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1 Introduction

The i.MX 9 applications processor family supports a wide range of edge applications across automotive,
industrial, networking, connectivity, and advanced human-machine interface markets. It features a
heterogeneous compute architecture with three types of cores optimized for three types of domains. Up to
six Arm Cortex-A55 cores provide high performance for the application domain. The Arm Cortex-M7 and Arm
Cortex-M33 cores support two independent real-time domains. The Arm Cortex-M7 targets high-performance
real-time usage, and the Cortex-M33 is intended for safety-critical, networking, and low-power usage.

Low Power Compute (LPC) mode is a system configuration in which most high-performance domains — such

as the Cortex-A55 cluster and the DRAM subsystem — are powered down. This mode enables the system to
continue operating with significantly reduced power consumption by executing workloads solely on Cortex-M
processors. LPC mode is ideal for control loops, low-rate data processing, basic communications, or standalone
subsystem operation.

This documentation describes how to use the Low Power Compute features supported in the System Manager.

2 Architecture

This section describes the SoC architecture and software architecture.

2.1 SoC architecture

This section takes the i.MX 95 SoC architecture block diagram as an example. The i.MX 943 is similar.
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Figure 1. i.MX 95 SoC architecture
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2.1.1 Domains

The i.MX 95/943 SoC is composed of many domains. Most of the domains has dedicated power switches,

How to Use Low Power Compute Mode on i.MX 95 and i.MX 943

which can be turned on and off separately.

Table 1. Domains

(i.MX 95 only)

an interface to CSl-2-compliant sensors, perform image signal
processing on the camera stream, and provide an interface to DSI-
compliant display devices.

Domain Description Power off?

Always-On (AON) domain Known as AONMIX. The AON domain includes the Cortex-M33 NO
processor (runs System Manager), the EdgeLock Enclave, and a set of
peripherals.

Wakeup (WU) domain Known as WAKEUPMIX. The Wakeup domain includes an assortment |YES
of peripherals that support audio, memory, timer, communication, and
motor drive (i.MX 943) applications.

Battery-Backup (BB) domain |Known as BBSMMIX. The BBSM serves as the nonvolatile security NO
logic and storage for the ELE. This domain also controls the 32 kHz
oscillator source for the chip.

Clock, Reset, and Power SRC controls the reset and booting of the chip. The CCM clock root NO

(CCMSRCGPC) domain generation logic generates various clock roots and delivers them to
each module. GPC controls the power mode of the chip and manages
the power gating in low-power modes and the power-up and power-
down sequences.

Analog domain Known as ANAMIX. The Analog domain includes the 24 MHz OSC that |[YES
generates the reference clock to the chip. The oscillators, PLLs, and
pre-dividers generate clock sources with fixed or variable frequency.

Cortex-M7 platform domain  |Known as M7MIX. The Cortex-M7 domain consists of the Cortex-M7 YES
platform, which targets real-time and safety applications.

Cortex-A55 platform domain |The Cortex-A55 domain consists of the six Cortex-A55 cores to make |YES
up the application cluster.

Network-on-Chip (NoC) Known as NOCMIX. The NoC domain provides interconnectivity YES

domain between several domains within the chip.

NET Controller (NETC) Known as NETCMIX. The NETC domain includes Ethernet, time- YES

domain sensitive networking functions. i.MX 943 also includes Ethernet switch
and M33_Sync core in this domain.

DRAM domain The DRAM and PHY DRAM controllers support LPDDR5 and YES
LPDDR4x DDR SDRAMs.

High-Speed 1/O (HSIO) The PCle and USB controllers of the HSIO domain enable high-speed |YES

domain communication.

Neural Processing Unit Known as NPUMIX. The NPU domain consists of the NPU complex, YES

(NPU) domain which provides hardware acceleration for ML applications.

Graphics Processing Unit Known as GPUMIX. The GPU domain features a GPU graphics YES

(GPU) domain acceleration platform for rendering complex graphics data and

(i.MX 95 only) performing general-purpose processing tasks.

Video Processing Unit (VPU) |Known as VPUMIX. The VPU domain includes a high-performing YES

domain video-processing unit.

(i.MX 95 only)

Camera domain Known as CAMERAMIX. The modules in the Camera domain provide |YES
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Table 1. Domains...continued

Domain Description Power off?

Display domain Known as DISPMIX. The i.MX 95 Display domain contains two display |YES
engines for DSI/LVDS interfaces and 2D blit operations. The i.MX 943
Display domain contains DCIF controller and PXP 2D engine.

Note: YES = can power off

2.1.2 SoC driving mode

i.MX 95/943 supports different driving modes: Over Drive (OD), Nominal Drive (ND), Low Drive (LD) mode.
Each driving mode has its own typical voltage for the core power supply: VDD_SOC.

Note: VDD ARM on i.MX 95 can also support OD/ND/LD driving mode. Because VDD _ARM is powered off in
low-power compute mode, this document focuses on the VDD _SOC only.

Table 2. Voltage table for VDD_SOC
Over drive mode Nominal drive mode Low drive mode

VDD_SOC 09V 0.85V 08V

Reducing core voltage can certainly save power, but it also lowers the performance level of each domain. The
table below shows the maximum clock frequency for each domain under different driving modes.

In the following tables, Park mode refers to a software-defined low-drive mode that uses an extremely low, fixed
24 MHz clock from the OSC24 source, with all PLLs turned off to save power.

Table 3. i.MX 95 performance level table (Max. frequency)

Domain Over drive mode Nominal drive mode Low drive mode Park mode (MHz)
(MHz) (MHz) (MHz)
CM33 333 250 166 24
CM7 800 666 400 24
HSIO 500 400 250 24
NPU 1000 800 500 24
GPU 100 800 500 24
VPU 666 500 333 24
Camera 800 666 400 24
Display 800 666 400 24
NOC 800 666 400 24
WAKEUP 400 333 200 24

Table 4. i.MX 943 performance level table (Max. frequency)

Domain Over drive mode Nominal drive mode Low drive mode Park mode (MHz)
(MHz) (MHz) (MHz)

CM33 333 250 166 24

CM33_Sync 266 250 142 24

CM7 (0/1) 800 666 400 24
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Table 4. i.MX 943 performance level table (Max. frequency)...continued

Domain Over drive mode Nominal drive mode Low drive mode Park mode (MHz)
(MHz) (MHz) (MHz)

HSIO 500 400 250 24

NPU 1000 800 500 24

Display 400 333 200 24

NOC 500 400 250 24

WAKEUP 400 333 200 24

To balance power and performance, users can choose the lowest driving mode, which lowers the core supply
voltage while still meeting performance requirements within the appropriate frequency range.

2.2 Software architecture

Linux Kernel (CA55)

Device PM

CPUidle Suspend

SCMI ! scMI K

CPU | system | perf clock sensor power

lIm voltage pinctrl bbm

ESCaEaEa gl

m" PMIC RTC

Figure 2. Software architecture

SoC

As shown in the software architecture block diagram above, the System Manager provides a mechanism to
manage the power, performance, clock, reset, and pin control by providing System Control and Management
Interface (SCMI defined by Arm) to other cores. The software running on Cortex-A55/M7/M33 can determine
how to configure and use different power modes.

In the default BSP, the Linux power-management and device subsystems communicate with the System
Manager directly by SCMI or through ATF to implement features of CPU idle, Suspend-to-RAM, CPU frequency,
clock management, and power-domain. The CM7 SDK power mode switch demo manages the CM7 power
status using the SCMI API.
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Most high-performance and multimedia domains have their power status tied to the Cortex-A55 domain.

This means when Linux is suspended to RAM (with the Cortex-A55 domain powered off), Linux requests the
System Manager to turn off the domains, such as DRAM, VPU, GPU, NPU, Display, Camera, and HSIO. Those
domains remain off during suspend. Other domains like WAKEUP, NOC, NETC, CM7 can be managed by the
CM7 software.

The Low Power Compute feature is designed for the use cases where Linux is suspended to RAM (with the
Cortex-A55 domain powered off). In this mode, the CM7 core may remain idle or execute tasks that do not
require high performance, such as math computing, low speed peripherals communication like FlexCAN and
SPI.

3 Use case example

Two representative use cases demonstrate the operational benefits of LPC mode:

* CM7 computing in TCM
The Cortex-M7 runs entirely from TCM, with all non-essential domains powered down and the DDR device
kept in retention mode. This configuration supports deterministic, low-latency compute tasks such as FFT
processing. Enable LPC under this use case, which can save around 400 mW on the total SoC power
consumption.

* NETC switch standalone mode
i.MX 943 NETC switch standalone mode, in which the NETC domain and CM33S (CM33_Sync) core remain
powered on while the Cortex-A55, DRAM, NOC, and WAKEUP domains are turned off. This mode allows
TSN packet forwarding in an ultra-low-power system state. Enable LPC under this use case, which can save
around 480 mW on the total SoC power consumption.
This example code can be found as the netc_switch standalone demo in formal SDK release.

4 How to

To request and enter low power compute mode, perform the following steps:

1. Place the Linux system into Suspend-to-RAM mode.
Run echo mem > /sys/power/state inthe Linux console.
2. The software on CM7 or CM33S (i.MX 943 only) requests for:
a. System sleep with performance-level configurations.
b. Power off domains, which would not be used.
c. Core run under low-power compute mode.
3. System Manager enters IDLE (automatically or by entering id1e on the interface).

This section focuses on Step 2 for the Cortex-M core software.

5 SCMI APIs

To support Low Power Compute mode, there are several SCMI APIs defined based on the Arm basic SCMI
protocol (SCMI_PROTOCOL_SYS)and NXP vendor extended protocol (SCMI_PROTOCOL_ CPU).

Table 5. Summary table

API Purpose Typical use in LPC

SCMI_SystemPowerStateSet |Setthe system sleep mode with performance level |Select low drive mode.
(drive mode).
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Table 5. Summary table...continued

API Purpose Typical use in LPC

SCMI_CpuPdLpmConfigSet Power off/on specific domains. Power off NOC/WAKEUP domain,
etc.

SCMI_ CpulrgWakeSet Set/Clear GPC wake IRQs. Clear pending IRQs before
entering LPC.

SCMI_CpuSleepModeSet Set CPU low-power state. Keep CM33/CM7 in RUN with
LPC.

5.1 SCMI_SystemPowerStateSet

int32 t SCMI SystemPowerStateSet (uint32 t channel, uint32 t flags, uint32 t
systemState) ;

Description:

This function sends a command to set the system power state through the System Control and Management
Interface (SCMI) protocol. It allows the caller to request various system power transitions, such as shutdown,
reset, suspend, and sleep operations with performance level settings.

Protocol: SCMI PROTOCOL SYS (0x12)
Message ID: SCMI MSG SYSTEM POWER STATE SET (0x3)
Parameters:

* channel: SCMI channel identifier used for communication, usually 0
e flags: Graceful request

— 0x1: Graceful request

— 0x0: Non graceful request
* systemState: Desired system sleep mode settings

Table 6. System sleep mode settings

Command Msg Sleep mode performance level Sleep mode Sleep flags
ID reserved
Bits [31:24] Bits [23:20] Bits [19:16] Bits [15:0]
0xCO 0x0 - Park mode Reserved 0x1 — Keep SM active
0x1 - LowDrive mode 0x2 - Keep FRO active
0x2 - NominalDrive mode 0x4 - Keep SYSCTR active
0x3 - OverDrive mode 0x8 - No PMIC_STBY assertion
0x10 - Keep OSC24M active

Returned Value:

* 0: Success. Power state command accepted.
 Others: Failure.

5.2 SCMI_CpuPdLpmConfigSet

int32 t SCMI CpuPdLpmConfigSet (uint32 t channel, uint32 t cpuld, uint32 t
numConfigs, const scmi pd lpm config t *pdConfigs);

Description:
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This function configures a list of power domains Low Power Mode settings through the System Control and
Management Interface (SCMI) protocol. It allows the caller to request power off or keep power of a set of
domains under suspend or LP Compute mode.

Protocol: SCMI PROTOCOL CPU (0x82)
Message ID: SCMI_MSG CPU_PD LPM CONFIG SET (OxA)
Parameters:

* channel: SCMI channel identifier used for communication, usually 0

* cpuld: CPU identifier to configure

* numConfigs: number of power domain LPM configuration structures in pdConfigs
* pdConfigs: LPM configuration structure array

typedef struct
{

uint32 t domainId; /* domain id for this configure */
uint32 t lpmSetting; /* lpm settings */
uint32 t retMask; /* domain memory retention */

} scmi pd lpm config t;
lpmSetting:

- 0: Off

— 1: On when the CPU is RUN

— 2: On when the CPU is RUN/WAIT, off in STOP/SUSPEND
— 3: On when the CPU is RUN/WAIT/STOP, off in SUSPEND
—4: On always

Returned Value:

* 0: Success. LPM configuration request successfully,
* Others: Failure,

5.3 SCMI_CpulrqWakeSet

int32 t SCMI CpulrgWakeSet (uint32 t channel, uint32 t cpuld, uint32 t maskIdx,
uint32 t numMask, const uint32 t *mask);

Description:

This function configures which interrupts can wake up a CPU from low-power or sleep states through the
System Control and Management Interface (SCMI) protocol. It can be used to clear all the wakeup sources in
GPC for the CPU before it goes to low power compute mode.

Protocol: SCMI PROTOCOL CPU (0x82)
Message ID: SCMI MSG CPU IRQ WAKE SET (0x8)
Parameters:

* channel: SCMI channel identifier used for communication, usually 0
* cpuld: CPU identifier to configure

* maskIdx: GPC IRQ wakeup mask register start index

* numMask: how many mask registers need to be configured

* mask: mask value array

Returned Value:
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* 0: Success. IRQ wake configuration applied.
* Others: Failure.

5.4 SCMI_CpuSleepModeSet

int32 t SCMI CpuSleepModeSet (uint32 t channel, uint32 t cpuld, uint32 t flags,
uint32 t sleepMode) ;

Description:

This function configures the CPU sleep mode through the System Control and Management Interface (SCMI)
protocol. It allows the caller to request specific low-power states for the CPU core.

Protocol: SCMI PROTOCOL CPU (0x82)
Message ID: SCMI_MSG CPU_SLEEP MODE SET (0x7)
Parameters:

* channel: SCMI channel identifier used for communication, usually 0
* cpuld: CPU identifier to configure
e flags
— 0x1: switch wakeup from GPC to GIC for A55 (For A55 CPU only)
— 0x2: wake A55 cores during A55 platform wakeup (For A55 CPU only)
— 0x4: enable LP compute during system sleep (For Cortex-M CPU)
* sleepMode: Desired CPU sleep mode
- 0x0: RUN
— 0x1: WAIT
- 0x2: STOP
— 0x3: SUSPEND

Returned Value:

* 0: Success. Sleep mode command accepted.
* Others: Failure.

6 Program flow

This section takes the i.MX 943 NETC switch standalone use case as an example, which can be found in the
SDK demo.

6.1 Entering LPC

To enter LPC, perform the following steps:

1. Specify the performance level required during system sleep.
For example, set the low drive mode performance level during system sleep.

SCMI_SystemPowerStateSet(SCMI_AZP, SCMI_ SYS FLAGS GRACEFUL (1U),

SCMI_SYS STATE MODE | SCMI_SYS SLEEP MODE (0x10) | SCMI_SYS SLEEP FLAGS (0));

2. Specify which power domains need to be on or off during system sleep.
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For example, keep the NETC domain and memory on, and power off the NOC and WAKEUP domains.

.domainId = SYSTEM POWER PLATFORM MIX SLICE IDX NETC;
.lpmSetting = SCMI " CPU LPM SETTING ON ALWAYS

.retMask = 1U << SYSTEM POWER PLATFORM MEM SLICE IDX NETC;
.domainId = POWER MIX SLICE IDX NOC;

.lpmSetting = SCMI CPU LPM SETTING ON_RUN WAIT STOP;

.retMask = 0U;

lpmConfig[2] .domainId = POWER MIX SLICE IDX WAKEUP;
lpmConfig[2].1lpmSetting = SCMT CPU LPM SETTING ON_RUN WAIT STOP;
lpmConfig[2] .retMask = 0U;

SCMI CpuPdLpmConfigSet (SCMI A2P, SYSTEM PLATFORM M33S ID, 3U, lpmConfig):;

lpmConfig[0
lpmConfigl[0
lpmConfig[0
lpmConfig([l
lpmConfig[1l

]
]
]
]
]
lpmConfig([1l]
]
]

3. Clear all GPC wake sources because the CPU remains active during system sleep.

SCMI CpulrgWakeSet (SCMI_A2P, SYSTEM PLATFORM M33S ID, 0U, 15, wakeMask);

Note: wakeMask is an array of 15 items, with all values of OxFFFFFFFF.
4. Request LP COMPUTE when setting the CPU sleep mode to RUN.

SCMI CpuSleepModeSet (SCMI_A2P, SYSTEM PLATFORM M33S ID,
SCMI_CPU_FLAGS_LP_COMPUTE(lU) SCMI CPU SLEEP RUN)

6.2 Exiting LPC

Exiting LPC is simple. Call SCMI CpuSleepModeSet to draw the CM33 or CM7 out of LPC mode.

SCMI_ CpuSleepModeSet (SCMI_A2P, SYSTEM PLATFORM M33S ID,
SCMI_CPU FLAGS LP_COMPUTE (0U), SCMI CPU SLEEP RUN)

7 Conclusion

Low Power Compute mode provides an effective means to reduce system power consumption on the i.MX
95/943 platform while maintaining essential real-time or networking functionality. By applying SCMI-based
control mechanisms, software can precisely manage domain power states and processor execution modes to
meet application requirements with optimal efficiency.

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 2026 NXP Redistribution and use in source and binary forms, with or without modification, are
permitted provided that the following conditions are met:

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 I1S" 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
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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

9 Revision history

Table 7 summarizes the revisions to this document.

Table 7. Revision history

Document ID

Release date

Description

AN14935 v.1.0

16 March 2026

Initial public release
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