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1   Overview

This application note describes how to use SmartDMA on the MCX A577 device to generate 480 x 272 parallel
RGB LCD timing. A prebuilt SmartDMA firmware array is copied to SRAMX3 and started through its API table.
SmartDMA then performs continuous full-frame scanning while the Arm Cortex-M33 builds the UI, schedules
animations, and updates dirty areas.

The demonstration UI is a kitchen timer. Three decorative bubbles in the upper-left corner use the LVGL
animation engine.

1.1  Key features
• Resolution: 480 x 272; pixel format: RGB565, 16 bits per pixel.
• SmartDMA drives 21 signals: D0-D15, PCLK, HSYNC, VSYNC, DE, and DISP.
• The full framebuffer is 261120 bytes; LVGL uses a 480 x 27 partial draw buffer.
• The SmartDMA firmware array is installed into SRAMX3 at runtime; Arm and SmartDMA share the

framebuffer in SRAM.
• The current version is verified by building and downloading it with MCUXpresso IDE, monitoring the serial

output, and testing the physical display.
• The three upper-left bubbles float asynchronously; their moving redraw areas are visible in the serial flush

coordinates.

1.2  Scope
This document is intended for developers who must generate RGB LCD raster timing with MCX A577
SmartDMA without a dedicated LCD controller. If the resolution, panel, or sampling edge changes, recalculate
the timing and verify the waveforms with a logic analyzer.

2   Fundamentals

This chapter introduces the concepts required to understand the SmartDMA-based RGB LCD solution,
including:

• The parallel RGB LCD interface and its signal set
• The RGB565 pixel format and framebuffer size
• LVGL partial rendering into a shared full framebuffer
• SmartDMA operation as a software LCD controller
• Raster timing generation without a dedicated hardware LCD controller

2.1  Parallel RGB LCD interface
A parallel RGB panel typically has no display memory. The controller must continuously output pixels and
synchronization signals line by line and frame by frame. If PCLK or the sync signals stop, the panel can display
corrupted content or lose the image. Table 1 lists the key inputs.

Signal Function Polarity/State in This Project

D[15:0] One RGB565 pixel per PCLK Updated during the active display area

PCLK Pixel sampling clock Data is stable before the falling edge; the panel
samples correctly with the present wiring

HSYNC Line synchronization Active low

Table 1. RGB LCD interface signals
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Signal Function Polarity/State in This Project

VSYNC Frame synchronization Active low

DE Data-enable window Active high

DISP Display enable Held high during normal display

Table 1. RGB LCD interface signals...continued

2.2  RGB565 pixel format
A standard 16-bit RGB565 pixel contains 5 red bits, 6 green bits, and 5 blue bits: bit[15:11] is R, bit[10:5] is G,
and bit[4:0] is B. The size of one frame is:

480 × 272 × 2 bytes = 261120 bytes, approximately 255 kB

This project defines SmartDMA PIO0-PIO4 as LCD R3-R7, PIO5-PIO10 as G2-G7, and PIO11-PIO15 as B3-B7.
To make these named signals carry the correct colors, the LVGL output swaps the red and blue fields before
writing the frame buffer. When using another LCD module, connect by signal name. Do not reuse the connector
pin numbers from the validation hardware.

lcdColor = ((color & 0xF800U) >> 11U) |
           ( color & 0x07E0U)         |
           ((color & 0x001FU) << 11U);

2.3  Framebuffer and partial rendering
For each frame, SmartDMA reads 480 x 272 pixels from the same full framebuffer. LVGL does not require
another full-size draw buffer. It renders the dirty areas into a 27-line partial buffer and the flush callback copies
the pixels into the full framebuffer. This approach reduces LVGL draw-buffer memory, but it does not reduce the
SmartDMA full-frame scan bandwidth.

2.4  Role of SmartDMA
SmartDMA can be viewed as a software LCD controller. The application installs a prebuilt firmware image in
SRAMX3, passes the stack and framebuffer addresses through a parameter block, and boots the RGB LCD API
entry. After startup, SmartDMA drives the RGB data and control signals without Arm participation in per-pixel
timing.

3   Hardware pinout and wiring

This application implements the following hardware:

1. FRDM-MCXA577 with type-c USB cable
2. K043FN02H-CT LCD module (not public)
3. Fly wires

Figure 1 maps the FRDM-MCXA577/SmartDMA outputs to a generic RGB LCD interface. Select any RGB LCD
module that meets the electrical and timing requirements, then connect it by signal name.
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FRDM-MCXA577
SmartDMA RGB output

Generic RGB LCD module
signal interface

Connect by signal name

Signal mapping

LCD Signal nameMCXA577/SmartDMA output Purpose

R3-R7D0-D4 5-bit red channel

G2-G7D5-D10 6-bit green channel

B3-B7D11-D15 5-bit blue channel

PCLK/DOTCLK/CLKPCLK Pixel sampling clock

HSYNCHSYNC Line synchronization

VSYNCVsync Frame synchronization

DISP/ENABLEDISP Display enable

DEDE Active-pixel window

Figure 1. FRDM-MCXA577 to generic RGB LCD signal mapping

3.1  RGB565 data lines

SmartDMA data
bit

MCX A577 header MCU pin/mux SmartDMA PIO LCD signal

D0 J9-4 P0_4/ALT7 PIO0 R3

D1 J9-3 P0_5/ALT7 PIO1 R4

D2 J9-6 P3_2/ALT10 PIO2 R5

D3 J9-5 P0_7/ALT7 PIO3 R6

D4 J9-8 P0_14/ALT7 PIO4 R7

D5 J9-7 P0_15/ALT7 PIO5 G2

D6 J9-10 P0_16/ALT7 PIO6 G3

D7 J9-9 P0_17/ALT7 PIO7 G4

D8 J9-2 P0_18/ALT7 PIO8 G5

D9 J8-21 P2_0/ALT7 PIO24 G6

D10 J8-22 P2_1/ALT7 PIO25 G7

D11 J8-23 P2_2/ALT7 PIO26 B3

D12 J8-28 P4_7/ALT7 PIO27 B4

D13 J8-6 P2_4/ALT7 PIO28 B5

D14 J8-26 P2_5/ALT7 PIO29 B6

D15 J8-27 P2_6/ALT7 PIO30 B7

Table 2. RGB565 data-line mapping
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3.2  Timing and display-control lines

Signal MCX A577 header MCU pin/mux SmartDMA PIO LCD signal

PCLK J8-19 P0_22/ALT7 PIO12 PCLK/DOTCLK/CLK

HSYNC J8-20 P0_23/ALT7 PIO13 HSYNC

VSYNC J8-10 P2_19/ALT7 PIO21 VSYNC

DE J9-12 P4_2/ALT7 PIO22 DE

DISP J8-4 P3_20/ALT10 PIO20 DISP/ENABLE

Table 3. Display-control signal mapping

3.3  Power, ground, and backlight
• Logic supply: verify that the I/O voltage of the selected LCD module is compatible with the MCX A577 3.3 V

signals. Add level shifting when it is not compatible.
• Ground: the MCX A577 and LCD module must share a low-impedance common ground.
• Backlight: connect LED_A/LED_K or the backlight-control input according to the LCD module data sheet.
• RGB565 uses only R3-R7, G2-G7, and B3-B7. Handle unused lower color inputs as specified by the selected

module data sheet.

4   Software

This chapter describes the software implementation of the demo, including:

• Source files and modules that make up the project
• Key application and driver functions
• End-to-end initialization and runtime flow, from board bring-up through SmartDMA startup and the LVGL

scheduling loop
• Inventory of the system resources consumed by the solution, including the SmartDMA engine and PIOs, port

modules, framebuffer and partial-buffer memory, SysTick, and the debug UART

4.1  Software modules

File/Module Responsibility

source/main System entry, board initialization, SmartDMA startup, periodic LVGL scheduling,
and diagnostic output

source/app_smartdma.c/.h Framebuffer, SmartDMA parameter block, firmware installation/start wrapper, and
run/pause API

source/lvgl_support.c/.h LVGL display registration, 480 x 27 partial buffer, and flush callback

generated/setup_scr_screen.
c

Kitchen-timer UI construction and floating animation for the three upper-left bubbles

drivers/fsl_smartdma_fw.c/.
h

Aligned 2656-byte firmware array, API index, SRAMX3 installation address, and
parameter ABI

board/pin_mux.c ALT7/ALT10 mux configuration for the 21 SmartDMA RGB LCD output signals

board/clock_config.* System, bus, and SmartDMA clock configuration

drivers/fsl_smartdma.c/.h SmartDMA reset/clock initialization, firmware copy, API-table boot, and external-flag
control

Table 4. Software modules
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4.2  Functions

Function File Description

main() main Initializes hardware and display, starts LVGL, and
calls lv_timer_handler() on a 5 ms service interval.

BOARD_InitSmartDMA_
RGBLCDPins()

pin_mux.c Enables clocks and releases resets for PORT0/2/3/4,
then multiplexes 21 LCD signals to SmartDMA PIO.

RGB_LCD_FillColor() app_smartdma.c Fills the full framebuffer with a standard RGB565
color, swapping red and blue fields before writing to
match board wiring.

SMARTDMA_RGBLCD_
Start()

app_smartdma.c Prepares parameters, initializes SmartDMA, installs
the firmware array, boots API entry 0, and enables
frame-boundary execution.

SMARTDMA_RGBLCD_Set
Running()

app_smartdma.c Uses EXF to control whether the engine continues
at the frame boundary; there is no stop-state
handshake.

Firmware Image and API
Table

drivers/fsl_smartdma_fw.
c/.h

Provides the aligned firmware array, firmware size in
bytes. Also, provides SRAMX3 installation address,
API index, and parameter structure.

LVGL_SetupTick() lvgl_support.c Configures the 1 ms LVGL tick and produces the
application-side 5 ms task flag.

lv_port_disp_init() lvgl_support.c Creates the 480 x 272 display and registers the
partial draw buffer and flush callback.

LVGL_FlushDisplay() lvgl_support.c Processes dirty regions, swaps R/B per pixel while
copying to the live framebuffer, then notifies LVGL
that flushing is complete.

setup_ui() / setup_
scr_screen()

generated/*.c Creates the kitchen-timer screen, pot graphic, status
cards, and bubble objects.

start_bubble_float() setup_scr_screen.c Configures position animation, forward/reverse
durations, start delay, infinite repetition, and an ease-
in-out path.

set_bubble_y() setup_scr_screen.c LVGL animation execution callback that writes the
current value to the y-coordinate of the bubble object.

Table 5. Key software functions

4.3  Initialization and runtime flow
1. BOARD_InitHardware() initializes clocks, the debug UART, and board resources.
2. BOARD_InitSmartDMA_RGBLCDPins() muxes D0-D15, PCLK, HSYNC, VSYNC, DE, and DISP to

SmartDMA PIO.
3. RGB_LCD_FillColor(RGB565_BLACK) clears the framebuffer to black.
4. SMARTDMA_RGBLCD_Start() prepares the parameter block, resets and enables SmartDMA, copies the

firmware array to SRAMX3. It then boots API entry kSMARTDMA_RGBLCD and sets the external flag to start
continuous raster output.

5. lv_init(), LVGL_SetupTick(), and lv_port_disp_init() initialize LVGL and the display port.
6. setup_ui() creates the UI, while events_init() and custom_init() initialize events and user

extensions.
7. The main loop waits for the 5 ms task flag and calls lv_timer_handler(); bubble animation triggers

partial redraws.
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8. LVGL_FlushDisplay() copies dirty areas to the full framebuffer while SmartDMA continuously scans it to
the LCD in the background.

4.4  System resource inventory

Resource Use/configuration Description

SmartDMA 1 engine Loaded from the firmware array into SRAMX3; Booted
through API table entry 0

SmartDMA PIO 21 outputs 16-bit RGB data plus PCLK/HSYNC/VSYNC/DE/DISP

PORT modules PORT0, PORT2, PORT3, and
PORT4

ALT7/ALT10 with fast slew, open-drain disabled, and
pulls disabled

Full framebuffer 261120 bytes / 255 kB 480 x 272 x 2, 4-byte aligned

LVGL partial buffer 25920 bytes / 25.31 kB 480 x 27 x 2, PARTIAL mode

SmartDMA stack/parameters 64 bytes + 8 bytes Stack and framebuffer addresses are passed through
the SmartDMA parameter interface

SmartDMA firmware image 2656 bytes total 12-word API table plus 2608-byte binary copied to 0x04
018000-0x04018A5F

SysTick 1 ms tick/5 ms service interval Drives the LVGL tick and main-loop scheduling

Debug UART LPUART1, 12 MHz source,
115200 bit/s

Per-flush logging may affect animation timing

Table 6. System resource inventory

5   Key implementation details

This chapter documents the parts of the design that must be preserved when porting or rebuilding the demo:

• LCD timing parameters and theoretical waveforms
• SmartDMA firmware array package and its API table
• Firmware installation sequence in SRAMX3 and SmartDMA startup procedure
• LVGL flush callback with its R/B color swap
• Floating animation of the three upper-left bubbles
• SRAM/SRAMX3 memory layout
• Bandwidth and performance budget shared between SmartDMA scan-out and Arm LVGL writes

5.1  LCD timing parameters

Direction Sync width Back porch Active area Front porch Total

Horizontal/PCLK 2 41 480 8 531 PCLK/line

Vertical/Lines 10 7 272 4 293 lines/frame

Table 7. LCD timing parameters

The installed firmware image generates 531 PCLK periods per line and 293 lines per frame for this panel
configuration. Measure the PCLK on the target board and calculate the corresponding line and frame rates.

Use the logic-analyzer measurements as the final reference for the PCLK, line rate, and frame rate. The
geometry below describes the validated firmware configuration but does not replace measurements on the
selected panel.
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5.1.1  Theoretical waveforms

Horizontal Timing: 1 Line = 531 PCLK

HSYNC

HSYNC
2 PCLK

Nominal calculation (SmartDMA ≈ 240 MHz, 27 SmartDMA cycles/PCLK): PCLK ≈ 8.89 MHz; line period ≈ 59.74 μs; frame period ≈ 17.50 ms; frame rate ≈ 57.13 Hz.
Branch, load, and boundary overhead may cause deviation.

LOW

H
L

H
L

HIGH

LOW LOWHIGH: RGB Data valid

Invalid/hold Invalid/holdPixel 0 | Pixel 1 | Pixel 2 | ... | Pixel 479

Continuous output ... Each PCLK: 13 SmartDMA cycles high + 14 cycles low... Continuous output

Back porch
41 PCLK

Front porch
8 PCLK

Active Area: 480 Pixels/480 PCLK

DE

Vertical Timing: 1 Frame = 293 Lines

VSYNC

VSYNC
10 Lines

LOW HIGH

LOW: 17 Blank Lines LOW: 4 LinesHIGH: 272 active lines; active for 480 pixels within each line

Back porch
7 Lines

Front porch
4 Lines

Active Area: 272 Lines

DE (Frame window)

PCLK

RGB D[15:0]

aaa-067149

Figure 2. RGB LCD timing

5.2  Firmware array package
The drivers/fsl_smartdma_fw.c provides a 4-byte-aligned uint32_t firmware array. The 2656-byte
image contains a 12-word API table followed by the 2608-byte RGB LCD firmware binary.

At runtime the complete image is copied to SRAMX3. The API index kSMARTDMA_RGBLCD selects table entry 0.
Keep the array aligned, preserve the API-table order, and regenerate the binary through a verified build/export
flow rather than editing firmware words manually.

5.3  Installing the firmware and starting SmartDMA
SMARTDMA_RGBLCD_Start() first assigns the dedicated SmartDMA stack and RGB565 framebuffer to
s_smartdmaParam. SMARTDMA_InitWithoutFirmware() resets SmartDMA RAM and enables the
SmartDMA clock. SMARTDMA_InstallFirmware() then copies the firmware array to SRAMX3, enables
synchronized PIO input sampling, and records 0x04018000 as the API-table base.

SMARTDMA_Boot() provides the parameter-block address to SmartDMA and reads the firmware entry
address from API table entry kSMARTDMA_RGBLCD. It then writes the protected control value that enables
synchronization and starts execution. SMARTDMA_SetExternalFlag(1U) is called last because the raster
firmware checks the external flag at each frame boundary.

5.4  LVGL flush and color swap
lv_port_disp_init() creates a 480 x 272 display and configures a 480 x 27 RGB565 draw buffer
for LV_DISPLAY_RENDER_MODE_PARTIAL. LVGL_FlushDisplay() clips the area to the screen,

AN15129 All information provided in this document is subject to legal disclaimers. © 2026 NXP B.V. All rights reserved.

Application note Rev. 1.0 — 30 September 2026 Document feedback
8 / 16

https://www.nxp.com/pages/technical-documentation-feedback:WF-TECHNICAL-DOCUMENTATION-FEEDBACK?tid=pdfwf_AN15129


NXP Semiconductors AN15129
Implement RGB LCD Interface by SmartDMA on MCX A577

copies the dirty rectangle line by line while swapping the R/B fields, then executes __DSB() and
lv_display_flush_ready().

The current flush callback prints diagnostics for every transfer. This helps observe animated dirty areas but
consumes CPU and UART time; disable or rate-limit it in a production build.

5.5  Floating animation of the three upper-left bubbles
start_bubble_float() creates a y-coordinate animation for each bubble. It moves from y to y + travel,
reverses over the same duration, repeats indefinitely, and uses an ease-in-out path. Different travel distances,
periods, and delays prevent mechanical synchronization.

5.6  Memory layout

Object Size Region/Purpose

g_rgb565FrameBuffer 261120 bytes SRAM; full 480 x 272 RGB565 framebuffer

LVGL partial draw buffer 25920 bytes SRAM; 480 x 27 x 2 partial draw buffer

s_smartdmaStack 64 bytes SRAM; dedicated SmartDMA stack, 4-byte aligned

s_smartdmaParam 8 bytes SRAM; stack and framebuffer addresses

Installed SmartDMA firmware
image

2656 bytes SRAMX3; including the API table

Table 8. Memory layout

The firmware array, API-table entry, installation address, and embedded absolute addresses form one validated
image. If the image is rebuilt or relocated, regenerate and revalidate the complete array, then confirm that
SRAM and SRAMX3 objects do not overlap.

5.7  Bandwidth and performance budget
This SmartDMA design does not use FlexIO or eDMA. However, it still reads pixels continuously from SRAM
and shares the memory system with the Arm LVGL writes. Apply the measured PCLK and frame rate to the
following formulas. The resulting values are theoretical bandwidth budgets, not measured MCX A577 bus
throughput.

Item Calculation Theoretical Result

Equivalent RGB pin data rate PCLK x 2 bytes Measured PCLK x 2 bytes/s

Active-pixel read rate 261120 bytes x measured frames/s Calculate from measured frame rate

Active-area fraction of full raster (480 x 272) / (531 x 293) Approximately 83.92 %

Full framebuffer 480 x 272 x 2 261120 bytes / 255 kB

LVGL partial buffer 480 x 27 x 2 25920 bytes / 25.31 kB

Known display-buffer total framebuffer + partial + stack + parameters Approximately 280.38 kB

Table 9. Bandwidth and performance budget

Measure CPU utilization, flush time, UART traffic, and tearing under three loads: a static screen, a small-bubble
animation, and a full-screen animation. Compare results with per-flush PRINTF enabled and disabled. For a
higher-resolution or higher-frame-rate panel, first estimate active-pixel bandwidth as width x height x 2 x frame
rate. Afterward, reserve margin for Arm writes, bus arbitration, and boundary overhead.
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6   Build, flash, and run

This chapter describes the development environment and tools required to reproduce the demo. It also provides
step-by-step instructions for:

• Building the project
• Downloading and running the application on the FRDM-MCXA577 board with MCUXpresso IDE
• Verifying the expected serial output
• Verifying the expected onscreen behavior after startup

6.1  Development environment
• MCUXpresso IDE 25.6.136.
• Project: the code project (an-mcxa577-rgb565-lcd-interface-by-smartdma) can be found at:

https://github.com/nxp-appcodehub.
• Board: FRDM-MCXA577; debugger connected over USB.

6.2  Build
1. Import an-mcxa577-rgb565-lcd-interface-by-smartdma into MCUXpresso IDE.
2. Select the appropriate debug configuration.
3. Click Build Project to build the application.

6.3  Download and run
Connect the FRDM-MCXA577 board, select an-mcxa577-rgb565-lcd-interface-by-smartdma in MCUXpresso
IDE, and click Debug to build, download, and run the application. Confirm that the LCD starts normally and
displays the demo screen.

The hardware displays the kitchen-timer UI steadily. The screen has a dark-blue background and a light
rounded main panel. An orange Cook label appears above a central countdown with a pot graphic.
Temperature, status, and capacity cards are displayed along the bottom of the screen. The red, green, and
blue channels are correct, which confirms the RGB/BGR field swap and all 16 data lines. The three upper-left
bubbles continuously float up and down.
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Figure 3. The demo hardware

Figure 4. The display output

The serial console output during startup and rendering is:

MCUX SDK version: ...
LVGL 9.4 with SmartDMA RGB LCD: 480x272 RGB565.
LVGL heap after UI: used=...
LVGL flush N: (x1,y1)-(x2,y2) begin
LVGL flush N: complete
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7   Conclusion

The application note implements the complete path from firmware-array installation and SmartDMA RGB raster
output to LVGL partial refresh and a dynamic UI. Without a dedicated LCD controller, FlexIO, or eDMA, it drives
a 480 x 272 RGB565 panel steadily and demonstrates asynchronous floating animation for the three upper-left
bubbles.

This project is a baseline for MCX A577 SmartDMA RGB LCD bring-up, firmware-array loading, LVGL
integration, and future double-buffer optimization. Key porting tasks are to verify pinout and bus order, select a
matching firmware/timing package, preserve the API and parameter ABI, and remeasure the output waveforms.

8   Acronyms

Acronym Definition

API Application Programming Interface

BGR Blue-Green-Red color order

DMA Direct Memory Access

eDMA Enhanced Direct Memory Access

FRDM Freedom Development platform

HSYNC Horizontal Synchronization

LCD Liquid Crystal Display

LVGL Light and Versatile Graphics Library

MCU Microcontroller Unit

PCLK Pixel Clock

PIO Programmable Input/Output

RGB Red-Green-Blue

RGB565 16-bit RGB pixel format (5 red, 6 green, 5 blue bits)

SmartDMA Smart Direct Memory Access

SRAM Static Random Access Memory

SRAMX3 SmartDMA executable SRAM region used for firmware storage

SysTick System Tick Timer

UART Universal Asynchronous Receiver/Transmitter

UI User Interface

USB Universal Serial Bus

VSYNC Vertical Synchronization

Table 10. Acronyms

9   Note about the source code in the document

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

Copyright 2026 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.

10   Revision history

Table 11 summarizes the revisions to this document.

Document ID Release date Description

AN15129 v.1.0 30 September 2026 Initial public release

Table 11. Revision history
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