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1 Introduction

This application note describes the QuadSPIl module on the MCX E247 devices. It describes how the module is
implemented on these devices, specifically focusing on setting up LUT sequences, using commands to interface
with an external memory, and using the AHB interface. For more details about the QuadSPI module, see the
device respective reference manual.

The application note is supported by a bare-metal example and an SDK example. The bare-metal example is
released on the NXP App Code Hub GitHub repository, while the SDK example is in the SDK release.

2 QuadSPI protocol

The Quad Serial Peripheral Interface (QuadSPI) is a communications protocol used for communications
between an MCU and an external flash memory. It is based on the popular Serial Peripheral Interface (SPI). An
SPI uses of up to four connections — Data In, Data Out, Clock, and Chip Select (used to signify that a transmit
or receive is active). A QuadSPI uses Clock, up to six Chip Select channels, and up to four bidirectional data
channels. This extra connectivity allows for data to be read from the flash in a prompt manner, making QuadSPI
an excellent choice for using additional off-chip memory. Due to the smaller number of pins, requests for reads/
writes/erases are carried out by sending commands across the bus. For example, to read data from a flash
memory, the "Read Data (0xEB)" command is sent, followed by the 24-bit address to be read. The data is then
sent to the MCU.

In the examples provided with this application note, we use the W26Q64JV serial flash memory manufactured
by Winbond, which is present on the FRDM-MCXE247. The flash memory devices manufactured by other
vendors work in a similar way.

3 MCX E247 QuadSPI implementation

This section describes several features supported by the QuadSPI module implemented on the MCX E247
series MCU.

3.1 Side A and side B

The QuadSPI module supports two sets of memory interfaces, side A and side B, respectively. Side A and side
B have different feature sets:

» Side A: Maximum frequency of 80 MHz, four data lines, no DDR and HyperRAM support
» Side B: Maximum frequency of 20 MHz, eight data lines, DDR and HyperRAM support

Note: Only one side of the QuadSPI module can be used at the same time.

4 Look-Up Table (LUT)

This section describes the Look-Up Table (LUT).

4.1 LUT sequence

The Look-Up Table (LUT) is the mechanism used by the QuadSPI module to communicate with the external
memory. Using a set of instructions, The QuadSPI can execute multiple types of memory commands such
as read, write, erase, or waiting, according to user-programmable LUT sequences. The QuadSPI contains
a special memory region for the LUT sequence storage and this LUT memory region can hold up to 16 LUT
sequences.
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Each LUT instruction is 16 bits in length, each LUT sequence contains up to eight instructions, and memory
commands launched either by an AHB access or an IP command trigger the execution of the corresponding
LUT sequence configured by the user.

4.2 Programming LUT sequence

This section provides an example to implement a flash read command using LUT sequences.

4.2.1 LUT lock mechanism

As a safety mechanism, unlock the LUT before programming new sequences.
To unlock the LUT region, perform the following operations in a sequence:

* Write OX5AF05AFO to the LUTKEY register.
* Write 0x2 to the LCKCR register.
* Poll the UNLOCK bit of the LCKCR register until this bit is set by the hardware.

After all the LUT operations are completed, you can lock the LUT again to prevent accidental changes using the
following sequence:

* Write OX5AF05AFO to the LUTKEY register.
* Write 0x1 to the LCKCR register.
* Poll the LOCK bit of the LCKCR register until this bit is set by the hardware.

4.2.2 Constructing LUT sequence

An LUT instruction consists of three parts:

* Instruction (Opcode): Indicates the command type.
* Pads: The number of data lines used to carry out the instruction.
* Operand: Command parameters. Refer to user manual for details.

The organization of the LUT instructions is shown in Figure 1.

15 109 87
Opcode num_pads Operand
LUT Base Address 32 16 1 0
0x0000 x00
Sequence 0 Instruction 1 Instruction 0
0x0010 0x04
Sequence 1 Instruction 3 Instruction 2
0x0020 0x08
Instruction 5 Instruction 4
16x(N-1) 0x0C
Sequence N Instruction 7 Instruction 6
16xN 0x10
Figure 1. LUT sequence and instructions
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4.2.3 Flash read example sequence

In this section, we use the "Fast Read Quad I/O" instruction according to the data sheet to access an external
flash device. This instruction contains the following LUT instructions:

* Issue a "Fast Read Quad I/0" (OxEB) instruction using one data line.
» Write a 24-bit address using four data lines.

* Write an alternate byte (OxFO0) using four data lines.

» Wait for four dummy cycles.

* Read the data using four data lines.

This constructs the following sequence (using an SDK macro):

LUT[0] = QSPI_LUT SEQ(QSPI CMD, QSPI PAD 1, OxEB, QSPI ADDR, QSPI PAD 4, 0x18)
LUT[1] = QSPI_LUT SEQ(QSPI_MODE, QSPI PAD 4, OxF0, QSPI DUMMY, QSPI PAD 4, 0x04)
LUT[2] = QSPI_LUT SEQ(QSPI_READ, QSPI_PAD 4, 0x80, QSPI_STOP, QSPI PAD 1, 0x00)

Note: The last register contains a special STOP command, which is required to fill the unused spaces and
instruct the QuadSPI sequence engine to stop fetching the next instruction.

5 AHB command operation

The QuadSPI peripheral can map the contents of an external memory device to the system AHB bus, so the
processor or other bus masters can fetch data directly from the AHB bus, similar to the internal memory space.

To achieve this, point the corresponding LUT sequence in the BFGENCR[SEQID] register field and the
QuadSPI automatically translates the AHB access requests to the LUT sequence.

6 IP command operation

You can use the IP command to execute indirect operations, such as flash programming, erasing, or configuring
commands. These commands are triggered by IPCR registers, while TX and RX FIFOs are used for writing and
reading of the external memory devices.

Program the IP command address to the SFAR register, program the data length to IPCR[IDATSZ], and launch
the IP command by programming the IPCR[SEQID].

Note: Be careful on the FIFO overrun/underrun condition to ensure correct operation of the external
memory device. For example, prefill the TX FIFO before launching a program page command by writing
to IPCR[SEQID]. After the command launches, fill the TX FIFO constantly until all the data specified by
IPCR[IDATSZ] is written to the TX FIFO.

7 Setting up and running demo on FRDM-MCXE247

This section describes how to set up the FRDM-MCXE247 board to run the SDK QuadSPI example and demo
from the NXP Application Code Hub.

7.1 Hardware preparation

The FRDM-MCXE247 is configured for the onboard Ethernet by default. To use the board for the QuadSPI
module, perform the following hardware modifications:
On the FRDM-MCXE247 board:

¢ Remove 0-Q resistors R164 and R165.
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« Install 0-Q resistors R120, R122, R124, R126, R129, and R130.

Note: There is no onboard level shifter for QuadSPI signals. After a hardware modification, the voltage
selection jumper J10 must be installed on the 3.3-V side to prevent damage to the serial flash device.

8 Running SDK example on FRDM-MCXE247

This section describes how to run the SDK example on FRDM-MCXE247.

8.1 Software requirements

The following software is required:

* MCUXpresso IDE
* MCUXpresso SDK

Visit https://mcuxpresso.nxp.com to get the software dependencies and SDK packages.

8.2 Creating SDK example project
After you install the MCUXpresso IDE and import the SDK, perform the following steps:

1. Use the "File-New-Import SDK example(s)..." menu bar item to launch the SDK importer.

2. In the left-hand-side navigation pane, select "FRDM-MCXE247" and click "Next".

3. Navigate to the "driver_examples/qspi" option in the "Examples" list, check the "qspi_polling_transfer"
checkbox, and click "Finish".

aaa-061902

Figure 2. Creating example project for FRDM-MCXE247

8.3 Building and running SDK example project

After successfully creating the SDK example project, perform the following steps:

1. Click the "Build" button in the toolbar menu.
2. Connect the board to the PC using a USB-C cable.
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3. Click the "GUI Flash Tool" button in the toolbar menu to download the project to the board.

4. Open a serial monitor tool and connect to the board serial interface using the following parameters:
a. Baud rate: 115200, eight data bits, one stop bit, no parity bit, no flow control.

5. Reset the board by pressing the SW1 button.

6. Find the message printed through the UART interface.

QSPI example started!
Erase finished!
Program data finished!

Program through QSPI polling succeed!

aaa-061903

Figure 3. UART output for SDK example

8.4 Creating Application Code Hub demo project

1. Select "Import from Application Code Hub" from "Quickstart Panel" and search for the "MCX E247
QuadSPI" demo in the search box.
2. Select the project card and click "Copy GitHub Link" to import the demo project.

8.5 Building and running Application Code Hub demo project

1. Follow the same procedure as for the SDK example project and find the message printed through the UART
interface.
2. Press any key to start the Program/Erase (P/E) test.

QuadSPI Example Start
- Reading chip ID...
-- Chip JEDEC ID: Oxef-0x40-0x17
- Press any key to begin P/E test.
- Erasing chip using sector erase...
-- Erase: 0x007fc000
-- Chip erase completed.
- Validating erase...
-- Validate: 0x687fc000
-- Erase validated...
- Programming pattern...
-- Program: 0x007fc000
-- Pattern programmed.
- Validating pattern...
-- Validate: 0x687fc000
-- Pattern validated.
- Erasing chip using chip erase...
-- Chip erase completed.
- P/E test passed.
QuadSPI Example End

aaa-061904

Figure 4. UART output for SDK example
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