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1   Introduction

MCX N series of highly integrated Arm Cortex-M33 microcontrollers are designed for high performance and
low power consumption. MCX N series has a built-in 256 KB ROM for storing the boot code and time-critical
software library routines. After a reset, the Cortex-M33 processor starts its code execution from the ROM
memory.

This application note describes how to use USB/UART/SPI/I2C ISP to program internal flash of MCX N series
MCUs via blhost or MCUXpresso Secure Provisioning Tool.

This document is based on the MCX N series MCU. However, it is able to apply to the MCX full series if its ISP
protocol is supported by Blhost or MCUXpresso Secure Provisioning.

2   ISP feature in MCX N series

In-System Programming (ISP) in the MCX N series provides the following features:

• Multiple peripheral interfaces support (such as USB, UART, SPI, I2C, CAN)
• Automatic detection of the active peripheral
• UART peripheral implements auto-baud detection
• CAN peripheral implements auto-baud detection for predefined baud rates:1 Mbit/s,500 kbit/s,250 kbit/s,125

kbit/s
• Common packet-based protocol for all peripherals
• Packet error detection and retransmission
• Flash-resident configuration options (in CMPA)
• RAM protection used by the bootloader while it is running
• Retrieval of the device properties, such as flash memory and RAM size
• Multiple options for executing the bootloader, either at system startup or under application control at runtime
• Support for internal flash memory access
• Support for encrypted image downloading
• External flash memory access
• In CMPA, the usage of the blhost tool command 'write-memory' to program or update the CMPA

3   Requirements

Hardware Requirements:

• FRDM-MCXN947
• Windows PC
• Type C USB cable

Software Requirements:

• MCUXpresso Secure Provisioning Tool v9.0.1

4   Hardware settings

This is the FRDM-MCXN947 board. The layout of RESET button (SW1), ISP button (SW3), MCU-Link USB
connector (J17), and High-Speed USB connector (J11) are shown in Figure 1
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Figure 1. FRDM-MCXN947

To enable the SPI bridge and I2C bridge functions, reworks for FRDM-MCXN947 are required. To enable the
SPI bridge, populate R136, R137, R138, R139 as 0 Ω. To enable I2C bridge, populate R142 and R143 as 0Ω,
also R140 and R141 as 2.2 KΩ.
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Figure 2.  Resistors needed to rework for SPI bridge
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Figure 3. Resistors needed to rework for I2C bridge

For the placement of the resistors needed to rework, refer to Figure 4
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Figure 4. Placement of resistors needed to rework

5   Flash programming

The MCX N series includes ISP functions to support image programming via the serial interface (UART, I2C,
SPI, CAN) and USB HID. NXP provides both command line tool-blhost and GUI tool-MCUXpresso Secure
Provisioning to support flash programming via In-System Programming (ISP). The ISP boot flow is shown in
Figure 5.
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Figure 5. ISP boot flow

5.1  Flash programming with MCUXpresso Secure Provisioning
To perform flash programming via MCUXpresso Secure Provisioning, follow the steps below:

1. Enter ISP mode via the below operation sequence:
a. Click the RESET button (SW1)
b. Click the ISP button (SW3)
c. Unclick the RESET button (SW1)
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d. Unclick the ISP button (SW3)
2. Open the MCUXpresso Secure Provisioning and click the Selection of the target processor button

marked as 1 to open the Select Processor window. If the current processor is what is required, click OK, if
not, create a workspace by clicking create a new workspace.

Figure 6. Select target MCU
3. Select the desired communication interface for flash programming. As for the supported communication

interfaces, it depends on the ISP features of the selected processor. For MCXN947, USB HID, UART, SPI,
and I2C are supported. Click the Selection of the communication interface button marked as 1 to open
the Connection with Target Processor window.
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Figure 7. Select communication interface
4. To program flash via the USB interface, the USB connector is J11. Since the Vendor ID and Product ID

are automatically filled based on the selected processor, check the connection between the PC and the
target processor by clicking the Test connection button. If the result is OK, it means that the connection is
established successfully.
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Figure 8. Configure and test USB connection

To program flash via the UART/SPI/I2C interface, the USB connector is J17. For UART, select the correct
port number and proper baud rate as shown in Figure 9.
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Figure 9. Configure and test UART connection

For SPI, set the communication speed, CPOL, and CPHA. Use the default settings as shown in Figure 10.
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Figure 10. Configure and test SPI connection

For I2C, set communication speed and address. Use the default settings as shown in Figure 11.
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Figure 11. Configure and test I2C connection
5. Once the communication interface is configured completely, perform the build image operation by clicking

the Build image button. Check the log information to grasp the details of the image building.
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Figure 12. Build image
6. Perform the write image operation by clicking the Write image button to erase the flash and program the

build the image into the flash.

Figure 13. Write image
7. Power on the board or reset the board to run the executable image.
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5.2  Flash programming with blhost
To erase and program flash via blhost, follow the steps below:

1. Enter ISP mode via the below operation sequence:
a. Click the RESET button (SW1)
b. Click the ISP button (SW3)
c. Unclick the RESET button (SW1)
d. Unclick the ISP button (SW3)

2. Open a command-line terminal by clicking the icon below in the Connection with Target Processor
window as shown in Figure 14.

Figure 14. Open command-line terminal
3. To check whether the communication connection is established successfully between the target MCU and

the command-line terminal on the PC, perform the get-property command as shown below.
For USB: blhost -u 0x1FC9,0x014F -j -- get-property 1
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Figure 15. Check USB ISP connection

For UART: blhost -p COM14,115200 -j -- get-property 1

Figure 16. Check UART ISP connection

For SPI: blhost -l spi,0,15,1000,1,1 -j -- get-property 1

Figure 17. Check SPI ISP connection

For I2C: blhost -l i2c,0x10,400 -j -- get-property 1
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Figure 18. Check I2C ISP connection
4. Erase the target flash region with flash-erase-region or flash-erase all blhost commands.

For USB: blhost -u 0x1FC9,0x014F -j -- flash-erase-all

Figure 19. Erase flash via USB ISP

For UART: blhost -p COM14,115200 -j -- flash-erase-all

Figure 20. Erase flash via UART ISP

For SPI: blhost -l spi,0,15,1000,1,1 -j -- flash-erase-all

Figure 21. Erase flash via SPI ISP
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For I2C: blhost -l i2c,0x10,400 -j -- flash-erase-all

Figure 22. Erase flash via I2C ISP
5. Program the build image into the target flash with the write-memory blhost command.

For USB: blhost -u 0x1FC9,0x014F -j -- write-memory 0x0 C:\LocalData\bin
\led_blinky.bin

Figure 23. Program flash via USB ISP

For UART: blhost -p COM14,115200 -j -- write-memory 0x0 C:\LocalData\bin
\led_blinky.bin

Figure 24. Program flash via UART ISP

For SPI: blhost -l spi,0,15,1000,1,1 -j -- write-memory 0x0 C:\LocalData\bin
\led_blinky.bin
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Figure 25. Program flash via SPI ISP

For I2C: blhost -l i2c,0x10,400 -j -- write-memory 0x0 C:\LocalData\bin
\led_blinky.bin

Figure 26. Program flash via I2C ISP
6. Power on the board or reset the board to run the executable image, the RGB led(D2) must be blinking with

the time interval of 1 s. Use the reset blhost command to reset the board.

6   Conclusion

This document introduces two ways to implement flash erasing and programming on MCX N series via ISP
including MCUXpresso Secure Provisioning and blhost. This document also gives detailed steps to describe
how to perform flash programming with MCUXpresso Secure Provisioning and what blhost commands are used
to check communication connection, erase, and program flash.

7   Revision history

Document ID Release date Description

AN14460 v.1.0 5 November 2024 Initial version

Table 1. Revision history

8   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:
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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 IS" 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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