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1   Introduction

Memory-In-Pixel (MIP) displays combine ultralow static power consumption with high reflectivity, making them
ideal for wearable and always‑on embedded devices. However, MIP panels require strict timing sequences for
address and data operations. Meeting these timing requirements can be challenging using CPU‑driven GPIO
toggling, especially when the system is under interrupt or multitasking load.

This application note describes an efficient method for driving a MIP panel using SmartDMA available on
MCX A series microcontrollers. The MCX A174 is used as the reference platform throughout this document.
SmartDMA provides deterministic GPIO control that operates independently of CPU execution. This approach
enables the precise waveform generation required by MIP displays without the need for a dedicated LCD
controller, while minimizing overall system power consumption.

The architecture presented in this document can be reused across MCX A series devices that integrate
SmartDMA and adapted to various MIP panel resolutions and interfaces.

2   System overview

MIP displays are widely used in wearable, portable, and always-on embedded systems. They offer ultralow
static power consumption while retaining pixel data internally, making them well suited for low-power
applications. Unlike conventional LCDs, MIP panels require precise, repeatable timing sequences for
address setup, data loading, and pixel‑memory update operations. These interface characteristics place strict
requirements on the timing of GPIO waveforms, such as Serial Clock (SCLK), Data Enable (DEN), and ENBG/
ENBS (Vertical/Horizontal Write Enable signals).

MCX A series MCUs that integrate the SmartDMA peripheral are well suited for driving MIP panels. SmartDMA
acts as a lightweight execution engine that autonomously generates protocol-accurate GPIO timing
autonomously. As a result, it eliminates the need for CPU-driven bit toggling and significantly reduces processor
load significantly. This capability improves energy efficiency and allows the system to remain in low‑power
modes during display update cycles.

This application note uses the MCX A174 as the reference MCU. It provides a balanced set of resources,
including a Cortex‑M33 core, a flexible GPIO subsystem, and SmartDMA for driving MIP displays efficiently
through software‑defined parallel interface. Although the accompanying example uses a 176 × 176 Kyocera
TN0104ANVAANN-GN00 MIP LCD, the described architecture applies to other MIP panels and GPIO‑based
display interfaces that require deterministic timing.

The subsections that follow provide an overview of the MCX A174 reference platform and the target MIP display
module. They also describe the overall system architecture used to construct a SmartDMA-driven MIP display
pipeline.

2.1  MCX A174 overview
The MCX A174 integrates the following key features:

• Arm Cortex‑M33 core (without TrustZone support)
• 64 kB SRAM / 256 kB on-chip flash memory
• SmartDMA execution engine for deterministic GPIO edge timing
• Low‑power operating modes suitable for always‑on User Interfaces (UIs)

The SmartDMA peripheral includes a compact EZH micro‑execution core, which can run short instruction
sequences with fixed timing. This capability makes it ideal for controlling MIP display interfaces.
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2.2  SmartDMA overview
SmartDMA is a dedicated hardware execution engine integrated into selected MCX A series MCUs. It is suited
for implementing timing‑critical GPIO‑based display interfaces, such as MIP panels.

Traditional Direct Memory Access (DMA) controllers only transfer data between memory and peripherals. In
contrast, SmartDMA includes an EZH microexecution core capable of running compact instruction sequences
with fixed execution timing. These instruction sequences allow SmartDMA to generate precise, cycle-accurate
GPIO waveforms autonomously. This capability makes it especially suitable for interfaces that require
deterministic timing, such as MIP LCD panels.

By delegating timing‑sensitive operations to SmartDMA, the system eliminates software‑driven bit toggling
and reduces CPU load significantly. This capability ensures that display interfaces operate with consistent and
repeatable timing, independent of system interrupts or CPU activity.

2.3  MIP panel overview
The reference design uses the Kyocera TN0104ANVAANN-GN00, a 176×176 monochrome MIP LCD as a
representative panel. Its key attributes include:

• Reflective display technology, eliminating the need for a backlight
• 1‑bit internal pixel memory for static image retention
• Pixel updates are performed in 8-pixel horizontal units
• Serial‑input/parallel‑data architecture comprising SI[7:0], SCLK, DEN, ENBG/ENBS
• Strict timing requirements for address and write strobe phases

These characteristics make the panel well suited for a deterministic timing engine such as SmartDMA.

3   System architecture

This section describes the overall hardware and software architecture used to drive a MIP panel using
SmartDMA on the MCX A series. The reference design is centered on the following three major components:

• The MCX A174 MCU, which provides the CPU, GPIO subsystem, and SmartDMA engine
• The TN0104 176×176 MIP LCD panel, which is used as the display target
• Software‑defined display pipeline that includes render logic, frame buffer management, and SmartDMA

firmware

Together, these elements form a flexible, low‑power display control system capable of meeting the strict timing
requirements of MIP displays.
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Figure 1. System architecture
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3.1  Hardware architecture
The hardware architecture consists of the MCX A174 MCU connected to the TN0104 LCD through GPIO
pins. These GPIO pins are configured as an 8-bit address/data bus together with several control signals. The
SmartDMA manipulates these GPIO pins to generate the appropriate display protocol sequences.

3.1.1  Hardware connections

Table 1 summarizes the GPIO pin assignment used to interface the MCX A174 with the TN0104 MIP panel in
the reference design. All display interface signals are generated through GPIO pins controlled by the SmartDMA
peripheral.

Signal Direction MCX A174 GPIO FRDM board connector Description

SI[0] Output P0_14 J8-13 Data/address bus bit 0 input to the MIP
panel

SI[1] Output P0_15 J8-14 Data/address bus bit 1 input to the MIP
panel

SI[2] Output P0_16 J8-15 Data/address bus bit 2 input to the MIP
panel

SI[3] Output P0_17 J8-16 Data/address bus bit 3 input to the MIP
panel

SI[4] Output P0_18 J8-17 Data/address bus bit 4 input to the MIP
panel

SI[5] Output P0_19 J8-18 Data/address bus bit 5 input to the MIP
panel

SI[6] Output P0_20 J8-19 Data/address bus bit 6 input to the MIP
panel

SI[7] Output P0_21 J8-20 Data/address bus bit 7 input to the MIP
panel

SCLK Output P0_22 J8-21 Serial clock signal for address and display
data transfer

ENBG/ENBS Output P0_23 J8-22 Write enable strobe signals for vertical and
horizontal pixel updates

XRST Output P2_10 J8-23 Active‑low hardware reset signal for the
MIP panel

DEN Output P2_11 J8-24 Address/data selection control signal

Table 1. GPIO connections between the MCX A174 and TN0104 MIP panel

All display interface signals are generated through GPIO pins controlled exclusively by SmartDMA during
display updates. As a result, the CPU does not directly toggle these pins, preventing timing jitter.

3.2  Software architecture
The software architecture for driving the TN0104 MIP panel on MCX A174 is designed to clearly separate
high‑level rendering logic from timing‑critical display signaling. This separation allows the system to achieve
deterministic display control, reduced CPU load, and optimized power consumption.

The architecture is divided into the following two primary execution domains:

• CPU domain (Cortex‑M33), responsible for user interface rendering and high‑level control.
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• SmartDMA domain, responsible for autonomous generation of the GPIO timing and display update
sequences.

The CPU and SmartDMA interact through a shared frame buffer and a parameter block. This interaction
enables a clean hand‑off between rendering and display refresh operations.

3.2.1  Software function allocation

The responsibilities of the CPU and SmartDMA are explicitly partitioned to ensure predictable timing behavior
and efficient system operation.

Following are the responsibilities of CPU (Cortex‑M33):

• Render graphical content into a 1‑bit frame buffer
• Manage application logic and display update conditions
• Prepare the SmartDMA parameter block, including frame buffer address, row count, and transfer length
• Trigger SmartDMA execution and optionally enter a low‑power state

Following are the responsibilities of SmartDMA:

• Generate all timing‑critical GPIO waveforms required by the MIP panel
• Manage vertical and horizontal address sequencing
• Stream pixel data with deterministic timing
• Generate write strobes and panel reset sequences
• Operate autonomously without CPU intervention during display refresh

This division of responsibilities ensures that the CPU is not involved in GPIO toggling or timing‑sensitive
operations during display updates.

3.2.2  Software execution flow

The overall software execution flow follows a producer-consumer model, where the CPU produces display
content and SmartDMA consumes it to update the panel.

The overall execution flow is shown below:

1. System initialization
a. Initialize the GPIO pins, SmartDMA, and frame buffer.
b. Perform the panel reset and stabilization sequence.

2. Frame buffer update
a. The CPU renders UI content into the frame buffer.
b. All rendering operations are performed in SRAM using a 1‑bit pixel.

3. SmartDMA configuration
a. The CPU fills a parameter structure describing:

• Frame buffer base address
• Start row
• Number of rows to update
• Bytes per row (22 bytes for TN0104)

4. Display refresh
a. The CPU triggers SmartDMA execution.
b. SmartDMA updates the MIP panel autonomously through GPIO.

5. Completion and idle state
a. SmartDMA clears the execution flag upon completion.
b. The CPU can enter low-power mode or continue application processing.
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This execution flow allows display updates to be performed with minimal CPU involvement and highly
deterministic timing.

3.2.3  SmartDMA display update processing

Within the SmartDMA domain, display updates follow a fixed and repeatable sequence that matches with the
requirements of the TN0104 MIP panel.

For each display update, SmartDMA performs the following steps:

1. Panel control setup
a. Configure GPIO output states.
b. Generate a panel reset pulse (XRST), if required.

2. Row‑based update loop
a. Output the vertical (row) address.
b. Output the horizontal start address.
c. Enable the horizontal address auto‑increment mode.
d. Stream the pixel data bytes from the frame buffer.
e. Generate the ENBG/ENBS write strobe to commit row data.

3. Row increment
a. Advance the frame buffer pointer to the next row.
b. Increment the row index.

4. Completion
a. Clear the SmartDMA execution flag.
b. Optionally trigger the completion interrupt.

3.2.4   MIP panel interface timing

The TN0104 panel uses a structured write format consisting of a vertical address, a horizontal address, and
pixel data.

• Vertical address → Horizontal address → Pixel data
• Pixel data is written in 8‑dot (1‑byte) horizontal units
• Horizontal address auto‑ increment reduces control overhead and improves transfer efficiency

SmartDMA generates all address, data, and write‑strobe signals according to the MIP panel protocol. The
display update follows a vertical‑address, horizontal‑address, and data‑write sequence with horizontal
auto‑increment.

Figure 2 illustrates the corresponding address, data, and timing relationships:
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Figure 2. Timing for TN0104 MIP panel

Table 2 summarizes the key timing requirements extracted from the panel data sheet along with the timing
values implemented in the demo configuration:

Signal group Timing requirement Minimum requirement Implemented value (Demo) Unit

SCLK High/low pulse width
(twSCLKH/twSCLKL)

0.9 1.0 µs

SI[7:0] Data set up and hold
(tsSI/thSI)

0.9 1.0 µs

DEN Setup and hold
(tsDEN/thDEN)

0.9 1.0 µs

ENBG/ENBS Write strobe high width
(twENBH)

4.5 4.5 µs

ENBG/ENBS SCLK to strobe delay
(toENB/tbENB)

1.8 2.0 µs

Table 2. Key timing requirements for TN0104 MIP panel interface

Together, this processing model allows SmartDMA to function as a lightweight, software-defined display timing
controller. As a result, the CPU remains fully decoupled from all real-time signaling requirements.

4   Running the demo

This section provides the procedures for running the demo project on the FRDM-MCXA174 board and presents
the observed results.
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4.1  Hardware setup
The following hardware is required to run the demo:

• FRDM-MCXA174 board
• TN0104 MIP panel
• TN0104 adapter board

As described in Section 3.1.1 and summarized in Table 1, connect the TN0104 MIP panel to FRDM‑MCXA174
as shown in Figure 3.
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Figure 3. Wire connection

4.2  Software setup
The following software is required to run the demo:

• MCUXpresso for VS Code extension (26.7.52)
• SDK_26_03_00_FRDM-MCXA174

To run the demo, follow the steps below:

1. Download the project from Application Code Hub.
2. Connect the FRDM-MCXA174 board to the host PC using a USB-Type C cable.
3. Download the program onto the target board.
4. To start running the demo, press the ‘reset’ button on your board or launch the debugger in the IDE to begin

execution.

4.3  Demo result
Figure 4 shows the UI content displayed on the TN0104 MIP panel, including the date, day of the week, time,
and the NXP logo.

AN15124 All information provided in this document is subject to legal disclaimers. © 2026 NXP B.V. All rights reserved.

Application note Rev. 1.0 — 12 October 2026 Document feedback
8 / 14

https://github.com/nxp-appcodehub/an-mcxa174-mip-panel-demo
https://www.nxp.com/pages/technical-documentation-feedback:WF-TECHNICAL-DOCUMENTATION-FEEDBACK?tid=pdfwf_AN15124


NXP Semiconductors AN15124
How to Drive a Memory‑In‑Pixel (MIP) Panel Using SmartDMA on MCX A Series MCUs

Figure 4. TN0104 MIP Panel UI content

4.4  Power consumption measurement
In addition to functional verification, the power consumption of the system is measured to evaluate the low-
power performance of the SmartDMA-based display update solution.

The system operates with a periodic 1-second update cycle. During each cycle, the MCU enters Active mode
briefly to update the display and then transitions to Power-Down mode for the remaining time.

To obtain accurate MCU current measurements on the FRDM-MCXA174 board, the following hardware
modifications are applied:

• Remove resistors R43, R20, R21, and R27
• Measure current from the IDD_MCU header (JP1)

These modifications ensure that only the MCU current is captured, excluding other onboard components.

The measured timing characteristics are:

• Active mode duration: 4 ms (0.4 %)
• Power Down duration: 996 ms (99.6 %)

The measured current for each mode and the calculated average current are summarized in Table 3.

Mode Duration (ms) Duty cycle (%) Current (µA) Weighted current (µA)

Active 4 0.4 1306 5.2

Power Down 996 99.6 17.7 17.6

Average 1000 100 - 22.8

Table 3. Power consumption measurement results

During Active mode, the CPU prepares display data and triggers the SmartDMA engine to perform the display
update. The SmartDMA autonomously generates all required GPIO timing, minimizing CPU involvement. After
the update is complete, the system immediately enters Power-Down mode.

The average current consumption is calculated as:

I_avg = (I_active × D_active) + (I_power_down × D_power_down)

Substituting the measured values:

I_avg = (1306 µA × 0.004) + (17.7 µA × 0.996) ≈ 22.8 µA

The calculated result matches with the measured average current, validating the correctness of the
measurement setup and methodology.

The system achieves an ultralow average power consumption, making it well suited for battery-powered and
always-on applications, such as wearable devices and low-power IoT systems.
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5   Conclusion

This application note has presented a complete and efficient method for driving MIP panels using the
SmartDMA peripheral on MCX A series MCUs. SmartDMA provides a deterministic execution model and GPIO-
driven timing capability. As a result, MCX A devices can reliably meet the strict signaling requirements of MIP
displays without requiring dedicated hardware display controllers.

The MCX A174 serves as an effective reference platform due to its balanced memory footprint, low‑power
architecture, and integrated SmartDMA engine. In this design, the CPU is responsible for frame buffer rendering
and application logic, while SmartDMA autonomously handles timing‑critical LCD update sequences. This clean
division of responsibilities significantly reduces CPU workload, enables aggressive use of low‑power modes,
and provides a predictable and scalable display‑update mechanism.

The presented architecture demonstrates how SmartDMA can operate as a programmable display timing
controller, generating SCLK, DEN, ENBG/ENBS, and SI[7:0] waveforms with cycle‑accurate precision. This
capability eliminates the timing jitter normally associated with CPU‑driven GPIO toggling and ensures reliable
pixel‑memory updates across all rows and columns of the MIP panel.

The techniques and structure described in this document can be applied broadly to:

• MIP panels with different resolutions and interface variants
• Partial or region‑specific updates
• Always‑on, battery‑powered wearable or IoT devices
• Any GPIO‑driven display interface that requires deterministic signal timing

By pairing the energy efficiency of MIP technology with the autonomous execution capability of SmartDMA,
MCX A series MCUs deliver a robust and highly optimized platform for next‑generation low‑power display
designs.

6   Acronyms

Table 4 lists the acronyms used in this document along with their description.

Term Description

DEN Data Enable

DMA Direct Memory Access

ENBG/ENBS Vertical Write Enable/Horizontal Write Enable Signals

MIP Memory-In-Pixel

SCLK Serial Clock

UIs User Interfaces

Table 4. Acronyms
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8   Revision history

Table 5 summarizes the revisions to this document.

Document ID Release date Description

AN15124 v.1.0 12 October 2026 Initial public release

Table 5. Revision history
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