 99 %

Table 4. LPCXpresso55S36 board CoreMark/MHz score when CoreClock = 150 MHz

IDE CoreMark/MHz (Internal Flash) | CoreMark/MHz (FlexSPI) |Performance (FlexSPI NOR vs. Internal
Flash)

KEIL 3.905 3.874 99 %

IAR 4.004 4.062 101 %

MCUX 2.942 2.936 99 %

4 Coremark result (HyperRAM: W956D8MBYASI)

By default, the FlexSPl is connected to octal NOR Flash on LPCXpresso55S36. Rework to enable HyperRAM.

The LPCXpresso55S36 provides a rework guide on the schematic. The default configuration is for 4.
MX25UM51345GXDI00. Change resistor setting and align to 3. APS6408L-OBM-BA. For HyperRAM, we
choose W956D8MBYASI of Winbond (same configurations as APS6408L).

As HyperRAM cannot save any code and data when power off, you must write a simple loader in internal flash

that performs the below tasks:

1. Convert the CoreMark image into a C data array and copy to the image start address in FlexSPI space.
2. Jump to the start address and execute the image.
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Figure 7. Octal FlexSPI interface schematic for LPC553x/LPC55S3x

* Hardware:
— LPCXpresso055S36 RevD
— HyperRAM: W956D8MBYASI
* Internal Flash configuration:
— Cache enabled
— Code in internal flash
— Data in SRAM
* FlexSPI configuration:
— FlexSPI clock = FRO96 M
— CACHE®64 enabled
— Octal DDR mode
— Code in HyperRAM
— Data in SRAM

* IDE: IDE optimization setting is the same as mentioned in LPC553x/LPC55S3x CoreMark on Cortex-M33
Porting Guide (document AN13579).

Table 5. LPCXpresso55S36 board CoreMark/MHz score when CoreClock =12 MHz

IDE CoreMark/MHz (Internal Flash) | CoreMark/MHz (FlexSPI) |Performance (HyperRAM vs. Internal
Flash)
KEIL 4.086 4173 102 %
IAR 4.025 4.041 100 %
MCUX 2.964 2.920 99 %
AN13591 All information provided in this document is subject to legal disclaimers. © 2023 NXP B.V. All rights reserved.
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Table 6. LPCXpresso55S36 board CoreMark/MHz score when CoreClock = 96 MHz

IDE CoreMark/MHz (Internal Flash) | CoreMark/MHz (FlexSPI) |Performance (HyperRAM vs. Internal
Flash)

KEIL 3.986 3.991 100 %

IAR 4.023 4.010 99 %

MCUX 2.956 2.902 98 %

Table 7. LPCXpresso055S36 board CoreMark/MHz score when CoreClock = 100 MHz

IDE CoreMark/MHz (Internal Flash) | CoreMark/MHz (FlexSPI) |Performance (HyperRAM vs. Internal
Flash)

KEIL 3.972 3.971 100 %

IAR 4.01 4.039 100 %

MCUX 2.945 2,911 98 %

Table 8. LPCXpresso55S36 board CoreMark/MHz score when CoreClock = 150 MHz

IDE CoreMark/MHz (Internal Flash) | CoreMark/MHz (FlexSPI) |Performance (HyperRAM vs. Internal
Flash)

KEIL 3.905 3.842 98 %

IAR 4.004 4.049 101 %

MCUX 2.942 2916 99 %

5 Conclusion

This application note extends the CoreMark project to FlexSPI external memory and gives a test result under

different Core Clock configuration. Read this document as an extended version of LPC553x CoreMark on

Cortex-M33 Porting Guide (document AN13579).

The FlexSPI NOR flash and HyperRAM CoreMark performance are similar to internal flash. There are limitless
possibilities to extend the application code size without performance compromise.

6 Revision history

Section 6 summarizes the revisions to this document.

Table 9. Revision history

Revision Release date Description

Number

3 20 September 2023 * Replaced LPC.Xp.re35055836 with "LPCXpresso55S36 RevD" in Section 4
* Made some editorial changes

2 13 December 2022 Update reference of AN12284 with AN13579

1 26 May 2022 Replaced LPC553x with LPC553x/LPC55S3x

0 18 March 2022 Initial release

AN13591

All information provided in this document is subject to legal disclaimers. © 2023 NXP B.V. All rights reserved.

Application note

Rev. 3 — 20 September 2023
8/11



https://www.nxp.com/doc/AN13579

NXP Semiconductors

AN13591

FlexSPI CoreMark Performance on LPC553x/LPC55S3x

7 Legal information

7.1 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.

7.2 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.
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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.
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AMBA, Arm, Arm7, Arm7TDMI, Arm9, Arm11, Artisan, big.LITTLE,
Cordio, CoreLink, CoreSight, Cortex, DesignStart, DynamlQ, Jazelle,
Keil, Mali, Mbed, Mbed Enabled, NEON, POP, RealView, SecurCore,
Socrates, Thumb, TrustZone, ULINK, ULINK2, ULINK-ME, ULINK-
PLUS, ULINKpro, pVision, Versatile — are trademarks and/or registered
trademarks of Arm Limited (or its subsidiaries or affiliates) in the US and/or
elsewhere. The related technology may be protected by any or all of patents,
copyrights, designs and trade secrets. All rights reserved.
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