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1 i.MX 93 introduction

The i.MX 93 family represents NXP’s latest power-optimized processors for smart home, building control, contactless HMI, loT
edge, Automotive, and Industrial applications.

The i.MX 93 includes powerful dual Arm® Cortex®-A55 processors with speeds up to 1.7 GHz integrated with a NPU that
accelerates machine learning inference. A general-purpose Arm® Cortex®-M33 running up to 250 MHz is for real-time and
low-power processing. Robust control networks are possible via CAN-FD interface. Also, dual 1 Gbps Ethernet controllers, one
supporting Time Sensitive Networking (TSN), drive gateway applications with low latency.

The i.MX 93 Commercial qualified part is particularly useful for applications such as:
* Home automation
» Smart home hub/hue bridge
* Audio sounder-bar
* Smart doorbell
* Smart lock
* Smart thermostat

» Smart docking station

Table 1. Features

Subsystem Features

Cortex®-A55 MPCore platform Two Cortex®-A55 processors operating up to 1.7 GHz
» 32 KB L1 Instruction Cache

» 32 KB L1 Data Cache

* 64 KB per-core L2 cache

* Media Processing Engine (MPE) with Arm® Neon™ technology supporting the
Advanced Single Instruction Multiple Data architecture

* Floating Point Unit (FPU) with support of the Arm® VFPv4-D16 architecture

Supports of 64-bit Arm® v8.2-A architecture

256 KB cluster L3 cache

Parity/ECC protection on L1 cache, L2 cache, and TLB RAMs

Cortex®-M33 core platform « Stand by monitoring with Cortex®-A55 and other high-power modules
power gated

Cortex®-M33 CPU operating up to 250 MHz
» Supports FPU
» Supports MPU
» Supports NVIC
» Supports FPB
» Supports DWT and ITM

Table continues on the next page...
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Subsystem

Features

« Two-way set-associative 16 KB System Cache with parity support
» Two-way set-associative 16 KB Code Cache with parity support

» 256 KB tightly coupled memory (TCM)

Neural Processing Unit (NPU)

Neural Network performance (256 MACs operating up to 1.0 GHz and 2 OPS/MAC)
* NPU targets 8-bit and 16-bit integer RNN
» Handles 8-bit weights

Image Sensor Interface (1SI)

» Standard pixel formats commonly used in many camera input protocols
* Programmable resolutions up to 2K
» Image processing for:
— Supports one source of up to 2K horizontal resolution
— Supports pixel rate up to 200 Mpixel/s
» Image down scaling via decimation and bi-phase filtering
» Color space conversion

* Interlaced to progressive conversions

On-chip memory

Boot ROM (256 KB) for Cortex®-A55

Boot ROM (256 KB) for Cortex®-M33

On-chip RAM (640 KB)

External memory interface

16-bit DRAM interface:
+ LPDDR4X/LPDDR4 with inline ECC
» Supports up to 2 Gbyte DDR memory space

Three Ultra Secure Digital Host Controller (uUSDHC) interfaces:

* One eMMC 5.1 (8-bit) compliance with HS400 DDR signaling to support up to 400
MB/sec

* One SDXC (4-bit, no eMMC5.1, with extended capacity)

+ One SDIO (4-bit, SD/SDIO 3.01 compliance with 200 MHz SDR signaling and up
to 100 MB/sec)

FlexSPI Flash with support for XIP (for Cortex®-A55 in low-power mode) and support
for either one Octal SPI or Quad SPI FLASH device. It also supports both Serial NOR
and Serial NAND flash using the FlexSPI.

Pixel Pipeline (PXP)

IMX93CEC

* BitBlit
 Flexible image composition options—alpha, chroma key

 Porter-Duff operation

Table continues on the next page...
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Subsystem

Features

» Image rotation (90°, 180°, 270°)

* Image resize

» Color space conversion

» Multiple pixel format support (RGB, YUV444, YUV422, YUV420, YUV400)
« Standard 2D-DMA operation

LCDIF Display Controller

The LCDIF can drive any of three displays:
+ MIPI DSI: up to 1920x1200p60
+ LVDS Tx: up to 1366x768p60 or 1280x800p60
+ Parallel display: up to 1366x768p60 or 1280x800p60

MIPI CSI-2 Interface

One 2-lane MIPI CSI-2 camera input:
» Complaint with MIPI CSI-2 specification v1.3 and MIPI D-PHY specification v1.2
» Supports up to 2 Rx data lanes (plus 1 Rx clock lane)
» Supports 80 Mbps — 1.5 Gbps per lane data rate in high speed operation

» Supports 10 Mbps data rate in low power operation

MIPI DSI Interface

One 4-lane MIPI DSI display with data supplied by the LCDIF
» Compliant with MIPI DSI specification v1.2 and MIPI D-PHY specification v1.2

» Capable of resolutions achievable with a 200 MHz pixel clock and active pixel rate
of 140 Mpixel/s with 24-bit RGB.

» Supports 80 Mbps—1.5 Gbps data rate per lane in high speed operation

» Supports 10 Mbps data rate in low power operation

Audio

» Three SAl interfaces:
— SAIl1 supports 2 lanes TX and 1 lane RX
— SAI2 supports 4 lanes TX and RX
— SAI3 supports 1 lane TX and RX

— SAI2 and SAI3 support glue-less switching between PCM and stereo
DSD operation

* One SPDIF supports raw capture mode that can save all the incoming bits into
audio buffer

* 24-bit PDM supports up to 8-microphones (4 lanes)

GPIO and input/output multiplexing

General-purpose input/output (GPIO) modules with interrupt capability

Input/output multiplexing controller IOMUXC) to provide centralized pad control

Power management

IMX93CEC

Temperature sensor with programmable trip points

Table continues on the next page...
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Table 1. Features ...continued

Subsystem Features

Flexible power domain partitioning with internal power switches to support efficient
power management

Connectivity Two USB 2.0 controllers and PHYs interfaces

Two Controller Area Network (FlexCAN) modules, each optionally supporting flexible
data-rate (FD)

Two Improved Inter Integrated Circuit (I3C) modules

Two 32-pin FlexlO modules

Three Ultra Secure Digital Host Controller (uUSDHC) interfaces

Two Ethernet controllers (capable of simultaneous operation):

» One Gigabit Ethernet controller with support for Energy Efficient Ethernet (EEE),
Ethernet AVB, and IEEE 1588

* One Gigabit Ethernet controller with support for TSN in addition to EEE, Ethernet
AVB, and IEEE 1588

Eight Low Power SPI (LPSPI) modules

Eight Low Power 12C modules

Eight Low Power Universal Asynchronous Receiver/Transmitter (LPUART) modules:

* Programmable baud rates up to 5 Mbps

One Analog-to-Digital Converter (SAR ADC) module
* 12-bit 4-channel with 1 MS/s

Security Trusted Resource Domain Controller (TRDC)

» Supports 16 domains

Arm® TrustZone® (TZ) architecture, including both Trustzone-A and Trustzone-M

On-chip RAM (OCRAM) secure region protection using OCRAM controller

®
EdgelLock™ secure enclave

Battery Backed Security Module (BBSM)

» Secure real-time clock (RTC)

System debug Arm® CoreSightTM debug and trace technology

Embedded Trace FIFO (ETF) with 4 KB internal storage to provide trace buffering

Unified trace capability for dual core Cortex®-A55 and Cortex®-M33 CPUs

Table continues on the next page...
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Subsystem

Features

Cross Triggering Interface (CTI)

Support for 4-pin (JTAG) debug interface and SWD

1.1 Ordering information

Table 2 provides examples of orderable part numbers covered by this Data Sheet.

Table 2. Ordering information

IMX93CEC

Part | Number GDET . Packag
. Max . Connecti .
Part number | differen | of Cores speed NPU Camera Display vit Audio | DDR e
tiator | (A55) | °P y
MIMX9352D 5 2 1.7 | NPy |Disable| . 2ane o 4-ane | + 2x |7xI12s| 3.7 |[11x11
VVXMAB GHz d 1080p30 1080p6 GbE | TDM | GT/s | mm,
0.5 mm
MIMX9352D MIPI CSI OMIPL :
DSl pitch
VVXMAC « Parallel USB
camera ¢ 4-lane 2.0
LVDS
« Parallel
display
MIMX9351D 5 1 1.7 | NPy |Disable| . 2ane e 4-ane | + 2x |7xI2s| 3.7 |[11x11
VVXMAB GHz d 1080p30 1080p6 GbE | TDM | GT/s | mm,
0.5 mm
MIMXS351D MIPI CSI OMIPL| :
DSl pitch
VVXMAC « Parallel USB
camera ¢ 4-lane 2.0
LVDS
« Parallel
display
MIMX9332D 3 2 1.7 — | Disable | « 2.ane e 4-ane | + 2x |7xI2s| 3.7 |[11x11
VVXMAB GHz d 1080p30 1080p6 GbE | TDM | GT/s | mm,
0.5 mm
MIMXS332D MIPI CSI OMIPL| .
DSl pitch
VVXMAC « Parallel USB
camera ¢ 4-lane 2.0
LVDS
« Parallel
display
MIMX9331D 3 1 1.7 — | Disable | « 2.ane o 4-ane | + 2x |7xI2s| 3.7 |[11x11
VVXMAB GHz d 1080p30 1080p6 GbE | TDM | GT/s | mm,
0.5 mm
MIMXS331D MIPI CSI OMIPL| .
DSl pitch
VVXMAC « Parallel USB
camera 2.0

Table continues on the next page...
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Part | Number GDET ) Packag
. Max . Connecti .
Part number | differen | of Cores speed NPU Camera Display vit Audio | DDR e
tiator | (A55) | P y
¢ 4-lane
LVDS
« Parallel
display
MIMX9302D 0 2 900 — |Disable | « 2jane e 4-ane | + 2x |7x12S|1.866 | 11x 11
VVXDAB MHz d 1080p30 1080p6 GbE | TDM | GT/s | mm,
0.5 mm
MIMX9302D MIPI CSI oMPL| :
DSI pitch
VVXDACI' « Parallel USB
camera ¢ 4-lane 2.0
LVDS
« Parallel
display
MIMX9301D 0 1 900 — |Disable | « 2jane e 4-ane | + 2x |7x12S|1.866 | 11x 11
VVXDAB MHz d 1080p30 1080p6 GbE | TDM | GT/s | mm,
0.5 mm
MIMX9301D MIPI CSI oMPL| :
DSI pitch
VVXDACI' « Parallel USB
camera ¢ 4-lane 2.0
LVDS
« Parallel
display
MIMX9322D 2 2 1.7 | NPU |Disable |  parajlel Parallel « 1x |3xI12S| 32 | 9x9
VXXMAB GHz d camera display GbE | TDM | GT/s | mMm,
0.5 mm
MIMX9322D . X bitch
VXXMAC USB
2.0
MIMX9321D 2 1 1.7 | NpU |Disable |  pgrallel Parallel « 1x |3xI128| 32 | 9x9
VXXMAB GHz d camera display GbE | TDM | GT/s | mm,
0.5 mm
MIMX9321D . X bitch
VXXMAC USB
2.0
MIMX9312D 1 2 17 — | Disable | parallel Parallel « 1x |3xI12S| 32 | 9x9
VXXMAB GHz d camera display GbE | TDM | GT/s | mMm,
0.5 mm
VXXMAC USB
2.0
MIMX9311D 1 1 17 — | Disable | parallel Parallel « 1x |3xI12S| 32 | 9x9
VXXMAB GHz d camera display GbE | TDM | GT/s | mm,

IMX93CEC

Table continues on the next page...
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Table 2. Ordering information ...continued

Part | Number GDET . Packag
. Max . Connecti .
Part number | differen | of Cores speed NPU Camera Display vit Audio | DDR e
tiator | (A55) | P y
MIMX9311D < X 0.5 mm
VXXMAC UsB pitch
2.0

[1] Only support Low Drive mode

Figure 1 describes the part number nomenclature so that characteristics of a specific part number can be identified (for example,
cores, frequency, temperature grade, fuse options, and silicon revision). The primary characteristic which describes which data
sheet applies to a specific part is the temperature grade (junction) field.

* The i.MX 93 Applications Processors for Commercial Products Data Sheet (IMX93CEC) covers parts listed with a "D
(Commercial temp)"

» The i.MX 93 Applications Processors for Industrial Products Data Sheet (IMX93IEC) covers parts listed with a "C
(Industrial temp)"

» The i.MX 93 Applications Processors for Extended Industrial Products Data Sheet (IMX93XEC) covers parts listed with a "X
(Extended Industrial temp)"

* The i.MX 93 Applications Processors for Automotive Products Data Sheet (IMX93AEC) covers parts listed with an "A
(Automotive temp)"

Ensure to have the proper data sheet for specific part by verifying the temperature grade (junction) field and matching it to the
proper data sheet. If there are any questions, visit the web page nxp.com/IMX or contact an NXP representative for details.
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% &
Q @+VVS#H%
— —
Qualification Level L Silicon Revision
Family
Cortex-A maximum CPU frequency
#Cortex-A cores | Reserved
Temperature Tj support Package type
Qualification Q Family 93 Temperature Tj support Cortex-A maximum CPU
level frequency
_ Commercial: 0C to +95°C D
Samples P i.MX9300 93 1.7 GHz M
Industrial: -40°C to +105°C [}
Mass Production M 900 MHz D
Extended Industrial:-40°C to +125°C X
Special S
Automotive: -40°C to +125°C A
Reserved n
Sub-family 1" 9311 149314 9939 Can be used to designate special
X X X i
w versions, e.g., reduced GPU
mm mm mm Package type - performance
With NPU (Full - 5 5 2 14 x 14 mm, 0.65 mm pitch, VT No additional information required X
featured) FCBGA306
Reserved z
Without NPU 3 3 1 11 x 11 mm, 0.5 mm pitch, w
FCBGA306
Reduced 0 9 x 9 mm, 0.5 mm pitch, FCBGA208 VX
feature/performance Special Fuse
No special fuse A
#Cortex-A cores “ Silicon Rev “ Full featured with GDET enabled
Dual-core 2 Rev A1 B
Single core 1 Rev A2 c
Figure 1. Part number nomenclature—i.MX 93 processors

2 Block diagram

Figure 2 shows the functional modules in the i.MX 93 processor system.!!]

[1] Some modules shown in this block diagram are not offered on all derivatives. This block diagram may also show less
modules than available in some derivatives. See Table 2 for details.
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System Clock

Oscillator

PLLs

System Control
DMA

Watchdog, Periodic Timer
Timer/PWM x2, Timer x2

Temperature Sensor

Crypto Tamper Detection

System Control
DMA
Watchdog x3, Periodic Timer
Timer/PWM x2, Timer x2
Secure JTAG

Memory
3x SD/SDIO 3.0/eMMC 5.1
Octal SPI FLASH w/Inline Crypto
640 kB OCRAM w/ECC

Figure 2. i.MX 93 system block diagram

Main CPU

2x Cortex-A55
32 kB I-cache 32 kB D-cache

NEON 64 kB L2 Cache FPU

256 kB L3 Cache (ECC)

Low Power Real Time Domain

Low Power Security MCU
Arm Cortex-M33

16 kB+16 kB Code+Sys Cache
FPU MPU NVIC
256 kB TCM/OCRAM w/ECC

Edgelock Secure Enclave

Secure Clock Secure Boot

ML and Multimedia
5-lane I’'S TDM Tx/Rx, SPDIF

8 bpp Parallel YUV/RGB Camera
Parallel RGB Display
PXP with 2D Graphics
High-efficiency NPU
MIPI-CSI 2-lane w/PHY
MIPI-DSI 4-lane w/PHY
4-lane LVDS w/PHY

External DRAM

x16 LPDDR4/4X (Inline ECC)

Connectivity and I/O
LPUART x2, SPI x2

12C x2, I13C
CAN-FD

2-lane IS TDM Tx/Rx
8-ch PDM Mic Input
MQS

eFuse Key Storage  Random Number

LPUART x6, SPI x6

12C x6, 13C

CAN-FD

FlexlO x2

ADC (4-channel, 12-bit)

2x Gigabit Ethernet (1 w/TSN)

2x USB 2.0

3 Special signal considerations

Table 3 lists special signal considerations for the i.MX 93 processors. The signal names are listed in alphabetical order.

The package contact assignments can be found in Package information and contact assignments. Signal descriptions are
provided in the .MX 93 Reference Manual (IMX93RM).
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Table 3. Special signal considerations

Signal Name Remarks

CLKIN1/CLKIN2 CLKIN1 and CLKIN2 are input pins without internal pull-up and pull-down. An external 10K
pull-down resistor is recommended if they are not used.

NC These signals are No Connect (NC) and should be unconnected in the application.

ONOFF A brief connection to GND in the OFF mode causes the internal power management state machine
to change the state to ON. In the ON mode, a brief connection to GND generates an interrupt
(intended to be a software-controllable power-down). A connection to GND for a period of time
longer than the value configured in the BBNSM_CTRL[BTN_TIMEOUT] causes a forced OFF
(PMIC_ON_REQ output “L"), as long as there is no pending RTC alarm event or tamper event.

POR_B POR_B has no internal pull-up/down resistor, and requires external pull-up resistor
to NVCC_BBSM_1P8.

It is recommended that POR_B is properly handled during power up/down. Please see the EVK
design for details.

RTC_XTALI/RTC_XTALO | To hit the exact oscillation frequency, the board capacitors must be reduced to account for the board
and chip parasitics. The integrated oscillation amplifier is self-biasing, but relatively weak. Care
must be taken to limit the parasitic leakage from RTC_XTALI and RTC_XTALO to either the power
or the ground (> 100 MQ). This de-biases the amplifier and reduces the start-up margin.

If you want to feed an external low-frequency clock into RTC_XTALI, the RTC_XTALO pin must
remain unconnected or driven by a complementary signal. The logic level of this forcing clock
must not exceed the NVCC_BBSM_1P8 level and the frequency shall be < 50 kHz under the
typical conditions.

XTALI_24M/XTALO_24M | The system requires 24 MHz on XTALI/XTALO. The crystal cannot be eliminated by an external 24
MHz oscillator.

If this clock is used as a reference for USB, then there are strict frequency tolerance and jitter
requirements. See Clock sources and relevant interface specifications chapters for details.

3.1 Unused input and output guidance

If a function of the i.MX 93 is not used, the I/Os and power rails of that function can be terminated to reduce overall board power.
Table 4 is recommended connectivities for LVDS and other digital I/Os. Table 5 is recommended connectivities for MIPI. Table 6
is recommended connectivities for USB.

Table 4. Unused function strapping recommendations

Recommendations
Function Ball name
if unused
ADC ADC_INO, ADC_IN1, ADC_IN2, ADC_IN3 Tie to ground
TAMPER | TAMPERO, TAMPER1 Tie to ground
LVDS LVDS_CLK_P, LVDS_CLK_N, LVDS_Dx_P, LVDS_Dx_N Not connected
Table continues on the next page...
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Table 4. Unused function strapping recommendations ...continued

Recommendations
Function Ball name
if unused
VDD_LVDS_1P8 Tie to ground through 10 K
resistors without change
Digital 1/0 | NVCC_GPIO, NVCC_WAKEUP, NVCC_AON, NVCC_SD2 Tie to ground through 10
supplies KQ resistors if entire bank is
not used
Table 5. MIPI strapping recommendations
Function Ball name Recommendations
Only VDD_MIPI_0P8, VDD_MIPI_1P8 Supply
MIPI_CSI
used MIPI_DSI1_CLK_P, MIPI_DSI1_CLK_N, MIPI_DSI1_Dx_P, MIPI_DSI1_Dx_N Not connected
Only VDD_MIPI_0P8, VDD_MIPI_1P8 Supply
MIPI_DSI
used MIPI_CSI1_CLK_P, MIPI_CSI1_CLK_N, MIPI_CSI1_Dx_P, MIPI_CSI1_Dx_N Not connected
Neither | VDD_MIPI_0P8, VDD_MIPI_1P8 Tie to ground
MIPI_CSI
nor MIPI_CSI1_CLK_P, MIPI_CSI1_CLK_N, MIPI_CSI1_Dx_P, MIPI_CSI1_Dx_N Not connected
MIPI_DSI
used MIPI_DSI1_CLK_P, MIPI_DSI1_CLK_N, MIPI_DSI1_Dx_P, MIPI_DSI1_Dx_N Not connected
MIPI_REXT Tie to ground
Table 6. USB strapping recommendations
Function Ball name Recommendations
Only VDD_USB_3P3, VDD_USB_1P8, VDD_USB_0P8 Supply
uUsB1
used USB2_VBUS, USB2_D_P, USB2_D_N, USB2_ID, USB2_TXRTUNE Not connected
Only VDD_USB_3P3, VDD_USB_1P8, VDD_USB_0P8 Supply
USB2
used USB1_VBUS, USB1_D_P, USB1_D_N, USB1_ID, USB1_TXRTUNE Not connected
Neither |VDD_USB_3P3, VDD_USB_1P8, VDD_USB_0P8 Tie to ground
USB1 nor
USB2 USB1_VBUS, USB1_D_P, USB1_D_N, USB1_ID, USB1_TXRTUNE Not connected
used
USB2_VBUS, USB2_D_P, USB2_D_N, USB2_ID, USB2_TXRTUNE Not connected

4 Electrical characteristics

This section provides the device and module-level electrical characteristics for the i.MX 93 family of processors.
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4.1 Chip-level conditions

This section provides the device-level electrical characteristics for the IC. See Table 7 for a quick reference to the individual tables
and sections.

Table 7. i.MX 93 chip-level conditions

For these characteristics, ... Topic appears ...
Absolute maximum ratings Absolute maximum ratings
Thermal resistance Thermal resistance
Operating ranges Operating ranges
Clock sources Clock sources
Maximum supply currents Maximum supply currents
Power modes Power modes
Power supplies requirements and restrictions Power supplies requirements and
restrictions

4.1.1 Absolute maximum ratings

CAUTION

Stresses beyond those listed in the following table may reduce the operating lifetime or cause immediate permanent damage
to the device. The table below does not imply functional operation beyond those indicated in the operating ranges and
parameters table.

Table 8. Absolute maximum ratings

Parameter description Symbol Min Max Unit Notes
Core supplies input voltages VDD_SOC -0.3 1.15 \% —
GPIO supply voltage NVCC_GPIO, -0.3 3.8 \% —
NVCC_WAKEUP,
NVCC_AON
I/O supply for SD2 NVCC_SD2 -0.3 3.8 \% —
DDR PHY supply voltage VDD2_DDR -0.3 1.575 \% —
DDR 1/O supply voltage VDDQ_DDR -0.3 1.575 \Y, —
I/O supply and 1/O Pre-driver NVCC_BBSM_1P8 -0.3 2.15 V —
supply for BBSM bank
USB VBUS input detected USB1_VBUS, -0.3 3.95 \Y, —
USB2_VBUS
Power for USB OTG PHY VDD_USB_0P8 -0.3 1.15 \Y, —

Table continues on the next page...
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Table 8. Absolute maximum ratings ...continued

Parameter description Symbol Min Max Unit Notes

VDD_USB_1P8 -0.3 2.15 \Y —
VDD_USB_3P3 -0.3 3.95 \ —

MIPI PHY supply voltage VDD_MIPI_OP8 -0.3 1.15 \ —
VDD_MIPI_1P8 -0.3 2.15 \Y —

LVDS PHY supply voltage VDD_LVDS_1P8 0.3 2.15 Y, —

Analog core supply voltage VDD_ANA_0OP8 -0.3 1.15 \% —
VDD_ANAx_1P8 -0.3 2.15 \ Y

Input/output voltage range Vin/Vout -0.3 NVCC_XXX + \% —

2] 0.3

Storage temperature range TsTORAGE -40 150 °C —

[11 VDD_ANAXx_1P8 refers to VDD_ANAO_1P8, VDD_ANA1_1P8, and VDD_ANAVDET_1P8.

[2] Input and output voltages on the GPIO pins must remain within a minimum of —300 mV and a maximum of NVCC_XXX + 300 mV, where NVCC_XXX is the
operational GPIO supply voltage at the SoC. These limits include any DC offsets from the driving device as well as any AC transients—such as overshoot or
undershoot—occurring during signal switching.

Table 9. Electrostatic discharge and latch-up ratings

Parameter description Rating Reference Comment
Electrostatic Human Body Model (HBM) +1000 V JS-001
Discharge (ESD)
Charged Device Model (CDM) +250 V JS-002
Latch-up (LU) Immunity level: JESD78
* Classll@ 95 °C
ambient temperature
4.1.2 Thermal resistance
4.1.21 11 x 11 mm FCBGA package thermal characteristics
Table 10 displays the 11 x 11 mm FCBGA package thermal resistance data.
Table 10. 11 x 11 mm FCPBGA thermal resistance data
Rating Board Typel'l Symbol Values Unit
Junction to Ambient Thermal Resistancel?] JESD51-9, 2s2p Reua 225 °C/W
Junction-to-Top of Package JESD51-9, 2s2p WYyr 0.1 °C/W

IMX93CEC

Table continues on the next page...
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Table 10. 11 x 11 mm FCPBGA thermal resistance data ...continued

Rating Board Type!'l Symbol Values Unit

Thermal Characterization parameterm

Junction to Case Thermal Resistance JESD51-9, 1s Resc 6.4 °CIW

[1] Thermal test board meets JEDEC specification for this package (JESD51-9). Test board has 40 vias under die shadow mapped according to BGA layout under
die. Each via is 0.2 mm in diameter and connects top layer with the first buried plane layer.

[2] Determined in accordance to JEDEC JESD51-2A natural convection environment. Thermal resistance data in this report is solely for a thermal performance
comparison of one package to another in a standardized specified environment. It is not meant to predict the performance of a package in an application-
specific environment.

[3] Junction-to-Case thermal resistance determined using an isothermal cold plate. Case temperature refers to the package top side surface temperature.

4.1.2.2 9x9 mm FCBGA package thermal characteristics
Table 11 displays the 9 x 9 mm FCBGA package thermal resistance data.

Table 11. 9 x 9 mm FCPBGA thermal resistance data

Rating Board Typel'l Symbol Values Unit
Junction to Ambient Thermal Resistancel?] JESD51-9, 2s2p Reua 23.5 °C/W
Junction-to-Top of Package JESD51-9, 2s2p WYr 0.1 °C/W

Thermal Characterization parameterm

Junction to Case Thermal Resistance JESD51-9, 1s Reyc 5.2 °C/W

[1] Thermal test board meets JEDEC specification for this package (JESD51-9). Test board has 40 vias under die shadow mapped according to BGA layout under
die. Each via is 0.2 mm in diameter and connects top layer with the first buried plane layer.

[2] Determined in accordance to JEDEC JESD51-2A natural convection environment. Thermal resistance data in this report is solely for a thermal performance
comparison of one package to another in a standardized specified environment. It is not meant to predict the performance of a package in an application-
specific environment.

[3] Junction-to-Case thermal resistance determined using an isothermal cold plate. Case temperature refers to the package top side surface temperature.

4.1.3 Power architecture

The i.MX power architecture is designed with the expectation that a dedicated PMIC supplies all required power rails,

ensuring compliance with stringent power-up and power-down sequencing requirements. While discrete component-based
implementations are technically viable, they typically lead to increased BOM cost, greater design complexity, and a larger PCB
footprint. In contrast, the proposed PMIC solution is BOM-optimized, minimizes board area by integrating multiple power functions
into a single package, and simplifies system design by providing a validated, production-tested power management solution that
inherently meets the voltage and sequencing specifications of the i.MX platform.

NVCC_BBSM_1P8 must be powered first and stay until the last.
The digital logic inside chip will be supplied with VDD_SOC, which can be nominal or overdrive voltage or a "Low Drive" voltage.

The DRAM controller and PHY have multiple external power supplies:

Table 12. Power supplies of the DRAM controller and PHY

Power supplies Modules

VDD_SOC SoC synthesized DRAM controller digital logic
VDD_ANA_0P8 DRAM PLL and PHY digital logic
VDD_ANAXx_1P8 DRAM PLL and PHY analog circuitry

Table continues on the next page...
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Table 12. Power supplies of the DRAM controller and PHY ...continued

Power supplies Modules
VDD2_DDR 1.1V DRAM PHY 1/O supply
VDDQ_DDR 0.6 V DRAM PHY 1/O supply for LPDDR4X

For all the integrated analog modules, their 1.8 V analog power will be supplied externally through power pads. These supplies
are separated with other power pads on the package to keep them clean, but they can be directly shared with other power rails
on the board to reduce the number of power supplies from the PMIC.

For the integrated LVDS PHY, MIPI PHY, and USB PHYs, their 3.3 V (where supported), 1.8 V, and digital power will be supplied
externally through power pads. The powers to those PHYs are separated with other power pads on the package to keep them
clean, but they can be directly shared with other power rails on the board to reduce the number of power supplies from the PMIC.

For BBSM/RTC, the 1.8 V I/O pre-driver supply and 1.8 V I/O pad supply will also be supplied externally. The BBSM_LP core digital
domain logic is supplied by an internal LDO.

Figure 3 is the power architecture diagram for the whole chip. Note that it only shows power supplies, and does not show capacitors
that may be required for internal LDO regulators.
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Figure 3. Power architecture of .MX 93 family of processors

Note: If ADC is used, external voltage reference is recommended for VDD_ANAx_1P8 fo improve the ADC ENOB.
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4.1.4 Operating ranges

Table 13 provides the operating ranges of the i.MX 93 processors. For details on the chip's power structure, see the "Clock and
Power Overview" chapter of the . MX 93 Reference Manual (IMX93RM).

Table 13. Operating ranges

IMX93CEC

Parameter Description Symbol Min Typ | MaxI | Unit Comment
Power supply for SoC VDD_SOC 0.85 0.90 0.95 V Power supply for SoC,
logic and Arm core overdrive mode
0.80 0.85 0.90 \% Power supply for SoC,
nominal mode
0.76 0.80 0.84 \Y, Power supply for SoC, low
drive mode
0.61 0.65 0.70 \% Power supply for SoC,
suspend mode
Digital supply for PLLs, VDD_ANA_0P8 0.76 0.80 0.84 vV =
temperature sensor,
LVCMOS /O, MIPI, VDD_MIPI_OP8
and USB PHYs
VDD_USB_0P8
1.8 V supply VDD_ANAXx_1P8 1.71 1.80 1.89 \Y [2
for PLLs, eFuse,
Temperature sensor, VDD_LVDS_1P8
LVCMOS voltage
detect reference, ADC, VDD_MIPI_1P8
24 MHz XTAL, LVDS,
MIPI, and USB PHYs VDD_USB_1P8
3.3V supply for VDD_USB_3P3 3.069 3.30 3.45 vV =
USB PHY
Voltage supply for VDD2_DDR 1.06 1.10 1.14 V —
DRAM PHY
Voltage supply for VDDQ_DDR 1.06 1.10 1.14 \Y, LPDDR4
DRAM PHY I/O
0.57 0.60 0.67 \Y LPDDR4X
I/O supply and 1/O pre- NVCC_BBSM_1P8 1.62 1.80 1.98 \% —
driver supply for GPIO
in BBSM bank
Power supply for GPIO NVCC_AON 1.62 1.80 1.98 vV =
when itisin 1.8 V mode
NVCC_SD2 3.00 3.30 3.465 vV =
Power supply for GPIO NVCC_GPIO
whenitisin 3.3V mode NVCC_WAKEUP

Table continues on the next page...
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Table 13. Operating ranges ...continued

Parameter Description Symbol Min Typ | MaxI | Unit Comment

Temperature Ranges

Junction temperature Tjtd! 0 — +95 °C | See the application note, i.MX 93
—Commercial Product Lifetime Usage Estimates

for information on product lifetime
Ambient temperature Ta 0 — — (power-on hours) for this processor.
—Commercial

[1] Applying the maximum voltage results in maximum power consumption and heat generation. NXP recommends a voltage set point = (Vi + the supply tolerance).
This result in an optimized power/speed ratio.

[2] VDD_ANAXx_1P8 refers to VDD_ANAO_1P8, VDD_ANA1_1P8, and VDD_ANAVDET_1P8.

[3] Tj minimum temperature supported at startup where Tj = Ta.

4.1.5 Maximum frequency of main modules

Table 14 provides the maximum frequency of main modules in the i.MX 93 of processors.

Table 14. Maximum frequency of main modules(']

Frequency Frequency Frequency
Main modules
(Low Drive mode) (Nominal mode) (Overdrive mode)

EdgeLock® Secure Enclave 133 MHz 200 MHz 250 MHz
Cortex®-M33 core 133 MHz 200 MHz 250 MHz
Cortex®-A55 cores 0.9 GHz 1.4 GHz 1.7 GHz
DRAM 933 MHz 1400 MHz 1866 MHz
NPU 500 MHz 800 MHz 1000 MHz

[1] For more detailed information about clock, see Chapter Clock Controller Module (CCM) of .MX 93 Application Processor Estimated Power-on Hours.

4.1.6 Clock sources

4.1.6.1 External clock sources

The i.MX 93 processor is designed to function with quartz crystals to generate the frequencies necessary for operation. 24 MHz
for the main clock source and 32.768 kHz for the real time clock. External clock can be injected into RTC_XTALI if the frequency
precision and jitter precision are sufficient.

The XTAL input is used to synthesize all of the clocks in the system with the RTC_XTAL input contribution to time keeping and
low frequency operations.

Table 15 shows the interface frequency requirements.

Table 15. External input clock frequency

Parameter Description Symbol Min Typ Max Unit

RTC_XTALI Oscillatori] foril — 32.76812] — kHz

[1] External oscillator or a crystal with internal oscillator amplifier.
[2] Recommended nominal frequency is 32.768 kHz.
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Parameter Description Symbol Lor;vo:r(ieve Nominal mode O\r/:;?jllve Unit
EXT_CLK maximum frequency fext_cik 1 133 200 200 MHz
[1] Audio EXT_CLK signal muxed on either pin SD2_VSELECT or PDM_BIT_STREAMA1.
Table 17 shows the external input clock for OSC32K.
Table 17. RTC_OSC
Symbol Min Typ Max Unit
Frequency f — 32.768 — kHz
RTC_XTALI ViH 0.9 x NVCC_BBSM_1P8 — NVCC_BBSIM_1P8 \Y
ViL 0 — 0.1 x NVCC_BBSM_1P8 \
Duty cycle 45 — 55 %

For the case where an external clock is desired to be the source of the 32.768 kHz clock, the RTC_XTALI pin may be driven with
the RTC_XTALO pin disconnected.

4.1.6.2 On-chip oscillators

An externalA 24 MHz crystal is used in conjunction with the integrated amplifier to form a crystal oscillator that is used as the

reference clock for all frequency synthesis on the processor.A

Table 18. 24M quartz specifications!'!

Symbol Parameter Description Min Typ Max Unit
fXTAL Frequency a€” 24 a€” MHz
CLOAD Cload ag” 12 a€” pF
DL Drive level a€” a€” 100 Apw
ESR ESR ag” a€” 120 a,

[1] An external 24 MHz crystal is used in conjunction with the integrated amplifier to form a crystal oscillator that is used as the reference clock for all frequency

synthesis on the processor.

Table 19 shows 32K oscillator specifications.

Table 19. 32.768 kHZ quartz specifications

Symbol Parameter Description Min Typ Max Unit
fXTAL Frequency (crystal mode) [] ae 32.768 a€ kHz
CLOAD Cload &€’ 12.5 &€’ pF
ESR ESR a€” a€” 90 Ka,,|
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[1] Actual working drive level is dependent on real design. Please contact crystal vendor for selecting drive level of crystal.

4.1.7 Maximum supply currents

Power consumption is highly dependent on the application. Estimating the maximum supply currents required for power supply
design is difficult because the use cases that requires maximum supply current is not a realistic use cases.

To help illustrate the effect of the application on power consumption, data was collected while running commercial standard
benchmarks that are designed to be compute and graphic intensive. The results provided are intended to be used as guidelines

for power supply design.

Table 20. Maximum supply currents

Power rail Max current Unit
VDD_SOC 2700 mA
VDD_ANA_0P8 50 mA
VDD_ANAx_1P8 [] 250 mA
NVCC_BBSM_1P8 2 mA

NVCC_GPIO, NVCC_WAKEUP, NVCC_AON

Imax=NXxCxVx(0.5xF)

Where:

N—Number of 10 pins supplied by the power line
C—Equivalent external capacitive load

V—IO voltage

(0.5 x F)—Data change rate. Up to 0.5 of the clock
rate (F).

In this equation, |4y is in Amps, C in Farads, V in
Volts, and F in Hertz.

VDDQ_DDR 160 mA
vVDD2_DDR 525 mA
VDD_MIPI_OPS8 (for MIPI CSI-2 2-lane Rx PHY) 18 mA
VDD_MIPI_OPS8 (for MIPI-DSI 4-lane Tx PHY) 33 mA
VDD_MIPI_1P8 (for MIPI CSI-2 2-lane Rx PHY) 25 mA
VDD_MIPI_1P8 (for MIPI-DSI 4-lane Tx PHY) 9.5 mA
VDD_USB_3P3 (for USB PHY) 25.2 mA
VDD_USB_1P8 (for USB PHY) 36.2 mA
VDD_USB_0P8 (for USB PHY) 22.2 mA
VDD_LVDS_1P8 Max dynamic current 45 mA

[11 VDD_ANAx_1P8 refers to VDD_ANAO_1P8, VDD_ANA1_1P8, and VDD_ANAVDET_1P8.
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4.2 Power modes

This section introduces the power modes used in the i.MX 93.

4.2.1 Power mode definition

The i.MX 93 supports the following power modes:

RUN Mode: All external power rails are on, the Cortex-A55 is active and running; other internal modules can be on/off based
on application.

Low Power RUN Mode: This mode is defined as a very low power run mode with all external power rails are on. In this mode, all
the unnecessary power domain (MIX) can be off, except AONMIX and the internal modules required, such as OSC24M/PLL.
Cortex-M33 CPU in AONMIX handles all the computing and data processing. Cortex-A55 is power down and DRAM can
be in self-refresh/retention mode. All the modules in the AONMIX, such as SAI/CAN/LPUART, can be used directly. To use
modules in other power domain, such as WAKEUPMIX, the user can turn on additional peripherals and related power by
Cortex-M33 as needed. Additional low power modes are also supported, but do not have power characterized in the Data
Sheet. See the Reference Manual for a full set of power management capabilities.

IDLE Mode: This mode is defined as a mode, which the Cortex-A55 can automatically enter when there is no thread running
and all high-speed devices are not active. The Cortex-A55 can be put into power gated state but with L3 data retained, DRAM
and the bus clock are reduced. Most of the internal logic is clock gated, but still remains powered. Compared with RUN mode,
all the external power rails from the PMIC remain the same and most of the modules still remain in their state, so the interrupt
response in this mode is very small.

SUSPEND Mode: This mode is defined as the most power saving mode where all the clocks are off (including the Cortex-M33
CPU), all the unnecessary power supplies are off and all power gateable portions of the SoC are power gated. The Cortex-A55
CPU are fully power gated, all internal digital logic and analog circuit that can be powered down will be off, and all PHYs are
power gated. DRAM is set at self-refresh/retention mode. VDD_SOC (and related digital supply) voltage is reduced to the
"Suspend mode" voltage. The exit time from this mode will be much longer than IDLE, but the power consumption will also
be much lower.

BBSM Mode: This mode is also called RTC mode. Only the power for the BBSM domain remains on to keep RTC and BBSM
logic alive.

OFF Mode: All power rails are off.

Nole:

Beyond the modes defined here, additional options can be configured in software, such as fo adjust clock frequencies or gate
clocks through the CCM programming model, or to adjust on-die power-gating through the SRC or GPC programming model, or
to adjust the voltage supplied fo the VDD_SOC supply as per Operating ranges /n the Data Sheet.

Table 21 summarizes the external power supply states in all the power modes.

Table 21. The power supply states

Power rail OFF BBSM SUSPEND IDLE RUN/LP RUN
(Analog on)

NVCC_BBSM_1P8 OFF ON ON ON ON

VDD_SOC OFF OFF ON ON ON

VDD2_DDR OFF OFF ON ON ON

VDDQ_DDR

NVCC_<XXX> OFF OFF ON ON ON

Table continues on the next page...
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Power ralil OFF BBSM SUSPEND IDLE RUN/LP RUN
(Analog on)

VDD_ANA_0P8 OFF OFF ON ON ON
VDD_MIPI_0OP8

VDD_USB_0P8

VDD_ANAXx_1P8 OFF OFF ON ON ON
VDD_LVDS_1P8

VDD_MIPI_1P8

VDD_USB_1P8

VDD_USB_3P3
4.2.2 Low power modes

The state of each module in the IDLE, SUSPEND, and BBSM mode are defined in the Table 22.
Table 22. Low power mode definition
IDLE SUSPEND BBSM

CCM LPM mode WAIT STOP N/A
Arm Cortex®-A55 CPUO OFF OFF OFF
Arm Cortex®-A55 CPU1 OFF OFF OFF
Shared L3 cache ON OFF OFF
Display OFF OFF OFF
DRAM controller and PHY ON OFF OFF
ARM_PLL OFF OFF OFF
DRAM_PLL OFF OFF OFF
SYSTEM_PLL 1/2/3 ON OFF OFF
XTAL ON OFF OFF
RTC ON ON ON
External DRAM device Self-Refresh Self-Refresh OFF
USB PHY In Low Power State OFF OFF
DRAM clock 266 MHz OFF OFF

IMX93CEC
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IDLE SUSPEND BBSM
NOC clock 133 MHz OFF OFF
AXI clock 133 MHz OFF OFF
Module clocks ON as needed OFF OFF
EdgelLock® Secure Enclave ON ON ON
GPIO Wakeup Yes Yes OFF
RTC Wakeup Yes Yes Yes
USB remote wakeup Yes Nol! No
Other wakeup source Yes Nol2 No
WAKEUPMIX ON OFF OFF
MLMIX ON OFF OFF
NICMIX ON as needed OFF OFF
[1] USB remote wakeup can be "Yes" if required.
[2] Other wakeup source can be "Yes" if required.
[8] WAKEUPMIX can be "ON" if required.
Note:
» Automatic enter self-refresh when there is no DRAM access.
« Put info self-refresh mode by software before enfering low power mode.
e Turn off externally by PMIC when PMIC_STBY _REQ signal is asserted.
* Remote wakeup can be supported if the USB PHY power is on in this mode.
4.2.3 Chip power in different Low Power modes
Table 23 shows power consumption in different LP modes.
Table 23. Chip power in different LP modes
Mode Supply Voltage (V) Power (mW)!1]
BBSM NVCC_BBSM_1P8 1.8 0.14
SUSPEND NVCC_GPIO, NVCC_SD2 3.3 2.65
NVCC_WAKEUP? 1.8 1.20
VDDQ_DDR 0.6 <0.01
VDD2_DDR 1.1 0.25
Table continues on the next page...
IMX93CEC All information provided in this document is subject to legal disclaimers. © 2026 NXP B.V. All rights reserved.

Product data sheet

Rev. 7 — 12 February 2026

Document feedback
24 /123



NXP Semiconductors

IMX93CEC

i.MX 93 Applications Processors Data Sheet for Commercial Products

Table 23. Chip power in different LP modes ...continued

Mode Supply Voltage (V) Power (mW)!1l
VDD_ANA*_1P8 1.8 1.85
VDD_ANA_OP8 0.8 0.40
VDD_MIPI_OP8 0.8 0.65
VDD_USB_0P8 0.8 0.45
VDD_USB_3P3 3.3 0.25
VDD_SOC 0.65 7.40
Totall®! — 15.1

[1] All the power numbers defined in the table are at 25°C. Use case dependent.
[2] To achieve this low power consumption values for /O power rails in SUSPEND mode, it is recommended to configure 