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Abstract

The Technical Reference Manual focuses on the logical organization and control of the
NVIDIA Orin Series System-on-Chip. It provides information for those modules that
interface to external devices, or those that control fundamental chip operations. The
modules detailed in this document provide an overview, any necessary programming
guidelines, and a register listing for that module. Internal functional units such as video
and graphics hardware acceleration are controlled by NVIDIA provided software and are
not documented here.
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Technical Reference Manual
Revision History

1. Revision History

Document ID: DP-10508-002

Version Date Description of Change
1.0 Mar 24, 2022 Initial release
1.1 Mar 7, 2023 See "About this Release" and "Change Log" for details

about changes and updates.

1.1 About This Release

Introduction

= Getting Started
* About this Release

Memory Architecture and Memory Mapped I/O

* Memory Subsystem (MSS) Registers NEW

= Address Map

= Address Space Translation (AST)

= General Purpose Direct Memory Access (DMA) Engines
= System Memory Management Unit (SMMU)

Boot and Power Management

* Boot and Power Management Processor (BPMP)
CPU Complex
GPU

Multimedia Complex

= Host Controller

* MIPI Camera Serial Interface (CSI) UPDATED
* Video Input (VI) UPDATED

= Video Image Compositor (VIC)

* High Definition Audio (HDA)
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= Display Controller UPDATED

= Consumer Electronics Control (CEC)

= Audio Processing Engine (APE)

= Always On Digital Microphone (AODMIC)
= Pixel Memory Formats

System Components

* Clock and Reset Controller (CAR)

* Interrupt Controllers

= Timers UPDATED

= Multi-Purpose I/O Pins and Pin Multiplexing (PinMux) UPDATED
= GPIO Controllers

* Hardware Synchronization Primitives (HSP)

= Design for Debugging (DFD) UPDATED

= System Registers

1/O Controllers and Interfaces

= High-Speed I/O Cluster

= USB Complex UPDATED

= PCl Express (PCle) Controller UPDATED

= Controller Area Network (CAN) NEW

= SDMMC Controller

* |2C Controller (12C) UPDATED

= Universal Asynchronous Receiver/Transmitter (UART)
= Server Based System Architecture (SBSA) UART
= Serial Peripheral Interface (SPI)

* Quad Serial Peripheral Interface (QSPI)

* Pulse Width Modulator (PWM)

= Fan Tachometer

1.2 Change Log

This change log identifies technical changes and/or significant modification to already released
materials, it does not include editorial changes made for readability.

All Sections - Ongoing
Correcting KB notation where appropriate; updating to KiB. This follows the IEEE and NIST

convention using an 'i' to indicate the binary convention, and its absence to indicate decimal: i.e., 1
KiBis 210 or 1,024 bytes, and 1 KB is 103 or 1,000 bytes.
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Change Log

1.2.1 20230307 (Version 1.1)

All Sections

Refresh of all sections. There was a change to our templates, tool chain and PDF generation
process in June/July 2022. This resulted in slightly different table sizes (e.g., column width and row
heights). In some sections you may notice an increase in the number of pages for that section, this
is largely due to the increase in table row height; this will be most noticeable in those sections that
are comprised of numerous tables. Any sections that were previously updated after this change will
not show any significant changes in page count.

Memory Architecture and Memory Mapped I/O
= Memory Subsystem (MSS) Registers; added subset of registers

Multimedia Complex

= MIPI Camera Serial Interface (CSl); updated D-PHY, C-PHY, and CSI-2 versions
= Video Input (VI); added VI Channel registers
* Display Controller; added two Display Controller registers

System Components

= Timers; updated GTE registers
= Multi-Purpose I/O Pins and Pin Multiplexing (PinMux)

> Functional Description; updated GPIO Controller to Ports Mapping, added GPIO Ports
column to table

> Programming Guidelines; updated Tri-state SHUTDOWN_N during IST, corrected
programming details

= Design for Debugging (DFD); changed two SWD_IP_CLK refs from 50 MHz to 10 MHz;
updated HSTTP Overview; added Watchdog for Debug and Recovery section

1/0 Controllers and Interfaces

= USB Complex; updated steps 3 through 8 under cold boot

= PCIl Express (PCle) Controller; updated features; updated Interrupt and Message Handling
section

* Controller Area Network (CAN); new section
= |2C Controller (12C); updated 12C Controller Map table
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2. Getting Started

2.1 Overview

This Technical Reference Manual (TRM) describes how the NVIDIA® Orin™ series system-on-chip
(SoC) functions; and is a guide for writing, understanding, and modifying code that controls those
functions. It contains functional descriptions of how the Orin hardware works, and also describes
the registers and related programming interfaces.

Not all the units in Orin are described in detail here; as some, like the GPU, are only intended to be
used with NVIDIA supplied drivers. This document is intended to provide deep technical detail
where appropriate, users should first refer to the datasheets and other published information for
an overview of Orin.

Refer to the datasheet for supported features and speeds. This document may describe
hardware features and functionality not currently supported on specific Orin product SKUs,
and may describe clock speeds or data rates that cannot be achieved on all SKUs. Refer to
the appropriate Orin product data sheet as this is the primary authority for supported
features, functionality, and operating speeds of a particular product SKU.

Refer to software documentation for supported features. This document may describe
hardware features not supported by NVIDIA software. Description of a hardware capability
in this document does not imply software support for that function. Refer to the
appropriate BSP or software release notes for detailed information about currently
supported software functionality.
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Figure 2.1 Orin Series SoC Block Diagram
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2.1.1 Reading Register Tables

Every register table has an address line followed by a table containing the bit descriptions for that

register. The address line contains:

= Offset: the address of the register within the specific module. Refer to the system memory
map for the start address of the module; apply the offset at the top of the table to get the

register address.

= Read/Write: the register access type. If a register table contains the R/W column, individual
bits within the register will have different R/W properties. If there is no R/W column, all bits in
that register have the same R/W property. Values are RO (read only), R/W (read/write), WO
(write only, and RWC (read/write to clear).

= Parity Protection: per register parity diagnostic in hardware implemented by safety critical
IPs. The parity diagnostic detects random faults in the register fields.
‘Y’ indicates that the field is continuously checked by the parity diagnostic of the register.
Single bit flips in the register, if not intended, are reported as a fault.
‘N’ indicates that the field is not checked by the parity diagnostic of the register.
If all fields of the register have Parity Protection column as 'N’, the register does not
implement any hardware based parity diagnostic.
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= Reset: gives the power-on reset value in 32-bit binary. A value of x implies that the register
bit has an undefined value at reset. A hexadecimal value is listed for convenience, where

appropriate.

= Default: only displayed when the default setting is different from the Reset value.

Unspecified bits may not appear in tables (see example below). Unspecified bits should be written
with their Reset values, while reads return an unknown value.

Address within the module (Base address given in the Address Map chapter)

Offset: 0x0
Read/Write: RW

Parity Protection: N

Register access type

Parity protection of the bits

32-bit power-on reset value in hex (binary)

Reset: 0x4050001f (0b0100,00xx,x101,0000,0xx0,0x00,0x01,1111)

Bit

31

30

29:28

NVIDIA CONFIDENTIAL
NVIDIA Orin Series System-on-Chip

Reset

0x0

0x0

Description

PIO:

Programmable 10.

Program this bit to 1, after all the other bits in the QSPI Command Register and QSPI Command Register 2 are
programmed to start the transfer. Hardware clears this bit automatically after the transfer is done. Clearing of this bit by
Software will stop the shifter and latch the partial data into the buffer (in Receive Mode)

0=STOP

1=PIO

M_S:
0 = Reserved
1 = Master Mode (internal clock) (default)

Mode:

The QSPI controller need be programmed according to the device it is communicating with. Only Master Mode 0 is
supported

0 = Mode 0 (for SDR and DDR)

1=RSVD

2=RSVD

3=RSVD

DP-10508-002_v1.1 | Page 30



Offset: 0x14

Technical Reference Manual
Getting Started

Access type different among fields;
a separate R/W column in the table specifies the fields’ access types.

Read/Write: See table below.

Parity Protection: N

Reset: 0x00400005 (0bxx00,0000,0100,0000,00xx,xxx0,0000,0101)

Bit
29:23
22:16
Unspecified bits
(31:30, 13:0 as in
this example)
are treated as “0” 15
in the hex and “x”
in the binary
representation of
the Reset value.
14

Offset: 0x2030

R/IW Reset Description

RO 0x0 RX_FIFO_FULL_COUNT:
Indicates the number of slots in the receive FIFO remaining before the FIFO is empty.
This field is used by Software for debugging purposes.

RO 0x40 TX_FIFO_EMPTY_COUNT:
Indicates the number of slots in the transmit FIFO remaining before the FIFO is full.
This field is used by Software for debugging purposes.

RW 0x0 RX_FIFO_FLUSH:
Software writes a 1 to this bit to flush the Rx FIFO. This bit reads as 1 when the flush
operation is in progress and returns to 0 when it is finished.
0=NOP
1=FLUSH

RW 0x0 TX_FIFO_FLUSH:
Software writes a 1 to this bit to flush the Tx FIFO. This bit reads as 1 when the flush
operation is in progress and returns to 0 when it is finished.
0=NOP
1=FLUSH

Parity Protection different among fields;
a separate Parity Protection column in the table specifies the fields’ parity protection.

Read/Write: See table below.
Parity Protection: See table below.
Reset: 0x00010000 (0bxxxx,xxxx,y&xx,0001,xxxx,xxxx,0000,0000)

Bit R/W
19116 RW
72 RW
1 RO
0 RO
Offset: 0x10

Read/Write: R/IW

Parity Protection ~ Reset  Description

Y 0x1 THOST_MLOCK_VM

Y 0x0 THOST_MLOCK_CH

N 0x0 THOST_MLOCK_TZLOCKED
N 0x0 THOST_MLOCK_LOCKED

Register is a Protected Register (PR) by the Security Control Register (SCR) as specified.

Parity Protection: Y
SCR Protection: USECSCR_0
Reset: 0x00000001 (0bXXXX,XXXX,XXXX,XXXX,XXXX,XXXX,XX00,xxx1)

Bit Reset
5:4 0x0
0 0x1

NVIDIA CONFIDENTIAL
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Description

MBS:
STSC Bit Select, STSC[1+MBS] edge used as reference when not free running.

FR:

Free Running , controls the microsecond counter TSC lock behavior

0 = the microsecond locks the usec reference pulse to a selected bit of STSC[4:1] using the adjust signal (recommended mode).
1 = Usec Counter counts on each edge of OSC in free running fashion (legacy mode).
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2.1.2 Units

This TRM follows the IEEE and NIST conventions for multiplying prefixes.

Among other things, this convention uses an 'i' to indicate the binary convention, and its absence
to indicate decimal. So, 1 KiBis 2'9 or 1,024 bytes,and 1 KB is 103 or 1,000 bytes. Similarly it uses:

= Mi for 2202 and M for 10°
» Gifor 239 and G for 10°
» Tifor 249 and T for 102

2.1.3 Glossary

This glossary is intended to cover the acronyms used in this document; along with some others
related to the Arm SoC world. Many other acronyms in this document are in broad engineering use
and are not documented here.

Term

32K or 32k

444/422/420

ADAS
ADSP
ADX
AMBA
AMX

AO or AON

AON 1/0 rails

AONPG

AOPG

AOPM

AOTAG

NVIDIA CONFIDENTIAL
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Definition

32,768 Hz oscillator clock. Any references to 32k, 32 kHz, 32 KHz, or 32K in the context of this clock
should always be interpreted as referring to a frequency of 32,768 Hz.

Pixel storage formats. 444 refers to formats where there are equal amounts of information for all
three elements, 422 and 420 refer to formats where the color difference information is stored at
half-resolution in either one direction or both.

Advanced Driving Assistance System.

Audio DSP. Refers to the Cortex-A9 processor in the APE.

Audio Demultiplexer. Part of the Audio Hub used to demultiplex multiple audio streams.
Advanced Microcontroller Bus Architecture. A set of standard buses defined by ARM.

Audio Multiplexer. Part of the Audio Hub used to multiplex multiple audio streams together.

Always-0On power domain. This part of the chip is always powered on, even in the deepest sleep
state, except complete processor shutdown. See also SPE.

Inputs/Outputs in VDDIO_SYS, VDDIO_AO, and VDDIO_AQO_HV serving the AON cluster logic

Always-On Non-Power Gated. Used to indicate when an AO partition has no power gating
implemented.

Always-On Power Gated. Used to indicate whether an AO partition has power gating implemented.

Always-On Cluster Power Management Module. Power management module implements/manages
the Cortex-R5 power state transitions. AOPM manages power state transitions for the SPE Cortex-
R5 and its subsystem.

Always-On Thermal Alarm Generator.
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Term
AOVC
AP

APB

APE
Aperture

APS

ARM

AST

AUTOSAR

AXI

AVIC

Bayer

BCT

BIT

BKV
BOM
BPMP

BPMP-FW

BR
Brick
CAR
CBB
CCPLEX

CDE
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Definition

Always-On Voltage Controller.

Applications Processor. Refers to the Orin device, means the same as SoC.

AMBA Peripheral Bus. Arm defined simple 32-bit single master bus for peripheral devices.
Audio Processing Engine.

A named region of address space.

Auxiliary processor subsystem. Refers to an implementation boundary that is shared across Cortex-
RS clusters on the chip.

Arm is a company provides the CPU architectural specification for Orin.
Arm is also Architecture Reference Manual, as in (the second Arm of) ARM ARM, which defines the
CPU architecture.

Address Space Translator. A subunit associated with some of the embedded Arm cores that does
address translation from local addresses to system addresses along with appending some AXI
attributes.

Automotive Open System Architecture
(an OS used in automotives)

AMBA Advanced eXtensible Interface. A more advanced bus than AHB defined as part of AMBA 3 by
ARM.

Arm PL192 Vectored Interrupt Controller. Used as the Cortex-R5 interrupt controller for all the
Cortex-R5 processors (SPE, SCE, and BPMP).

A type of image sampling pattern invented by Dr. Bryce E. Bayer of Eastman Kodak. The pattern
consists of quads of pixels with two green samples, one red sample, and one blue sample.

Boot Configuration Table. Stored on external boot device, contains config parameters for boot
decisions.

Boot Information Table. Maintained internally by Boot ROM in RAM for boot path/error tracking and
logging.

Best Known Value. Configurations determined by system characterization.
Bottom of Memory. Refers to the lowest address in an address map.
Boot and Power Management Processor.

BPMP Firmware. This refers to the power management firmware that would be executed on BPMP
(post-boot). This is also stored in external boot media.

Boot ROM. Power-on start boot code. Stored/burnt in chip IROM, executes from BPMP.
Input/output interface block with analog and other special functions.

Clock and Reset module. Controls clocks and resets to the various parts of Orin.
Control Backbone.

CPU complex (i.e., CPU subsystem).

Color Decompression Engine.
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Term

CEC

CID
CIL

Cold boot

CoT

cpP

C-PHY

CPU
CRC

Csl
CUDA
cve

CV Cluster
CVNAS
CVNOC
CVSRAM
Ccz

DBC
DBP
DBB

DCLS

DDA

DDIC
Deep Sleep
DFD

DFS
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Definition

Consumer Electronics Control. A part of the HDMI interface specification used for sending device
control commands, often from a remote control.

Client ID.
Control and Interface Logic.

The SoC partition power transitions from OFF to ON with no previous state available. Software must
construct all states from scratch. Boot ROM is executed. DRAM is brought on-line.

Chain of trust. A security term used to denote any code that is trusted because it is loaded securely
from the root of trust (Boot ROM).

Color Parser.

A MIPI standard physical layer that can carry CSI data. Clocks are transmitted along with data; data
lanes are three wires.

CPU generally refers to the main CPUs unless specified otherwise.

Cyclic Redundancy Check.

MIPI Camera Serial Interface. A standard high-speed serial interface for connecting cameras to Orin.
Compute Unified Device Architecture.

Central Voltage Controller.

Computer Vision Cluster. A partition in Orin that includes NVDLA, PVA, and CVNAS.
Computer Vision NoC and SRAM.

A subblock within CVNAS-the NoC portion of CVNAS.

A subblock within CVNAS-the memory storage portion of CVNAS.
Controlled-output impedance MPIO pads.

Dead Battery Charging.

Dead Battery Provisions.

Data Back-Bone.

Dual Core Lock Step, a technique used for functional safety where two processing cores receive the
same inputs, and the outputs are compared to detect errors. Usually one of the cores is delayed
with respect to the other.

Digital Differential Analyzer. A technique commonly used in graphics for interpolation of variables
over an interval between start and end point, and also applied to other problems.

Display Driver Integrated Circuit
See SC7.
Design for Debug

Dynamic Frequency Scaling
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Term
DFT

dGPU or DGPU

DLA
DLS
DMIC
DPD

D-PHY

DRCM
DSI
DVC
DVFS

EAVB

EC
ECC
eDP
EMC
EOF
EVP
FA
FCM
FE
FlQ
FMEA
FMON
FS

FSI

FSM
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Design for Test

Discrete GPU. Refers to an attached GPU that is external to the Orin SoC, as opposed to the internal
GPU.

Deep Learning Accelerator

Delayed Lock-Step

Digital microphone interface. Supports direct attach of PDM microphones.

Deep Power Down. A mode in which the pad can tolerate VDD_CORE being turned off.

A MIPI standard physical layer that can carry CSI data. Clocks are transmitted separately from data;
data lanes are two wires and clock lanes are two wires.

Debug Recovery Mode (also known as RCM-exit-to-JTAG).

MIPI Display Serial Interface. A standard high-speed serial interface for connecting displays to Orin.
Dynamic Voltage Controller block.

Dynamic Voltage and Frequency Scaling.

Ethernet Audio Video Bridging. Includes extension of the Ethernet standard supporting real-time
streaming; more recently referred to as Time-Sensitive Networking.

Error Collator

Error Correction Code.

Embedded DisplayPort™.

External Memory Controller. A block that interfaces with external DDR/LPDDR devices.
End of Frame. Refers to the last non-cropped long packet in a frame, or to an ISP EOF packet.
Exception Vector Pointer.

Failure Analysis.

Full Custom Macro.

Frame End. Refers to the NVCSI short packet.

Fast Interrupt Request.

Failure Mode and Effects Analysis.

Frequency Monitoring logic.

Frame Start. Refers to the NVCSI short packet.

Functional Safety Island

Finite State Machine. This is a hardware engineering phrase used to describe a hardware block that
controls the operation of some logic function.
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Term Definition

GIC Generic Interrupt Controller. Normally used to describe an Arm supplied interrupt controller used for
a specific set of processors.

GPIO General Purpose Input/Output. An I/O signal uncommitted to a specific role and controlled by
software.

GTE Generic Timestamping Engine

HDMI High-Definition Multimedia Interface. A digital connection carrying video and audio at high speed
over a single connector.

HDR High Dynamic Range. Usually a reference to cameras or displays using a higher dynamic range for
pixel values.

HSIO High-Speed I/0 Interfaces. See the corresponding chapter of this TRM for more details.

HSM Hardware Safety Manager.

HV Hypervisor

HVC Hardware Vmin Control. The hardware initiated flow to enter/exit the Vmin state on VDD_CPU. Now
referred to as CC3.

ICG Internal Clock Gate

iGPU or IGPU Internal GPU. Refers to the GPU within the Orin SoC.

IRAM Internal RAM used by the boot process until DRAM is configured; now deprecated, and replaced by
TCMs and SysRAM.

IROM Internal chip ROM which contains the Boot ROM code and data.

IPI Inter-Processor Interrupt.

IPT Inverse Perspective Transform.

IRQ Interrupt Request.

ISP Image Signal Processor. A hardware engine that is part of the camera processing pipeline.

ISR Interrupt Service Routine

JTAG Joint Test Action Group Standard for Test Access Port and Boundary Scan Architecture. A serial bus
used to external devices used for debug and testing.

KMD Kernel mode driver.

LDC Lens Distortion Correction

LIC "Legacy" interrupt controller, a central interrupt controller in Orin.

LP1 Low Power 1 state. Devices are power-gated, SoC clock domains are set to the minimum frequency

(12 MHz and 38.4 MHz), the flow controller is configured to monitor "LP1 exit wake events," DRAM is
put in self-refresh, and the VDD_CPU rail is powered off. Also known as the Suspend state.

LSIO Low-Speed I/O

LV Low-voltage MPIO pads.
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Term

MB1 and MB2

MC

MCA

MCCIF or MC-
CIF

MDMM

MIPI

MMIO

MODS

MPCORE
M-PHY or MPHY
MPIO

MSI

MSS

MTS

NOC

NVDEC

NVENC

NVJPG

NVM

oD

OGL

PA
Partition

PCle

PG
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Definition

Microboot stages 1 and 2, stored on external boot media. Refer to the Boot chapter for more
details.

Memory Controller. Handles requests from internal clients and arbitrates among them to allocate
memory bandwidth. Also referred to as MSS.

Machine Check Architecture

Memory Controller Client Interface. The standard interface block between the memory controller
subsystem fabric and the client device. Note that some modules may have multiple client interfaces.

Multi-drop multi-merge.

The Mobile Industry Processor Interface. An industry alliance promoting a number of standard
interfaces for mobile devices.

Memory-Mapped I/O (transactions).

Modular Diagnostic Software. It is a powerful software program that allows users to test the NVIDIA
hardware. MODS is used for three primary purposes-chip and board functional validation, chip and
board failure analysis and debug, and architectural verification.

Multiprocessor CPU core. A generic term for a CPU capable of operating as part of an SMP group.
MIPI M-PHY. An embedded-clock serial-interface technology with high bandwidth capabilities.
Multi-purpose Input/Output.

Message Signaled Interrupt.

Memory Subsystem. Refer to the corresponding chapter.

An alternate name for the Carmel CPU Microcode generated by Dynamic Code Optimization.
Network On Chip (referring to the backbone architecture of the SoC)

NVIDIA Video Decoder engine.

NVIDIA Video Encoder engine.

NVIDIA JPEG engine.

Non-Volatile memory. Data retained even after power is turned off. All boot media have non-volatile
memory storage.

Open Drain MPIO pads.

Open Graphics Library (also known as OpenGL). An API supported on Orin and accelerated in
hardware by dedicated 3D and 2D engines.

Physical Address.
A physical sub-region of the Orin device. Power gating is usually applied at the partition level.

Peripheral Component Interconnect Express. A high-speed interface for connecting to external
devices.

Power Gating; Power Gate-able

DP-10508-002_v1.1 | Page 37



Term
PMIC
PMC

PMIC

POR
PPC
PPI

PWFM

PVA
PVT
R5
RAZ
RCE
RCM

RGB

RISC
RMMI
R/O
RTC
R/W
SATA

SC7

SCE
SCF
SCR
SE

SGl
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Power Management Integrated Control (synonymous with PMU).
Power Management Controller. Controls the various power management features in the system.

Power management IC. Off-die module that controls various voltage regulators, provides the 32 kHz
(32.768 kHz) clock source and provides the main system reset to the SoC.

Power On Reset.
Pixels Per Clock.
Private Peripheral Interrupt within an Arm processor core.

Pulse Width Frequency Modulation. Generates programmed pulse widths typically used to control
backlight in display panels.

Programmable Vision Accelerator. Custom computer vision DSP, Orin has two of them.
Process, Voltage, and Temperature.

Cortex-R5 is a mid-range ARMv7 CPU cluster used for multiple engines in the SoC.
Read As Zero.

Real-time Camera-control Engine. See the corresponding chapter.

Recovery Mode. Used for re-flashing the external boot device image.

Name given to pixels with red, green, and blue color components. This is the pixel format typically
found in most display technologies because each color component corresponds to the colors of the
filters or phosphors used in the display device.

Reduced Instruction Set Computer. The CPU architecture used by Arm CPUs.
Reference M-PHY Module Interface.

Read only.

Real Time Clock (as in VDD_RTC)

Read write.

Serial Advanced Technology Attachment (ATA).

Low power O state in which DRAM is put in self-refresh. The system state is saved in the PMC and in
DRAM. VDD_CORE and VDD_CPU rails are powered off, and PMC is configured to monitor "LPO wake
events" that trigger LPO exit. Also known as Deep-Sleep state.

Safety Cluster Engine. See the corresponding chapter.

System Coherency Fabric.

Security Control Register.

Security Engine. Used for hardware acceleration of authentication and decryption steps.

Software Generated Interrupt.
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SDMMC

SFIO
SLCG
SLINK
SM

SMMU

SMP
SNIC

SoC

SOF

SOR

S/PDIF
SPE

SPI

ST

Sub-aperture

SysRAM
TBSA

TCM

Tegra

THI
TNR
TOM

TOS
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SD and MMC Controller. An I/O controller supporting both the SD/SDIO interface standards and the
eMMC standard.

Special Function Input/Output

Second Level Clock Gating. A hardware technique to reduce power.
Serial Link. A legacy and now obsolete name for the SPI controller.
Security Master

System Memory Management Unit. Block within the memory controller used to map from a virtual
address space to physical addresses for device DMA.

Symmetric Multi-Processing.
System Network InterConnect. Used to refer to the control fabric in SoC.

System on a Chip. An integrated circuit containing a CPU, memory controller and the peripheral
devices needed for a computing system.

Start of Frame. Used to refer to the first non-cropped long packet in a frame, or to an ISP SOF
packet.

Serial Output Resource. SOR is GPU IP for driving HDMI/DP/LVDS. It converts the output of the
display to a more modern high-speed serial protocol. DSl is not included since it's not GPU IP based.

Sony/Philips Digital Interconnect Format.

Sensor Processing Engine. See the Always-On Cluster chapter.

(a) Serial Peripheral Interface Bus. A synchronous serial data link, that operates in full-duplex mode.
(b) A Shared Peripheral Interrupt within an Arm core.

Standard MPIO pads.

An aperture whose address space is a subset of another aperture and whose accessibility is also a
subset of another aperture.

Name for the shared on-chip memory.
Trusted Base System Architecture (an Arm specification).

Tightly Coupled Memory. This refers to internal local RAM that is associated with some of the Arm
CPU Cores. These are used as local, low-latency scratch pad memory.

The name formerly used to describe the NVIDIA family of SoCs, and now used only in certain
applications. References to Tegra that still exist in this TRM, such as Tegra Host or Tegra pixel
formats, may be considered to apply to all the NVIDIA family of SoCs, up to and including Orin.

Host Interface.
Temporal Noise Reduction.
Top of Memory. Refers to the highest address in an address map.

Trusted OS.
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Term
TS
TSC

TSEC

TSOSC

TZ

TZRAM
UFS
UFSHC
Uncore
UniPro

U-PHY or UPHY

VA
VDD_CORE
VDD_CPU
VDD_RTC
vGPIO

vGIC

\

VIC

VM
VPR
Warm boot

WDT

WFE

WEFI
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TimeStamp
Timestamp System Counter.

Security co-processor. An embedded security processor used mainly to manage the HDCP
encryption and keys on the HDMI link.

Ring oscillator based thermal sensors.

TrustZone” is a secure operating environment of the Arm CPU architecture and the related secure
parts of the SoC backbone and devices.

TrustZone secured RAM on the SoC.

Universal Flash Storage.

UFS Host Controller.

The CPU related logic outside of the CPU processing core itself.
MIPI Unified Protocol, a link layer communication protocol.

Universal PHY, and NVIDIA reference to a multi-mode Serializer-Deserializer (SerDes) with analog
pads for high-speed signaling to support various protocols.

Virtual address.

SoC power rail.

CPU power rail.

Always-On power rail.

Virtual General-Purpose Input/Output.
Virtualization capable Generic Interrupt Controller

Video Input. The acronym used to describe the Orin block used for camera and related pixel input
functions.

(a) Video Image Compositor. A SoC block that implements video post-processing functions needed
by a video playback application to produce the final image for the player window.

(b) The Arm name for the PL192 Vectored Interrupt Controller; used alongside the Cortex-R5 cores.
Also referred to here as AVIC to avoid a name-space conflict with the previous entry.

Virtual Machine
Video Protect Region.
Exit from SC7 state.

Watchdog Timer. These timers can generate interrupts or resets to attempt to break the AP out of
undesirable states.

Wait For Event (an Arm instruction).

Wait For Interrupt (an Arm instruction).
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WID
WiC
xHCI

XIP

YCbCr

YUV

ZSL
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Definition

Write ID (from the AXI specification).

Write as 1 to Clear.

eXtensible Host Controller Interface for USB.

eXecute In Place. Debug-only scheme where the primary IROM code is bypassed, and external code
is fetched instead at reset, to test out Boot ROM code. This code is executed in-place from the
external device, i.e., executed per instruction without fetching the entire code chunk.

An alternative pixel representation that can take advantage of the properties of the human psycho-
perceptual vision system and store the color difference information with lower spatial resolution. It
consists of a luminance channel Y and two color difference signals Cb and Cr. See the definition of
444/422/420.

See YCbCr. U and V are equivalent to Cb and Cr, respectively.

Zero Shutter Lag.
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3. Memory Architecture and Memory Mapped
1/O

3.1 MSS Registers

The Memory Subsystem (MSS) is controlled by NVIDIA provided software, and so is not
documented in detail here. However, some registers are exposed to support customers, and these
are listed below.

MC_EMEM_ADR_CFG_CHANNEL_ENABLE_O

External memory address configuration channel select mask configures the routing of requests
between the two memory channels. The channel select mask is ANDed with the address of a
transaction. The resulting value is XORd to a single bit, which is used to select the channel for the
transaction Boot requirements:

= coldboot - This register should be parameterized in the BCT and written by the BootROM
during coldboot.

= warmboot - This register should be saved in the scratch registers and restored by the
BootROM during warmboot.

Mask bits [10:9] select single channel vs. dual-channel modes and 512B vs. 1KB interleave as

follows, each with its own physical address to <channel, device,="" row,="" bank,="" column="">

mapping.
Interleave MASK[10:9] Remarks
Single channel 2'b00
512B 2'bx1 Channels alternate on (most) 512B boundaries
1KB 2'b10 Channels alternate on (most) 1KB boundaries

While decoding the DRBC data from the address: if mask bit 9 is set then the 9th bit of address is
dropped for DRBC decoding; and else if mask bit 10 is set then the 10th bit address is dropped for
address decoding.

Write access to this register is controlled by the EMEM_CFG_ACCESS_CTRL_O register </channel,>.

Offset: Oxdf8
Read/Write: R/W
Parity Protection: Y
Shadow: N
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SCR Protection: O
Reset: OxO000000f (Obxxxx,xxxx,Xxxxx,xxxx,0000,0000,0000,1111)

Bit Reset Description

15:0 Oxf EMEM_CHANNEL_ENABLE:
[PMC_SECURE] Selects which MC channels are enabled for normal
read/writes

MC_EMEM_ADR_CFG_CHANNEL_MASK_O
Write access to this register is controlled by the EMEM_CFG_ACCESS_CTRL register

Offset: Ox60

Read/Write: R/W

Parity Protection: Y

Shadow: N

SCR Protection: O

Reset: Ox6db66200 (Ob0110,1101,1011,0110,01 10,00 1 X,XXXX,XXXX)

Bit Reset Description

319 0x36db31 EMEM_CHANNEL_MASK:
[PMC_SECURE] Mask is ANDed with address and the resulting value
is XORd to a single bit, giving bit O of the channel index

MC_EMEM_ADR_CFG_CHANNEL_MASK_1_0
Write access to this register is controlled by the EMEM_CFG_ACCESS_CTRL register

Offset: Oxdfc

Read/Write: R/W

Parity Protection: Y

Shadow: N

SCR Protection: O

Reset: 0x6db66400 (Ob0110,1101,1011,0110,01 10,0 10X,XXXX,XXXX)

Bit Reset Description

319 0x36db32 EMEM_CHANNEL_MASK_1:
[PMC_SECURE] Mask is ANDed with address and the resulting value
is XORd to a single bit, giving bit 1 of the channel index

MC_EMEM_ADR_CFG_CHANNEL_MASK_2_0

Write access to this register is controlled by the EMEM_CFG_ACCESS_CTRL register
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Offset: Oxdf4

Read/Write: R/W

Parity Protection: Y

Shadow: N

SCR Protection: O

Reset: 0x6db66800 (Ob0110,1101,1011,0110,01 10, 100X, XXXX,XXXX)

Bit Reset Description

319 0x36db34 EMEM_CHANNEL_MASK_2:
[PMC_SECURE] Mask is ANDed with address and the resulting value
is XORd to a single bit, giving bit 2 of the channel index

MC_EMEM_ADR_CFG_CHANNEL_MASK_3_0
Write access to this register is controlled by the EMEM_CFG_ACCESS_CTRL register

Offset: OxdfO

Read/Write: R/W

Parity Protection: Y

Shadow: N

SCR Protection: O

Reset: Ox6db67000 (Ob0110,1101,1011,0110,01 1 1,000X,XXXX,XXXX)

Bit Reset Description

319 0x36db38 EMEM_CHANNEL_MASK_3:
[PMC_SECURE] Mask is ANDed with address and the resulting value
is XORd to a single bit, giving bit 2 of the channel i ndex

3.2 Address Map

3.2.1 Overview

This chapter defines the system Address Map (AMAP).

The term “Address” reflects the Physical Address as seen by the main CPU complex, unless
specified otherwise. The SoC has several subsystems such as the BPMP, SPE, Audio, etc. The
processors in these subsystems may have a different view of the System AMAP. The AMAP
specifications for these subsystems are explained in more detail in the corresponding subsystem
section of this document.
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The term AMAP implies System Address Map or Global Address Map (with the terms System
Address Map and Global Address Map being used interchangeably), unless otherwise specified.

3.2.1.1 Features
= 64 KiB Alignment

Arm Architecture recommends aligning all peripheral address ranges along the MMU page
sizes. This enables each device to occupy a single entry in the Page Table and makes it
possible to uniquely identify and describe device access attributes. The page can be
uniquely classified under a non-normal memory type such as nGnRnE (for SO) or nGnRE
(for DEV). Refer to the ARMvVS8 Architecture Reference Manuals for more information.
Page-alignment of peripherals also improves security across virtualized guest Operating
Systems. Armv8 supports three types of page sizes in its MMU: 4 KiB, 16 KiB, and 64 KiB.
By aligning with 64 KiB, all three implementations are supported and sufficient MMIO for

each device is allocated.
= 40-bit Address Map

The SoC supports a one Terabyte AMAP (1 TiB or 40 bits of addressing).

= PCle Aperture

The SoC offers two apertures for PCle: one for a 32-bit address OS and the other for a
greater-than 32-bit address OS. Each PCle controller is provided with a 32 MiB
aperture. The PCle aperture for greater-than 32-bit address OS handles situations with
large AMAP requirements, which cannot be addressed by drivers running on a 32-bit

address OS.

3.2.1.2 AMAP and Aperture

The SoC supports a 1-Terabyte AMAP (40 bits). See below for a high-level overview of the AMAP.

Table 3.1 AMAP Overview
Name
Reserved (1023 GiB - 1024 GiB)
Off-Chip Aperture (256 GiB - 1023 GiB)

PCle Reconfigurable Aperture for > 32-bit OS (130 GiB - 256
GiB)(])

DRAM Aperture (2 GiB - 130 GiB)
On-Chip Data/Sync Plane (1 GiB - 2 GiB)

PCle Reconfigurable Aperture for 32-bit OS (640 MB - 1 GiB)

NVIDIA CONFIDENTIAL
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Address Range
OxFF_C000_0000 - OxFF_FFFF_FFFF
Ox40_0000_0000 - OxFF_BFFF_FFFF

0x20_8000_0000 - Ox3F_FFFF_FFFF

0x00_8000_0000 - Ox20_7FFF_FFFF
0x00_4000_0000 - OxO0_7FFF_FFFF

0x00_3000_0000 - Ox00_3FFF_FFFF
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Name Address Range
MMIO Aperture (O GiB - 640 MB) 0x00_0000_0000 - 0xO0_3FFF_FFFF

1. The control plane extends beyond 4 GiB for PCle controllers controlled by > 32-bit OS.

Figure 3.1 AMAP Diagram

TOM= -0x100_0000_0000-
 OxFF_FFFF_FFFF

1024 GB—

Reserved (1GB)
—-0xFF_C000_0000

~0x80_0000_0000

—0x40_0000_0000 256 GB—
PCIE Reconfigurable Aperture (>32 bit 0S)
~0x20_ 8000 0000

~0x00_8000_0000 2 GB—

-0x00_4000_0000 —1GB—

PCIE reconfigurable aperture for 32 bit 05 (384MB)

MMIO (1024 MB)

3.2.1.3 MMIO Aperture

The MMIO aperture begins at the bottom of memory (0x0) and extends to 1 GiB.

NVIDIA CONFIDENTIAL
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This region houses the following apertures:

= Configuration register apertures of all IPs of the SoC
= 144 MiB iGPU aperture

1 GiB
PCIE Reconfigurable Aperture (32 bit OS) — No APE Access

640 MiB—

Various IP Apertures
= 512 MiB—

iGPU

368 MiB—

Various IP Apertures
0 MiB—

= PCle aperture for 32-bit OS in its top 384 MiB. This is used for configuration, MMIQO, 1010

space and is accessible by 32-bit OS.

(Note: the APE only decodes apertures below 0.75 GiB to the control backbone, so it cannot
access PCle. Since the High Definition Audio (HDA) controller sits under the 0.75 GiB range,

there is no need for APE to ever access any PCle controller.)
> Each PCle controller is provided with a 32 MiB aperture.

> PCle APB configuration space is disjointed from this space and can live anywhere outside

this range.

3.2.1.4 On-Chip Data/Sync Plane Aperture

The following figure shows the On-Chip Data/Sync Plane aperture.
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Figure 3.3 On-Chip Data/Sync Plane Aperture

2 GiB—

1.5 GiB + 64 MiB—
1.5 GiB—

GiB+320 MiB—

1 GiB+256 MiE—

1 GiB—

This region houses the following:

* The SysRAM region starting at 1 GiB. A 256 MiB region is reserved, although physical SysRAM
Size is 512 KiB. 256 MiB allows for a higher steering granularity at the System Coherency
Fabric (SCF) in the CCPLEX. All CPUs should access SysRAM at this physical location, without
the need of any address translation.

* The 4 MiB Compute Vision SRAM (CV-SRAM), used by Programmable Vision Accelerators
(PVAs) and Deep Learning Accelerators. A 256 MiB region is reserved for this similarly to
SysRAM.

* The dGPU Host Controller Sync Point aperture. This is a 64 MiB Sync Point Region that is
used to convert the dGPU's semaphores into Host Controller sync points. Note that this
region can also be used by any non Host Controller clients. This region shadows the Sync
Point RAM in Host Controller using a sideband interface between Host Controller and
Memory. Previously, the GPU needed a sideband interface into the Host Controller Sync
Point to talk to any other Host Controller client. With this Sync Point region, the sideband
with Host Controller is removed from the GPU.

= Reserved region beyond the dGPU Sync Point aperture.

3.2.1.5 DRAM Aperture

The DRAM aperture is used for the Physical Address of the off-chip local DRAM. The AMAP
supports up to 128 GiB of DRAM. A 32-bit OS can access the lower 2 GiB Physical DRAM location
(AMAP region from 2 GiB to 4 GiB). In order to access DRAM above 4 GiB in the AMAP, a 32-bit OS
must use an additional address translation capability like AST or the SMMU.
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3.2.1.6 PCle Aperture (32-bit OS)

The SoC has two apertures for PCle: one for 32-bit OS (a sub-aperture within the MMIO aperture)
and the other for >32-bit OS (see figure below).

Figure 3.4 PCle Aperture (32-bit OS)

128 GiB—
PCIExE controller 5 (16 GiB)

112 GiB—
PCIExE controller 4 (16 GiB)

96 GiB—
PCIEx4 controller 0 (16 GiB)

80 GiB—

PCIEx1 controllers 1,2,3 (8 GiB)
72 GiB—

PCIE Aperture (>32 bit O5)

The PCle aperture for a 64-bit OS handles situations with large AMAP requirements. When a PCle
controller is connected to a device that has multiple functions, where each function can in turn be
a switch, it presents large AMAP requirements. Such large AMAP requirements cannot be met
under 4 GiB and hence cannot be addressed by drivers running on 32-bit CPUs.
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Figure 3.5 PCle Controller Connection Example

CPU
PCl Express
PCl Ex
Endpoint press
Root Complex Memory
PCl Express to PCl Express
PCI/PCI-X Bridge
PCl Express
PC/PA-X
Switch
PQl PQl U PQl PQl
Express Express Express Express
Legacy Legacy PCl Express PCl Express
Endpoint Endpoint Endpoint Endpoint

The SoC platforms can present a similar large AMAP requirement. PCle x8/x4 controllers are used
to connect SoC devices to dGPUs or NVSwitch. There are also three PCle x1 controllers that
present a 1 GiB per controller requirement. An 8 GiB space is reserved for the PCle x1 controllers to
allow for future expansion.

3.2.1.7 Off-Chip Aperture

This configurable (BOM/TOM registers in SCF and MCF) aperture allows the AMAP to be adjusted
to the required platform. This region can be used to access

= Peer DRAM Dual SoC platforms

= dGPUs VIDMEM in SoC with Discrete GPU platforms

= Other dGPUs VIDMEMSs and other DRAMs in Single/Multiple SoC with Multiple dGPUs
platform
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The locality column indicates if apertures are only accessible by some masters. For example:

= SYSTEM - indicates access is possible from all Initiators unless the paths from a
master to slave is not physically present.

= CCPLEX - indicates access is only possible from CCPLEX, the main CPU complex.

= SYSTEM_CFG - same as SYSTEM. In addition, when an IP can exist in various modes,
this indicates the exact register bit that is used to decide the mode.
For example, the PCle controller can exist as a Root Complex or as an End Point. And
for each mode, the header file is different.

Block Name
MMIO

LOVEC
APE_ADSP_EVP
MISC

TOP2_HSP
TOP2_HSP_COMMON
TOP2_HSP_SM
TOP2_HSP_SM_0_1
TOP2_HSP_SM_2_3
TOP2_HSP_SM_4_5
TOP2_HSP_SM_6_7
TOP2_HSP_SS
TOP2_HSP_SS_O
TOP2_HSP_SS_1
TOP2_HSP_SS_2
TOP2_HSP_SS_3
TSA_O
TSA_NODE_O

TSA_NODE_1
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Address Start

0x00000000
0x00000000
0x00000000
0x00100000
0x01600000
0x01600000
0x01610000
0Ox01610000
0x01620000
0x01630000
0x01640000
0x01650000
0x01650000
0x01660000
0x01670000
0x01680000
0x02000000
0x02000000

0x02001000

Address End
Ox3fffffff
Ox0000ffff
Ox00001fff
Ox0017ffff
Ox0168ffff
Ox0160ffff
Ox0164ffff
Ox0161ffff
Ox0162ffff
Ox0163ffff
Ox0164ffff
Ox0168ffff
Ox0165ffff
Ox0166ffff
Ox0167ffff
Ox0168ffff
Ox0207ffff
0x02000fff

0x02001fff

Address Locality

SYSTEM
CCPLEX
APE

SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM

SYSTEM
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TSA_NODE_2

TSA_NODE_3

TSA_NODE_4

TSA_NODE_5

TSA_NODE_6

TSA_NODE_7

TSA_NODE_8

TSA_NODE_10
TSA_NODE_13
TSA_NODE_14
TSA_NODE_16
TSA_NODE_18
TSA_NODE_21
TSA_NODE_24
TSA_NODE_25
TSA_NODE_26
TSA_NODE_27
TSA_NODE_29
TSA_NODE_30
TSA_NODE_33
TSA_NODE_36
TSA_NODE_37
TSA_NODE_39
TSA_NODE_40
TSA_NODE_42
TSA_NODE_44
TSA_NODE_45
TSA_NODE_46

TSA_NODE_48
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Address Start

0x02002000
0x02003000
0x02004000
0x02005000
0x02006000
0x02007000
0x02008000
0x0200a000
0x0200d000
0x0200e000
0x02010000
0x02012000
0x02015000
0x02018000
0x02019000
0x0201a000
0x0201b000
0x0201d000
0x0201e000
0x02021000
0x02024000
0x02025000
0x02027000
0x02028000
0x0202a000
0x0202c000
0x0202d000
0x0202e000

0x02030000

Address End
0x02002fff
0x02003fff
0x02004fff
0x02005fff
0x02006fff
0x02007fff
0x02008fff
0x0200afff
0x0200dfff
0x0200efff
0x02010fff
0x02012fff
0x02015fff
0x02018fff
0x02019fff
0x0201afff
0x0201bfff
0x0201dfff
0x0201efff
0x02021fff
0x02024fff
0x02025fff
0x02027fff
0x02028fff
0x0202afff
0x0202cfff
0x0202dfff
0x0202efff

0x02030fff
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Address Locality

SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM

SYSTEM
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TSA_NODE_52
TSA_NODE_53
TSA_NODE_57
TSA_NODE_58
TSA_NODE_60
TSA_NODE_61
TSA_NODE_63
TSA_NODE_65
TSA_NODE_67
TSA_NODE_68
TSA_NODE_72
TSA_NODE_75
TSA_NODE_77
TSA_NODE_78
TSA_NODE_81
TSA_NODE_83
TSA_NODE_85
TSA_NODE_90
TSA_NODE_96
TSA_NODE_97
TSA_NODE_98
TSA_NODE_99
TSA_NODE_100
TSA_NODE_101
TSA_NODE_104
TSA_NODE_106
TSA_NODE_109
TSA_NODE_110

TSA_NODE_117
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Address Start

0x02034000
0x02035000
0x02039000
0x0203a000
0x0203c000
0x0203d000
0x0203f000
0x02041000
0x02043000
0x02044000
0x02048000
0x0204b000
0x0204d000
0x0204e000
0x02051000
0x02053000
0x02055000
0x0205a000
0x02060000
0x02061000
0x02062000
0x02063000
0x02064000
0x02065000
0x02068000
0x0206a000
0x0206d000
0x0206e000

0x02075000

Address End
0x02034fff
0x02035fff
0x02039fff
0x0203afff
0x0203cfff
0x0203dfff
0x0203ffff
0x02041fff
0x02043fff
0x02044fff
0x02048fff
0x0204bfff
0x0204dfff
0x0204efff
0x02051fff
0x02053fff
0x02055fff
0x0205afff
0x02060fff
0x02061fff
0x02062fff
0x02063fff
0x02064fff
0x02065fff
0x02068fff
0x0206afff
0x0206dfff
0x0206efff

0x02075fff

Technical Reference Manual
System Address Map

Address Locality

SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM

SYSTEM
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Block Name Address Start Address End Address Locality
TSA_NODE_120 0x02078000 0x02078fff SYSTEM
TSA_NODE_123 0x0207b000 0x0207bfff SYSTEM
TOP_TKE 0x02080000 Ox021bffff SYSTEM
TMR_SHARED 0x02080000 Ox0208ffff SYSTEM
TOP_TKE_TMR 0x02090000 Ox0218ffff SYSTEM
TMRO 0x02090000 Ox0209ffff SYSTEM
TMRI1 0x020a0000 Ox020affff SYSTEM
TMR2 0x020b0000 Ox020bffff SYSTEM
TMR3 0x020c0000 Ox020cffff SYSTEM
TMR4 0x020d0000 0x020dffff SYSTEM
TMR5 0x020e0000 0x020effff SYSTEM
TMR6 0x020f0000 Ox020fffff SYSTEM
TMR7 0x02100000 Ox0210ffff SYSTEM
TMR8 0x02110000 Ox021 1ffff SYSTEM
TMR9 0x02120000 Ox0212ffff SYSTEM
TMR10 0x02130000 0x0213ffff SYSTEM
TMR11 0x02140000 Ox02 14ffff SYSTEM
TMR12 0x02150000 Ox0215ffff SYSTEM
TMR13 0x02160000 0x0216ffff SYSTEM
TMR14 0x02170000 Ox0217ffff SYSTEM
TMR15 0x02180000 Ox0218ffff SYSTEM
TOP_TKE_WDT 0x02190000 Ox021bffff SYSTEM
WDTO 0x02190000 Ox0219ffff SYSTEM
WDT1 0x021a0000 Ox021affff SYSTEM
WDT2 0x021b0000 0x021bffff SYSTEM
GPIO_CTL 0x02200000 Ox022fffff SYSTEM
GPIO_CTL_COMMON 0x02200000 Ox0220ffff SYSTEM
0x02200fff SYSTEM

GPIO_CTL_COMMON_GPIO 0x02200000
0
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GPIO_CTL_COMMON_GPIO
1

GPIO_CTL_COMMON_GPIO
2

GPIO_CTL_COMMON_GPIO
3

GPIO_CTL_COMMON_GPIO
4

GPIO_CTL_COMMON_GPIO
5

GPIO_CTLO

GPIO_CTLO_GPIOO
GPIO_CTLO_GPIO1
GPIO_CTLO_GPIO2
GPIO_CTLO_GPIO3
GPIO_CTLO_GPIO4
GPIO_CTLO_GPIOS
GPIO_CTL1

GPIO_CTL1_GPIOO
GPIO_CTL1_GPIO1
GPIO_CTL1_GPIO2
GPIO_CTL1_GPIO3
GPIO_CTL1_GPIO4
GPIO_CTL1_GPIOS
GPIO_CTL2

GPIO_CTL2_GPIOO
GPIO_CTL2_GPIO1
GPIO_CTL2_GPIO2
GPIO_CTL2_GPIO3
GPIO_CTL2_GPIO4
GPIO_CTL2_GPIOS

GPIO_CTL3

NVIDIA CONFIDENTIAL
NVIDIA Orin Series System-on-Chip

Address Start

0x02201000

0x02202000

0x02203000

0x02204000

0x02205000

0x02210000

0x02210000

0x02211000

0x02212000

0x02213000

0x02214000

0x02215000

0x02220000

0x02220000

0x02221000

0x02222000

0x02223000

0x02224000

0x02225000

0x02230000

0x02230000

0x02231000

0x02232000

0x02233000

0x02234000

0x02235000

0x02240000

Address End

0x02201fff

0x02202fff

0x02203fff

0x02204fff

0x02205fff

Ox0221ffff
0x02210fff
0x02211fff
0x02212fff
0x02213fff
Ox02214fff
0x02215fff
Ox0222ffff
0x02220fff
0x02221fff
0x02222fff
0x02223fff
Ox02224fff
Ox02225fff
Ox0223ffff
0x02230fff
0x02231fff
0x02232fff
0x02233fff
0x02234fff
0x02235fff

Ox0224ffff

Address Locality

SYSTEM

SYSTEM

SYSTEM

SYSTEM

SYSTEM

SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM

SYSTEM
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GPIO_CTL3_GPIOO
GPIO_CTL3_GPIO1
GPIO_CTL3_GPIO2
GPIO_CTL3_GPIO3
GPIO_CTL3_GPIO4
GPIO_CTL3_GPIOS
GPIO_CTL4
GPIO_CTL4_GPIOO
GPIO_CTL4_GPIO1
GPIO_CTL4_GPIO2
GPIO_CTL4_GPIO3
GPIO_CTL4_GPIO4
GPIO_CTL4_GPIOS
GPIO_CTL5
GPIO_CTL5_GPIOO
GPIO_CTL5_GPIO1
GPIO_CTL5_GPIO2
GPIO_CTL5_GPIOS3
GPIO_CTL5_GPIO4
GPIO_CTL5_GPIOS
GPIO_CTL6
GPIO_CTL6_GPIOO
GPIO_CTL6_GPIO1
GPIO_CTL6_GPIO2
GPIO_CTL6_GPIO3
GPIO_CTL6_GPIO4
GPIO_CTL6_GPIOS5
GPIO_CTLY

GPIO_CTL7_GPIOO
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Address Start

0x02240000

0x02241000

0x02242000

0x02243000

0x02244000

0x02245000

0x02250000

0x02250000

0x02251000

0x02252000

0x02253000

0x02254000

0x02255000

0x02260000

0x02260000

0x02261000

0x02262000

0x02263000

0x02264000

0x02265000

0x02270000

0x02270000

0x02271000

0x02272000

0x02273000

0x02274000

0x02275000

0x02280000

0x02280000

Address End
0x02240fff
0x02241fff
Ox02242fff
0x02243fff
Ox02244fff
0x02245fff
Ox0225ffff
0x02250fff
0x02251fff
0x02252fff
0x02253fff
0x02254fff
0x02255fff
Ox0226ffff
0x02260fff
0x02261fff
0x02262fff
0x02263fff
0x02264fff
Ox02265fff
Ox0227ffff
0x02270fff
0x0227 1fff
0x02272fff
0x02273fff
0x02274fff
0x02275fff
0x0228ffff

0x02280fff

Address Locality
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM

SYSTEM
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GPIO_CTL7_GPIO1
GPIO_CTL7_GPIO2
GPIO_CTL7_GPIO3
GPIO_CTL7_GPIO4
GPIO_CTL7_GPIOS
HDACODEC
PADCTL_A
PADCTL_AO
PADCTL_A2
PADCTL_A4
PADCTL_AS
PADCTL_A6
PADCTL_A7
PADCTL_AS8
PADCTL_A11
PADCTL_A13
PADCTL_A16
PADCTL_A17
PADCTL_AZ20
PADCTL_AZ21
PADCTL_A24
PADCTL_A25

1257

1258

MPHY_LO
MPHY_L1
MISC_ERR_COLLATOR
PROTO

GPCDMA

NVIDIA CONFIDENTIAL
NVIDIA Orin Series System-on-Chip

Address Start

0x02281000
0x02282000
0x02283000
0x02284000
0x02285000
0x0242c000
0x02430000
0x02430000
0x02432000
0x02434000
0x02435000
0x02436000
0x02437000
0x02438000
0x0243b000
0x0243d000
0x02440000
0x02441000
0x02444000
0x02445000
0x02448000
0x02449000
0x02450000
0x02460000
0x02470000
0x02480000
0x024e0000
0x024f0000

0x02600000

Address End
0x02281fff
0x02282fff
0x02283fff
0x02284fff
0x02285fff
0x0242cfff
Ox0244ffff
0x02430fff
0x02432fff
0x02434fff
0x02435fff
0x02436fff
0x02437fff
0x02438fff
0x0243bfff
0x0243dfff
0x02440fff
0x02441fff
0x02444fff
0x02445fff
0x02448fff
0x02449fff
Ox0245ffff
Ox0246ffff
Ox0247ffff
0x0248ffff
Ox024effff
Ox024fffff

0x0280ffff

Technical Reference Manual
System Address Map

Address Locality

SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM

SYSTEM
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Block Name
GPCDMA_COMMON_O
GPCDMA_CHO
GPCDMA_CHI1
GPCDMA_CH2
GPCDMA_CH3
GPCDMA_CH4
GPCDMA_CH5
GPCDMA_CH6
GPCDMA_CH7
GPCDMA_CHS8
GPCDMA_CH9
GPCDMA_CH10
GPCDMA_CH11
GPCDMA_CH12
GPCDMA_CH13
GPCDMA_CH14
GPCDMA_CHI15
GPCDMA_CH16
GPCDMA_CH17
GPCDMA_CH18
GPCDMA_CH19
GPCDMA_CH20
GPCDMA_CH21
GPCDMA_CH22
GPCDMA_CH23
GPCDMA_CH24
GPCDMA_CH25
GPCDMA_CH26

GPCDMA_CH27

NVIDIA CONFIDENTIAL
NVIDIA Orin Series System-on-Chip

Address Start

0x02600000
0x02610000
0x02620000
0x02630000
0x02640000
0x02650000
0x02660000
0x02670000
0x02680000
0x02690000
0x026a0000
0x026b0000
0x026c0000
0x026d0000
0x026e0000
0x026f0000
0x02700000
0x02710000
0x02720000
0x02730000
0x02740000
0x02750000
0x02760000
0x02770000
0x02780000
0x02790000
0x027a0000
0x027b0000

0x027c0000

Address End
0x0260ffff
0x026 1 ffff
Ox0262ffff
Ox0263ffff
Ox0264ffff
Ox0265ffff
Ox0266ffff
Ox0267ffff
Ox0268ffff
0x0269ffff
Ox026affff
Ox026bffff
Ox026¢ffff
Ox026dffff
Ox026effff
Ox026fffff
Ox0270ffff
Ox027 1ffff
0x027 2ffff
Ox0273ffff
Ox0274ffff
Ox0275ffff
Ox0276ffff
Ox0277ffff
Ox0278ffff
Ox0279ffff
Ox027affff
0x027bffff

Ox027cffff

Technical Reference Manual
System Address Map

Address Locality

SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM

SYSTEM
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Block Name
GPCDMA_CH28
GPCDMA_CH29
GPCDMA_CH30
GPCDMA_CH31
APE

AHUB

AXBAR

251

1252

12S3

1254

2S5

1256

SFC1

SFC2

SFC3

SFC4

AMX1

AMX2

AMX3

AMX4

ADX1

ADX2

ADX3

ADX4

DMIC1

DMIC2

DMIC3

DMIC4

NVIDIA CONFIDENTIAL
NVIDIA Orin Series System-on-Chip

Address Start

0x027d0000
0x027e0000
0x027f0000
0x02800000
0x02900000
0x02900000
0x02900800
0x02901000
0x02901100
0x02901200
0x02901300
0x02901400
0x02901500
0x02902000
0x02902200
0x02902400
0x02902600
0x02903000
0x02903100
0x02903200
0x02903300
0x02903800
0x02903900
0x02903a00
0x02903b00
0x02904000
0x02904100
0x02904200

0x02904300

Address End
Ox027dffff
Ox027effff
Ox027fffff
Ox0280ffff
Ox02afffff
Ox0291ffff
0x02900fff
0x029010ff
Ox029011ff
0x029012ff
0x029013ff
0x029014ff
0x029015ff
0x029021ff
0x029023ff
0x029025ff
0x029027ff
0x029030ff
0x029031ff
0x029032ff
0x029033ff
0x029038ff
0x029039ff
0x02903aff
0x02903bff
0x029040ff
0x029041ff
0x029042ff

0x029043ff

Technical Reference Manual
System Address Map

Address Locality

SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM

SYSTEM
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Block Name
DSPKI1

DSPK2

SPDIF1

AFC1

AFC2

AFC3

AFC4

AFC5

AFC6

OPE1
OPE1_COMMON
OPE1_PEQ
OPE1_MBDRC
SPKPROT1

MVCI1

MVC2

AHC

MIXER1

IQC1

IQC2

ARAD

ADMAIF

ASRC

APE_ADMA
APE_ADMA_GLOBAL
APE_ADMA_PAGE1
APE_ADMA_PAGE2
APE_ADMA_PAGE3

APE_ADMA_PAGE4

NVIDIA CONFIDENTIAL
NVIDIA Orin Series System-on-Chip

Address Start

0x02905000
0x02905100
0x02906000
0x02907000
0x02907100
0x02907200
0x02907300
0x02907400
0x02907500
0x02908000
0x02908000
0x02908100
0x02908200
0x02908c00
0x0290a000
0x0290a200
0x0290b900
0x0290bb00
0x0290e000
0x0290e200
0x0290e400
0x0290f000
0x02910000
0x02930000
0x02930000
0x02940000
0x02950000
0x02960000

0x02970000

Address End
0x029050ff
0x029051ff
0x02906 1 ff
0x029070ff
0x029071ff
0x029072ff
0x029073ff
0x029074ff
0x029075ff
0x029083ff
0x029080ff
0x029081ff
0x029083ff
0x02908fff
0x0290a1ff
0x0290a3ff
0x0290baff
0x0290c2ff
0x0290e1ff
0x0290e3ff
0x0290e7ff
0x0290ffff
0x02911fff
0x0297ffff
0x0293ffff
Ox0294ffff
Ox0295ffff
0x0296ffff

Ox0297ffff

Technical Reference Manual
System Address Map

Address Locality

SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM

SYSTEM
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Technical Reference Manual
System Address Map

Block Name Address Start Address End Address Locality
APE_AMISC 0x02990000 0x02991fff SYSTEM
APE_AMISC_AMISC 0x02990000 0x029907ff SYSTEM
APE_AMISC_ACTMON 0x02990800 0x02990bff SYSTEM
APE_AMC 0x02993000 0x02993fff SYSTEM
APE_ACAST 0x02994000 Ox02995fff SYSTEM
APE_ADAST 0x02996000 0x02997fff SYSTEM
APE_HSP 0x029a0000 Ox02a2ffff SYSTEM
APE_HSP_COMMON 0x029a0000 Ox029affff SYSTEM
APE_HSP_SM 0x029b0000 Ox029effff SYSTEM
APE_HSP_SM_0_1 0x029b0000 Ox029bffff SYSTEM
APE_HSP_SM_2_3 0x029c0000 0x029cffff SYSTEM
APE_HSP_SM_4_5 0x029d0000 Ox029dffff SYSTEM
APE_HSP_SM_6_7 0x029e0000 Ox029effff SYSTEM
APE_HSP_SS 0x029f0000 Ox02a2ffff SYSTEM
APE_HSP_SS_O 0x029f0000 Ox029fffff SYSTEM
APE_HSP_SS_1 0x02a00000 Ox02a0ffff SYSTEM
APE_HSP_SS_2 0x02a10000 Ox02al1ffff SYSTEM
APE_HSP_SS_3 0x02a20000 Ox02a2ffff SYSTEM
APE_AGIC 0x02a40000 Ox02a7ffff SYSTEM
APE_AGIC_PAGEO 0x02a40000 Ox02a4ffff SYSTEM
APE_AGIC_PAGE1 0x02a50000 Ox02a5ffff SYSTEM
APE_AGIC_PAGE?2 0x02a60000 Ox02ab6ffff SYSTEM
APE_AGIC_PAGE3 0x02a70000 Ox02a7ffff SYSTEM
APE_TKE 0x02a80000 Ox02adffff SYSTEM
APE_TKE_SHARED 0x02a80000 Ox02a8ffff SYSTEM
APE_TKE_TMR 0x02a90000 Ox02acffff SYSTEM
APE_TKE_TMR_O 0x02a90000 Ox02a9ffff SYSTEM
APE_TKE_TMR_1 0x02aa0000 Ox02aaffff SYSTEM
APE_TKE_TMR_2 0x02ab0000 Ox02abffff SYSTEM

NVIDIA CONFIDENTIAL
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Block Name
APE_TKE_TMR_3
APE_TKE_WDT
APE_TKE_WDT_O
TSA_NODE_128
TSA_NODE_129
TSA_NODE_130
TSA_NODE_131
TSA_NODE_132
TSA_NODE_133
TSA_NODE_134
TSA_NODE_135
TSA_NODE_136
TSA_NODE_137
TSA_NODE_138
TSA_NODE_139
TSA_NODE_140
TSA_NODE_141
TSA_NODE_142
TSA_NODE_143
TSA_NODE_144
TSA_NODE_145
TSA_NODE_146
TSA_NODE_147
TSA_NODE_148
TSA_NODE_149
TSA_NODE_150
TSA_NODE_151
TSA_NODE_152

TSA_NODE_153

NVIDIA CONFIDENTIAL

NVIDIA Orin Series System-on-Chip

Address Start
0x02ac0000
0x02ad0000
0x02ad0000
0x02b00000
0x02b01000
0x02b02000
0x02b03000
0x02b04000
0x02b05000
0x02b06000
0x02b07000
0x02b08000
0x02b09000
0x02b0a000
0x02b0b000
0x02b0c000
0x02b0d000
0x02b0e000
0x02b0f000
0x02b 10000
0x02b 11000
0x02b 12000
0x02b 13000
0x02b 14000
0x02b 15000
0x02b 16000
0x02b17000
0x02b 18000

0x02b 19000

Address End
Ox02acffff
Ox02adffff
Ox02adffff
0x02b00fff
0x02b01fff
0x02b02fff
0x02b03fff
0x02b04fff
0x02b05fff
0x02b06fff
0x02b07fff
0x02b08fff
0x02b09fff
0x02b0afff
0x02bObfff
0x02b0cfff
0x02bO0dfff
0x02b0efff
Ox02bOffff
0x02b10fff
0x02b11fff
Ox02b12fff
0x02b13fff
0x02b14fff
0x02b15fff
0x02b16fff
0x02b17fff
0x02b18fff

Ox02b19fff

Technical Reference Manual
System Address Map

Address Locality

SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM

SYSTEM
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Block Name

TSA_NODE_154
TSA_NODE_155
TSA_NODE_156
TSA_NODE_157
TSA_NODE_158
TSA_NODE_159
TSA_NODE_160
TSA_NODE_161
TSA_NODE_162
TSA_NODE_163
TSA_NODE_164
TSA_NODE_165
TSA_NODE_166
TSA_NODE_167
TSA_NODE_168
TSA_NODE_169
TSA_NODE_170
TSA_NODE_171
TSA_NODE_172
TSA_NODE_173
TSA_NODE_174
TSA_NODE_175
TSA_NODE_176
TSA_NODE_177
TSA_NODE_178
TSA_NODE_179
TSA_NODE_180
TSA_NODE_181

TSA_NODE_182

NVIDIA CONFIDENTIAL
NVIDIA Orin Series System-on-Chip

Address Start
0x02b1a000
0x02b 1b000
0x02b1c000
0x02b1d000
0x02b1e000
0x02b1f000
0x02b20000
0x02b21000
0x02b22000
0x02b23000
0x02b24000
0x02b25000
0x02b26000
0x02b27000
0x02b28000
0x02b29000
0x02b2a000
0x02b2b000
0x02b2c000
0x02b2d000
0x02b2e000
0x02b2f000
0x02b30000
0x02b31000
0x02b32000
0x02b33000
0x02b34000
0x02b35000

0x02b36000

Address End
0x02b1afff
0x02b1bfff
0x02b1cfff
0x02b1dfff
Ox02b1efff
0x02b 1 ffff
0x02b20fff
0x02b21fff
0x02b22fff
0x02b23fff
0x02b24fff
0x02b25fff
0x02b26fff
0x02b27fff
0x02b28fff
0x02b29fff
Ox02b2afff
0x02b2bfff
0x02b2cfff
0x02b2dfff
0x02b2efff
Ox02b2ffff
0x02b30fff
0x02b31fff
0x02b32fff
0x02b33fff
0x02b34fff
O0x02b35fff

Ox02b36fff

Address Locality
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM

SYSTEM

Technical Reference Manual

System Address Map
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Block Name

TSA_NODE_183
TSA_NODE_184
TSA_NODE_185
TSA_NODE_186
TSA_NODE_187
TSA_NODE_188
TSA_NODE_189
TSA_NODE_190
TSA_NODE_191
TSA_NODE_192
TSA_NODE_193
TSA_NODE_194
TSA_NODE_195
TSA_NODE_196
TSA_NODE_197
TSA_NODE_198
TSA_NODE_199
TSA_NODE_200
TSA_NODE_201
TSA_NODE_202
TSA_NODE_203
TSA_NODE_204
TSA_NODE_205
TSA_NODE_206
TSA_NODE_207
TSA_NODE_208
TSA_NODE_209
TSA_NODE_210

TSA_NODE_211

NVIDIA CONFIDENTIAL
NVIDIA Orin Series System-on-Chip

Address Start
0x02b37000
0x02b38000
0x02b39000
0x02b3a000
0x02b3b000
0x02b3c000
0x02b3d000
0x02b3e000
0x02b3f000
0x02b40000
0x02b41000
0x02b42000
0x02b43000
0x02b44000
0x02b45000
0x02b46000
0x02b47000
0x02b48000
0x02b49000
0x02b4a000
0x02b4b000
0x02b4c000
0x02b4d000
0x02b4e000
0x02b4f000
0x02b50000
0x02b51000
0x02b52000

0x02b53000

Address End
0x02b37fff
0x02b38fff
0x02b39fff
0x02b3afff
0x02b3bfff
0x02b3cfff
0x02b3dfff
0x02b3efff
0x02b3ffff
0x02b40fff
0x02b41fff
Ox02b42fff
0x02b43fff
0x02b44fff
0x02b45fff
0x02b46fff
0x02b47fff
0x02b48fff
0x02b49fff
Ox02b4afff
0x02b4bfff
Ox02b4cfff
0x02b4dfff
Ox02b4efff
0x02b4ffff
0x02b50fff
0x02b51fff
0x02b52fff

Ox02b53fff

Address Locality
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM

SYSTEM

Technical Reference Manual

System Address Map
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Block Name

TSA_NODE_212
TSA_NODE_213
TSA_NODE_214
TSA_NODE_215
TSA_NODE_216
TSA_NODE_217
TSA_NODE_218
TSA_NODE_219
TSA_NODE_220
TSA_NODE_221
TSA_NODE_222
TSA_NODE_223
TSA_NODE_224
TSA_NODE_225
TSA_NODE_226
TSA_NODE_227
TSA_NODE_228
TSA_NODE_229
TSA_NODE_230
TSA_NODE_231
TSA_NODE_232
TSA_NODE_233
TSA_NODE_234
TSA_NODE_235
TSA_NODE_236
TSA_NODE_237
TSA_NODE_238
TSA_NODE_239

TSA_NODE_240

NVIDIA CONFIDENTIAL
NVIDIA Orin Series System-on-Chip

Address Start
0x02b54000
0x02b55000
0x02b56000
0x02b57000
0x02b58000
0x02b59000
0x02b5a000
0x02b5b000
0x02b5c000
0x02b5d000
0x02b5e000
0x02b5f000
0x02b60000
0x02b61000
0x02b62000
0x02b63000
0x02b64000
0x02b65000
0x02b66000
0x02b67000
0x02b68000
0x02b69000
0x02b6a000
0x02b6b000
0x02b6c000
0x02b6d000
0x02b6e000
0x02b6f000

0x02b70000

Address End
0x02b54fff
0x02b55fff
Ox02b56fff
Ox02b57fff
Ox02b58fff
Ox02b59fff
Ox02b5afff
0x02b5bfff
0x02b5cfff
0x02b5dfff
0x02b5efff
Ox02b5ffff
Ox02b60fff
0x02b6 1fff
Ox02b62fff
0x02b63fff
Ox02b64fff
Ox02b65fff
0x02b66fff
Ox02b67fff
Ox02b68fff
Ox02b69fff
Ox02b6afff
0x02b6bfff
0x02b6cfff
0x02b6dfff
Ox02bbefff
Ox02b6ffff

0x02b70fff

Address Locality
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM

SYSTEM

Technical Reference Manual

System Address Map
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Block Name
TSA_NODE_241
TSA_NODE_242
TSA_NODE_243
TSA_NODE_244
TSA_NODE_245
TSA_NODE_246
TSA_NODE_247
TSA_NODE_248
TSA_NODE_249
TSA_NODE_250
TSA_NODE_251
TSA_NODE_252
TSA_NODE_253
TSA_NODE_254
TSA_NODE_255
UPHY_O
UPHY_PLLO
UPHY_1
UPHY_LANEO
UPHY_LANET1
UPHY_2
UPHY_PLLI1
UPHY_3
UPHY_LANE2
UPHY_LANE3
UPHY_4
UPHY_PLLZ2
UPHY_5

UPHY_LANE4

NVIDIA CONFIDENTIAL
NVIDIA Orin Series System-on-Chip

Address Start
0x02b71000
0x02b72000
0x02b73000
0x02b74000
0x02b75000
0x02b76000
0x02b77000
0x02b78000
0x02b79000
0x02b7a000
0x02b7b000
0x02b7c000
0x02b7d000
0x02b7e000
0x02b7f000
0x02d00000
0x02d00000
0x02d02000
0x02d02000
0x02d03000
0x02d04000
0x02d04000
0x02d06000
0x02d06000
0x02d07000
0x02d08000
0x02d08000
0x02d0a000

0x02d0a000

Address End
0x02b71fff
0x02b72fff
0x02b73fff
Ox02b74fff
0x02b75fff
0x02b76fff
0x02b77fff
0x02b78fff
0x02b79fff
0x02b7afff
0x02b7bfff
0x02b7cfff
Ox02b7dfff
Ox02b7efff
0x02b7ffff
0x02d01fff
0x02d01fff
0x02d03fff
0x02d02fff
0x02d03fff
0x02d05fff
0x02d05fff
0x02d07fff
0x02d06fff
0x02d07fff
0x02d09fff
0x02d09fff
0x02d0bfff

0x02d0Oafff

Address Locality
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM

SYSTEM

Technical Reference Manual

System Address Map
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Block Name
UPHY_LANES
UPHY_6
UPHY_LANEG
UPHY_LANE7
UPHY_7
UPHY_PLL3
NVHSUPHY_O
NVHSUPHY_PLLO
NVHSUPHY_1
NVHSUPHY_LANEO
NVHSUPHY_LANE1
NVHSUPHY_2
NVHSUPHY_LANE?2
NVHSUPHY_LANE3
NVHSUPHY_3
NVHSUPHY_LANE4
NVHSUPHY_LANES
NVHSUPHY_4
NVHSUPHY_LANEG
NVHSUPHY_LANE7
NVHSUPHY_5
NVHSUPHY_PLL1
LIC

LIC_CHO

LIC_CH1

LIC_CH2

LIC_CH3

LIC_CH4

LIC_CH5

NVIDIA CONFIDENTIAL

NVIDIA Orin Series System-on-Chip

Address Start

0x02d0b000
0x02d0c000
0x02d0c000
0x02d0d000
0x02d0e000
0x02d0e000
0x02f00000
0x02f00000
0x02f02000
0x02f02000
0x02f03000
0x02f04000
0x02f04000
0x02f05000
0x02f06000
0x02f06000
0x02f07000
0x02f08000
0x02f08000
0x02f09000
0x02f0a000
0x02f0a000
0x03000000
0x03000000
0x03000800
0x03001000
0x03001800
0x03002000

0x03002800

Address End
0x02dObfff
0x02d0odfff
0x02dOcfff
Ox02dodfff
Ox02dOffff
Ox02dOffff
Ox02fO1fff
Ox02fO1fff
Ox02f03fff
Ox02f02fff
Ox02f03fff
Ox02fO5fff
Ox02fo4fff
Ox02fO5fff
Ox02fO7fff
Ox02f06fff
Ox02fO7fff
Ox02f09fff
Ox02f08fff
Ox02f09fff
Ox02fObfff
Ox02fObfff
Ox0300ffff
0x030007ff
0x03000fff
0Ox030017ff
Ox03001fff
0x030027ff

0x03002fff

Address Locality
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM

SYSTEM

Technical Reference Manual
System Address Map
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Block Name
LIC_CH®6
LIC_CH7
LIC_CHS8
LIC_CH9
LIC_CH10
LIC_CH11
LIC_COMMON
UARTA
UARTB
UARTD
UARTE
UARTF
12C1
UARTH
12C3

12C4

12C5

12C6

[2C7
UARTI
12C9

SPI1T

SPI3

SPI14

SPI5
QSPIO
PWMI1
PWM2

PWM3

NVIDIA CONFIDENTIAL
NVIDIA Orin Series System-on-Chip

Address Start

0x03003000
0x03003800
0x03004000
0x03004800
0x03005000
0x03005800
0x0300f800
0x03100000
0x03110000
0x03130000
0x03140000
0x03150000
0x03160000
0x03170000
0x03180000
0x03190000
0x031a0000
0x031b0000
0x031c0000
0x031d0000
0x031e0000
0x03210000
0x03230000
0x03240000
0x03250000
0x03270000
0x03280000
0x03290000

0x032a0000

Address End
0x030037ff
0x03003fff
0x030047ff
0x03004fff
0x030057ff
Ox03005fff
Ox0300ffff
Ox0310ffff
Ox0311ffff
0x0313ffff
0x0314ffff
Ox0315ffff
Ox0316ffff
Ox0317ffff
Ox0318ffff
Ox0319ffff
Ox031affff
0x031bffff
0x031cffff
Ox031dffff
Ox031effff
Ox0321ffff
Ox0323ffff
Ox0324ffff
Ox0325ffff
Ox0327ffff
0x0328ffff
0x0329ffff

Ox032affff

Technical Reference Manual
System Address Map

Address Locality

SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM

SYSTEM
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Block Name
PWMS5

PWM6

PWM7

PWM8

QSPI1

SDMMCI1
SDMMCI1_IMPL
SDMMCI1B
SDMMC4
SDMMC4_IMPL
SDMMC4B
HDA
XUSB_PADCTL

XUSB_PADCTL_NONSECUR
E

XUSB_PADCTL_SECURE
XUSB_AO

XUSB_DEV
XUSB_DEV_BARO
XUSB_DEV_CFG
XUSB_HOST
XUSB_HOST_PF
XUSB_HOST_PF_CFG
XUSB_HOST_PF_BARO
XUSB_HOST_PF_BARO_OP
XUSB_HOST_PF_BARO_RT
XUSB_HOST_PF_BARO_DB
XUSB_HOST_PF_BAR2
XUSB_HOST_VFO

XUSB_HOST_VFO_CFG

NVIDIA CONFIDENTIAL
NVIDIA Orin Series System-on-Chip

Address Start

0x032c0000
0x032d0000
0x032e0000
0x032f0000
0x03300000
0x03400000
0x03400000
0x03410000
0x03460000
0x03460000
0x03470000
0x03510000
0x03520000

0x03520000

0x03530000
0x03540000
0x03550000
0x03550000
0x03558000
0x03600000
0x03600000
0x03600000
0x03610000
0x03610000
0x03630000
0x03640000
0x03650000
0x03660000

0x03660000

Address End
0x032cffff
0x032dffff
Ox032effff
Ox032fffff
Ox0330ffff
Ox0341ffff
Ox0340ffff
Ox0341ffff
Ox0347ffff
Ox0346ffff
0x0347ffff
Ox0351ffff
Ox0353ffff

Ox0352ffff

Ox0353ffff
0x0354ffff
Ox0355ffff
O0x03557fff
Ox0355ffff
Ox0379ffff
Ox0365ffff
0x0360ffff
0x0364ffff
0x0362ffff
0x0363ffff
0x0364ffff
O0x0365ffff
Ox036affff

Ox0366ffff

Technical Reference Manual
System Address Map

Address Locality

SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM

SYSTEM

SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM

SYSTEM
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Block Name
XUSB_HOST_VFO_BARO

XUSB_HOST_VFO_BARO_O
P

XUSB_HOST_VFO_BARO_RT

XUSB_HOST_VFO_BARO_D
B

XUSB_HOST_VF1
XUSB_HOST_VF1_CFG
XUSB_HOST_VF1_BARO

XUSB_HOST_VF1_BARO_O
P

XUSB_HOST_VF1_BARO_RT

XUSB_HOST_VF1_BARO_D
B

XUSB_HOST_VF2
XUSB_HOST_VF2_CFG
XUSB_HOST_VF2_BARO

XUSB_HOST_VF2_BARO_O
P

XUSB_HOST_VF2_BARO_RT

XUSB_HOST_VF2_BARO_D
B

XUSB_HOST_VF3
XUSB_HOST_VF3_CFG
XUSB_HOST_VF3_BARO

XUSB_HOST_VF3_BARO_O
P

XUSB_HOST_VF3_BARO_RT

XUSB_HOST_VF3_BARO_D
B

PEXCLKO
PEXCLK2
CVO_POD

CV1_POD

NVIDIA CONFIDENTIAL
NVIDIA Orin Series System-on-Chip

Address Start

0x03670000

0x03670000

0x03690000

0x036a0000

0x036b0000
0x036b0000
0x036c0000

0x036c0000

0x036e0000

0x036f0000

0x03700000
0x03700000
0x03710000

0x03710000

0x03730000

0x03740000

0x03750000

0x03750000

0x03760000

0x03760000

0x03780000

0x03790000

0x037a0000
0x037a1000
0x037a3000

0x037a4000

Address End
0x036affff

0x0368ffff

Ox0369ffff

0x036affff

Ox036fffff
Ox036bffff
Ox036fffff

Ox036dffff

Ox036effff

Ox036fffff

Ox0374ffff
Ox0370ffff
Ox0374ffff

Ox0372ffff

Ox0373ffff

Ox0374ffff

Ox0379ffff
Ox0375ffff
Ox0379ffff

OXO377ffff

Ox0378ffff

O0x0379ffff

0x037a0fff
0x037alfff
0Ox037a3fff

0x037a4fff

Technical Reference Manual
System Address Map

Address Locality

SYSTEM

SYSTEM

SYSTEM

SYSTEM

SYSTEM
SYSTEM
SYSTEM

SYSTEM

SYSTEM

SYSTEM

SYSTEM
SYSTEM
SYSTEM

SYSTEM

SYSTEM

SYSTEM

SYSTEM

SYSTEM

SYSTEM

SYSTEM

SYSTEM

SYSTEM

SYSTEM
SYSTEM
SYSTEM

SYSTEM
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Block Name
Cv2_POD

PEXCLK1

MIOBFM
APB2JTAG
MIPI_CAL

TACH_1

TACH_O

IST

LIC_GTEO

LIC_GTE1
TOPO_HSP
TOPO_HSP_COMMON
TOPO_HSP_SM
TOPO_HSP_SM_0O_1
TOPO_HSP_SM_2_3
TOPO_HSP_SM_4_5
TOPO_HSP_SM_6_7
TOPOQO_HSP_SS
TOPO_HSP_SS_0
TOPO_HSP_SS_1
TOPO_HSP_AS
TOPO_HSP_AS_O
TOPO_HSP_AS_1
TOPO_HSP_DB
TOPO_HSP_DB_O
TOP1_HSP
TOP1_HSP_COMMON
TOP1_HSP_SM

TOP1_HSP_SM_0_1

NVIDIA CONFIDENTIAL
NVIDIA Orin Series System-on-Chip

Address Start

0x037a5000
0x037a7000
0x03800000
0x03980000
0x03990000
0x039b0000
0x039c0000
0x03a60000
0x03aa0000
0x03ab0000
0x03c00000
0x03c00000
0x03c 10000
0x03c 10000
0x03c20000
0x03c30000
0x03c40000
0x03c50000
0x03c50000
0x03c60000
0x03c70000
0x03c70000
0x03c80000
0x03c90000
0x03c90000
0x03d00000
0x03d00000
0x03d 10000

0x03d 10000

Address End
0x037a5fff
0x037a7fff
0x0380ffff
0x0398ffff
O0x0399ffff
Ox039bffff
O0x039cffff
Ox03a6ffff
Ox03aaffff
Ox03abffff
Ox03coffff
Ox03cOffff
0x03c4ffff
Ox03c1ffff
Ox03c2ffff
Ox03c3ffff
Ox03c4ffff
Ox03c6ffff
Ox03c5ffff
Ox03c6ffff
Ox03c8ffff
Ox03c7ffff
Ox03c8ffff
Ox03coffff
Ox03coffff
O0x03d8ffff
Ox03dOoffff
0x03d4ffff

Ox03d1ffff

Technical Reference Manual
System Address Map

Address Locality

SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM

SYSTEM
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Technical Reference Manual
System Address Map

Block Name Address Start Address End Address Locality
TOP1_HSP_SM_2_3 0x03d20000 Ox03d2ffff SYSTEM
TOP1_HSP_SM_4_5 0x03d30000 Ox03d3ffff SYSTEM
TOP1_HSP_SM_6_7 0x03d40000 Ox03d4ffff SYSTEM
TOP1_HSP_SS 0x03d50000 Ox03d8ffff SYSTEM
TOP1_HSP_SS_O 0x03d50000 Ox03d5ffff SYSTEM
TOP1_HSP_SS_1 0x03d60000 Ox03d6ffff SYSTEM
TOP1_HSP_SS_2 0x03d70000 Ox03d7ffff SYSTEM
TOP1_HSP_SS_3 0x03d80000 Ox03d8ffff SYSTEM
PIPE2UPHY 0x03e00000 OxO3ffffff SYSTEM
P2U_HSIO_O 0x03e00000 0x03e0ffff SYSTEM
P2U_HSIO_1 0x03e10000 0x03e 1ffff SYSTEM
P2U_HSIO_2 0x03e20000 Ox03e2ffff SYSTEM
P2U_HSIO_3 0x03e30000 Ox03e3ffff SYSTEM
P2U_HSIO_4 0x03e40000 Ox03e4ffff SYSTEM
P2U_HSIO_5 0x03e50000 Ox03e5ffff SYSTEM
P2U_HSIO_6 0x03e60000 Ox03eb6ffff SYSTEM
P2U_HSIO_7 0x03e70000 Ox03e7ffff SYSTEM
P2U_HSIO_XBAR 0x03e80000 Ox03e8ffff SYSTEM
P2U_NVHS_O 0x03e90000 Ox03e9ffff SYSTEM
P2U_NVHS_1 0x03ea0000 Ox03eaffff SYSTEM
P2U_NVHS_2 0x03eb0000 Ox03ebffff SYSTEM
P2U_NVHS_3 0x03ec0000 Ox03ecffff SYSTEM
P2U_NVHS_4 0x03ed0000 Ox03edffff SYSTEM
P2U_NVHS_5 0x03ee0000 Ox03eeffff SYSTEM
P2U_NVHS_6 0x03ef0000 Ox03efffff SYSTEM
P2U_NVHS_7 0x03f00000 Ox03fOoffff SYSTEM
P2U_NVHS_XBAR 0x03f10000 Ox03f1ffff SYSTEM
EXIO 0x06000000 Ox063fffff SYSTEM
NITRO_IO 0x06400000 0x06400fff SYSTEM

NVIDIA CONFIDENTIAL
NVIDIA Orin Series System-on-Chip
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Block Name
SMMU3
SMMU4

[2C2

12C8

SPI2

UARTJ
UARTC

RTC
PADCTL_A12
PADCTL_A14
PADCTL_A15
CANI1

CAN2

DMIC5
PWM4

PMC
PMC_IMPL
WAKE
SCRATCH
PMC_MISC
TSC
SYSCTRO
SYSCTRI
SYSCTR2
TSC_IMPL
TSCUS
ACTMON
SOC_THERM

CENTRAL_VTG_CTLR

NVIDIA CONFIDENTIAL
NVIDIA Orin Series System-on-Chip

Address Start

0x07000000
0x08000000
0x0c240000
0x0c250000
0x0c260000
0x0c270000
0x0c280000
0x0c2a0000
0Ox0c301000
0x0c302000
0x0c303000
0x0c310000
0x0c320000
0x0c330000
0x0c340000
0x0c360000
0x0c360000
0x0c370000
0x0c390000
0x0c3a0000
0x0c670000
0x0c670000
0x0c680000
0x0c690000
0x0c6a0000
0x0c6b0000
0x0d230000
0x0d280000

0x0d290000

Address End
OxQ7ffffff
OxO8ffffff
Ox0c24ffff
OxOc25ffff
OxOc26ffff
OxOc27ffff
Ox0c28ffff
OxOc2affff
0x0c301fff
Ox0c302fff
0x0c303fff
OxOc31ffff
OxOc32ffff
OxOc33ffff
OxOc34ffff
OxOc3affff
Ox0c36ffff
OxOc37ffff
OxOc39ffff
OxOc3affff
OxOcBbffff
OxOcB7ffff
OxOcB8ffff
OxOcB9ffff
OxOc6Baffff
OxOcBbffff
Ox0d23ffff
0x0d28ffff

Ox0d29ffff

Technical Reference Manual
System Address Map

Address Locality

SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM

SYSTEM
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Block Name
CENTRAL_PWR_MGR
CCPLEX_MMCRAB_ARM
AXIS_NIC_O
RPG_PM
RPG_PM_VIO
RPG_PM_VI1
RPG_PM_ISPO
RPG_PM_VIC
RPG_PM_OFA
RPG_PM_DISPLAY
RPG_PM_PMA
RPG_PM_SCF
RPG_PM_NVDECO
RPG_PM_NVENCO
RPG_PM_PCIE_CO
RPG_PM_PCIE_CI1
RPG_PM_PCIE_C2
RPG_PM_PCIE_C3
RPG_PM_PCIE_C4
RPG_PM_PCIE_C5
RPG_PM_PCIE_C6
RPG_PM_PCIE_C7
RPG_PM_PCIE_CS8
RPG_PM_PCIE_C9
RPG_PM_PCIE_C10
RPG_PM_MCFO
RPG_PM_MCF1
RPG_PM_MCF2

PMA

NVIDIA CONFIDENTIAL
NVIDIA Orin Series System-on-Chip

Address Start

0x0d2a0000
0x0e000000
0x0f000000
0x0f 100000
0x0f 100000
0x0f101000
0x0f102000
0x0f 103000
0x0f104000
0x0f10a000
0x0f10b000
0x0f 110000
0x0f111000
0x0f112000
0x0f 114000
0x0f115000
0x0f116000
0x0f117000
0x0f 118000
0x0f 119000
0x0f11a000
0x0f11b000
O0x0f11c000
0x0f11d000
0x0f11e000
0x0f131000
0x0f132000
0x0f 133000

0x0f14a000

Address End

Ox0d2affff
Ox0e3fffff
OxOfOfffff
OxOf 149fff
OxOf 100fff
OxOf101fff
Ox0f102fff
OxO0f 103fff
OxOf104fff
OxOf 10afff
OxOf 10bfff
OxOf110fff
OxOf111fff
Ox0f112fff
OxOf114fff
OxOf115fff
OxOf116fff
OxOf117fff
OxOf118fff
OxOf119fff
OxOf 1 1afff
OxOf11bfff
OxOf 1 1cfff
OxOf 1 1dfff
OxOf11efff
OxOf131fff
Ox0f132fff
OxOf133fff

OxOf14bfff

Technical Reference Manual
System Address Map

Address Locality

SYSTEM
CCPLEX
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM

SYSTEM
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Block Name
PMA_CFG
PMA_SEC

RTR
CCPLEX_GIC
CCPLEX_GICD
CCPLEX_GICA
CCPLEX_GICT
CCPLEX_GICP
CCPLEX_GICRO
CCPLEX_GICR1
CCPLEX_GICR2
CCPLEX_GICR3
CCPLEX_GICR4
CCPLEX_GICRS
CCPLEX_GICR6
CCPLEX_GICR7
CCPLEX_GICR8
CCPLEX_GICR9
CCPLEX_GICR10
CCPLEX_GICR11
CCPLEX_GICR12
CCPLEX_GICR13
CCPLEX_GICR14
CCPLEX_GICR15
CCPLEX_GICDA
CCPLEX_GICFMU
SMMU2

SMMUI1

SMMUO

NVIDIA CONFIDENTIAL
NVIDIA Orin Series System-on-Chip

Address Start

0x0f14a000

0x0f14b000
0x0f14d000
0x0f400000
0x0f400000
0x0f410000
0x0f420000
0x0f430000
0x0f440000
0x0f460000
0x0f480000
0x0f4a0000

0x0f4c0000

0x0f4e0000

0x0f500000
0x0f520000
0x0f540000
0x0f560000
0x0f580000
0x0f5a0000

0x0f5c0000

0x0f5e0000

0x0f600000
0x0f620000
0x0f640000
0x0f7f0000

0x10000000
Ox11000000

Ox12000000

Address End
Ox0f14afff
OxOf 14bfff
0xOf 14dfff
OXOf7fffff
OxOf40ffff
OxOf41ffff
OxOf42ffff
OxOf43ffff
OxOf45ffff
OxOf47ffff
OxOf49ffff
OxOf4bffff
OxOf4dffff
OxOf4fffff
OxOf51ffff
OxOf53ffff
OxOf55ffff
OxOf57ffff
OxOf59ffff
OXOfSbffff
OxOf5dffff
OXOf5fffff
OxOf61ffff
OxOf63ffff
OxOf64ffff
OxOf7fffff
Ox 10ffffff
Ox 1 1FFFFff

Ox 1 2Ffffff

Technical Reference Manual
System Address Map

Address Locality

SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM

SYSTEM
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Block Name

DISP

DISP_CORE_1
DISP_EC
DISP_CORE_2
HOST1X
HOST1X_COMMON
HOST1X_0
HOST1X_1
HOST1X_2
HOST1X_3
HOST1X_4
HOST1X_5
HOST1X_6
HOST1X_7
HOST1X_ACTMONO
HOST1X_ACTMONI1
HOST1X_ACTMONZ2
HOST1X_ACTMONS3
HOST1X_ACTMON4
HOST1X_ACTMONS5
PCIE_CTL
PCIE_C8_CTL
PCIE_C8_CTL_NONSECURE
PCIE_C9_CTL
PCIE_C9_CTL_NONSECURE
PCIE_C10_CTL

PCIE_C10_CTL_NONSECUR
E

PCIE_C1_CTL

PCIE_C1_CTL_NONSECURE

NVIDIA CONFIDENTIAL
NVIDIA Orin Series System-on-Chip

Address Start

0x 13800000
0x 13800000
0x13840000
0x13841000
0x13e00000
0x13e00000
0x13e40000
0x13e50000
0Ox13e60000
0x13e70000
0x13e80000
0x13e90000
Ox13ea0000
0x13eb0000
0x13ef0000
0x13f00000
Ox13f10000
0x13f20000
0x13f30000
0x13f40000
0x 14080000
0x140a0000
0x140a0000
0x140c0000
0x140c0000
0x140e0000

0x140e0000

0x14100000

0x14100000

Address End
Ox138effff
Ox1383ffff
0Ox13840fff
Ox138effff
Ox13fcffff
Ox13e0ffff
Ox 13e4ffff
Ox13e5ffff
Ox13e6ffff
Ox13e7ffff
Ox13e8ffff
Ox13e9ffff
Ox13eaffff
Ox13ebffff
Ox13efffff
Ox 13fOffff
Ox13f1ffff
Ox 13f2ffff
Ox13f3ffff
Ox13f4Affff
Ox141fffff
Ox140bffff
Ox140affff
Ox140dffff
Ox 140cffff
Ox 140fffff

Ox140effff

Ox1411ffff

Ox1410ffff

Technical Reference Manual
System Address Map

Address Locality

SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM

SYSTEM

SYSTEM

SYSTEM
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Block Name
PCIE_C2_CTL
PCIE_C2_CTL_NONSECURE
PCIE_C3_CTL
PCIE_C3_CTL_NONSECURE
PCIE_C4_CTL
PCIE_C4_CTL_NONSECURE
PCIE_CO_CTL
PCIE_CO_CTL_NONSECURE
PCIE_C5_CTL
PCIE_C5_CTL_NONSECURE
PCIE_C6_CTL
PCIE_C6_CTL_NONSECURE
PCIE_C7_CTL
PCIE_C7_CTL_NONSECURE
VI2

VI2_THI

VI2_THI_CPU

VI2_THI_EC
VI2_THI_ENGINE

VIC

VIC_SEC

VIC_EC

NVJPG

NVDEC

NVENC

NVENC_SEC

NVENC_EC

NVJPGI1

DPAUX

NVIDIA CONFIDENTIAL
NVIDIA Orin Series System-on-Chip

Address Start

0x14120000
0x14120000
0x14140000
0x14140000
0x14160000
0x14160000
0x14180000
0x 14180000
0x141a0000
0x141a0000
0x141c0000
0x141c0000
0x141e0000
Ox141e0000
0x14c00000
0x14f00000
Ox14f00000
Ox14f04000
0x14f05000
0x15340000
0x1534e000
0x1534f000
0x 15380000
0x 15480000
0x154c0000
0x154ce000
Ox154cf000
0x15540000

Ox155c0000

Address End
Ox1413ffff
Ox1412ffff
Ox1415ffff
Ox1414ffff
Ox1417ffff
Ox1416ffff
Ox1419ffff
Ox1418ffff
Ox141bffff
Ox141affff
Ox141dffff
Ox141cffff
Ox141fffff
Ox141effff
Ox14efffff
Ox 14ffffff
Ox14f03fff
Ox 14f04fff
Ox 14ffffff
Ox1537ffff
Ox1534efff
Ox1534ffff
Ox153bffff
Ox154bffff
Ox 154fffff
Ox154cefff
Ox 154cffff
Ox1557ffff

Ox155cffff

Technical Reference Manual
System Address Map

Address Locality

SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM

SYSTEM
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Block Name
SE1

SE2

SE3

SE4

NVCSI
NVCSI_ENGINE
NVCSI_EC

OFA

OFA_SEC
OFA_EC

VI

VI_THI
VI_THI_CPU
VI_THI_EC
VI_THI_ENGINE
GPU

CSITE
CSITE_MISCO
CSITE_CFG
CSITE_MISC1
LA
CSITE_MISC2
CSITE_MISC3
CSITE_MISC4
ST™M
CSITE_CCPLEX
PCIE_32BIT

PCIE_C7_32BIT

NVIDIA CONFIDENTIAL
NVIDIA Orin Series System-on-Chip

Address Start
0x15810000
0x15820000
0x15830000
0x15840000
0x15a00000
0x15a00000
Ox15a4b000
Ox15a50000
0x15a5e000
Ox15a5f000
0Ox15c00000
0Ox15f00000
0x15f00000
Ox15f04000
Ox15f05000
Ox 17000000
0x24000000
0x24000000
0x24020000
0x24040000
0x24410000
0x24420000
0x24480000
0x24780000
0x25000000
0x26000000
0x28000000

0x28000000

Address End
Ox1581ffff
Ox1582ffff
Ox1583ffff
Ox1584ffff
Ox15a4ffff
Ox15a4afff
Ox 15a4ffff
Ox 15a5ffff
Ox15abefff
Ox15a5ffff
Ox15efffff
Ox 15ffffff
Ox15f03fff
Ox15f04fff
Ox 15ffffff
Ox 1 fffffff
Ox27ffffff
Ox2401ffff
0x2403ffff
Ox2440ffff
Ox2441ffff
0x2443ffff
0x2473ffff
Ox247fffff
Ox25ffffff
Ox27ffffff
Ox3fffffff

Ox2OfFFFff

Address Locality
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM

SYSTEM

Technical Reference Manual
System Address Map
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Block Name

PCIE_C7_32BIT_EP

PCIE_C7_32BIT_RP

PCIE_C7_32BIT_DMA
PCIE_C8_32BIT

PCIE_C8_32BIT_EP

PCIE_C8_32BIT_RP

PCIE_C8_32BIT_DMA
PCIE_CO_32BIT

PCIE_C9_32BIT_EP

PCIE_C9_32BIT_RP

PCIE_C9_32BIT_DMA
PCIE_C10_32BIT

PCIE_C10_32BIT_EP

PCIE_C10_32BIT_RP

PCIE_C10_32BIT_DMA
PCIE_C1_32BIT
PCIE_C1_32BIT_RP
PCIE_C1_32BIT_DMA
PCIE_C2_32BIT
PCIE_C2_32BIT_RP
PCIE_C2_32BIT_DMA

PCIE_C3_32BIT

NVIDIA CONFIDENTIAL
NVIDIA Orin Series System-on-Chip

Address Start

0x28000000

0x28000000

0x28040000

Ox2a000000

0x2a000000

0x2a000000

0x2a040000

0x2c000000

0x2c000000

0Ox2c000000

0Ox2c040000

Ox2e000000

Ox2e000000

0x2e000000

0x2e040000

0x30000000

0x30000000

0x30040000

0x32000000

0x32000000

0x32040000

0x34000000

Address End
0x28001fff

0x28001fff

0x2807ffff
Ox2bfffff

0x2a001fff

0x2a001fff

Ox2a07ffff
Ox2dffffff

0x2c001fff

O0x2c001fff

Ox2cO7Ffff
Ox2fffffff

0x2e001fff

0x2e001fff

Ox2e07ffff
Ox3 1ffffff

0x30001fff
Ox3007ffff
Ox33ffffff

0x32001fff
0x3207ffff

OX35FFFFFf

Technical Reference Manual
System Address Map

Address Locality

SYSTEM_CFG.PCIE_C7_CTL.PCIE_RP_A
PPL_DM_TYPE_O.DEVICE_TYPE.END_PO
INT

SYSTEM_CFG.PCIE_C7_CTL.PCIE_RP_A
PPL_DM_TYPE_O.DEVICE_TYPE.ROOT_P
ORT

SYSTEM
SYSTEM

SYSTEM_CFG.PCIE_C8_CTL.PCIE_RP_A
PPL_DM_TYPE_O.DEVICE_TYPE.END_PO
INT

SYSTEM_CFG.PCIE_C8_CTL.PCIE_RP_A
PPL_DM_TYPE_O.DEVICE_TYPE.ROOT_P
ORT

SYSTEM
SYSTEM

SYSTEM_CFG.PCIE_C9_CTL.PCIE_RP_A
PPL_DM_TYPE_O.DEVICE_TYPE.END_PO
INT

SYSTEM_CFG.PCIE_C9O_CTL.PCIE_RP_A
PPL_DM_TYPE_O.DEVICE_TYPE.ROOT_P
ORT

SYSTEM
SYSTEM

SYSTEM_CFG.PCIE_C10_CTL.PCIE_RP_
APPL_DM_TYPE_O.DEVICE_TYPE.END_P
OINT

SYSTEM_CFG.PCIE_CT10_CTL.PCIE_RP_
APPL_DM_TYPE_O.DEVICE_TYPE.ROOT_
PORT

SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM

SYSTEM
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Block Name
PCIE_C3_32BIT_RP
PCIE_C3_32BIT_DMA
PCIE_C4_32BIT

PCIE_C4_32BIT_EP

PCIE_C4_32BIT_RP

PCIE_C4_32BIT_DMA
PCIE_CO_32BIT

PCIE_CO_32BIT_EP

PCIE_CO_32BIT_RP

PCIE_CO_32BIT_DMA
PCIE_C5_32BIT

PCIE_C5_32BIT_EP

PCIE_C5_32BIT_RP

PCIE_C5_32BIT_DMA
PCIE_C6_32BIT

PCIE_C6_32BIT_EP

PCIE_C6_32BIT_RP

PCIE_C6_32BIT_DMA
APE_ARAM
ON_CHIP_DATA
SYSRAM_O

SYSRAM_O_IMPL
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Address Start

0x34000000
0x34040000
0x36000000

0x36000000

0x36000000

0x36040000
0x38000000

0x38000000

0x38000000

0x38040000
0x3a000000

0x3a000000

0x3a000000

0x3a040000
0x3c000000

0x3c000000

0x3c000000

0x3c040000
0x3f800000
0x40000000
0x40000000

0Ox40000000

Address End
0x34001fff
0x3407ffff
Ox37ffffff

0x36001fff

0x36001fff

Ox3607ffff
Ox39ffffff

0x38001fff

0x38001fff

0x3807ffff
Ox3bfFFFff

0x3a001fff

0x3a001fff

Ox3a07ffff
Ox3dffffff

0x3c001fff

0x3c001fff

0x3cO7ffff
OX3FFFFfff
OX7FFFFfff
OxXAFFFFfff

0x4007ffff

Technical Reference Manual
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Address Locality
SYSTEM
SYSTEM
SYSTEM

SYSTEM_CFG.PCIE_C4_CTL.PCIE_RP_A
PPL_DM_TYPE_O.DEVICE_TYPE.END_PO
INT

SYSTEM_CFG.PCIE_C4_CTL.PCIE_RP_A
PPL_DM_TYPE_O.DEVICE_TYPE.ROOT_P
ORT

SYSTEM
SYSTEM

SYSTEM_CFG.PCIE_CO_CTL.PCIE_RP_A
PPL_DM_TYPE_O.DEVICE_TYPE.END_PO
INT

SYSTEM_CFG.PCIE_CO_CTL.PCIE_RP_A
PPL_DM_TYPE_O.DEVICE_TYPE.ROOT_P
ORT

SYSTEM
SYSTEM

SYSTEM_CFG.PCIE_C5_CTL.PCIE_RP_A
PPL_DM_TYPE_O.DEVICE_TYPE.END_PO
INT

SYSTEM_CFG.PCIE_C5_CTL.PCIE_RP_A
PPL_DM_TYPE_O.DEVICE_TYPE.ROOT_P
ORT

SYSTEM
SYSTEM

SYSTEM_CFG.PCIE_C6_CTL.PCIE_RP_A
PPL_DM_TYPE_O.DEVICE_TYPE.END_PO
INT

SYSTEM_CFG.PCIE_C6_CTL.PCIE_RP_A
PPL_DM_TYPE_O.DEVICE_TYPE.ROOT_P
ORT

SYSTEM
APE

SYSTEM
SYSTEM

SYSTEM

DP-10508-002_v1.1 | Page 80



Technical Reference Manual

Address Space Translation (AST)

Block Name Address Start Address End Address Locality
GIC_MSI 0x54000000 OxX57ffffff SYSTEM
SYNCPOINT_O 0x60000000 Ox63ffffff SYSTEM
DRAM 0x80000000 Ox207fffffff SYSTEM
EMEM 0x80000000 Ox207fffffff SYSTEM
EMEM_32BIT 0x80000000 Oxffffffff SYSTEM
PCIE_64BIT 0x2080000000 Ox3fffffffff SYSTEM
PCIE_C1_64BIT 0x2080000000 Ox20bfffffff SYSTEM
PCIE_C2_64BIT 0x20c0000000 Ox20ffffffff SYSTEM
PCIE_C3_64BIT 0x2 100000000 Ox213fffffff SYSTEM
PCIE_C6_64BIT 0x2140000000 Ox2 1 7Tfffffff SYSTEM
PCIE_C7_64BIT 0x2180000000 Ox2 1bfffffff SYSTEM
PCIE_C8_64BIT 0x21c0000000 Ox2 1 fffffff SYSTEM
PCIE_C9O_64BIT 0x2200000000 Ox223fffffff SYSTEM
PCIE_C10_64BIT 0x2240000000 Ox22 7fffffff SYSTEM
PCIE_C4_64BIT 0x2280000000 Ox267fffffff SYSTEM
PCIE_CO_64BIT 0x2680000000 Ox2a7fffffff SYSTEM
PCIE_C5_64BIT 0x2a80000000 Ox2e7fffffff SYSTEM

3.3 Address Space Translation (AST)

3.3.1 Overview

The Address Space Translation (AST) converts local AXI physical addresses of the embedded
Cortex-R5 and Cortex-A9 processor cores to either virtual or physical Memory Controller (MC)
addresses. The AST also adds MC-specific attributes to each address range.

A processor may need to use both virtual and physical addresses if it has a dedicated portion of
system DRAM that is not visible to the Operating System (0S), and is protected from access by
other blocks in the SoC. Accesses to the dedicated region of DRAM must be sent to the MC as
physical addresses, and must bypass the System Memory Management Unit (SMMU). If that same
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processor uses virtual addresses provided by a driver to DMA data, them the processor must
support sending both physical and virtual addresses to the MC.

The figure below shows a simple address map illustrating address space conflicts that the AST is
designed to help resolve. In this example, the OS uses a shared page table for the CPU MMU and
SMMU. The Virtual address used for the shared buffer would collide with the BPMP Timer address.
The BPMP uses the AST to relocate the buffer in its local address space, but still generates the

correct virtual address to the SMMU.

This document describes an implementation where the mapping of protected physical regions is
handled by boot code during initialization and is completely transparent to the OS.

Figure 3.6 Address Space Conflict Example

One buffer covering two “

.rp ages”

CPU BPMP

VA SPA

Buf.| Collision ﬂE-EaEeg
Buf

3.3.1.1 Features

AST

10
VA

Buf

SMMU

The AST block provides the following function:
= A set of regions that provide a mapping from the local AXI address space to the MC address
space. Each region consists of:

> The base address and size of the local region

° The base address of the MC region
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° Snoop attribute (if routed to SCF)
> Address space ID (StreamlID)
= AXI Master and Slave interfaces
= APB Configuration Register block
> Per region access controls
> Per region lock controls
> Global Translation attribute lock
= Error Detection
> Configurable behavior for requests that do not match a region or do not have the right
protection attributes (TrustZone® or security group):
« either pass-through unchanged with a default set of attributes,
« or return a DECERR response

3.3.2 Functional Description

During normal operation the AST block functions as an AXI pipeline with internal address
translation. Each pipeline stage captures information from the previous stage using the AXI read/
valid protocol.
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Figure 3.7 AST Block Diagram
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3.3.2.1 Address Generation Blocks
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The address generation blocks are responsible for address translation and attribute insertion. AST
supports eight regions (address generation blocks) in each path (write and read data paths) using
which it can translate minimum of eight address ranges. Each region consists of SLAVE_BASE,
MASTER_BASE, MASK, and CONTROL registers to facilitate address translation.

3.3.2.2 Read Error Response

When a match error is detected, the read error control block generates a DECERR response for
each required data beat. Read error responses can only be pushed into the FIFO if the master read
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response interface is idle. The read error control block also generates DECERR responses if the
block signal is asserted.

3.3.2.3 Write Error Response

When a match error is detected, the write error control block generates a DECERR response. The
write error control block also matches the AWID of the discarded transaction to discard the
corresponding data on the WDATA channel. The write error control block also generates DECERR
responses when the block signal is asserted.

Since Cortex-R5 processors can send write data before the write address, the write data channel is
stalled by the write error control block until the write address check occurs if data arrives before
the address.

3.3.2.4 Decode Error Generation

The AST is responsible for generating a decode error response in the following cases:

= Arequest matches multiple regions.
= Arequest does not match a region and AST_CONTROL[MatchErrCtl] is set.

= The VMIndx for the request points to an AST_STREAMID_CTL register where the enable bit is
not set.

* The ast_block input is asserted.

If a decode error is generated, the AST logs the address of the request in the error log registers.

3.3.2.5 Clocks and Resets

3.3.2.5.1 Clock Requirements

AST has two clock ports: ast_pclk and ast_core_clk.

1. ast_pclk: Clocks the APB interface and the APB slave plugin
2. ast_core_clk: Clocks the input/output AXI interfaces, core logic, and configuration registers

NVIDIA CONFIDENTIAL
NVIDIA Orin Series System-on-Chip DP-10508-002_v1.1 | Page 85



Technical Reference Manual
Address Space Translation (AST)

3.3.2.6 AST Software Requirements

3.3.2.6.1 Requirements for Changing an AST Region Mapping
1. If the region is cacheable in a local cache, any cache lines with an address in the region must
be flushed before changing the address map.

2. Before changing the mapping of an AST region all pending transactions to that region must
be completed.

3.3.2.7 Programming Examples

To remap a region of local memory space using the AST the Region Save Base, Region Mask, and
Region master base register must be programmed correctly.

3.3.2.7.1 32-bit Input Address and 32-bit Output Addresses

The following shows an example of how to program the AST region O to map the 64 KB local
address region between 0x8000_0000 and Ox8000_FFFF to the system address region between
Ox4FFF_0000 and Ox4FFF_FFFF.
= AST_REGION_O_MASTER_BASE_LO = Ox4FFF_0000
= AST_REGION_O_MASTER_BASE_HI = 0x0000_0000
= AST_REGION_O_MASK_LO = OxO000_FO000
> Setting bits 15-12 of the mask
» Defines the region as 64K
» Defines a region match as address bits 31-16 equal to 0x8000
» Define the output address as Ox4FFF_XXXX where XXXX is the value of the input address
= AST_REGION_O_MASK_HI = 0x0000_0000
= AST_REGION_O_SLAVE_BASE_HI = 0x0000_0000

= AST_REGION_O_SLAVE_BASE_LO = 0x8000_0001 (the LSB of
AST_REGION_O_SLAVE_BASE_LO is the region enable bit, hence this bit needs to be
configured at last).

In this example, an input address of Ox8000_1000 would generate an output address of
Ox4FFF_1000.

3.3.2.7.2 32-bit Input Address and 40-bit Output Address

The following shows an example of how to program the AST region O to map the 1 MB local address
region between 0x4000_0000 and 0x400F_FFFF to the system address region between
0x03_C000_0000 and 0x03_COOF_FFFF.

* AST_REGION_O_MASTER_BASE_LO = 0xC0O00_0000
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= AST_REGION_O_MASTER_BASE_HI = 0x0000_0003
* AST_REGION_O_MASK_LO = OxOO0F_FO00
o Setting bits 19-12 of the mask
» Defines the region as TMB
 Defines a region match as address bits 31-20 equal to 0x400

« Define the output address as Ox03_COOX_XXXX where X_XXXX is the value of the input
address

* AST_REGION_O_MASK_HI = 0x0000_0000
* AST_REGION_O_SLAVE_BASE_HI = 0x0000_0000

= AST_REGION_O_SLAVE_BASE_LO = 0x4000_0001 (the LSB of
AST_REGION_O_SLAVE_BASE_LO is the region enable bit, hence this bit needs to be
configured at last).

In this example, an input address of 0x4006_1000 would generate an output address of
0x03_C006_1000.

3.3.3 Programming Guidelines

The following programming guidelines must be followed to ensure proper operation of the AST.

* The region mask must be programed to specify a power of two aligned regions.
= The region slave and master addresses must be aligned to the region size.

* Software must ensure that AST_REGION_SLAVE_BASE_LO[Enable] is O before programming
any of the region registers.

3.3.3.1 Steps to Configure Region #iin AST

1. Program the following register fields to select the address range that need to be translated.
a. AST_REGION_<i>_SLAVE_BASE_LO. SlvBase
b. AST_REGION_<i>_SLAVE_BASE_HI. SlvBase
c. AST_REGION_<i>_MASK_LO. Mask
d. AST_REGION_<i>_MASK _HI. Mask
2. Program the following register fields for the desired output (translated) address.
a. AST_REGION_<i>_MASTER_BASE _LO. MastBase
b. AST_REGION_<i>_MASTER_BASE _HI. MastBase
3. If an AXI transaction must bypass SMMU (physical address), program.
a. APS_AST_REGION_<i>_CONTROL_O. Physical = 1

4. If the AXI transaction must go through SMMU, select the appropriate stream id by
programming the following fields.

a. APS_AST_REGION_<i>_CONTROL_O. Physical = 0.
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b. APS_AST_REGION_<i>_CONTROL_O. VMIndex field.

o

APS_AST_STREAMID_CTL_O[VMIndex]. StreamID field.
d. APS_AST_STREAMID_CTL_O[VMIndex]. Enable = 1.

Technical Reference Manual
AST Registers

Note: APS_AST_STREAMID_CTL_O[O:15] registers are typically programmed by the

Hypervisor.

5. Program the following fields in APS_AST_REGION_<i>_CONTROL_O register to select the valid

memory attributes.

a. APS_AST_REGION_<i>_CONTROL_O. CarveOutID
b. APS_AST_REGION_<i>_CONTROL_O. Snoop

6. Enable the region by setting AST_REGION_<i>_SLAVE_BASE.Enable register bit to 1.

3.3.4 AST Registers

Refer to "Reading Register Tables" in the Introduction chapter for the register table protocol as well

as recommendations for accessing registers.

There are 17 instances of the AST registers in the following modules as shown in the table
below. The register descriptions in this section provide the offset of each register with base

addresses listed in the table.

Module

Always ON Cluster (AON) and SPE

Audio Processing Engine (APE)

Boot and Power Management Processor (BPMP)

Real-time Camera Engine (RCE)

Safety Cluster Engine (SCE)

Display Cluster Engine (DCE)

Functional Safety Island (FSI)

NVIDIA CONFIDENTIAL
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Instance Name
AON_AST_O
AON_AST_1
APE_ACAST
APE_ADAST
BPMP_AST_O
BPMP_AST_1
RCE_AST_O
RCE_AST_1
SCE_AST_O
SCE_AST_1
DCE_AST_O
DCE_AST_1
FSI_CHSM_AST

FSI_CPUO_AST

Base Address
0x0c040000
0x0c050000
0x02994000
0x02996000
0x0d040000
0x0d050000
0x0b840000
0x0b850000
0x0b040000
0x0b050000
0x0d840000
0x0d850000
0x092d0000

0x09280000
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Module

R/W Attribute
RO

RW

RW1

RWCL

RWGL

RWGL_Region

RWRL

APS_AST_CONTROL_O

Offset: Ox0

Read/Write: R/W
Parity Protection: N

Shadow: N

Technical Reference Manual
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Instance Name Base Address
FSI_CPU1_AST 0x09290000
FSI_CPU2_AST 0x092a0000
FSI_CPU3_AST 0x092b0000

Definition

Read-only

Read-write

Read-write one only: Once set this bit can only be cleared by a system reset

Read-write-Carveout-Lock:

= Read-only (and can only be reset by a system reset) if
(AST_CONTROL[CarveOutLock] == 1)

* Read-write if (AST_CONTROL[CarveOutLock] == 0)

Read-write-Global-Lock:
= Read-only (and can only be reset by a system reset) if
(AST_CONTROL[Lock] == 1)
* Read-write if AST_CONTROL[Lock] ==

Read -only (and can onIy be reset by a system reset) if (AST_CONTROL[Lock]
=1 || AST_REGION_*_CONTROL[Lock] =
Read write if (AST_CONTROL[Lock] == 0 && AST_REGION_*_CONTROL[LockK]

Read-write-Region-Lock:
= Read-only (and can only be reset by a system reset) if
(AST_REGION_CONTROL[RegionNum][Lock] == 1)

= Read-write if (AST_REGION_CONTROL[RegionNum][Lock] == 0)

SCR Protection: APS_AST_SCR_AST_GBL_SEC_CONTROL_O
Reset: Ox1fc80000 (Ob0O001,1111,11x0,1000,0xxx,xx00,000x,x000)

Bit

31
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R/W Attribute

Reset Description
0x0 ApbOvrOn:
APB Clock Override:

Set to 1 to force APB clock always on in AST.
1 = APB SLCG is disabled
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Bit R/W Attribute Reset
30 RW 0Ox0
20 RW1 0x0
19 RWGL Ox1
18:15 RWGL 0Ox0
9.5 RWCL 0x0
2 RWGL 0Ox0
1 RW 0Ox0
0 RW1 0Ox0

APS_AST_ERROR_STATUS_O

NVIDIA CONFIDENTIAL
NVIDIA Orin Series System-on-Chip

Technical Reference Manual
AST Registers

Description

NicOvrOn:

NIC Clock Override:

Set to 1 to force NIC clock always on in AST.
1 = NIC SLCG is disabled

CarveOutLock:

Carveout Lock.

This bit prevents writes to all Carve Out controls
when set to 1.

0 = FALSE
1 =TRUE
DefPhysical:

Default Physical Select.

Specifies the default how the StreamlD is selected
for default accesses.

0 = DefVMIndx is used to select the StreamlD.

1 = PhysStreamID is used

DefVMIndex:

Default VM Index.

Specifies the default VM Index used to select the
Stream ID when (DefPhysical == 0).

DefCarveOutID:

Default MC Carveout ID.

Specifies the carveout ID for default accesses.
This field specifies the state output on
ast_master_a[w,r]user[15,11] for requests that do
not match a region.

DefSnoop:

Snoop.

Specifies if default accesses snoop the Main CPU
caches.

This bit controls the state output on
ast_master_a[w,r]user[8] for requests that do not
match a region.

0 = Do not snoop request.

1 = Snoop request.

0 = DISABLE
1 = ENABLE
MatchErrCtl:

Match Error Control: Specifies how transactions that
do not match a region are handled.

0 = Transactions that do not match a region are
forwarded untranslated with the default attributes.

1 = Transactions that do not match a region return a
decode error on the AXI slave interface.

0= NO_DECERR

1 = DECERR

Lock:

Security lock.

This bit prevents writing to all RWGL and
RWGL_Region bits.

0 = FALSE

1 =TRUE
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OverFlow: This bit is set to 1 by Hardware when (Valid == 1) and a decode error response is
generated by the AST

VMIndxErr: This bit is set to 1 by Hardware when (Valid == 0) and a decode error response is
generated by the AST because a disabled VMIndx was used

Valid: This bit is set to 1 by Hardware when (Valid == 0) and a decode error response is generated
by the AST Software can write this bit to O to clear the logged errors (Clears valid, overflow, error-
address bits)

Offset: Ox4

Read/Write: See table below

Parity Protection: N

Shadow: N

SCR Protection: APS_AST_SCR_AST_GBL_SEC_CONTROL_O
Reset: 0xO0000000 (ObXxXXX,XXXX,XXXX,XXXX,XXXX,XXXX,XXXX,X000)

Bit R/W Attribute Reset Description

2 RO 0x0 Overflow:
Error Overflow.
This bit is set to 1 by Hardware when
(AST_ERROR_STATUS[Valid] == 1) (as result of a previous
error) and a new DEC_ERR occurs.

1 RO 0x0 VMIndxErr:
VM Index Error.
This bit is set to 1 by Hardware when
(AST_ERROR_STATUS[Valid] == 0) and when a DEC_ERR
response is returned because a disabled VMIndx was
programmed.

0 RW 0x0 Valid:
Error valid.
This bit is set to 1 by Hardware when a DEC_ERR
response is returned.
1 = Error Valid. Software can write this bit to O to clear
’lghe )Iogged errors (Clears valid, overflow, error-address
its).

APS_AST_ERROR_ADDR_LO_O

ErrAddrLo: Logs lower 32 bits of the request that caused a decode error. This field is not updated if
(AST_ERROR_STATUS[Valid] == 1).

Offset: Ox8

Read/Write: RO

Parity Protection: N

Shadow: N

SCR Protection: APS_AST_SCR_AST_GBL_SEC_CONTROL_O

Reset: 0xO0000000 (0b0000,0000,0000,0000,0000,0000,0000,0000)
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Bit Reset Description

31.0 0x0 ErrAddrLo:
Error Address Low.
When a DEC_ERR response is returned and (AST_ERROR_STATUS[Valid]
== 0), then the lower 32 bits of the error address are latched into this
register.
This field is n