MICROCHIP SAMA7G5 Series

Up to 1-GHz Arm® Cortex®-A7, MIPI Camera, Dual
Ethernet, Audio and Security

Introduction

The SAMA7GS5 is a high-performance, ultra-low power Arm Cortex-A7 CPU-based embedded microprocessor (MPU)
running up to 1 GHz, with support for multiple memories such as 16-bit DDR2, DDR3, DDR3L, LPDDR2, LPDDRS3,
octal/quad SPI and e.MMC Flash.

The SAMA7GS5 integrates complete imaging and audio subsystems with 12-bit parallel and/or MIPI-CSI2 camera
interfaces up to 8 Mpixels, up to four I12S, one SPDIF transmitter and receiver and a 4-stereo channel audio sample
rate converter.

The device also features a large number of connectivity options with Dual Ethernet (one Gigabit Ethernet and one
10/100 Ethernet), six CAN-FD and three high-speed USB and offers advanced security functions (secure boot,
secure key storage, high-performance crypto accelerators for AES, SHA, RSA and ECC).

Features

* Arm Cortex-A7 Core
— Arm TrustZone®
— NEON multimedia architecture
— Floating Point Unit
— Embedded Trace module with instruction trace stream, including 16 Kbytes of CoreSight™ Embedded
Trace buffer
— 32 Kbytes of L1 data cache, 32 Kbytes of L1 instruction cache
— 256 Kbytes of L2 cache
— Up to 1 GHz operational frequency
— Voltage and frequency scaling support
— 64-bit generic timers
* Internal Memory Architecture
— 128 Kbytes of internal SRAM and 5 Kbytes of secure backup RAM

— 80 Kbytes of maskable ROM, embedding a secure boot loader (boot on QSPI NOR, SLC NAND, SD,
e.MMC)

— 96 Kbytes ROM for NAND Flash ECC tables
— 40 Kbytes ROM for crypto-libraries (RSA, ECC, etc.)
— 11 Kbytes of internal OTP

» External Memory Support

— 16-bit high-bandwidth, double data rate multi-port dynamic RAM controller. Supports up to 16 Gbit 8-bank
DDR2/DDR3/DDR3L/LPDDR2/LPDDR3 up to 533 MHz

— 16-bit static memory controller, FPGA support with synchronous clock

— 8-bit SLC and MLC NAND controller with up to 32-bit error correcting code

— One 8-bit high-speed memory card host e. MMC 5.1 (HS400), SD3.0 SDR104 mode support

— Two 4-bit high-speed memory card hosts e. MMC 4.51 (HS200), SD3.01 SDR104 mode support
— One octal Serial Peripheral Interface running up to 200 MHz DDR
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One quad Serial Peripheral Interface

» System

Power-on reset cells, reset controller, shutdown controller, watchdog and secure watchdog timers running
on internal slow RC oscillator (32 kHz typical) and real-time clock running on slow crystal oscillator (32.768
kHz)

Two internal trimmed RC oscillators with typical values: 32 kHz and 12 MHz
Two crystal oscillators: 32.768 kHz and 20 to 50 MHz

Eight PLLs for core, system bus and peripherals, serial interfaces, DDR 1/Os, pixel clock, audio, USB, MIPI
CSI-2 and Ethernet

Two 32-channel DMA with per-channel security configuration
One 8-channel DMA dedicated to memory-to-memory transactions
Eight programmabile clock output signals

¢ Power Considerations

Different power domains and power modes to reduce power consumption

Low-power consumption in Backup mode with 5 Kbytes of secure backup SRAM and DDR-SDRAM in
Self-Refresh mode

Low-power with SRAM and register retention, wake-up from various events (USB, CAN, Ethernet WOL,
FLEXCOMS), internal events (RTC, timer) and I/O activity

Embedded LDOs for MIPI CSI-2, analog and PLLs, to enable low-cost power management solutions

Optimum connection to Microchip MCP16501/2 PMICs to enter and exit various power modes of the
application.

* Multimedia Peripherals

Audio
» Two synchronous serial controllers, each with 16 channels of up to 32-bit TDM data
* One inter-IC sound multi-channel controller with TDM256 support
» Up to two 4-channel pulse density microphone controllers; support for eight microphones in parallel
* One Sony/Philips digital interface transmitter and receiver
» Audio sample rate converter including four stereo channels
Image
» Image sensor controller, ITU-R BT. 601/656 supporting up to eight megapixels for still images and
60 fps in 720p mode, 8 bits, raw Bayer, YCbCr, monochrome, camera ISP

* 2-lane MIPI CSI-2 (D-PHY) and 12-bit RGB interface support

» Peripherals

Two high-speed USB devices and three high-speed USB hosts sharing three on-chip transceivers

One 10/100/1000 Gigabit Ethernet MAC supporting RGMII, MIl and RMII (GMACO0) and one 10/100
Ethernet MAC supporting MIl and RMII (GMAC1) compliant with:

+ |EEE802.3az Energy-Efficient Ethernet

+ |EEE802.1AS Timestamping for Ethernet AVB support

» |EEE802.1Qav Credit-based traffic shaping hardware support
+ |EEE1588 Precision Time Protocol

+ |EEE1588 Timestamp Unit (TSU) with TSU timer comparison signal triggering a timer counter and
available on a PIO line

Six flexible data rate CAN-FD controllers with SRAM-based mailboxes with time- and event-triggered
transmission

Twelve FLEXCOMs (USART, SPI and TWIHS)

Six 64-bit timers

Two three-channel 32-bit timer counters, with PWM generation
One four-channel 16-bit PWM controller

One 16-channel 12-bit analog-to-digital converter, up to 1 Msps

» Safety

Temperature and core voltage monitoring
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— Zero-power power-on reset cells
— Main crystal monitor and clock failure detector with failsafe switchover to main RC oscillator
— 32 kHz crystal monitor and clock failure detector with failsafe switchover to internal 32 kHz RC oscillator
— Integrity check monitor based on SHA256
— Safety critical modules (WDT, RSTC, SHDWC, etc.) running on always-on slow RC oscillator
— Reqgister write protection
» Security
— TrustZone support

— One Secure TrustZone watchdog timer running on RC oscillator, providing protection against TrustZone
starvation

— Temperature, voltage and frequency monitoring
— Secure backup SRAM
+ 5 Kbytes scrambled with non-imprinting support powered with VBAT or VDDIN33:
— 1 Kbyte non erasable on tamper detection
— 4 Kbytes erasable on tamper detection
— Four tamper pins for static or dynamic detection
» Can be used as regular wake-up lines
— 256-bit general purpose backup register, erasable on tamper detection
— Programmable OTP with bits available for user purposes
— Configurable JTAG security (full debug, non-secure-only debug, no debug)

— 128-bit AES on-the-fly encryption/decryption on DDR memory, SMC, QSPI0 and QSPI1, including
automatic key load at start-up. Separate keys for secure and non-secure accesses (TZAESB).

— True random number generator compliant with NIST Special Publication 800-22 Tests Suite and FIPS PUB
140-2 and 140-3

— Secure RTC
* Cryptography
— SHA (SHA1, SHA224, SHA256, SHA384, SHA512) compliant with FIPS Publications 180-2
— AES: 256-, 192-, 128-bit key algorithm, compliant with FIPS PUB 197 specifications
— TDES: two-key or three-key algorithms, compliant with FIPS PUB 46-3 specifications

— Public Key Coprocessor (CPKCC) and associated Classical Public Key Cryptography Library (CPKCL) for
RSA, DSA, ECC GF(2"), ECC GF (")

+ Upto 136 1/0Os
— Fully programmable through set/clear registers
— Multiplexing of eight peripheral functions per 1/O line
— Each I/O line can be assigned to a peripheral or used as a general purpose |/O
— Synchronous output, possibility to set or clear simultaneously up to 32 I/O lines in a single write
— General purpose analog and digital inputs tolerant to positive and negative current injection
» Design for Low ElectroMagnetic Interference (EMI)
— Slewrate-controlled 1/Os
— DDR Phy with impedance-calibrated drivers
Spread spectrum PLLs
Careful BGA power/ground ball assignment to provide optimum decoupling capacitors placement
* Microchip Recommended Power Management Integrated Circuits (PMICs)

— MCP16502, 6-channel PMIC with I12C control interface; supports dynamic voltage scaling and processor
Low-Power modes (ULP2, BSR)

— MCP16501, 4-channel PMIC optimized for compact PCB layout; supports processor Low-Power mode
(BSR)
» Junction Temperature (T;) Range
— Industrial : -40°C to +105°C
» Package
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14x14 mm?, 0.65 mm pitch, 343-ball TFBGA, optimized for standard class PCB layout (down to four layers)
Note:
1. CPKCC and CPKCL are described in the application note "Using CPKCL Version 02.08.01.xx on SAMA7G5"

(document no. DS00004438). This document is available under Non-Disclosure Agreement (NDA). Contact a
Microchip Sales Representative for further details.
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Configuration Summary

1. Configuration Summary
Table 1-1. SAMA7G5 Configuration Summary

Package BGA343
External memory support NAND Flash, LPDDR2, LPDDR3, DDR2,3(L), QSPI (NAND, NOR)
Number of PIOs 136
SDMMC 3
DDR bus 16-bit
GMAC RGMII / MII/RMII + MIl / RMII
CAN-FD 6
FLEXCOM 12
ADC inputs 16
USB device/host 2/2 sharing 2 USB Type-C™ transceivers + 1 host
I2SMCC channels output/input 8/8
SSC 2
ISC MIPI CSI-2 + Parallel RGB
PDIV!C channels Upto4
(2 microphones per channel)
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Block Diagram

Block Diagram
Figure 2-1. SAMA7GS5 Series Block Diagram
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Signal Description

3. Signal Description
Table 3-1. Signal Description List

Clocks, Oscillators and PLLs

XIN Main Oscillator Input Input — -
XOuT Main Oscillator Output Output | — -
XIN32 Slow Clock Oscillator Input Input - -
XOUT32 Slow Clock Oscillator Output Output | — -
AUDIOCLK Audio Clock Output — -

Reset State:

- PIO Input
PCK]0..7] Programmable Clock Output Output | _ Internal Pull-up enabled -

- Schmitt Trigger enabled

Shutdown, Wake-up Logic
LPM Low-power Mode Output | — -
SHDN Shutdown Control Output — -
WKUPIO0..5] Wakeup Input Input | — -
ICE and JTAG
TCK/SWCLK Test Clock/Serial Wire Clock Input | — -
TDI Test Data In Input — -
TDO Test Data Out Output | — -
TMS/SWDIO Test Mode Select/Serial Wire Input/Output 1o - -
JTAGSEL JTAG Selection Input | — -
Reset/Test
NRST Microprocessor Reset Input | — Low
TST Test Mode Select Input — -
NTRST Test Reset Signal Input | — -
NRST _OUT Microprocessor Reset Output Output — Low
External Interrupt Controller - EIC
IRQIO..1] External Interrupt Input Input - -
PIO Controller
PAO-PAXx Parallel IO Controller /1o - -
PBO—PBxx Parallel 10 Controller /1o |- =
PCO0-PCxx Parallel 10 Controller 1o - -
PDO-PDxx Parallel 10 Controller 1o |- =
PEO—PExx Parallel 10 Controller 1o - =
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Signal Description

........... continued

D[15..0]
A[25..0]
NWAIT

NCS[0..3]
NWRIO..1]
NRD
NWE
NBS[O..1]
NANDOE
NANDWE

DDR_CLK, DDR_CLKN
DDR_CKE

DDR_CS
DDR_BA[2..0]
DDR_WE

DDR_RAS, DDR_CAS
DDR_A[15..0]
DDR_D[15..0]

DDR_DQS[1..0],
DDR_DQSN[1..0]

DDR_DQM([1..0]
DDR_ZQ
DDR_VREF
DDR_RESETN
DDR_ODT

SDMMCx_CAL
SDMMCx_CD
SDMMCx_CMD
SDMMCx_WP
SDMMCx_RSTN
SDMMCx_1V8SEL

External Bus Interface - EBI
Data Bus I/0
Address Bus Output
External Wait Signal Input

Static Memory Controller - SMC

Chip Select Lines Output
Write Signal Output
Read Signal Output
Write Enable Output
Byte Mask Signal Output
NAND Flash Output Enable Output
NAND Flash Write Enable Output

DDR2/DDR3(L)/LPDDR2/LPDDRS3 Controller

DDR Differential Clock Output
DDR Clock Enable Output
DDR Controller Chip Select Output
Bank Select Output
DDR Write Enable Output
Row and Column Signal Output
DDR Address Bus Output
DDR Data Bus I/0
Differential Data Strobe I/0
Write Data Mask Output
DDR/LPDDR Calibration Input
DDR/LPDDR Reference Input
DDR3 Active Low Asynchronous Reset Output
DDR3 On-Die Termination Output
Secure Data Memory Card - SDMMCx [2..

SD Card Calibration Input
SD Card / e.MMC Card Detect Input
SD Card / e MMC Command line I/0
SD Card Connector Write Protect Signal Input
e.MMC Reset Signal Output
SD Card Signal Voltage Selection Output

Low

Low
Low
Low
Low
Low
Low

Low

High
Low
Low
Low

Low

Low

High

Low

Low

High

Low
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Signal Description

........... continued

S N 7S S T
SDMMCx_CK SD Card / e.MMC Clock Signal OQutput | —

SDMMCx_DAT[3..0] SD Card /o - -
SDMMCO_DAT(7..4] e.MMC Data Lines /o - -
SDMMCO0_DS e.MMC Data Strobe Input — -

Flexible Serial Communication Controller - FLEXCOMXx [11..0]

FLEXCOMx_IO0 FLEXCOMx Transmit Data 1o - -
FLEXCOMx_IO1 FLEXCOMx Receive Data 1o - -
FLEXCOMx_IO2 FLEXCOMXx Serial Clock 1o - -
FLEXCOMx_IO3 FLEXCOMX Qlear To Send / o - _

Peripheral Chip Select
FLEXCOMx Request To Send /

gLEAER S Peripheral Chip Select Qi | = B
FLEXCOMx_lO5 FLEXCOMXx SPI Chip Select 2 Output | — -
FLEXCOMx_lO6 FLEXCOMXx SPI Chip Select 3 Output — -
Inter-IC Sound Multi Channel Controller - I2SMCCx [1..0]
[2SMCCx_MCK I2S Bus Clock Output — =
I12SMCCx_CK Serial Clock 1o - -
[2SMCCx_WS I2S Word Select /o - -
12SMCCx_DINJO0..3] Serial Data Inputs Input | — -
12SMCCx_DOUT]I0..3] Serial Data Outputs OQutput — -
Synchronous Serial Controller - SSCx [1..0]
TDx SSC Transmit Data Output — -
RDx SSC Receive Data Input | — -
TKx SSC Transmit Clock /o - =
RKx SSC Receive Clock /o |- =
TFx SSC Transmit Frame Sync /1o - -
RFx SSC Receive Frame Sync 1o |- -
Timer/Counter - TCx [1..0]
TCLK]5..0] TC Channel y External Clock Input Input | — -
TIOA[5..0] TC Channel y I/O Line A 1o - -
TIOB[5..0] TC Channel y I/0 Line B 1o - -
Quad 10 SPI - QSPIx [1..0]
QSPIx_SCK QSPI Serial Clock Output | — -
QSPIx_CS QSPI Chip Select Output — Low
© 2022 Microchip Technology Inc. Datasheet DS60001765A-page 9
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Signal Description

........... continued
Sanaitame Furcion | o [Conmenis | Actiolow_
QSPI I/0
QSPIx_I0[0..3] QIO0 is QMOSI Host Out - Client In o - _
QIO1 is QMISO Host In - Client Out
QSPI0_IO[7..4] QSPIO 1/Os for Octal Mode /o - -
QSPI0_SCKN Negative QSPI0 Serial Clock OQutput | — -
QSPIO_INT QSPI Interrupt Input — Low
QSPI0_DQS QSPIO0 Data Strobe Input | — -
Pulse Width Modulation Controller - PWM
PWMHIO0..3] PWM Waveform Output High Output | — -
PWML]O0..3] PWM Waveform Output Low Output — -
PWMFI[0..1] PWM Fault Inputs Input | — -
PWMEXTRGI[O0..1] PWM External Trigger Input - -
USB High Speed Ports - A, B, C
vetoaiinc e e P :
HHSA-DM 8:2 BZ\S/ithe’oﬁr\t I'-‘Ti;\igshpzzgegaltjaafa ) Analog | ~ -
HHSB-DP 322 gg\s;itclzog Siglj-lhigshpigzegaltjaaia ' Analog | - -
USB Host Port B High Speed Data -
HHSB-DM USB Device B High Speed Data - Analog | - -
HHSC-DP USB Host Port C High Speed Data + Analog - -
HHSC-DM USB Host Port C High Speed Data - Analog — -
HHSA-CC1-2 ;JSB Host Port A Configuration Channel 1 and Analog | _
HHSA-RTUNE USB Host Port A Tune Analog — =
HHSB-CC1-2 ;JSB Host Port B Configuration Channel 1 and Analog | — _
HHSB-RTUNE USB Host Port B Tune Analog - -
HHSC-RTUNE USB Host Port C Tune Analog - -
Ethernet 10/100/1000 - GMACO
GO0_TXCK/GO0_REFCK Transmit Clock or 50 MHz Reference Clock 1o - -
G0_125CK 125 MHz Clock /o - -
GO_TXEN/GO_TXCTL Transmit Enable or Transmit Control Signal OQutput — -
GO0_TX][3..0] Transmit Data Output | — -
GO0_TXER Transmit Coding Error OQutput — -
GO0_RXCK Receive Clock Input | — -
© 2022 Microchip Technology Inc. Datasheet DS60001765A-page 10
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Signal Description

........... continued

GO0_RXDV/GO_CRSDV/
GO_RXCTL

GO_RX[3..0]
GO_RXER
GO_CRS
GO_CoL
G0_MDC
GO_MDIO
GO_TSUCOMP

G1_TXCK/G1_REFCK
G1_TXEN
G1_TX[3..0]
G1_TXER

G1_RXCK

G1_RXDV/G1_CRSDV

G1_RX[3..0]
G1_RXER
G1_CRS
G1_coL
G1_MDC
G1_MDIO
G1_TSUCOMP

ADI0..15]
ADTRG
ADVREFP

PIOBUI0..3]

ISC_DI0..11]
ISC_HSYNC
ISC_VSYNC
ISC_PCK
ISC_MCK

Receive Data Valid or Carrier Sense and Data

Valid or Receive Control Signal T
Receive Data Input
Receive Error Input
Carrier Sense Input
Collision Detect Input
Management Data Clock Output
Management Data Input/Output 1/0
TSU Timer Comparison Valid Output
Ethernet 10/100 - GMAC1
Transmit Clock or 50 MHz Reference Clock I/0
Transmit Enable Output
Transmit Data Output
Transmit Coding Error Output
Receive Clock Input
Receive Data Valid or Carrier Sense and Data
Valid Input
Receive Data Input
Receive Error Input
Carrier Sense Input
Collision Detect Input
Management Data Clock Output
Management Data Input/Output 1/0
TSU Timer Comparison Valid Output

Analog-to-Digital Converter - ADC

16 Analog Inputs Analog
ADC Trigger Input
ADC Reference Analog

Secure Box Module - SBM
Tamper 1/Os 110

Image Sensor Controller - ISC

Image Sensor Data Input
Image Sensor Horizontal Synchro Input
Image Sensor Vertical Synchro Input
Image Sensor Pixel clock Input
Image Sensor Main clock Output

© 2022 Microchip Technology Inc.
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Signal Description

........... continued
S N S N T
ISC_FIELD Field Identification Signal Input —
Controller Area Network - CANXx [5..0]
CANRXXx CAN Receive Input — -
CANTXx CAN Transmit Output | — -
Pulse Density Modulation Interface Controller - PDMCx [1..0]
PDMCx_DSJ0..1] PDM Data Input | — -
PDMCx_CLK PDM Clock Output — -
Sony Philips Digital Interface Receiver - SPDIFRX
SPDIF_RX Receive Data Input — -
Sony Philips Digital Interface Transmitter - SPDIFTX
SPDIF_TX Transmit Data OQutput — -
MIPI DPHY
m:lz::gz[[(())l]]/ MIPI DPHY Differential Input Data Lane 0..1 Input — -
MIPI_CLKP/MIPI_CLKN MIPI DPHY Differential Input Clock Lane Input | — -
MIPI_REXT Calibration Reference Resistor Input  4.02 KQ E96 -
© 2022 Microchip Technology Inc. Datasheet DS60001765A-page 12
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Microchip Recommended Power Management Solutions

4, Microchip Recommended Power Management Solutions

MCP 16502 and MCP 16501 are multi-channel Power Management Integrated Circuits (PMICs) designed for the
SAMA7GS series.

41 MCP16502 PMIC
MCP16502 is a 6-channel PMIC supporting high-performance applications requiring Digital Voltage Scaling.

MCP16502 features four 1A DC-DC Buck regulators and two 0.3A auxiliary LDO regulators, and provides a
comprehensive interface to the MPU, which includes an interrupt flag and a 1-MHz I2C interface.

The PMIC-processor interface is optimized so that it remains leakage-free in any power mode. MCP16502 supports
all SAMA7G5x low-power modes. Although MCP 16502 power states are fully programmable through its I2C interface,
they are entered and/or exited on pin level change to ease software operations. See the following figure.
*+ MCP16502AB supports systems based on DDR2 (1.8V) or DDR3L (1.35V) SDRAM memories.
* MCP16502AD supports applications using LPDDR2-SDRAM or LPDDR3-SDRAM. In this version, LOUT2 is
started at 1.8V.
For further details, refer to the MCP16502 documentation on www.microchip.com.

Figure 4-1. MCP16502 Simplified Application Block Diagram

,
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PVINX VDDIN33/VDDUTMII
[ = [ | 1.2V /1.35V / 1.8V
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V'N—l LoUT1 1.8V /2.5V 3.3V
Application-
DDR I/Os
Voltage Selection ~®————] SELV2 LOUT?2 18v dependent
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Vin DDR2
LDO1 Default l DDR3/3L
Voltage Selection ~ ® o] SELVL1 LPDDR2/3
(LOUT1)
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l_ nSTRT LPM | < LPM
Push-button
(Start, Stop) _ll HPM | < PIOx
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SDA| <« » | FLEXCOMx_IO0
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nINTO » | PIOz
MCP16502AB
MCP16502AD SAMA7G5x
\ J
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SAMA7G5 Series

Microchip Recommended Power Management Solutions

MCP16501 PMIC

MCP16501 is a 4-channel PMIC designed for PCB area constrained applications. It features three 1A DC-DC Buck
regulators and one 0.3A auxiliary LDO regulator, and provides a simple, leakage-free interface with SAMA7G5.
MCP16501 supports all SAMA7G5x low-power modes except ULP2, as VDDCPU is fed from the same power rail as
VDDCORE. See the following figure.

*+ MCP16501A supports systems based on DDR2 (1.8V) or DDR3L (1.35V) SDRAM memories.

» MCP16501D supports applications using LPDDR2-SDRAM or LPDDR3-SDRAM. In this version, LOUT must be

set at 1.8V and enabled by connecting LEN to OUT1.

For further details, refer to the MCP16501 documentation on www.microchip.com.

Figure 4-2. MCP16501 Simplified Application Block Diagram

,
Input Voltage
ViN = 2.7V to 5.5V
PVINX VDDIN33/VDDUTMII
[ = I | 1.2V /1.35V /1.8
VIN VDDIODDR
-L_r PGNDx
VDDCORE
VDDCPU
ViN _l LouT 1.8V Application-
DDR I/O: - dependent
Voltage Selectiors1 e——— SELV2 P
(0UT2) l
DDR2
VIN DDR3/3L
OUTS3 Default l
Voltage Selecton ~ *——*—J SELV3
PWRHLD | < SHDN
nRSTO » | NRST
[ nSTRT LPM | < LPM
Push-button
. Sop) 1 LEN | < PIOx
nSTRTO » | PIOy or WKUP
nINTO >» | PIOz
MCP16501A SAMA7G5x
\ J
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Safety and Security Features

5. Safety and Security Features

5.1 Design for Safety and IEC60730 Class B Certification

5.1.1 Background Information

The IEC 60730 standard encompasses all aspects of appliance design. Annex H of the standard covers the aspects
most relevant to microcontrollers. It details the tests and diagnostics which are intended to ensure safe operation of
embedded control hardware and software. IEC 60730 defines three classifications for electronic control functions:

» Class A - Control functions which are not intended to be relied upon for safety of the equipment

» Class B - Control functions intended to prevent unsafe operation of the controlled equipment

» Class C - Control functions intended to prevent special hazards such as explosions
Specific design techniques have been used in the SAMA7G5 to ease compliance with the IEC 60730 Class B
Certification and to resolve general purpose safety concerns. This allows reduced software development and code
size as well as savings on external hardware circuitry, since built-in self-tests are already embedded in the MPU. The

table below gives the list of peripherals which incorporate these techniques, and details whether these features are
applicable for the IEC 60730 Class B Certification or for general purpose safety considerations.

5.2 Design for Security

The SAMA7G5 embeds peripherals with security features to prevent counterfeiting, to secure external
communication, and to authenticate the system.

The table below provides the list of peripherals and an overview of their security function. For more information, see
the sections relevant to each peripheral.

5.3 Safety and IEC 60730 Features
Table 5-1. Safety and IEC 60730 Features List

Peripheral Fault/Error/Feature

CPU clock monitoring
- Overclocking detection

32.768 kHz crystal oscillator frequency monitoring

PMC Clock - Abnormal frequency deviation

Main crystal oscillator
- Crystal failure detection

Programmable configuration lock (active until next Vppcore reset) to protect
against further software modifications (intentional or unintentional)

_ Digital I1/0
1/O Periphery - Plausibility check

PIOC

Analog I/0 and ADC converter

ADCC - Plausibility check

All internal and external memories such as SMC, DDR, internal SRAM and

ICM (SHA) QsPI

Memory and Internal
Data Path Nonvolatile memory

e Sz Ceriiler S0 - Mutiple error detection (2 to 32)

© 2022 Microchip Technology Inc. Datasheet DS60001765A-page 15
and its subsidiaries



SAMA7G5 Series

Safety and Security Features

........... continued

Peripheral

System Controller

WDT, RSTC

Cortex MMU

MATRIX, SYSC, ACC,
PMC, PIO, SMC, SSC,
I2SMCC, FLEXCOM, QSPI,
TC, PDMC, ADC,ASRC,

Supply Monitor

Watchdog

Memory Management
Unit

Fault/Error/Feature

Power supplies
- VDDCPU, VDDCORE, VBAT abnormal levels

Watchdog can be fed by an internal always on clock
- Program counter stuck at faults.

Watchdog configuration can be locked (write-protected until next reset)
- Errant writes (Programming errors, errors introduced by system or
hardware failures)

Watchdog overflow generates a system reset

Cortex-A7 Memory Management Unit

Configuration, Interrupt Enable/Disable, Control registers can be
independently write-protected

EIC, PWM, PIT64B, Peripherals - Errant writes (Programming errors, errors introduced by system or
SPDIFRX, SPDIFTX, hardware failures)
TZAESB, TZAESBASC,
UHPHS
AES, TDES, SHA, PIT64B Peripherals Embedded integrity checker with reports in status registers.
. Immediate clear of keys in case of tamper detection.
AES, TDES Peripherals Immediate stop of processing in case of tamper detection
Fault inputs can be configured to put the PWM outputs in Safe mode
- Programming errors, errors introduced by system or hardware failures
PIO controller can lock the PWM 1/O
PWM, PIO PWM - Programming errors, errors introduced by system or hardware failures
Fault inputs can be external (10) or internal (ADC, TIMER, ACC, etc.)
- Programming errors, errors introduced by system or hardware failures
5.4 Security Features

Table 5-2. Security Features

TrustZone Security Enclave Partition Secure/Non-secure world Arm technology
Cortex MMU ltj/lrt]eirtnory EREGRTEN Cortex-A7 Memory Management Unit  —
. When a peripheral is not selected
WO Control/ Peripheral | 5,50 ntrolled), 10 lines have no -
Access .
access to the peripheral.
PIO o
Capability to freeze either the Oncta'the. Ursezs GaiunkIe |ss.ued, po
. ; modifications to the current configuration
Freeze functional part or the physical part of

are possible. Only a hardware reset allows

41D G2 ITEC: a change to the configuration.

Datasheet DS60001765A-page 16
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Safety and Security Features

........... continued
Peripheral Function __|Description ________[Commemts
Public Key ECC (Asymmetric key algorithm,
Coprocessor elliptic curves)
(CPKCC) and
associated Classical -
Public Key . RSA (Asymmetric key algorithm)
Cryptography Library
(CPKCL)
Cryptography

Hardware-accelerated Triple DES

True Random Number Generator
TDES, TRNG, AES, FIPS liant™®
SHA Hardware-accelerated AES up to 256 -compliant

bits

SHA up to 512 and HMAC-SHA

Hardware AES: Encrypt, Decrypt, CMAC

AES, SHA, CPKCC, Code encrypted/decrypted, Trusted aiE SHA
CPKLC SRR e Code Authentication

CPKCC, CPKCL: RSA or elliptic curves

Monitoring on states or sequences,
Security and safety clocks and waveforms. Error detection

AES. TDES. SHA analysis and report can occur only in abnormal operating
P|T64B, TC conditions.
Reglstgr access Checks for incorrect accesses. B
protection
AES. TDES Kev clearing on event Immediate clearing of the key in case
’ y 9 of external tamper event detection
On-the-fly encryption/decryption for
NFC_RAM, DDR, QSPI and SMC
2= memories, with respect to TrustZone HESIZY
On—the-ﬂy AES using TZAESBASC
Directs data transfer to either the
TZAESBASC TZAESB secure core or the unsecured —

TZAESB core

Capability to transfer keys to or from
. Transfers hidden keys | AES, TZAESB, TDES, TRNG, OTPC
Private Key Bus : . S -
to crypto-engines in a manner totally invisible by the

software.

On-the-fly scrambling/unscrambling for

Memories Scrambling . SMC, SECURAM, GPBR and QSPI
memories
M Intearit Uses a hardware Secure Hash
ICM oy IF sy Algorithm SMC, DDR, internal SRAM and QSPI

Check Monitoring (up to SHA256)

© 2022 Microchip Technology Inc. Datasheet DS60001765A-page 17
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........... continued

SECUMOD

RTC

Secure OTP

TZWDT

GPBR

Note:

1.

JTAG
Test

Voltage Monitoring

Temperature
Monitoring

Frequency Monitoring

IO Tamper Pin

Secure Backup SRAM
(SECURAM)

Secure Backup
Registers

RTC

JTAG Access Control

Secure Debug
Disable

Watchdog

Peripheral Access
and Protection

JTAG entry monitor
Test entry monitor
VBAT monitoring
VDDCPU monitoring
VDDCORE monitoring

Temperature monitoring

32.768 kHz crystal oscillator monitoring
CPU clock monitoring

4 tamper detection pins. Active and
Dynamic modes supported.

5 Kbytes scrambled and non-imprinting
avoiding data persistance

256-bit register bank, scrambled

Timestamping of tamper events.
Protection against bad configuration
(invalid entry for date and time are
impossible)

RTC robustness against glitch attack
on 32 kHz crystal oscillator

Disable JTAG access by OTP bit

JTAG debug allowed in Normal mode
only, not in Secure mode

Protects against TrustZone starvation

GPBR can be write protected, read
protected and immediately cleared on
external tamper event detection

Refer to each peripheral section for details on FIPS compliance.

These tampers (JTAG, test, PIOBUs,
monitors, etc.) can be configured to
immediately erase Backup memories
(BUSRAM4KB and BUREG256b) or
generate an interrupt or a wakeup signal.

4 Kbytes erasable on tamper detection

Erasable on tamper detection

All events are logged in the RTC.
Timestamping gives the source of the reset/
erase memory/interruption

TrustZone

TrustZone

© 2022 Microchip Technology Inc.
and its subsidiaries

Datasheet

DS60001765A-page 18



SAMA7G5 Series

Event System

6. Event System

A set of events generated by "source" peripherals are routed to "destination" peripherals without processor

intervention.

6.1

Real-Time Event List

+ Timers, PWM, and IO peripherals generate event triggers which are directly routed to event managers such as
ADC, for example, to start measurement/conversion without processor intervention.

* ADC is connected to nine trigger inputs defined as two groups:
— One group of eight elements for Timer Counter (TCO to TC4), ADTRIG and PMWO event0, PWMO event1
— One group of one element for low-rate trigger, RTC

+ PWM safety events (faults) are in combinational form and directly routed from event generators (ADC, ACC,
PMC, TIMER) to the PWM module.

*  PWM output comparators generate events directly connected to TIMER.

» PMC safety event (clock failure detection) can be programmed to switch the MCK on a reliable main RC internal
clock without processor intervention.

6.2

Real-Time Event Mapping

Table 6-1. Real-Time Event Mapping List

Safety

General-purpose

General-purpose, motor
control, Power Factor
Correction (PFC)

Motor control, PFC

Motor control

General-purpose, motor
control, PFC

Automatic switch to
reliable main RC
oscillator in case of main
crystal clock failure(!)

Puts the PWM outputs
in Safe mode in case
of main crystal clock

failure(V)

Puts the PWM outputs in
Safe mode (overcurrent
detection, etc.)@@®)

Puts the PWM outputs
in Safe mode (overspeed
detection through timer
quadrature decoder)@(®)

Puts the PWM outputs
in Safe mode (general-
purpose fault inputs)@

Power Management
Controller (PMC)

PMC

Analog-to-Digital
Converter (ADC)

TCO PWM FAULT

PWM_FIx

PMC

Pulse Width Modulation
(PWM)

PWM

PWM

PWM

© 2022 Microchip Technology Inc.
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Event System

........... continued

ACC PWM

Measurement trigger

Power factor correction
(DC-DC, lighting, etc.)

General-purpose

Motor control

General-purpose

Duty cycle output
waveform correction

Trigger source selection
in PWM(®)©)

Trigger source selection
in ADCC(")

ADC-PWM
synchronization(19)(11)

Trigger source selection
in ADCC(")
Temperature sensor

Low-speed
measurement(10)(11)

PWM_EXTRGx

PIO ADTRG
TCO TIOAO
TCO TIOA1
TCO TIOA2
TC1 TIOA3
ACC

PWM event lines 0 and 1

RTC RTCOUTO

PWM comparator output

PWM

ADCC
ADCC
ADCC
ADCC
ADCC
ADCC

ADCC

ADCC

TCO, TIOAO and TIOBO

. OCo
Propagation delay of
Delay measurement Motor control Gl compongnts P CRIETE e CU TCO, TIOA1 and TIOB1
(IOs, power transistor OC1
bridge driver, etc.)(12)(13)
PWM comparator output TGO, TIOA2 and TIOB2
0oC2
GMAC GTSUCOMP
signal adaptation via TC
. GMACO
Audio clock recovery . (TC_EMR.TRIGSRCB)
Audio . . TC1 TIOB1
from Ethernet in order to drive the clock GTSUCOMP
reference of the external
PLL for the audio clock
Peripheral trigger event XDMAO
Direct Memory Access General-puroose generation to transfer Peripherals with DMA
ry purp data to/from system HW interface number XDMA1
memory(14)
GMAC uses WOL frame
Wake-up Wake On LAN comparison and wake-up |\ GMACH PMC
the core by enabling the
crystal
Datasheet DS60001765A-page 20
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Notes:

1.

220N A ®ODN

- O

[ N
w N

-_—
&

Refer to Main Crystal Oscillator Failure Detection in the section Power Management Controller (PMC).
Refer to Fault Inputs and Fault Protection in the section Pulse Width Modulation Controller (PWM).
Refer to Fault Mode in the section Analog Comparator Controller (ACC).

Refer to Fault Mode in the section Analog Comparator Controller (ACC).

Refer to PWM_ETRGx in the section Pulse Width Modulation Controller (PWM).

Refer to PWM External Trigger Mode in the section Pulse Width Modulation Controller (PWM).

Refer to Conversion Triggers in the section Analog-to-Digital Converter (ADC).

Refer to Temperature Sensor in the section Analog-to-Digital Converter (ADC).

Refer to Waveform Generation in the section Real-time Clock (RTC).

Refer to PWM_CMPVx in the section Pulse Width Modulation Controller (PWM).

Refer to PWM Comparison Units and PWM Event Lines in the section Pulse Width Modulation Controller
(PWM).

Refer to Comparator in the section Pulse Width Modulation Controller (PWM).

Refer to Synchronization with PWM in the section Timer Counter (TC).

Refer to the section DMA Controller (XDMAC).

© 2022 Microchip Technology Inc. Datasheet DS60001765A-page 21
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SAMA7G5 Series

Package and Pinout

Package and Pinout

Package
The SAMA7GS5 is available in the following package:

14x14 mm2, 0.65-mm pitch 343-ball TFBGA optimized for 4-layer PCB

For further details, refer to Mechanical Characteristics.

Pinout

BGA343 Pinout
Figure 7-1. 343-ball TFBGA Pinout

E)
3

8

0

OYOX:: JO)

28

@O
: JONOK - JOXOXE X &)

- JOIONOXOXONOX X

000 O
C JOLIEN X NONGRGRE
SXOJO) X X : JEXECXGNO)

(@)
0000000 6

q -
28 -t
o S

: NG XOJOX  JOYOOX -

o
K]
28

L EiD A8 A14,
M DDR DDR DDR
D1 D3 Al

N DDR DOR
DQmo, DO
VDD DDR DDR DDRY (DDR
p@ IOWR

T DDR DDR DDR! VDD VDD DDR VDD
06 D4 A0 1o0or R ooor SRCTEY) B i000R
v @

VDD DDR DDR DDR DDR DDR'
Y |ODDR D11 Dam1, Dast D8 D10,

VoD DOR DDR
1000R S eEIY) D12

AT
R DDR! DDRY  (DDRY (‘DDR' DDR DDR SND
DDDDD D2 A15, Al BA2 BAT

&
S

nnnnn

ND @ @ GND
JOJCICIC

OX-- JCICX- JOICADX -
® 00 O
= JOICK - ACACACIC)

- JENOICICICICIOIC)
00000 ©
=NON =X ¥ - ASYCADAC)

CORE

CJCICK -XCX - ASICIOIO,
©

©EO

VoD VoD VoD
PA28 Neis PB8 PB6 PB4
voD VoD VoD
@ @
voD VoD
10P0 CORE
) —

DDR DDR DDR
“|@®®®
1 2 3 4

5 6 7 8 9 10

‘ Power ‘ Ground O nnnnnn Signals O nnnnnnnnnnnnnnn Signals

EX JeleX YeleleY |
13 14 15 16 17 18 19 20 21

12

© 2022 Microchip Technology Inc.
and its subsidiaries

Datasheet

DS60001765A-page 22



SAMA7G5 Series

Package and Pinout

The device features several PIO controllers that multiplex the 1/O lines of the peripheral set. The following Pin
Description table defines how the 1/O lines are multiplexed on the different PIO controllers. The "Reset State" column
shows whether the PIO line resets in I/0 mode or in Peripheral mode. If I/O is shown, the PIO line resets with the
characteristics (input, output, pull-up or pull-down) indicated in this same column, so that the device is configured in a
known state as soon as the reset is released. As a result, PIO_CFGR.FUNC resets to ‘0. If a signal name is shown
in the “Reset State” column, the PIO line is assigned to this function and PIO_CFGR.FUNC is not set to ‘0’. That is
the case for pins controlling memories, in particular address lines, which require the pin to be driven as soon as the
reset is released.
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Table 7-1. Pin Description(1(

H17 VDDSDMMCO
G20 VDDSDMMCO
L13 VDDSDMMCO
L14 VDDSDMMCO

HSIO

HSIO

GPIO

HSIO

AIternate PIO Perlpheral Reset State

Signal, Dir,
PU,
/0 Set PD, Hiz, ST,
SEC, FILTER

A SDMMCO0_CK
B FLEXCOMO_IO0 /10 1
PAO 110 — — PIO, I, PU, ST
Cc CANTX3 O 1
E PWMLO O 3
A SDMMCO0_CMD 110 1
B FLEXCOMO_|O1 /0 1
PA1 110 = = C CANRX3 | 1 PIO, I, PU, ST
D D14 /10 1,2
E PWMHO O 3
A SDMMCO_RSTN O 1
B FLEXCOMO_I02 110 1
C PDMC1_CLK (6} 1
PA2 110 - - PIO, I, PU, ST
D D15 /0 1,2
E PWMH1 O 3
F FLEXCOM1_IO0 110 3
A SDMMCO_DATO 110 1
B FLEXCOMO_IO3 110 1
Cc PDMC1_DS0 | 1
PA3 1/10 = = PIO, I, PU, ST
D NWR1/NBS1 O 1,2
E PWML3 o 3
F FLEXCOM1_IO1 110 3
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........... continued

Prlmary Alternate PIO Perlpheral Reset State

Signal, Dir,
PU,
I/O Set PD, Hiz, ST,
SEC, FILTER

SDMMCO_DAT1

B FLEXCOMO_IO4 /10 1
C PDMC1_DS1 | 1
K13 VDDSDMMCO HSIO PA4 110 = = PIO, I, PU, ST
D NCS2 O 1,2
E PWMH3 o 3
F FLEXCOM2_I00 /10 3
A SDMMCO_DAT2 /0 1
B FLEXCOM1_IO0 110 1
Cc CANTX2 O 1
C21 VDDSDMMCO HSIO PA5 110 - - PIO, I, PU, ST
D A23 o 1,2
E PWMEXTRGO | 3
F FLEXCOM2_|O1 110 3
A SDMMCO_DAT3 110 1
B FLEXCOM1_lO1 /10 1
C CANRX2 | 1
K14 VDDSDMMCO HSIO PAG 110 = = PIO, I, PU, ST
D A24 O 1,2
E PWMEXTRG1 | 3
F FLEXCOM3_IO0 /10 3

S GO.LVINVS
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........... continued

Prlmary Alternate PIO Perlpheral Reset State

Signal, Dir,
PU,
I/O Set PD, Hiz, ST,
SEC, FILTER

SDMMCO_DAT4

B FLEXCOM2_IO0 /10 1
C CANTX1 O 1
H16 VDDSDMMCO HSIO PA7 110 = = PIO, I, PU, ST
D NWAIT | 1,2
E PWMFIO | 3
F FLEXCOM3_|O1 /10 3
A SDMMCO_DAT5 /0 1
B FLEXCOM2_|O1 110 1
Cc CANRX1 | 1
B21 VDDSDMMCO HSIO PA8 110 - - PIO, I, PU, ST
D NCSO0 o 1,2
E PWMFI1 | 3
F FLEXCOM4_l00 110 3
A SDMMCO_DAT6 110 1
B FLEXCOM2_l02 /10 1
C CANTXO0 O 1
D20 VDDSDMMCO HSIO PA9 110 = = PIO, I, PU, ST
D SMCK O 1,2
E SPDIF_RX | 1
F FLEXCOM4_|01 /10 3

S GO.LVINVS
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........... continued

J15

F20

V14

VDDSDMMCO

VDDSDMMCO

VDDIOPO

VDDIOPO

HSIO

HSIO

GPIO

GPIO

Prlmary

n.nnnnn —

SDMMCO_DAT7

PA10

PA11

PA12

PA13

Alternate

m lw) [oe] > ul m O (@] o)

-n

>

O @

PIO Perlpheral

FLEXCOM2_103
CANRX0
NCS1
SPDIF_TX
FLEXCOM5_|00
SDMMCO_DS
FLEXCOM2_|04
AO/NBSO
TIOAO
FLEXCOM5_|O1
SDMMCO_WP
FLEXCOM1_|03
FLEXCOM3_lO5
PWML2
FLEXCOM6_I00
SDMMCO_1V8SEL
FLEXCOM1_|02
FLEXCOM3_lO6
PWMH2

FLEXCOM®6_IO1

110

/10

110

110

110

110

110

110

/10

110

110

Reset State

Signal, Dir,
PU,
PD, Hiz, ST,
SEC, FILTER

PIO, I, PU, ST
PIO, I, PU, ST
PIO, I, PU, ST
PIO, I, PU, ST
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........... continued
Prlmary Alternate PIO Perlpheral
Signal, Dir,
PU,
10 Set PD, HiZ, ST,
SEC, FILTER
A SDMMCO0_CD 1
B FLEXCOM1_l0O4 110 1
AA20 VDDIOPO GPIO PA14 l{e} - - PIO, I, PU, ST
D A25 o 1,2
E PWMLA1 (0] 3
A GO_TXEN O 1
B FLEXCOM3_I00 l{e} 1
V15 VDDIOPO GPIO PA15 110 — - (o} ISC_MCK (0] 1 PIO, |, PU, ST
D A1 o 1,2
E TIOBO 110 1
A G0_TX0 O 1
B FLEXCOM3_|O1 l{e} 1
Y15 VDDIOPO GPIO PA16 1/0 — - (o} ISC_DO | 1 PIO, |, PU, ST
D A2 O 1,2
E TCLKO | 1
A GO0_TX1 o 1
B FLEXCOM3_102 110 1
V16 VDDIOPO GPIO PA17 l{e} - - C ISC_D1 | 1 PIO, I, PU, ST -
Q
D A3 (o} 1,2 o
=
E TIOA1 110 1 Q)
«Q
(1]
Q
=
o
3
=
o
c
=3
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........... continued

Prlmary Alternate PIO Perlpheral Reset State

Signal, Dir,
PU,
I/O Set PD, Hiz, ST,
SEC, FILTER

A GO_RXDV 1
B FLEXCOM3_IO3 110 1
Y16 VDDIOPO GPIO PA18 110 = = C ISC_D2 | 1 PIO, I, PU, ST
D A4 O 1,2
E TIOB1 110 1
A GO0_RX0 | 1
B FLEXCOM3_|04 /0 1
V20 VDDIOPO GPIO PA19 110 = = C ISC_D3 | 1 PIO, I, PU, ST
D A5 O 1,2
E TCLK1 | 1
A GO0_RX1 | 1
B FLEXCOM4_l00 110 1
Y21 VDDIOPO GPIO PA20 110 = = C ISC_D4 | 1 PIO, I, PU, ST
D A6 O 1,2
E TIOA2 lfe} 1
A GO_RXER | 1
B FLEXCOM4_l101 110 1
V21 VDDIOPO GPIO PA21 l{e} — — C ISC_D5 | 1 PIO, I, PU, ST
D A7 o 1,2
E TIOB2 110 1

S GO.LVINVS
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........... continued

Prlmary Alternate PIO Perlpheral Reset State

Signal, Dir,
PU,
I/O Set PD, Hiz, ST,
SEC, FILTER

G0_MDC 1
B FLEXCOM4_l02 /10 1
Y18 VDDIOPO GPIO PA22 110 = = C ISC_D6 | 1 PIO, I, PU, ST
D A8 O 1,2
E TCLK2 | 1
A GO0_MDIO /10 1
B FLEXCOM4_l03 110 1
R13 VDDIOPO GPIO PA23 110 = = PIO, |, PU, ST
C ISC_D7 | 1
D A9 O 1,2
GO_TXCK/
A GO__REFCK Vo !
B FLEXCOM4_|04 /0 1
Y19 VDDIOPO GPIO PA24 110 - - c ISC_HSYNG | 1 PIO, I, PU, ST
D A10 O 1,2
E FLEXCOMO_IO5 110 1
A G0_125CK 110 1
B FLEXCOMS5_I04 l{e} 1
C ISC_VSYNC | 1
u14 VDDIOPO GPIO PA25 /10 - - PIO, I, PU, ST
D A11 O 1,2
E FLEXCOMO_IO6 110 1
F FLEXCOM7_IO0 110 3

S GO.LVINVS
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........... continued

Prlmary Alternate PIO Perlpheral Reset State

Signal, Dir,
PU,
Func 1/0 Set PD, HiZ, ST,
SEC, FILTER

GO0_TX2
B FLEXCOMS5_I02 /10 1
C ISC_FIELD | 1
W16 VDDIOPO GPIO PA26 110 = = PIO, I, PU, ST
D A12 O 1,2
E TFO 110 1
F FLEXCOM7_IO1 /10 3
A GO0_TX3 (0} 1
B FLEXCOMS5_I03 110 1
Cc ISC_PCK | 1
W18 VDDIOPO GPIO PA27 110 - - PIO, I, PU, ST
D A13 o 1,2
E TKO 110 1
F FLEXCOMS8_IO0 110 3
A GO0_RX2 | 1
B FLEXCOMS5_IO0 110 1
C ISC_D8 | 1
T14 VDDIOPO GPIO PA28 110 = = PIO, I, PU, ST
D A14 O 1,2
E RDO | 1
F FLEXCOMS8_|O1 /10 3
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........... continued

Prlmary Alternate PIO Perlpheral Reset State

Signal, Dir,
PU,
Func 1/0 Set PD, HiZ, ST,
SEC, FILTER

GO_RX3
B FLEXCOMS5_|O1 10 1
c ISC_D9 [ 1
W19 VDDIOPO GPIO PA29 10 = = PIO, I, PU, ST
D A15 o 1,2
E RFO 10 1
F FLEXCOM9_IO0 10 3
A GO_RXCK [ 1
B FLEXCOM6_l04 10 1
c ISC_D10 [ 1
R14 VDDIOPO GPIO PA30 10 = = PIO, I, PU, ST
D A16 o 1.2
E RKO 10 1
F FLEXCOM9_|O1 10 3
A GO_TXER o 1
B FLEXCOM6_l02 10 1
o} ISC_D11 [ 1
W20 VDDIOPO GPIO PA31 10 = = PIO, I, PU, ST
D A17 o 1,2
E TDO o 1
F FLEXCOM10_IO0 10 3
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........... continued

Prlmary Alternate PIO Perlpheral Reset State

Signal, Dir,
PU,
I/O Set PD, Hiz, ST,
SEC, FILTER

GO0_COL 1
B FLEXCOM®6_IO3 110 1
C EXT_IRQO | 1
u18 VDDIOPO GPIO PBO 110 = = PIO, I, PU, ST
D A18 O 1,2
E SPDIF_RX | 2
F FLEXCOM10_IO1 /10 3
A G0_CRS | 1
B FLEXCOMG6_IO1 110 1
Cc EXT_IRQ1 | 1
w21 VDDIOPO GPIO PB1 110 - - PIO, I, PU, ST
D A19 o 1,2
E SPDIF_TX 6} 2
F FLEXCOM11_100 110 3
A GO0_TSUCOMP O 1
B FLEXCOM®6_IO0 110 1
T21 VDDIOPO GPIO PB2 110 = = C ADTRG | 1 PIO, I, PU, ST
D A20 O 1,2
F FLEXCOM11_lO1 110 3
A RF1 /10 1
B FLEXCOM11_100 /0 1
V19 VDDIOPO GPIO PB3 1/10 = = PIO, |, PU, ST
C PCK2 O 2
D D8 /10 1,2
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........... continued

Prlmary Alternate PIO Perlpheral Reset State

343-pin Signal, Dir,
TFBGA ' PU,
I/O Set PD, Hiz, ST,
SEC, FILTER

B FLEXCOM11_IO1 /10 1
T20 VDDIOPO GPIO PB4 1/10 = = PIO, |, PU, ST
C PCK3 O 2
D D9 /10 1,2
A TK1 110 1
B FLEXCOM11_102 /10 1,2,3,4,5
V18 VDDIOPO GPIO PB5 110 - - PIO, I, PU, ST
Cc PCK4 (0} 2
D D10 110 1,2
A RK1 /10 1
B FLEXCOM11_l03 110 1,2,3,4,5
T19 VDDIOPO GPIO PB6 110 = = PIO, I, PU, ST
C PCK5 6} 2
D D11 l{e} 1,2
A TD1 O 1
B FLEXCOM11_104 /10 1,2,3,4,5
V17 VDDIOPO GPIO PB7 110 = = PIO, |, PU, ST
C FLEXCOM3_IO5 110 2,345
D D12 /10 1,2
A RD1 | 1
B FLEXCOMS8_IO0 /10 1
T18 VDDIOPO GPIO PB8 110 - - PIO, I, PU, ST
C FLEXCOM3_IO6 110 2,345
D D13 110 1,2
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........... continued
Prlmary Alternate
n.
P17 VDDQSPIO HSIO PB9 110 -
P15 VDDQSPIO0 HSIO PB10 110 -
G21 VDDQSPIO HSIO PB11 1/10 -
M15 VDDQSPIO HSIO PB12 1/10 -

o o w »r

m

> m O O W >»

m O O @

PIO Perlpheral

nn -

QSPIO_IO3
FLEXCOMS8_|O1 /10 1
PDMCO_CLK O 1
NCS3/NANDCS O 1
PWMLO o 2
QSPIO0_IO2 /10 1
FLEXCOMS8_l02 /0 1
PDMCO0_DS0 | 1
NWE/NWRO0/ o 1

NANDWE

PWMHO (6} 2
QSPIO_IO1 /0 1
FLEXCOMS8_IO3 110 1
PDMCO_DS1 | 1
NRD/NANDOE o 1
PWMLA1 O 2
QSPI0_IO0 110 1
FLEXCOMS8_I04 110 1
FLEXCOM®6_IO5 110 1
A21/NANDALE O 1
PWMH1 O 2

Reset State

Signal, Dir,

PU,
PD, HizZ, ST,
SEC, FILTER

PIO, I, PU, ST

PIO, I, PU, ST

PIO, I, PU, ST

PIO, I, PU, ST
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........... continued

Prlmary Alternate PIO Perlpheral Reset State

Signal, Dir,
PU,
I/O Set PD, Hiz, ST,
SEC, FILTER

QSPIO_CS
B FLEXCOM9_IO0 110 1
R16 VDDQSPIO GPIO PB13 110 = = C FLEXCOMG6_IO6 110 1 PIO, I, PU, ST
D A22/NANDCLE O 1
E PWML2 o 2
A QSPIO_SCK /10 1
B FLEXCOMS9_|O1 /0 1
N14 VDDQSPIO HSIO PB14 110 = = PIO, |, PU, ST
D DO 110 1
E PWMH2 O 2
A QSPI0_SCKN 110 1
B FLEXCOMS9_l02 110 1
N15 VDDQSPIO HSIO PB15 110 = = PIO, I, PU, ST
D D1 I} 1
E PWML3 O 2
A QSPIO0_IO4 /10 1
B FLEXCOMS9_IO3 110 1
Cc PCKO O 1
M14 VDDQSPIO HSIO PB16 1/10 = = PIO, I, PU, ST
D D2 110 1
E PWMH3 O 2
F EXT_IRQO | 2
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........... continued

Prlmary Alternate PIO Perlpheral Reset State

Signal, Dir,
PU,
I/O Set PD, Hiz, ST,
SEC, FILTER

A QSPIO0_IO5
B FLEXCOM9_l04 /10 1
C PCK1 O 1
F21 VDDQSPIO HSIO PB17 110 = = PIO, I, PU, ST
D D3 /10 1
E PWMEXTRGO | 2
F EXT_IRQ1 | 2
A QSPI0_IO6 110 1
B FLEXCOM10_IO0 110 1
D21 VDDQSPIO HSIO PB18 1/10 = = Cc PCK2 O 1 PIO, I, PU, ST
D D4 110 1
E PWMEXTRG1 | 2
A QSPI0_IO7 l{e} 1
B FLEXCOM10_IO1 110 1
M13 VDDQSPIO HSIO PB19 1/10 = = Cc PCK3 o 1 PIO, I, PU, ST
D D5 110 1
E PWMFI0 | 2
A QSPI0_DQS | 1
B FLEXCOM10_I0O2 /10 1,2,3,4,5
J21 VDDQSPIO HSIO PB20 110 = = PIO, I, PU, ST
D D6 /0 1
E PWMFI1 | 2
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........... continued

Prlmary Alternate PIO Perlpheral Reset State

Signal, Dir,
PU,
I/O Set PD, Hiz, ST,
SEC, FILTER

343-pin
TFBGA i

A QSPIO_INT
B FLEXCOM10_IO3 110 1,2,3,4,5
J20 VDDQSPIO GPIO PB21 1/10 = = PIO, |, PU, ST
C FLEXCOMS9_IO5 110 1
D D7 /10 1
A QSPI1_IO3 110 1
B FLEXCOM10_IO4 /10 1,2,3,4,5
H15 VDDQSPI1 GPIO PB22 110 - - PIO, I, PU, ST
Cc FLEXCOM9_lO6 110 1
D NANDRDY | 1
A QSPI1_I02 /10 1
B FLEXCOM7_I00 110 1
F19 VDDQSPI1 GPIO PB23 110 = = PIO, I, PU, ST
C 12SMCCO0_CK 110 1
F PCK4 O 1
A QSPI1_IO1 110 1
B FLEXCOM7_|O1 /10 1
G19 VDDQSPI1 GPIO PB24 110 = = PIO, |, PU, ST
C 12SMCCO_WS 110 1
F PCK5 O 1
A QSPI1_IO0 110 1
B FLEXCOM7_l02 /10 1
J14 VDDQSPI1 GPIO PB25 110 = = PIO, I, PU, ST
Cc 12SMCC0_DOUT1 o 1
F PCK6 O 1
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continued

Prlmary Alternate PIO Perlpheral Reset State

Signal, Dir,
PU,
I/O Set PD, Hiz, ST,
SEC, FILTER

A QSPI1_CS
B FLEXCOM7_IO3 /10 1
C20 VDDQSPI1 GPIO PB26 110 = = C 12SMCCO0_DOUTO O 1 PIO, I, PU, ST
E PWMEXTRGO | 1
F PCK7 o 1
A QSPI1_SCK /10 1
B FLEXCOM7_lO4 /0 1
G16 VDDQSPI1 GPIO PB27 110 = = PIO, |, PU, ST
C 12SMCCO0_MCK O 1
E PWMEXTRG1 | 1
A SDMMC1_RSTN o 1
B ADTRG | 2
G10 VDDSDMMCH1 GPIO PB28 110 - - PIO, I, PU, ST
E PWMFI0 | 1
F FLEXCOM7_IO0 110 4
A SDMMC1_CMD /10 1
B FLEXCOM3_I02 110 2,345
C FLEXCOMO_IO5 /10 2
H11 VDDSDMMCH1 HSIO PB29 110 - - PIO, I, PU, ST
D TIOA3 110 1
E PWMFI1 | 1
F FLEXCOM7_|O1 110 4
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........... continued

Prlmary Alternate PIO Perlpheral Reset State

Signal, Dir,
PU,
I/O Set PD, Hiz, ST,
SEC, FILTER

SDMMC1_CK
B FLEXCOM3_IO3 110 2,345
C FLEXCOMO_IO6 110 2
B9 VDDSDMMCH1 HSIO PB30 110 = = PIO, I, PU, ST
D TIOB3 /10 1
E PWMHO o 1
F FLEXCOMS8_IO0 /10 4
A SDMMC1_DATO0 /0 1
B FLEXCOM3_l04 110 2,345
C FLEXCOM9_IO5 110 2,3,4,5
A13 VDDSDMMCH1 HSIO PB31 110 - - PIO, I, PU, ST
D TCLK3 | 1
E PWMLO 6} 1
F FLEXCOMS8_|O1 l{e} 4
A SDMMC1_DAT1 110 1
B FLEXCOM3_IO0 110 2
A9 VDDSDMMCH1 HSIO PCO 110 = = D TIOA4 110 1 PIO, I, PU, ST
E PWMLA1 O 1
F FLEXCOM9_IO0 110 4
A SDMMC1_DAT2 /10 1
B FLEXCOM3_|O1 /0 2
H10 VDDSDMMC1 HSIO PC1 110 = = D TIOB4 110 1 PIO, I, PU, ST
E PWMH1 O 1
F FLEXCOMS9_lO1 110 4
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........... continued

Prlmary Alternate PIO Perlpheral Reset State

Signal, Dir,
PU,
I/O Set PD, Hiz, ST,
SEC, FILTER

A SDMMC1_DAT3
B FLEXCOM4_l00 110 2
A7 VDDSDMMCH1 HSIO PC2 110 = = D TCLK4 | 1 PIO, I, PU, ST
E PWML2 O 1
F FLEXCOM10_IO0 110 4
A SDMMC1_WP | 1
B FLEXCOM4_|0O1 /0 2
G1 VDDIN33 GPIO PC3 110 = = D TIOAS 110 1 PIO, I, PU, ST
E PWMH2 O 1
F FLEXCOM10_IO1 110 4
A SDMMC1_CD | 1
B FLEXCOM4_l02 l{e} 2,345
C FLEXCOMS9_IO6 110 2,345
H5 VDDIN33 GPIO PC4 110 - - PIO, I, PU, ST
D TIOB5 /10 1
E PWML3 O 1
F FLEXCOM11_100 /10 4
A SDMMC1_1V8SEL O 1
B FLEXCOM4_l03 /10 2,345
C FLEXCOM6_IO5 110 2,345
F2 VDDIN33 GPIO PC5 1/10 = = PIO, |, PU, ST
D TCLK5 | 1
E PWMH3 O 1
F FLEXCOM11_lO1 110 4
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........... continued

343-pin
TFBGA

K8

J8

F1

G2

M10

K9

D1

F8

VDDIN33

VDDIN33

VDDIN33

VDDIN33

VDDIN33

VDDIN33

VDDIN33

VDDIN33

GPIO

GPIO

GPIO

GPIO

GPIO

GPIO

GPIO

GPIO

PC6

PC7

PC8

PC9

PC10

PC11

PC12

PC13

Prlmary

110

1/10

110

1/10

110

110

110

110

Alternate

ACC_INPO

ACC_INN1

ACC_INP1

ACC_INN2

ACC_INP2

ACC_INN3

ACC_INP3

ADO

@ > O W

>

PIO Perlpheral

FLEXCOM4_l04
FLEXCOM6_lO6
12SMCCO_DINO
FLEXCOM?7_I00
12SMCCO_DIN1
FLEXCOM?7_IO1
12SMCCO0_DOUT3
FLEXCOM?7_I02
FLEXCOM1_I00
12SMCCO_DOUT2
FLEXCOM7_I03
FLEXCOM1_IO1
I2SMCC1_CK
FLEXCOM?7_l04
FLEXCOM2_100
12SMCC1_WS
FLEXCOMS_l02
FLEXCOM2_IO1
12SMCC1_MCK
FLEXCOMS_IO1

FLEXCOM3_IO00

110

/10

110

110

O

110

110

(0}

110

110

110

110

110

110

/10

110

110

110

1/0 Set

2,345
2,345

1

1

2,3,4,5

Reset State

Signal, Dir,
PU,

PD, HizZ, ST,
SEC, FILTER

PIO, I, PU, ST

PIO, I, PU, ST

PIO, I, PU, ST

PIO, I, PU, ST

PIO, I, PU, ST

PIO, I, PU, ST

PIO, I, PU, ST

PIO, I, PU, ST
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........... continued

Prlmary Alternate PIO Perlpheral Reset State

343-pin Signal, Dir,
TFBGA ' PU,
I/O Set PD, Hiz, ST,
SEC, FILTER

12SMCC1_DOUTO

D6 VDDIN33 GPIO PC14 /10 AD1 | B FLEXCOMS8_IO0 /10 2 PIO, I, PU, ST
F FLEXCOM3_IO1 110 4
A 12SMCC1_DOUT1 O 1

H9 VDDIN33 GPIO PC15 1/10 AD2 | B FLEXCOMS8_IO3 110 2,345 PIO, |, PU, ST
F FLEXCOM4_I00 /10 4
A 128MCC1_DOUT2 (0} 1

D5 VDDIN33 GPIO PC16 110 AD3 | B FLEXCOMS8_I04 110 2,345 PIO, I, PU, ST
F FLEXCOM4_|0O1 /10 4
A 12SMCC1_DOUT3 o 1

D3 VDDIN33 GPIO PC17 110 AD4 110 B EXT_IRQO | 3 PIO, I, PU, ST
F FLEXCOMS5_I0O0 110 4
A 12SMCC1_DINO | 1

C4 VDDIN33 GPIO PC18 110 AD5 110 B FLEXCOM9_IO0 /10 2 PIO, I, PU, ST
F FLEXCOMS_I01 110 4
A 12SMCC1_DIN1 | 1

G8 VDDIN33 GPIO PC19 110 ADG6 | B FLEXCOMS9_lO1 110 2 PIO, |, PU, ST
F FLEXCOM®6_IO0 /10 4
A 12SMCC1_DIN2 | 1

D4 VDDIN33 GPIO PC20 110 AD7 | B FLEXCOMS9_l04 110 2,345 PIO, I, PU, ST
F FLEXCOM®6_IO1 /10 4
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........... continued

Prlmary Alternate PIO Perlpheral Reset State

343-pin Signal, Dir,
TFBGA ' PU,
I/O Set PD, Hiz, ST,
SEC, FILTER

12SMCC1_DIN3
B FLEXCOMS9_l02 110 2,345
E4 VDDIN33 GPIO PC21 110 AD8 | PIO, |, PU, ST
D D3 110 2
F FLEXCOM®6_IO0 110 5
A 12SMCCO0_DIN2 | 1
B FLEXCOMS9_IO3 /10 2,345
C3 VDDIN33 GPIO PC22 /10 AD9 | PIO, I, PU, ST
D D4 /0 2
F FLEXCOMG6_IO1 110 5
A 12SMCCO_DIN3 | 1
B FLEXCOMO_IO5 110 3
F3 VDDIN33 GPIO PC23 110 AD10 | PIO, I, PU, ST
D D5 110 2
F FLEXCOM7_IO0 110 5
A -
B FLEXCOMO_IO6 110 3
C2 VDDIN33 GPIO PC24 110 AD11 | C EXT_IRQ1 | 3 PIO, I, PU, ST
D D6 /10 2
F FLEXCOM7_lO1 1/10 5
B1 VDDIN33 GPIO PC25 l{e} — — A NTRST | 1 NTRST, PU, ST
H7 VDDIN33 GPIO PC26 110 — — A TCK_SWCLK | 1 TCK_:\_II_VCLK’
C1 VDDIN33 GPIO PC27 110 = = A TMS_SWDIO 110 1 TMiDSVg_EIO'
H6 VDDIN33 GPIO PC28 110 = = A TDI | 1 TDI, PU, ST
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continued

Prlmary Alternate PIO Perlpheral Reset State

Signal, Dir,
PU,
I/O Set PD, Hiz, ST,
SEC, FILTER

A2 VDDIN33 GPIO PC29 A TDO, ST
A —
G4 VDDIN33 GPIO PC30 l{e} AD12 | PIO, I, PD, ST
B FLEXCOM10_lO0 110 2
A —
D2 VDDIN33 GPIO PC31 110 AD13 | PIO, |, PD, ST
B FLEXCOM10_IO1 l{e} 2
A —
G3 VDDIN33 GPIO PDO 110 AD14 | PIO, |, PD, ST
B FLEXCOM11_IO0 110 2
A =
F4 VDDIN33 GPIO PD1 110 AD15 | PIO, I, PD, ST
B FLEXCOM11_lO1 110 2
A SDMMC2_RSTN O 1
B PCKO (6] 2
C CANTX4 (0] 1
H12 VDDSDMMC2 GPIO PD2 110 - - PIO, I, PU, ST
D D7 110 2
E TIOAO 110 2
F FLEXCOMS8_IO0 110 5
A SDMMC2_CMD 110 1
B FLEXCOMO_IO0 l{e} 2
C CANRX4 | 1
B15 VDDSDMMC2 HSIO PD3 110 - - PIO, |, PU, ST
D NANDRDY | 2
E TIOBO 110 2
7 FLEXCOMS_IO1 110 5
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........... continued
Prlmary Alternate PIO Perlpheral Reset State
Signal, Dir,
PU,
10 Set PD, HiZ, ST,
SEC, FILTER
SDMMC2_CK
B FLEXCOMO_IO1 110 2
C CANTX5 o 1
A15 VDDSDMMC2 HSIO PD4 /0 - - PIO, I, PU, ST
D NCS3/NANDCS (0] 2
E TCLKO | 2
F FLEXCOM9_IO0 l{e} 5
A SDMMC2_DATO0 110 1
B FLEXCOMO_IO2 l{e} 2,3
(o] CANRX5 | 1
A16 VDDSDMMC2 HSIO PD5 110 - - 5 NWE/NWRO/ ° ) PIO, I, PU, ST
NANDWE
E TIOA1 110 2
F FLEXCOMS9_|O1 l{e} 5
A SDMMC2_DAT1 110 1
B FLEXCOMO_IO3 l{e} 2,3
C SPDIF_RX | 3
G12 VDDSDMMC2 HSIO PD6 110 - - PIO, I, PU, ST
D NRD/NANDOE (0] 2
U
E TIOB1 l{e} 2 g
F FLEXCOM10_IO0 110 5 QX)
«Q
(1]
Q
=
o
3
=
o
c
=3
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........... continued
Prlmary Alternate
“.
J11 VDDSDMMC?2 HSIO PD7 110 -
B13 VDDSDMMC2 HSIO PD8 110 -
D19 VDDIOP1 GPIO PD9 110 -
M12 VDDIOP1 GPIO PD10 110 -

m o O » m m| 0o O » m m O O W >

-n

m O O W >

PIO Perlpheral

nn -

SDMMC2_DAT2
FLEXCOMO_IO4
SPDIF_TX
A21/NANDALE
TCLK1
FLEXCOM10_IO1
SDMMC2_DAT3
12SMCCO_DINO
A22/NANDCLE

TIOA2

FLEXCOM11_100

SDMMC2_WP
12SMCCO_DIN1
DO
TIOB2
FLEXCOM11_IO1
SDMMC2_CD
PCK6
12SMCCO_DIN2
D1
TCLK2

FLEXCOMO_IO0

110

/10

110

110

110

110

lfe}

110

110

110

2,3

Reset State

Signal, Dir,

PU,
PD, HizZ, ST,
SEC, FILTER

PIO, I, PU, ST

PIO, I, PU, ST

PIO, I, PU, ST

PIO, |, PU, ST
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continued

Prlmary Alternate

n.nnnnn -

SDMMC2_1V8SEL

A20 VDDIOP1 GPIO PD11 110 =
P12 VDDIOP1 GPIO PD12 110 —
H18 VDDIOP1 GPIO PD13 110 =
C19 VDDIOP1 GPIO PD14 110 -

> m O O @ > O w » m m O O @

(@)

PIO Perlpheral

PCK7
12SMCCO_DIN3
D2
TIOA3
FLEXCOMO_IO1
PCK1
FLEXCOM1_IO0
CANTXO0
TIOB3
12SMCCO0_CK
FLEXCOM1_lO1
PWMLO
CANRXO
TCLK3
12SMCCO0_MCK
FLEXCOM1_102
PWMHO
CANTX1
TIOA4

FLEXCOM2_IO0

110
110

/10

110

110

110

110

110

110

Reset State

Signal, Dir,
PU,
PD, Hiz, ST,
SEC, FILTER

PIO, I, PU, ST
PIO, I, PU, ST
PIO, I, PU, ST
PIO, I, PU, ST
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........... continued
Prlmary Alternate
n.
R12 VDDIOP1 GPIO PD15 110 -
D18 VDDIOP1 GPIO PD16 110 -
G18 VDDIOP1 GPIO PD17 110 -

O O w M m O O @ > M m O O m >

m

PIO Perlpheral

nn -

12SMCCO_WS
FLEXCOM1_lO3
PWMLA1
CANRX1
TIOB4
FLEXCOM2_|O1
12SMCCO0_DOUTO
FLEXCOM1_lO4
PWMH1
CANTX2
TCLK4
FLEXCOMS3_IO0
12SMCCO0_DOUT1
FLEXCOM2_IO0
PWML2
CANRX2
TIOAS

FLEXCOM3_|O1

110

110

/10

110

110

110

110

/10

23,4

Reset State

Signal, Dir,

PU,
PD, HizZ, ST,
SEC, FILTER

PIO, I, PU, ST
PIO, I, PU, ST
PIO, I, PU, ST

jnouid pue abeyoed
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........... continued

Prlmary Alternate PIO Perlpheral Reset State

Signal, Dir,
PU,
I/O Set PD, Hiz, ST,
SEC, FILTER

A 12SMCCO_DOUT2
B FLEXCOM2_|O1 110 2
c PWMH2 o 4
B19 VDDIOP1 GPIO PD18 110 = = PIO, I, PU, ST
D CANTX3 o 2
E TIOB5 110 2
F FLEXCOM4_|00 110 5
A I2SMCCO0_DOUT3 o 2
B FLEXCOM2_|02 110 2,345
c PWML3 o 4
N11 VDDIOP1 GPIO PD19 110 = = PIO, I, PU, ST
D CANRX3 [ 2
E TCLK5 [ 2
F FLEXCOM4_|O1 e 5
A PCKO o 3
B FLEXCOM2_|03 110 2,34,5
c18 VDDIOP1 GPIO PD20 110 = = c PWMH3 o 4 PIO, I, PU, ST
D CANTX4 o 2
F FLEXCOM5_|00 110 5
A PCK1 o 3
B FLEXCOM2_|04 110 2,34,5
F18 VDDIOP1 GPIO PD21 110 = = D CANRX4 [ 2 PIO, I, PU, ST
F FLEXCOM5_|O1 110 5
G G1_TXEN o 1
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continued
Prlmary Alternate
n.
A19 VDDIOP1 GPIO PD22 110 -
K12 VDDIOP1 GPIO PD23 110 -
D17 VDDIOP1 GPIO PD24 1/10 -
K10 VDDIOP1 GPIO PD25 110 -

m m O O >» ® m™m O O >»

o o » ®

@@ m O O W >» @ m

PIO Perlpheral

nn -

PDMCO_CLK
PWMEXTRGO
RD1
CANTX5
G1_TX0
PDMC0_DS0
PWMEXTRG1
RF1
ISC_MCK
CANRX5
G1_TX1
PDMCO_DS1
PWMFIO
RK1
ISC_DO
G1_RXDV

PDMC1_CLK

FLEXCOMS5_I00

PWMFI1
TD1
ISC_D1

G1_RX0

Reset State

Signal, Dir,

PU,
PD, HizZ, ST,
SEC, FILTER

PIO, I, PU, ST
PIO, I, PU, ST
PIO, I, PU, ST
PIO, |, PU, ST
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........... continued

Prlmary Alternate PIO Perlpheral Reset State

Signal, Dir,
PU,
I/O Set PD, Hiz, ST,
SEC, FILTER

A PDMC1_DS0
B FLEXCOM5_|O1 110 2
c ADTRG [ 3
G14 VDDIOP1 GPIO PD26 110 = = PIO, I, PU, ST
D TF1 110 2
E ISC_D2 [ 2
G G1_RX1 [ 1
A PDMC1_DS1 [ 2
B FLEXCOM5_|02 110 2,345
c TIOAO 110 3
D16 VDDIOP1 GPIO PD27 110 = = PIO, I, PU, ST
D TK1 110 2
E ISC_D3 [ 2
G G1_RXER [ 1
A RDO [ 2
B FLEXCOM5_|03 110 2,34,5
c TIOBO 110 3
J12 VDDIOP1 GPIO PD28 110 = = D 12SMCC1_CK 110 2 PIO, I, PU, ST
E ISC_D4 [ 2
F PWML3 o 5
G G1_MDC o 1

S GO.LVINVS
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........... continued
Prlmary Alternate
n.
B18 VDDIOP1 GPIO PD29 1/0 -
H13 VDDIOP1 GPIO PD30 110 -
C16 VDDIOP1 GPIO PD31 1/10 -

m O O @

O O W >» O T

m

PIO Perlpheral

nn -

FLEXCOM5_|04
TCLKO
12SMCC1_WS
ISC_D5
PWMH3
G1_MDIO
RKO
FLEXCOMS6_I00
TIOAT
12SMCC1_MCK
ISC_D6
PWMEXTRGO

G1_TXCK/
G1_REFCK

TDO
FLEXCOM6_IO1
TIOB1
I2SMCC1_DOUTO
ISC_D7
PWMEXTRG1

G1_TX2

110

110

110

110

110

110

/10

110

110

2,345
3

2

Reset State

Signal, Dir,
PU,

PD, HizZ, ST,
SEC, FILTER

PIO, I, PU, ST

PIO, I, PU, ST

PIO, I, PU, ST

jnouid pue abeyoed
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........... continued

Prlmary Alternate PIO Perlpheral Reset State

Signal, Dir,
PU,
I/O Set PD, Hiz, ST,
SEC, FILTER

B FLEXCOM6_l02 10 2,345
c TCLK1 [ 3
E18 VDDIOP1 GPIO PEO 10 = = D 12SMCC1_DOUT1 o] 2 PIO, I, PU, ST
E ISC_HSYNC [ 2
F PWMFIO [ 5
G G1_TX3 o] 1
A TKO 10 2
B FLEXCOM6_l03 10 2,345
c TIOA2 e} 3
F14 VDDIOP1 GPIO PE1 10 = = D 12SMCC1_DOUT2 o 2 PIO, I, PU, ST
E ISC_VSYNC [ 2
F PWMFI1 [ 5
G G1_RX2 [ 1
A PWMLO o] 5
B FLEXCOM6_lO4 10 2,345
c TIOB2 e} 3
A18 VDDIOP1 GPIO PE2 10 = = PIO, I, PU, ST
D I2SMCC1_DOUT3 o 2
E ISC_FIELD [ 2
G G1_RX3 [ 1
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continued

Prlmary Alternate

PWMHO

C15 VDDIOP1 GPIO PE3 110 =
D15 VDDIOP1 GPIO PE4 110 =
B16 VDDIOP1 GPIO PES5 110 =

o)

W >» G M O O W >» G m O O

o O

m

PIO Perlpheral

FLEXCOMO_I00
TCLK2
12SMCC1_DINO
ISC_PCK
G1_RXCK
PWML1
FLEXCOMO_IO1
TIOA3
12SMCC1_DIN1
ISC_D8
G1_TXER
PWMH1
FLEXCOMO_|02
TIOB3
12SMCC1_DIN2
ISC_D9

G1_coL

110

110

110

110

lfe}

1/0 Set

Reset State

Signal, Dir,
PU,
PD, Hiz, ST,
SEC, FILTER

PIO, I, PU, ST
PIO, I, PU, ST
PIO, I, PU, ST

jnouid pue abeyoed
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........... continued

343-pin

TFBGA

G13

E14

G6

H3

H1

F5

G5

J4

T13

W14

C14

c17

A1l

A14

VDDIOP1

VDDIOP1

VDDANA

VDDIN33

GNDIN33

GNDANA

GNDANA

GNDANA

VDDIOPO

VDDIOPO

VDDIOP1

VDDIOP1

GND

GND

GPIO

GPIO

analog input
power
ground
ground
ground
ground
power
power
power
power
ground

ground

Prlmary

Slgnal Dir,

PU,
I/O Set PD, Hiz, ST,
SEC, FILTER

PE6

PE7

ADVREFP

VDDIN33

GNDIN33

GNDANA

GNDANA

GNDANA

VDDIOPO

VDDIOPO

VDDIOP1

VDDIOP1

GND

GND

110

1/10

O O @

> o m

@ m O w

PIO Perlpheral Reset State

PWML2
FLEXCOMO_|O3 110 4
TCLK3 [ 3

PIO, I, PU, ST
12SMCC1_DIN3 [ 2
ISC_D10 [ 2
G1_CRS [ 1
PWMH2 o 5
FLEXCOMO_|04 110 4

TIOA4 110 3 PIO, I, PU, ST
ISC_D11 [ 2
G1_TSUCOMP o 1
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343-pin Power
TFBGA Rail Type

ground

continued

A21

AA14

AA21

D9

E5

E6

J6

F6

F9

F15

Jo

J13

L3

L19

N13

P19

u16

GND

GND

GND

GND

GND

GND

GND

GND

GND

VDDANA

VDDANA

VDDIN33

VDDCORE

VDDCORE

VDDCORE

VDDCORE

VDDCORE

VDDCORE

VDDCORE

VDDCORE

VDDCORE

VDDCORE

ground
ground
ground
ground
ground
ground
ground
ground
ground
power
power
analog output
power
power
power
power
power
power
power
power
power

power

Prlmary

n.nnnnn -

GND

GND

GND

GND

GND

GND

GND

GND

GND

VDDANA

VDDANA

VDDOUT25

VDDCORE

VDDCORE

VDDCORE

VDDCORE

VDDCORE

VDDCORE

VDDCORE

VDDCORE

VDDCORE

VDDCORE

Alternate

PIO Perlpheral

Reset State

Slgnal Dir,
PU,
PD, Hiz, ST,
SEC, FILTER
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........... continued

343-pin

TFBGA

u17

u19

W17

Y20

B20

E16

E17

E19

F16

D13

E7

E15

E21

F17

G1

G15

G17

H8

H14

H21

J18

L1

L7

VDDCORE

VDDCORE

VDDCORE

VDDCORE

VDDCPU

VDDCPU

VDDCPU

VDDCPU

VDDCPU

GND

GND

GND

GND

GND

GND

GND

GND

GND

GND

GND

GND

GND

GND

power
power
power
power
power
power
power
power
power
ground
ground
ground
ground
ground
ground
ground
ground
ground
ground
ground
ground
ground

ground

Prlmary

n.nnnnn —

VDDCORE

VDDCORE

VDDCORE

VDDCORE

VDDCPU

VDDCPU

VDDCPU

VDDCPU

VDDCPU

GND

GND

GND

GND

GND

GND

GND

GND

GND

GND

GND

GND

GND

GND

Alternate

PIO Perlpheral

Reset State

Slgnal Dir,
PU,
PD, Hiz, ST,
SEC, FILTER

jnouid pue abeyoed
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........... continued

Prlmary Alternate PIO Perlpheral Reset State
Power 1o 3'9“3| Dir,
Rail Type | PU,
0 Set PD, HiZ, ST,
SEC, FILTER

L1 GND ground -
L15 GND ground GND | - - - = = - -
L21 GND ground GND | - - - = = _ -
N4 GND ground GND | - - - = = - -
A1 GNDUTMI ground GNDUTMI | - - - = = - -
A5 GNDUTMI ground GNDUTMI | - - = = - _ -
A8 GNDUTMI ground GNDUTMI | - - - - - - -
E1 GNDUTMI ground GNDUTMI | - - - = = _ -
G7 GNDUTMI ground GNDUTMI | - - = = = — -
B2 VDDUTMII power VDDUTMII | - - - = = - -
C5 VDDUTMII power VDDUTMII | - - = = - _ -
Cc8 VDDUTMII power VDDUTMII | - - - - - - -
E3 VDDUTMII power VDDUTMII | - - = = = _ -
F7 VDDUTMII power VDDUTMII | - - = = = - -
A3 VDDUTMII - HHSA_DP 110 - - - = = _ -
B3 VDDUTMII - HHSA_DM 1/10 - - = = - - —
D7 VDDUTMII - HHSA_CC1 110 - - - = = - -
G9 VDDUTMII - HHSA_CC2 110 - - = = - _ -
C6 VDDUTMII analog input HHSA_RTUNE | - - - = = - -
A4 VDDUTMII - HHSB_DP 110 - - - = = _ -
B4 VDDUTMII - HHSB_DM 110 - - - = = - -
c7 VDDUTMII - HHSB_CC1 110 - - - = = - -
E8 VDDUTMII - HHSB_CC2 110 - - = = - _ -

S GO.LVINVS
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343-pin Power
TFBGA Rail Type

continued

A6

B6

B7

N6

N9

N12

P3

P13

T6

T7

T9

u3

us

ue

w8

Y2

M11

K11

N18

P1

P8

VDDUTMII

VDDUTMII

VDDUTMII

VDDUTMII

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

GND

GND

GND

GND

analog input

analog input
power
power
power
power
power
power
power
power
power
power
power
power
power
power
power
ground
ground
ground

ground

Prlmary

“.nnnnn -

HHSB_RTUNE
HHSC_DP
HHSC_DM

HHSC_RTUNE

VDDIODDR
VDDIODDR
VDDIODDR
VDDIODDR
VDDIODDR
VDDIODDR
VDDIODDR
VDDIODDR
VDDIODDR
VDDIODDR
VDDIODDR
VDDIODDR
VDDIODDR
VDDIODDR
VDDIODDR
GND
GND
GND

GND

110

110

Alternate

PIO Perlpheral

Reset State

Slgnal Dir,
PU,

PD, Hiz, ST,

SEC, FILTER
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........... continued

343-pin Power
TFBGA Rail Type

ground

P21

R5

R7

R17

T5

T17

u1

u7

u21

V9

Y1

N2

M7

R3

M8

T2

N8

T1

N7

Y7

Y9

GND

GND

GND

GND

GND

GND

GND

GND

GND

GND

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

ground
ground
ground
ground
ground
ground
ground
ground
ground
ground
analog input

Prlmary

n.nnnnn —

GND
GND
GND
GND
GND
GND
GND
GND
GND
GND
DDR_VREF
DDR_DO
DDR_D1
DDR_D2
DDR_D3
DDR_D4
DDR_D5
DDR_D6
DDR_D7
DDR_D8
DDR_D9

DDR D10

110

110

110

110

1/10

l{e}

110

110

1/10

1/10

110

Alternate

PIO Perlpheral

Reset State

Slgnal Dir,
PU,
PD, Hiz, ST,
SEC, FILTER
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........... continued

343-pin
TFBGA

W7
W3
W6
P6
V5
V6
R6
W4
P7
W2
L8
\Z:
T3
M9
P5
V2
L9
R4
U4

T4

Power
Rail

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

110
Type

Prlmary

n.nnnnn -

DDR_D11
DDR_D12
DDR_D13
DDR_D14
DDR_D15
DDR_AO
DDR_A1
DDR_A2
DDR_A3
DDR_A4
DDR_A5
DDR_A6
DDR_A7
DDR_A8
DDR_A9
DDR_A10
DDR_A11
DDR_A12
DDR_A13
DDR_A14
DDR_A15
DDR_CLK

DDR_CLKN

110

110

110

/o0 0o 0o oo 0o 0o o o olojlo o o o

Alternate

PIO Perlpheral

Reset State

Slgnal Dir,
PU,
PD, Hiz, ST,
SEC, FILTER
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........... continued

343-pin
TFBGA

V3
\Al
V7
N10
us
T8
N1
Y4
R1
Y6

R2

V8
P4
R8

W1

T15
T16
R15
u15
N20

N21

Power
Rail

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDIODDR

VDDDPHY

VDDDPHY

GNDDPHY

GNDDPHY

VDDDPHY

VDDDPHY

110
Type

analog input
power
power
ground

ground

Prlmary

“.nnnnn —

DDR_CKE
DDR_RESETN
DDR_CSN
DDR_WEN
DDR_RASN
DDR_CASN
DDR_DQMO
DDR_DQMH1
DDR_DQS0
DDR_DQS1
DDR_DQSNO
DDR_DQSN1
DDR_BAO
DDR_BA1
DDR_BA2
DDR_ODT
DDR_ZQ
VDDDPHY
VDDDPHY
GNDDPHY
GNDDPHY
MIPI_CLKN

MIPI_CLKP

0O 0/ o0o/O0 O o o o

Alternate

PIO Perlpheral

Reset State

Slgnal Dir,
PU,
PD, Hiz, ST,
SEC, FILTER
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........... continued

R18

P18

R20

R21

R19

J16

C11

V13

K15

J10

F13

D14

R11

P11

P10

J2

J1

Y13

Power
Rail

VDDDPHY

VDDDPHY

VDDDPHY

VDDDPHY

VDDDPHY

VDDSDMMCO

VDDSDMMCH1

GND

VDDSDMMCO

VDDSDMMCA1

VDDSDMMC2

VDDSDMMC2

GNDBAT

VBAT

VBAT

VBAT

VBAT

VBAT

VDDIN33

VDDIN33

VBAT

VBAT

VBAT

110
Type

analog input
power
power
ground
analog input
analog input
power
analog input
ground
power
PIOBU
PIOBU
PIOBU

PIOBU

Prlmary

“.nnnnn —

MIPI_DNO
MIPI_DPO
MIPI_DN1
MIPI_DP1

MIPI_REXT
VDDSDMMCO
VDDSDMMCH1

GND

SDMMCO_CAL

SDMMC1_CAL

VDDSDMMC2

SDMMC2_CAL

GNDBAT
VBAT
PIOBUO
PIOBU1
PIOBU2
PIOBU3
XIN
XOUT
XIN32
XOUT32

TST

Alternate

PIO Perlpheral

Reset State

Slgnal Dir,
PU,
PD, Hiz, ST,
SEC, FILTER

PU)
PUB)
pu®)

PDA)
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........... continued

W15

R9

J7

H4

K7

R10

N16

P16

H19

VBAT
VBAT
VBAT
VDDIN33
VDDIN33
VDDIN33
VBAT
VDDQSPIO
VDDQSPIO

VDDQSPI1

110
Type

GPIO

power
analog input

power

Prlmary

JTAGSEL
WKUPO
SHDN
NRST
NRST_OUT
AUDIOCLK
LPM
VDDQSPIO
QSPIO_CAL

VDDQSPI1

AIternate

PIO Perlpheral

Reset State

Slgnal Dir,
PU,
PD, Hiz, ST,
SEC, FILTER
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SAMA7G5 Series

Package and Pinout

Notes:

1. 1/Os for each peripheral are grouped into I/O sets, listed in the column "I/O Set". For all peripherals, use 1/0s
that belong to the same I/O set. Timings can be unpredictable when |/Os from different I/O sets are mixed.

2. When using an /O line with the Analog-to-Digital Converter (ADC) or with the Analog Comparator Controller
(ACC), the PIO line configuration (pull-up, pull-down) programmed before assigning this line to the ADC or
ACC peripheral is not modified by this peripheral.

3. This is the PIOBU state after VBAT power-up. If programmed to another value, this value is maintained as long
as VBAT is not removed.

© 2022 Microchip Technology Inc. Datasheet DS60001765A-page 66

and its subsidiaries



8.1

8.1.1

SAMA7G5 Series

System Interconnect and Security (SIS)

System Interconnect and Security (SIS)

System Bus and Interconnect
The device on-chip interconnect is architectured around the following components:
» 5x AXI matrixes based on the Arm NIC-400 module
* 1x AHB matrix
* 8x APB buses
* 1x Universal DDR Memory Controller (UDDRC)

The following features are supported by the interconnect backbone:

* Quality of Service (QoS) to ensure priorities and limits for all AXl and AHB transactions
» Performance monitoring to track AXI bus activity

Block Diagram
Figure 8-1. SAMA7GS5 Architecture

XDMAO-2 Cortex-A Subsystem GMACO0-1 SDMMCO0-2

L2

MCK1 CPUCLK MCKA1 MCKA1
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AXI Matrix, MCK1 AXI Matrix, MCK4
ICM MCANO-5 usB
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OHCI
rov | [ESERSEN Relticand
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RAM OTP Subsystem Subsystem MCK1 MCK1 MCK1
MCKO MCKO MCKO MCK1
TZAESB
ISS: Image Subsystem, MCK3 HSS: 64-bit AHB Matrix, MCK1
MCK1
TZC400 TZC400 TZC400 TZC400 TZC400 Memories QSPI0-1 TZPM

APB6

RAM
UDDRC Peripheral

Universal DDR Controller SMC

Subsystem

NFC MCK1 MCK1

usB
MCK1

DDR Interface

Table 8-1. Advanced Peripheral Bus User Interfaces

szanced Perpheral ,, o Ihterfaces

APBO SECURAM, SECUMOD, SFRBU, CPKCC, TZPM, PIOA, PMC, SYSC
CSl, CSI2DC, ISC, XDMA2, SDMMC0-2, ADCC, ACC, UDDRPUBL, PWM, PDMCO0-1,

APB1 ASRC, SPDIFRX, SPDIFTX, I2SMCCO0-1, SFR, EIC
APB2 PIT64B0-2, SSCO0, AES, SHA, FLEXCOMO0-3
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APB3 TZAESBASC, PIT64B3—4, SSC1, TRNG, TDES, FLEXCOM4-7

APB4 GMACO0-1, XDMACO0-1, PIT64B5, TCO, FLEXCOM8-11

APB5 TZC

APB6 MCANO0-5, TC1, MATRIX, SMC, QSPI0-1, UDPHS0-1, ICM, TZAESB, TCPCA, TCPCB
APB7 UDDRC, DBG

AXI Subsystem
The AXI subsystem is comprised of:
* CSS — CPU System and Security matrix
*+ CHS — CPU High Speed matrix
*  APS — APB Client matrix
*  AXM — AXI Hosts matrix
* |ISS — Image Subsystem

AXI matrixes are based on NIC-400 r1p1 (by Arm Ltd.) and no settings are controlled by software. The respective
hardware configurations used are given in the following sections. The default software configuration has been
intensively tested and leads to best results in any conditions.

For complete details on the NIC-400 design, see the Arm specification on http://infocenter.arm.com/help/topic/
com.arm.doc.ddi0475h/index.html

The device embeds Quality of Service management provided by Arm QoS-400 supplement to NIC-400.
QoS-400 r1p1 is controlled by software. The respective hardware configurations used are given in the following
sections. The default software configuration has been intensively tested and leads to best results in any conditions.

For complete details on the QoS-400, see the Arm specification on http://infocenter.arm.com/help/index.jsp?topic=/
com.arm.doc.dsu0026g/index.html

This AXI subsystem (NICGPV) is connected to peripherals and to an AHB matrix (MATRIX) described below.
The following tables summarize the AXI matrix hosts and clients.
Table 8-2. AXI Hosts

DDRC_PO0 CHS AMIBO
ROM/OTP CSS AMIB1
CPKCC CSS AMIB2
APBO CSS AMIB3
Bridge to HSS MO CHS AMIB4
DDRC_P2 APS AMIB5
Bridge to HSS M1 APS AMIB6
APB1 APS AMIB7
APB2 APS AMIB8
APB3 APS AMIB9
APB4 APS AMIB10
APB7 APS AMIB11
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Bridge to HSS M2 AXM AMIB12
DDR_P4 AXM AMIB13
CSI2DC AXM AMIB14

Table 8-3. AXI Clients

CPU CHS ASIBO
OTP CSS ASIB1
XDMACO APS ASIB2
XDMAC1 APS ASIB3
DEBUG APS ASIB4
GMACO0 AXM ASIB5
GMAC1 AXM ASIB6
SDMMCO0 AXM ASIB7
SDMMC1 AXM ASIB8
SDMMC2 AXM ASIB9
XDMAC2 AXM ASIB10

8.1.3 AHB Subsystem
The following tables summarize the AHB matrix hosts and clients.

Table 8-4. AHB Hosts

L T S

CPU from AXI MO
XDMACO0-1 from AXI M1
GMACO0-1 from AXI
SDMMCO0-2 from AXI M2
XDMAC?2 from AXI
MCANO M3
MCAN1 M4
MCANZ2 M5
MCAN3 M6
MCAN4 M7
MCANS5 M8
ICM M9
UDPHS0_DMA M10
UDPHS1_DMA M11
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OHCI_DMA M12
EHCI_DMA M13
TZAESB M14

Table 8-5. AHB Clients

QSPIO SO
QSPI1 S1
TZAESB S2
UDDRC_P1 S3
APBG6 S4
SRAM_PO S5
SRAM_P1 S6
smc S7
NFC_RAM S8
USB_RAM S9
Note:

1. The Static Memory Controller (SMC) contains several configurable memory areas. These are EBI_CSO0,
EBI_CS1, EBI_CS2, EBI_CS3 and NFC_CMD, with respective HSEL from HSELO to HSEL4.

To improve performance, a transaction QoS can be both generated and handled by the matrix. See Quality of Service
(QoS) Overview.
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8.2 System Interconnect Overview

The following table shows allowed paths (X).

Table 8-6. System Interconnections
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Notes:
1. Refer to the following sections for details on each configuration method.
2. “AS” stands for Always Secure; this configuration cannot be changed.

8.3 Quality of Service (QoS) Overview

Quality of Service is extremely important in distributing the available resources (bandwidth or latency) among devices
to meet overall performance requirements.

In the circuit, multiple hosts communicate with clients through interconnect. However, bandwidth-sensitive hosts can
starve for data and latency-sensitive host requirements can be unsatisfied. This impacts the overall performance of
the subsystem. QoS and Outstanding Capability address these types of performance issues in the subsystem.

Configuration can be done in different locations: NIC-400 Global Programmer's View (NICGPV), MATRIX, peripheral,
UDDR Controller or SFR register.

Some peripherals embed bandwidth regulation. This feature is located in the NICGPV.

8.3.1 Cortex-A7 CPU

The Cortex-A7 CPU does not generate its own QoS. The CPU QoS is programmable in the interconnect matrix
through the NICGPV registers.

The ASIB block that generates the ARQOS and AWQOS signals is configured through register ASIB[0].

8.3.2 DMA

8.3.2.1 DMA Per Queue Outstanding Capabilities
+ Each XDMA transfer stream is managed by 7 transfer queues (3 for write operations, 4 for read operations).
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» The outstanding capability of each of those queues is configurable through the XDMAC_GCFG register fields.
» Each queue has a static priority versus the other queues.

Register fields:

+ XDMAC_GCFG.WRHP : write outstanding for peripheral write of a memory-to-peripheral DMA channel (highest
write priority)

+ XDMAC_GCFG.WRMP: write outstanding for memory write of a peripheral-to-memory DMA channel (medium
write priority)

+ XDMAC_GCFG.WRLP: write outstanding for memory write of a memory-to-memory DMA channel (lowest write
priority)

+ XDMAC_GCFG.RDHP: read outstanding for peripheral read of a peripheral-to-memory DMA channel (high read
priority)

+ XDMAC_GCFG.RDMP: read outstanding for memory read of a memory-to-peripheral DMA channel (medium
read priority)

+ XDMAC_GCFG.RDSP: read outstanding for transfer descriptor read of all types of DMA channel (highest
priority)

DMA Per Queue Outstanding Capabilities
» Each channel QoS is configured through a 2-bit wide register: XDMAC_CNDC[channel number].qos.

* The 2-bit XDMAC_CNDCJ[channel number].qos value is duplicated to form a 4-bit bus that connects XDMAs to
the UDDRC through the interconnect, therefore not all 4-bit QoS values are available.
Possible values = {0, 0x5, OxA, OxF}.

* The XDMAC_CNDC]Jchannel number].qos is only used by the following DMA transactions:
— Read New Descriptor
— Write Last Burst of Data before Reading New Descriptor

* For all other DMA transfers, the 4-bit QOS is O (lowest priority).

Register fields:

+ XDMAC_CNDC[channel_number].qos = 3 for channel_number in [31:0] for XDMAO

»+ XDMAC_CNDC[channel_number].qos = 3 for channel_number in [31:0] for XDMA1

+ XDMAC_CNDC[channel_number].qos = 0 for channel_number in [7:0] for XDMA2

GMAC

GMAC Outstanding Capabilities

GMACO-1 are implemented with maximum hardware outstanding capability of four AXI read transactions and four
AXI write transactions.

Register field:

The GMAC_AMP (GMAC AXI Max Pipeline) register is used to set the real outstanding capability for each GMAC
(lower than the maximum implemented capability).

GMAC QoS
GMAC does not generate its own QoS. GMAC QoS is programmable in the interconnect matrix through the NICGPV
registers.

The ASIB block that generates the ARQOS and AWQOS signals is configured through register ASIB[5] for GMACO
and ASIB[6] for GMACH1.

SDMMC

SDMMC provides a QoS programming for AHB accesses when fetching descriptors in SDMMCO_ACR register. For
all other accesses, the QOS is set to 0.

ISC

ISC provides dynamic (host-generated) QoS information in ISC_DCFG register. If AWQOS is set to 0, the QoS
value depends on the output FIFO level (dynamic configuration). Otherwise, the value is defined in the register.
ARQOSJ[3:0] returns the QoS bus value when a descriptor is retrieved from the memory.
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AHB

The AHB matrix (MATRIX) provides two mechanisms:
* One inside MATRIX for each port, with registers MATRIX_PRAS[port number], MATRIX_PRBS[port number]
* One for the AHB to AXI bridge, with register SFR_HSS_AXIQOS

UDDRC

The five ports are configured with PCFGQOSO_[port number], PCFGQOS1_[port number], PCFGWQOSO0_|[port
number], PCFGWQOS1_[port number].

The following table summarizes how to program Outstanding Capability in each applicable section.

Table 8-7. Outstanding Capability Programming

m AXI Outstanding Management

DMAO XDMACO_GCFG.WRHP, XDMAC0_GCFG.WRMP, XDMAC0_GCFG.WRLP,
XDMACO_GCFG.RDHP, XDMACO0_GCFG.RDMP, XDMACO_GCFG.RDSP

DMA1 XDMAC1_GCFG.WRHP, XDMAC1_GCFG.WRMP, XDMAC1_GCFG.WRLP,
XDMAC1_GCFG.RDHP, XDMAC1_GCFG.RDMP, XDMAC1_GCFG.RDSP

DMA2 XDMAC2_GCFG.WRHP, XDMAC2_GCFG.WRMP, XDMAC2_GCFG.WRLP,
XDMAC2_GCFG.RDHP, XDMAC2_GCFG.RDMP, XDMAC2_GCFG.RDSP

GMACO GMACO_AMP register

GMACA1 GMAC1_AMP register

The following table summarizes how to program QoS in each applicable section.

Table 8-8. Quality of Service Programming

Transaction
Outstanding Latency
QoS Management Default Value Regulation in
NICGPV

CPU ASIB[0] in NICGPV(") 0 -

DMAQO, per channel QoS in XDMACO0_CNDCJchannel number] registers 0 -

DMAA1, per channel QoS in XDMAC1_CNDC]Jchannel number] registers 0 -

DMAZ2, per channel QoS in XDMAC2_CNDC]Jchannel number] registers 0 X

GMACO ASIB[5] in NICGPV 0 X

GMACA1 ASIBI[6] in NICGPV 0 X

SDMMCO Per_lpheral for descriptors, in SDMMCO0_ACR 0 X
register

SDMMC1 Per_lpheral for descriptors, in SDMMC1_ACR 0 X
register

SDMMC2 Per'lpheral for descriptors, in SDMMC2_ACR 0 X
register

ISC Peripheral in ISC_DCFG register 0 -

AHB matrix port 3 SFR_HSS_AXIQOS Register 0 -
UDDRC in PCFGQOSO_[port number],

DDR port, per port PCFGQOS1_[port number], PCFGWQOSO0_[port 0 -
number], PCFGWQOS1_[port number] registers
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Transaction
Outstanding Latency
QoS Management Default Value Regulation in
NICGPV
AHB matrix hosts MATRIX_PRAS][port number]
(including CPU) MATRIX_PRBS[port number] -
Note:

1. This QoS is not propagated to the AHB matrix through the MO port.

For details, refer to the relevant peripheral sections and to 12. NIC-400 Global Programmer’s View (NICGPV),
13. Bus Matrix (MATRIX) and 31. Special Function Registers (SFR).

8.4 TrustZone Security Management
The device architecture embeds several mechanisms for system TrustZone configuration:

» Core security extensions
» TrustZone Peripheral Manager (TZPM) for peripheral configuration

» TrustZone registers in the AHB matrix (MATRIX) for host configuration and memory configuration (except for
DDR)

» TrustZone Address Space Controller (TZC) based on Arm TZC400 modules for DDR access configuration
» TrustZone AESB Address Space Controller (TZAESBASC) for on-the-fly encrypted memory zone access

Important: The above TrustZone management mechanisms use separate configuration interfaces. Some
memories or IPs may be configured by many of those mechanisms. In such case, consistency must be
ensured between configurations.

8.4.1 TrustZone System Overview

8.4.1.1 Hardware

TrustZone enables a single physical processor core to execute code safely and efficiently from both the Normal world
and the Secure world. This removes the need for a dedicated security processor core, saving silicon area and power,
and allowing high performance security software to run alongside the Normal world operating environment.

The two virtual processors switch contexts via Monitor mode when changing the currently running virtual processor.

See the following figure.
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Figure 8-2. TrustZone Hardware Implementation
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The mechanisms by which the physical processor can enter Monitor mode from the Normal world are tightly
controlled, and are all viewed as exceptions to the Monitor mode software. Software executing a dedicated instruction
can trigger entry to monitor, the Secure Monitor Call (SMC) instruction, or by a subset of the hardware exception
mechanisms. Configuration of the IRQ, external Data Abort, and external Prefetch Abort exceptions can cause the

processor to switch to Monitor mode.

The software executed within Monitor mode is implementation-defined, but it generally saves the state of the current
world and restores the state of the world at the location to which it switches. It then performs a return-from-exception

to restart processing in the restored world.

See the following figure.
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Figure 8-3. TrustZone Software Implementation in a Trusted Execution Environment (TEE)
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The TrustZone hardware architecture is a security-aware debug infrastructure that can enable control over access
to Secure world debug without impairing debug visibility of the Normal world. Arm CoreSight infrastructure uses four
signals to control authentication:

« DBGEN — Non-secure invasive debug enable
» NIDEN - Non-secure non-invasive debug enable
» SPIDEN - Secure invasive debug enable
» SPNIDEN — Secure non-invasive debug enable

These signals allow several Debug modes and are managed in the Security Module. Refer to the section Security
Module (SECUMOD) for more details.

Core Security Extensions Overview

The purpose of the security extensions is to enable the construction of a secure software environment.

When the Cortex-A7 processor is executing in Non-secure state, the processor performs translation table look-ups
using the Non-secure versions of the translation table base registers. In this situation, any virtual address (VA) can
only translate into a Non-secure physical address (PA). In Secure state, the Cortex-A7 processor performs translation
table look-ups using the Secure versions of the translation table base registers. In this situation, the security state of
any VA is determined by the NS bit of the translation table descriptors for that address.

Following is an example of the address manipulation that occurs when the Cortex-A7 processor requests an

instruction:

1. The Cortex-A7 processor issues the instruction VA as a Secure or Non-secure VA.
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2. The instruction cache is indexed by the VA bits. The MMU performs the translation table look-up in parallel
with the cache access. If the processor is in the Secure state it uses the Secure translation tables, otherwise it
uses the Non-secure translation tables.

3. If the protection check carried out by the MMU on the VA does not abort and the PA tag is in the instruction
cache, the instruction data is returned to the processor.

4. If there is a cache miss, the MMU passes the PA to the AXI bus interface to perform an external access.
The external access is always Non-secure when the core is in the Non-secure state. In the Secure state, the
external access is Secure or Non-secure according to the NS attribute value in the selected translation table
entry. In Secure state, both L1 and L2 translation table walk accesses are marked as Secure, even if the first
level descriptor is marked as NS.

Refer to the Arm Architecture Reference Manual, Arm v7-A and Arm v7-R edition for details on security extensions.

TrustZone Peripheral Manager (TZPM)

Function

The TrustZone Peripheral Manager (TZPM) controls the access permissions to peripherals (in other words, whether
or not the Non-secure world is allowed to access the peripherals). For peripherals with a bus host interface, the
TZPM controls at the same time the security of host accesses transmitted by these peripherals.

The permission for each peripheral access is controlled by a dedicated security bit, the index of which is equal to the
peripheral ID (unless Exceptions apply) with:

* 1: Peripheral is not secure

» 0: Peripheral is secure (cannot be accessed by Non-secure world)
128 security bits, controlling up to 128 peripherals, are organized in four registers (TZPM_PIDRO to 3). Each register
can be written if TZPM_KEY is written previously with the correct key.

» For Always Secure (AS) peripherals, the corresponding bit value is 0 and read-only.

» For Never Secure (NS) peripherals, the corresponding bit value is 1 and read-only.

* For Programmable Secure (PS) peripherals, the corresponding bit value is 0 (Secure) after reset and can be

modified.

For details, see TZPM registers, Peripheral Clocks and Security and the table Peripheral Identifiers.

Example
For FLEXCOM2, the peripheral ID is ID_FLEXCOM2 = 40, requiring modification of bit TZPM_PIDR1[8].

+ TZPM_KEY = 0x12AC4B5D
+ TZPM_PIDR1 = 0x100

Exceptions
Not all bits are coded. In several cases, the peripheral security access is not controlled through the TZPM: Always
Secure IDs, TZC400 protected IDs, specific IPs (secure DMA, OTP).

For some peripherals, the bit index controlling the access permission differs from the peripheral ID. This is the case
when several peripherals share a common security bit:

» CSI, CSI2DC and ISC permissions are controlled by the bit index ID_ISC.

+ DDRPUBL and DDRUMCTL permissions are controlled by the bit index ID_DDRPUBL.
Some peripheral IDs do not correspond to a peripheral user interface but only to an interrupt (ex: ID_AES_SINT). In

this case, the security bit is read-only and generally equal to zero except when the associated interrupt targets only
the Non-secure world. Note that the security bit value should be considered as don't-care for interrupt-only IDs.

Some peripheral IDs are not assigned to any functionality (“reserved”). The corresponding security bit is 0 (don't
care), read-only.

ID_TZAESB_NS is the only programmable-secure peripheral with value 1 (not secure) after reset.

ID_UHPHS is the only programmable-secure peripheral with user interface security controlled by HMatrix
programming. The corresponding TZPM bit only controls the security of USB host ports, due to the fact that the
USB Host is a native AHB peripheral and is plugged directly on HMatrix (not plugged on an HBridge).
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8.4.3.4 Bus Hosts
The security bits set in the TZPM control the security of bus accesses generated by the hosts. As an example, if the
security bit of ID_GMACO is set to secure, GMACO will perform secure host accesses on the bus. It is not possible
to have different permission levels on the user (client) interface and on the host interface. Peripherals are either only
accessible by the Secure world and generate secure host accesses, or are accessible by all worlds and generate
Non-secure host accesses.

Notes:

1. As any peripheral, TZPM has a dedicated peripheral ID with a corresponding security bit controlled in
TZPM_PIDR registers. However, TZPM is Always Secure, so this bit is read 0, read-only.

2. Some “interrupt only” type peripheral IDs may be greater than 127 (which is the maximum ID TZPM can
control). All peripherals with a user interface have an ID number below 127 in order to be controllable by
TZPM.

3. The security bit value of peripheral IDs can conflict with the security level of interrupt IDs. In this case, the
security level of the peripheral prevails. Remember that the security bit value information is not very important
for interrupts since there is no hardware mechanism using the security bit to route the interrupts to Secure or
Non-secure worlds. Interrupt security is entirely controlled by GIC programming.

ID_TZPM User interface Always Secure
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8.4.3.5 Register Summary

oma | Name JEeres ] 7 e | s e ]2 | | 0

0x00
Reserved
0x03
31:24 TZPMKEY[31:24]
23:1 TZPMKEY[23:1
0x04 TZPM_KEY 3:16 [23:16]
- 15:8 TZPMKEY[15:8]
7:0 TZPMKEY[7:0]
31:24 PID31 PID30 PID29 PID28 PID27 PID26 PID25 PID24
23:16 PID23 PID22 PID21 PID20 PID19 PID18 PID17 PID16
0x08 TZPM_PIDRO
- 15:8 PID15 PID14 PID13 PID12 PID11 PID10 PID9 PID8
7:0 PID7 PID6 PID5 PID4 PID3 PID2 PID1 PIDO
31:24 PID63 PID62 PID61 PID60 PID59 PID58 PID57 PID56
23:1 PID PID54 PID PID52 PID51 PID PID4! PID4
0x0C TZPM_PIDR1 3:16 % ° 53 ° ° %0 o 8
- 15:8 PID47 PID46 PID45 PID44 PID43 PID42 PID41 PID40
7:0 PID39 PID38 PID37 PID36 PID35 PID34 PID33 PID32
31:24 PID95 PID94 PID93 PID92 PID91 PID90 PID89 PID88
23:1 PID87 PID PID PID84 PID PID82 PID81 PID
0x10 TZPM PIDR2 3:16 8 86 85 8 83 8. 8 80
- 15:8 PID79 PID78 PID77 PID76 PID75 PID74 PID73 PID72
7:0 PID71 PID70 PID69 PID68 PID67 PID66 PID65 PID64
31:24 PID127 PID126 PID125 PID124 PID123 PID122 PID121 PID120
23:16 PID119 PID118 PID117 PID116 PID115 PID114 PID113 PID112
0x14 TZPM_PIDR3
- 15:8 PID111 PID110 PID109 PID108 PID107 PID106 PID105 PID104
7:0 PID103 PID102 PID101 PID100 PID99 PID98 PID97 PID96
© 2022 Microchip Technology Inc. Datasheet DS60001765A-page 80

and its subsidiaries



SAMA7G5 Series

System Interconnect and Security (SIS)

8.4.3.5.1 TrustZone Peripheral Manager Key

Name: TZPM_KEY
Offset: 0x0004
Reset: 0x00000000

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
TZPMKEY[31:24]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
TZPMKEY[23:16]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
TZPMKEY[15:8]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
TZPMKEY[7:0]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

Bits 31:0 - TZPMKEY[31:0] Key preventing TZPM_PIDx registers to be modified unintentionally by software

Value Description
0x12AC4B5D TZPM_PIDx register write is possible.
Other values TZPM_PIDx register write is impossible.
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8.4.3.5.2 TrustZone Peripheral Manager Peripheral ID Register 0

Name: TZPM_PIDRO
Offset: 0x0008
Reset: 0x0000F002

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
PID31 PID30 PID29 PID28 PID27 PID26 PID25 PID24
Access R/W R/wW R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
PID23 PID22 PID21 PID20 PID19 PID18 PID17 PID16
Access R/wW R/wW R/W R/wW R/wW RwW R/wW R/wW
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1" 10 9 8
PID15 PID14 PID13 PID12 PID11 PID10 PID9 PID8
Access R/W R/wW R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 0 0 0 0
Bit 7 6 5 4 3 2 1 0
PID7 PID6 PID5 PID4 PID3 PID2 PID1 PIDO
Access R/wW R/wW R/W R/wW R/wW RwW R/wW R/wW
Reset 0 0 0 0 0 0 1 0

Bits 0,1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31 —
PIDx Peripheral ID x Security

Value Description

0 Secure accesses only.
1 Non-secure accesses are allowed.
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8.4.3.5.3 TrustZone Peripheral Manager Peripheral ID Register 1

Name: TZPM_PIDR1
Offset: 0x000C
Reset: 0x00000000

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
PID63 PID62 PID61 PID60 PID59 PID58 PID57 PID56
Access R/W R/wW R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
PID55 PID54 PID53 PID52 PID51 PID50 PID49 PID48
Access R/wW R/wW R/W R/wW R/wW RwW R/wW R/wW
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1" 10 9 8
PID47 PID46 PID45 PID44 PID43 PID42 PID41 PID40
Access R/W R/wW R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
PID39 PID38 PID37 PID36 PID35 PID34 PID33 PID32
Access R/wW R/wW R/W R/wW R/wW RwW R/wW R/wW
Reset 0 0 0 0 0 0 0 0

Bits 0,1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31 —
PIDx Peripheral ID x Security

Value Description

0 Secure accesses only.
1 Non-secure accesses are allowed.
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8.4.3.5.4 TrustZone Peripheral Manager Peripheral ID Register 2

Name: TZPM_PIDR2
Offset: 0x0010
Reset: 0x00000000

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
PID95 PID94 PID93 PID92 PID91 PID90 PID89 PID88
Access R/W R/wW R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
PID87 PID86 PID85 PID84 PID83 PID82 PID81 PID80
Access R/wW R/wW R/W R/wW R/wW RwW R/wW R/wW
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1" 10 9 8
PID79 PID78 PID77 PID76 PID75 PID74 PID73 PID72
Access R/W R/wW R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
PID71 PID70 PID69 PID68 PID67 PID66 PID65 PID64
Access R/wW R/wW R/W R/wW R/wW RwW R/wW R/wW
Reset 0 0 0 0 0 0 0 0

Bits 0,1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31 —
PIDx Peripheral ID x Security

Value Description

0 Secure accesses only.
1 Non-secure accesses are allowed.
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8.4.3.5.5 TrustZone Peripheral Manager Peripheral ID Register 3

Name: TZPM_PIDR3
Offset: 0x0014
Reset: 0x00000004

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
PID127 PID126 PID125 PID124 PID123 PID122 PID121 PID120
Access R/W R/wW R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
PID119 PID118 PID117 PID116 PID115 PID114 PID113 PID112
Access R/wW R/wW R/W R/wW R/wW RwW R/wW R/wW
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1" 10 9 8
PID111 PID110 PID109 PID108 PID107 PID106 PID105 PID104
Access R/W R/wW R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
PID103 PID102 PID101 PID100 PID99 PID98 PID97 PID96
Access R/wW R/wW R/W R/wW R/wW RwW R/wW R/wW
Reset 0 0 0 0 0 1 0 0

8.44

8.44.1

8.44.2

8.4.5

Bits 0,1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31 —
PIDx Peripheral ID x Security

Value Description

0 Secure accesses only.
1 Non-secure accesses are allowed.

AHB Matrix (MATRIX)

Function

The AHB matrix defines security regions in the memory space. It also retrieves information after access denial
events through interrupts. MATRIX covers the memory space not covered by TZPM and targets internal or external
memories, except for DDR.

ID_MATRIX User interface Always Secure

Programming

Depending on its configuration and current request, the MATRIX grants or denies access to the memory areas.
The Static Memory Controller (SMC), connected on S7 port, contains several configurable memory areas. These
are EBI_CSO0, EBI_CS1, EBI_CS2, EBI_CS3 and NFC_CMD, with respective HSEL from HSELO to HSEL4. For
internal memory NFC_CMD, the top address is known so only MATRIX Security Areas Split Client Register 7
(MATRIX_SASSRY7) is to be programmed.

Refer to the section “Bus Matrix (MATRIX)”.

TrustZone Address Space Controller (TZC400)

The TrustZone Controller is based on TZC400 rOp1 (by Arm Ltd.) and is highly configurable at the hardware design
stage. Several options are controlled by software. The respective hardware configurations used are given in table
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TZC Controller and DDR Ports. The default software configuration has been intensively tested and leads to best
results in any conditions.

For complete details on the TZC400 design, refer to www.arm.com/products/silicon-ip-security/tzc-400.

Function

The TZC400 is dedicated to DDR security settings. As the DDR controller features five client ports and the maximum
number of ports on a TZC400 is four, two TZC400 controllers are integrated. A 1-port TZC400 is used between the
processor and the DDR, while the other four ports are secured through a 4-port TZC400. See the following table for
the association of TZC ports and DDR ports.

Table 8-9. TZC Controller and DDR Ports

TZC Controller TZC Port DDR Port

0 0 Port 1 (TZAESB, QSP!I, USB, EBI, ICM)
0 1 Port 2 (DMAO, DMA1)

0 2 Port 3 (ISC)

0 3 Port 4 (GMACO-1, SDMMCO-2, DMA2)
1 0 Port 0 (CPU)

Filters
On the TZC400, each port has its own dedicated filter. Each filter must be configured by software; up to nine regions
can be associated to a filter. A region is a memory space with particular access permissions.

TZCO0 and TZC1 regions must be programmed in a consistent way. For each region, program Region ID Access
register as follows:
» Set bit 0 (NSAID_RD_EN field) to allow NS read accesses. The bit default value is 0 and only S read accesses
are allowed.
» Set bit 16 (NSAID_WD_EN field) to allow NS write accesses. The bit default value is 0 and only S write
accesses are allowed.

Region 0 is the background region and defines the two extremities of the accessible memory range and the default
access permission. This region is not optional. Accessing an address out of region 0 is always denied.

Up to eight additional regions can be defined and superimposed on region 0 but must never overlap each other. Each
region can describe different access permissions (read enabled, write enabled, secure access rights, not secure
access rights).

Finally, different regions can be associated to different ports (or, simply, the same regions can be associated to all
ports).

In case of access permission violation, an interrupt can be generated, and denied access information (address,
port, type, etc.) can be retrieved in Status registers. An interrupt can also be issued in case of programming errors
(overlapping regions, for example).

Note:
The two TZC400 controllers have been merged into a combined 5-port TZC400. There is only one interrupt line,
comprised of ORed interrupts of the two controllers.

After reset, the TZC400 blocks all accesses to DDR. It must be configured before any DDR access. The DDRC clock
must be enabled before configuring TZC400.

Speculative access is forbidden in order to prevent the TZC400 from propagating accesses even when they fail
the security permissions (this would not result in any successful access, but would lead to some visible activity on
DDR ports). This restriction implies that the 'fast path' feature cannot be used in TZC400 (this feature offers more
bandwidth but requires setting Speculative Access mode).

ID_TzC User interface Always Secure
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Programmable 10 Controller (PIOC)

The PIO controller memory map is split in two parts: the lower 4 Kbytes are never secure, while the upper part is
always secure. Each 10 line can be configured as secure or non-secure. Once configured as secure in the secure
part registers, only the Secure world can reprogram the corresponding 10. It is not possible to reconfigure a secure
10 by modifying the non-secure part registers as long as this 10 is set as secure.

Interrupts related to events on secure 10s are transmitted on secure lines (ID_PIO*_SINT). Non-secure 10 events
are transmitted on non-secure interrupt lines (ID_PIO*). The GIC must be configured in order to associate the secure
interrupt lines to the secure interrupts group.

Table 8-10. PIO Controller Security Settings

Secure except the first 4 Kbytes (Non-secure).

ID_PIOA User interface interrupt ID The interrupt targets Non-secure world (V).
ID_PIOB Interrupt ID only Non-secure

ID_PIOC Interrupt ID only Non-secure

ID_PIOD Interrupt ID only Non-secure

ID_PIOE Interrupt ID only Non-secure

ID_PIOA_SINT Interrupt ID only Secure

ID_PIOB_SINT Interrupt ID only Secure

ID_PIOC_SINT Interrupt ID only Secure

ID_PIOD_SINT Interrupt ID only Secure

ID_PIOE_SINT Interrupt ID only Secure

Note: The ID_PIOA security bit value is 'secure', whereas the corresponding interrupt ID_PIOA is dedicated to the
Non-secure world. ID_PIOA must be secure so that the PIO memory map is secure above 4 Kbytes (a mechanism
implemented in HBridge). The security bit value of peripheral IDs can conflict with the security level of interrupt IDs. In
such case, the peripheral security level always prevails.

Refer to the section Parallel Input/Output Controller (PIO) for more details.

TrustZone AES Bridge Address Space Controller (TZAESBASC)

Function

The TrustZone AES Bridge (TZAESB) performs encrypted memory accesses. It also offers the possibility for Secure
and Non-secure worlds to perform encrypted memory accesses with different encryption keys. The memory space
that can be encrypted by TZAESB include the NFC_RAM, EBI, SRAM, QSPI and DDR spaces.

In order to use the TZAESB (for on-the-fly encrypted accesses), the TrustZone AES Bridge Address Space Controller
(TZAESBASC) must be configured. This block defines the regions in the memory map where encryption is needed,
and their security level. Whenever the address of a memory access matches a region defined in TZAESBASC, the
access is routed through the TZAESB instead of taking the direct unencrypted path.

When access is performed to a region configured as non-secure in TZAESBASC, the protection bit is modified
on-the-fly as non-secure even if the access was initially marked as secure. The access is then routed to the
non-secure AES core in TZAESB (as illustrated with access A3 in the following figure).

TZAESBASC, MATRIX and TZC400 security settings must match.

The following schematic illustrates the behavior of the TZAESB when ID_TZAESB_S is secure and ID_TZAESB_NS
is non-secure. This example shows five accesses (A1, A2, A3, A4, A5) coming either from the processor or the DMA
with different securities, and targeting region 1 (secure), region 2 (non-secure) and a clear region (i.e., not defined in
TZAESB) in the DDR space.
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Figure 8-4. Example of Security Management with Different Access Types

A DDR
PN | AESBASC TZAESE [
DMA <):> Region 1 (S)
""""""""" TZAESB S encrypted A1
Region 1 (S) | > AES Cor A
Al I > ore | |  f-----------
M A2 ' > X1 1o \
_________________ e > N
TZAESB_NS ;
= > = Region 2 (NS)
CPU M <:I‘> -----------_--;- é | # AES Core encrypted
U a3+ Region 2 (NS) = | a3
e < N 1.4
_____________:_ A5
s he ~ HMX64 Unencrypted
— :
Non-secure access DDR -
TZC400 | controlier

(*) A2 is denied by TZC400.
(**) A5 (not in AESBASC regions). Takes an unencrypted path to DDR.
Non-secure access A2 to region 1 (secure) is not immediately denied. The access is stopped when reaching
TZC400, leading to a bus error with corresponding denied access information, due to TZC400 and TZAESBASC
identical security settings.

Secure access A3 becomes non-secure when crossing TZAESBASC, leading TZAESB to select the non-secure AES
core in order to use the correct encryption key. This access is not denied by TZC400 because the target address is a
non-secure region.

When the application does not require two different encryption keys, the encrypted access bandwidth can be
increased by running the two cores in parallel when two different hosts from different matrixes access TZAESB,

for example DMACO and DMAC2. To do so, the user must program the same security bit values (ID_TZAESB_S or
ID_TZAESB_NS) and use identical encryption keys for both cores.

8.4.7.2 Encryption Behavior

Non-S Non-S
ID_TZAESB_S ID_TZAESB_NS ::ce::‘:;e ::ce::lt‘;e Non-Secure Memory | Secure Memory
Security Bit Security Bit Setting Access through Access through | Encryption Behavior

o . TZAESB_S TZAESB_NS
Setting in TZPM in TZPM User Interface User Interface TZAESB TZAESB

Secure regions encrypted

with TZAESB_S key; non-
Accepted; only the | secure regions encrypted with
accesses to secure | TZAESB_NS key

Accepted; taking
non-secure path;

Secure Non-secure Denied Accepted accesses to secure .
. ) . regions take secure
regions will be denied path Secure world can decrypt regions
by TZC400 encrypted by Non-secure world
even if keys differ.
. Accepted only when | Secure regions encrypted with
Denied (response
Secure Secure Denied Denied : er(ror)p targeting secure improved bandwidth (TZAESB_S
region(1) and TZAESB_NS keys must match)
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........... continued

Non-Secure Non-Secure
Access to Access to
TZAESB_S TZAESB_NS
User Interface | User Interface

ID_TZAESB_S ID_TZAESB_NS Non-Secure Memory | Secure Memory
Access through Access through | Encryption Behavior

TZAESB TZAESB

Security Bit Security Bit Setting
Setting in TZPM in TZPM

All regions encrypted with
improved bandwidth (TZAESB_S
and TZAESB_NS keys must

omsecre Nor-seaure Aooepted Aocepted Feseptes Accepted match); Secure world can decrypt
regions encrypted by Non-secure
world as keys match.
Non-secure Secure NA NA NA NA Forbidden mode (not
programmable)
Note:

1.  Because the TZAESBASC converts secure accesses to non-secure accesses when the target address is in a
non-secure region, the TZAESB denies the access if both security bits are secure.

8.4.7.3 Access Denials

R/W Access to
ID_TZAESB_S S ity Bit | ID_TZAESB_NS S ity Bit Bufferable A
= L. ecurity B = L. ecurity B Secure Region from u er'a € Access Data Abort | MATRIX Interrupt | TZC400 Interrupt
Setting in TZPM Setting in TZPM (using MMU)
Non-Secure World
Read - Yes / No Yes Yes
Secure Non-secure No Yes / No Yes Yes
Write
Yes Yes / No Yes(2) / No Yes
Read - Yes Yes No(1)
Secure Secure No Yes Yes No(1)
Write
Yes Yes Yes(?) No(1)
Read - Yes / No Yes Yes
Non-secure Non-secure No Yes / No Yes Yes
Write
Yes Yes / No Yes(2) / No Yes

Notes:
1. Access denied by TZAESB, not propagated to TZC400.

2. In the case of write burst accesses, MATRIX_MEARX registers might not return the address corresponding to
the offending access: due to the AXI protocol, the TZC400 response error indicates the last accessed address
(not which of the consecutive accesses failed during the burst).

ID_AESBASC User interface Secure
ID_TZAESB_NS User interface Programmable Secure
ID_TZAESB_NS_INT Interrupt ID only Secure
ID_TZAESB_S User interface Programmable Secure
ID_TZAESB_S_INT Interrupt ID only Secure

Refer to the section TrustZone AESB Address Space Controller (TZAESBASC) for more details.
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NAND Flash
NAND Flash pages can be accessed with TZAESB. ECC sections are not encrypted. With page sizes < 4 Kbytes,
use only bank 0 in NFC_RAM.

TrustZone Watchdog

Function

The lower 4 Kbytes of the user interface memory map are never secure and are dedicated to the Non-Secure
Watchdog (NS_WDT). Above this offset, the user interface is dedicated to the Always Secure Watchdog (PS_WDT).

The TrustZone Watchdog offers a dedicated watchdog to both secure and non-secure worlds.

The TrustZone Watchdog offers a security escalation process based on transmitting interrupts before generating
alarms or system reset.

ID_ DWDT_S User interface Interrupt ID Secure (except the first 4 Kbytes)
ID_DWDT_NS Interrupt ID only Non-secure
ID_DWDT_ALARM Interrupt ID only Secure

Refer to the section Dual Watchdog Timer (DWDT) for more details.

Basic Programming Guidelines
The Configure Watchdog period is the time for a watchdog to generate an alarm or a system reset from the last
counter reload. Note that watchdogs count on slow_clock/128, so the period step is about 4 ms.

The Configure Watchdog Interrupt level is the time for a watchdog to generate a “force” interrupt from the last counter
reload. This time is necessarily shorter than the watchdog period. The interrupt level step is the same as the period
step.

There are two PIT counters, one secure and one non-secure. These counters must be configured in a Continuous
Interrupt mode, with a period shorter than the watchdog interrupt level. Note that PITs count on the system clock, so
the step depends on the selected clock scheme.

PS_WDT must be configured to generate a reset or not when the counter underflows.

Security module TZWDT protection must be configured to erase or not the secure RAM in case of PS_WDT counter
underflow.

PS_WDT and NS_WDT level interrupts (“force” interrupts) must be configured.

After a watchdog system reset, RSTC_SR can be read to get the watchdog reset flag. This register must be read
before the watchdog reset event, since it only reports the reset event following the last read.

Security Module (SECUMOD)

SECUMOD_GPSBR is dedicated to control SECUMOD-related analog objects used for alarms or backup supply
safety:

« Enable/disable backup power switch (PWSBU) switching to VBAT on a SECUMOD autobackup event
» Selection of VDDCPU supply monitor (SMCPU) range (depending on the processor frequency mode)
» Selection of temperature monitor (TEMPMON) high alarm threshold (105°C/120°C typ)

» Selection of external interrupts EXT_IRQO/EXT_IRQ1 for Automatic Backup mode protocol

Two independent peripheral IDs are available for either SECUMOD or SECURAM.

ID_SECUMOD User interface interrupt Always Secure
ID_SECURAM Interrupt only Always Secure

Refer to the section Security Module (SECUMOD) for more details.
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8.4.10 Extended DMA Controller (XDMAC)

Security of DMA channels is configurable channel-by-channel using bit PROT in the XDMAC_CC register. This bit

can be configured in the Secure world only. A channel is non-secure by default.

Interrupts related to secure DMA channels are routed on a secure interrupt line.

ID_XDMACO User interface interrupt
ID_XDMACO_SINT Interrupt only (Secure channel)
ID_XDMACH1 User interface interrupt
ID_XDMAC1_SINT Interrupt only (Secure channel)
ID_XDMAC2 User interface interrupt
ID_XDMAC2_SINT Interrupt only (Secure channel)

Refer to the section DMA Controller (XDMAC) for more details.

Programmable Secure
Secure
Programmable Secure
Secure
Programmable Secure

Secure

© 2022 Microchip Technology Inc. Datasheet
and its subsidiaries
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Table 8-11. Peripheral Identifiers

10

12

13

14

15

17

18

19

Instance
Name

DWDT

DWDT

DWDT

SCKC

SHDWC

RSTC

RTC

RTT

CHIPID

PMC

PIOA

PIOB

PIOC

PIOD

PIOE

SECUMOD

SECURAM

SFR

Security

AS

NS

AS

AS

AS

AS

AS

AS

PS

AS

PS

PS

PS

PS

PS

AS

AS

PS

TZ
Security
Management

TZPM

PIOA
PIOB
PIOC

PIOD

PIOE

TZPM

Max
PMC Generic
GICSPI | External | o Clock | SYSPLLCK | DDRPLLCK | IMGPLLCK | BAUDPLLCK | AUDIOPLLCK | ETHPLLCK Instance
Interrupt Interrupt Description
Control Freq.
(MHz)

Dual Watchdog
SW - - MCKO - - - - - - - Timer, Secure
World

Dual Watchdog
NSW - - MCKO - - - - - - - Timer, Non-
secure World

Dual Watchdog

NSW_ALARM | — - MCKO - - - - - - - UNET (el

secure World
Alarm
Slow Clock

- - - MCKO - - - - - - - Controller
Shutdown

- - - MCKO - - - - - - - Controller

X - - MCKO - - - - - - - Reset Controller

X - - MCKO - - - - - - - Real-Time Clock

X - - MCKO - - - - - - - Real-Time Timer

- - - MCKO - - - - - - - Chip Identifier
Power

X - - MCKO - - - - - - - Management
Controller

X - X MCKO - - - - - - - For PIO 0 to 31

X - - MCKO - - - - - - - For PIO 32 to 63

X - - MCKO - - - - - - - For PIO 64 to 95

X - - MCKO - - - - - - - For PIO 96 to 127
For PIO 128 to

X - - MCK - - - - - - -

CcKo 135

X - - MCKO - - - - - - - Security Module
Secure Backup

X - - MCKO - - - - - - - SRAM

B _ X MCK1 _ _ _ _ B _ _ Special Function

Register

G'8

Aunsag pue s)20|9 |esaydusd

(sS1S) A31un2ag pue }0auuo2iaju] wWalsAg

SolJo

S GOLVINVS



seleIpISqns S)I pue

*ou| ABojouyos] diyooIoIN 2202 ©

joaysejeq

€6 9bed-y59/10009Sd

........... continued

20

21

22

23

24

25

26

27

28

29

30

32

33

Instance
Name

SFRBU

HSMC

XDMACO

XDMAC1

XDMAC2

ACC

ADC

AES

TZAESBASC

ARM

ASRC

CPKCC

(o]

Security

AS

PS

PS

PS

PS

PS

PS

AS

PS

PS

PS

PS

TZ
Security
Management

MATRIX +
TZPM

XDMACO

XDMAC1

XDMAC2

TZPM

TZPM

TZPM

TZPM

MMU

TZPM

TZPM

TZPM

GIC SPI
Interrupt

External
Interrupt

PMC
Clock
Control

MCKO

MCK1

MCK1

MCK1

MCK1

MCK1

GeLK(h)

MCK1

MCK1

MCK1

MCK1

MCKO

MCK3

Max
Generic Instance
Clock SYSPLLCK | DDRPLLCK | IMGPLLCK | BAUDPLLCK | AUDIOPLLCK | ETHPLLCK Description
Freq.
(MHz)

Special Function
— - - = = - - Register in
Backup zone

Static Memory
Controller —
NAND Flash
Controller

DMA 0, mem
_ — — = = - - to periph, 32
channels

DMA 1, mem
— — = = - - - to periph, 32
channels

DMA 2, mem to
mem, 8 channels

Analog
- — = = - - - Comparator
Controller

Analog-to-Digital

1 X - = X X -
00 Converter

Advanced
— - = = - - - Encryption
Standard

TrustZone
Advanced
Encryption
Standard Bridge
— Address Space
Controlller

50 X X - - X - Cortex-A7 Core 0

Asynchronous
200 X - - - X - Sample Rate
Converter

Classic Public
_ — - - = - - Key Cryptography
Controller

Camera Serial
Interface 2
between ISC and
MIPI PHY

27 X - X = = -

(sS1S) A31un2ag pue }0auuo2iaju] wWalsAg

SolJo

S GOLVINVS



........... continued

Max
TZ PMC Generic
| | Pl E | |
IEEEE Security Security GICS K0 Clock Clock SYSPLLCK | DDRPLLCK | IMGPLLCK | BAUDPLLCK | AUDIOPLLCK | ETHPLLCK nstzfnc.e
Name Interrupt Interrupt Description
Management Control Freq.
(MHz)
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CSlto
34 Csl2DC PS TZPM X MCK3 - Demultiplexer
Controller
35 DDR3PHY PS TZC + TZPM - MCK2 - DDR/_LPDDR
Physical Interface
Universal
36 UDDRC PS TZC + TZPM - MCK2 - DDR Memory
Controller
37 EIC PS TZPM B MCK1 _ External Interrupt
Controller
38 FLEXCOMO PS TZPM X MCK1 fmck1/3 FLEXCOM 0
39 FLEXCOM1 PS TZPM X MCK1 fmck1/3 FLEXCOM 1
40 FLEXCOM2 PS TZPM X MCK1 fmck1/3 FLEXCOM 2
41 FLEXCOM3 PS TZPM X MCK1 fmck1/3 FLEXCOM 3
42 FLEXCOM4 PS TZPM X MCK1 fmck1/3 FLEXCOM 4
43 FLEXCOM5 PS TZPM X MCK1 fmck1/3 FLEXCOM 5
44 FLEXCOM6 PS TZPM X MCK1 fmck1/3 FLEXCOM 6
45 FLEXCOM7 PS TZPM X MCK1 fmck1/3 FLEXCOM 7
46 FLEXCOMS8 PS TZPM X MCK1 fmck1/3 FLEXCOM 8
47 FLEXCOM9 PS TZPM X MCK1 fmck1/3 FLEXCOM 9
48 FLEXCOM10 PS TZPM X MCK1 fmck1/3 FLEXCOM 10
49 FLEXCOM11 PS TZPM X MCK1 fmck1/3 FLEXCOM 11
51 GMACO PS TZPM X MCK1 125 Gigabit Etheret
MAC
52 GMAC1 PS TZPM X MCK1 50 Ethernet MAC
Gigabit Ethernet
same as MAC -
53 GMACO PS TSU MCK1 200 Timestamp Unit
GMACO .
Generic Clock —
No Interrupt
Ethernet MAC —
same as Timestamp Unit
4 MAC1 P T MCK1 2
5 GMAC S GMAC1 su C 00 Generic Clock —

No Interrupt
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........... continued

55

56

57

58

60

61

62

63

64

65

66

67

68

69

70

71

72

73

Instance
Name

ICM

ISC

12SMCCO

12SMCC1

MATRIX

MCANO

MCAN1

MCAN2

MCAN3

MCAN4

MCANS

OTPC

PDMCO

PDMC1

PIT64B0

PIT64B1

PIT64B2

PIT64B3

Security

AS

PS

PS

AS
PS
PS
PS
PS
PS

PS

PS

PS

PS

PS

PS

PS

PS

TZ
Security
Management

TZPM

TZPM

TZPM

TZPM

TZPM
TZPM
TZPM
TZPM
TZPM

TZPM

TZPM

TZPM

TZPM

TZPM

TZPM

TZPM

TZPM

GIC SPI
Interrupt

INTO
INTO
INTO
INTO
INTO

INTO

External
Interrupt

PMC
Clock
Control

MCK1

MCK3

MCK1

MCK1

MCK1

MCK1

MCK1

MCK1

MCK1

MCK1

MCK1

MCKO

MCK1

MCK1

MCK1

MCK1

MCK1

MCK1

LY
Generic
Clock
Freq.
(MHz)

100

100

80
80
80
80
80

80

50

50

fmck1/3

fmck1/3

fMck1/3

fMcK1/3

SYSPLLCK

DDRPLLCK | IMGPLLCK | BAUDPLLCK | AUDIOPLLCK | ETHPLLCK

- - - X -
— - — X —
— - X — —
— - X — —
— - X — —
— - X — —
— - X — —
— - X — —
- - - X -
- - - X -
- X X X X
- X X X X
- X X X X
- X X X X

Instance
Description

Integrity Check
Monitor

Camera Interface

Inter-IC Sound
Controller 0

Inter-IC Sound
Controller 1

AHB Matrix
Host CAN 0
Host CAN 1
Host CAN 2
Host CAN 3
Host CAN 4
Host CAN 5

One Time
Programmable
Memory
Controller

Pulse Density
Modulation
Interface
Controller 0

Pulse Density
Modulation
Interface
Controller 1

64-bit Periodic
Interval Timer O

64-bit Periodic
Interval Timer 1

64-bit Periodic
Interval Timer 2

64-bit Periodic
Interval Timer 3
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74

75

77

78

79

80

81

82

83

84

85

86

87

88

PIT64B4

PIT64B5

PWM

QSPI0

QSPI1

SDMMCO

SDMMC1

SDMMC2

SHA

SPDIFRX

SPDIFTX

SSCOo

SSC1

TCO

PS

PS

PS

PS

PS

PS

PS

PS

PS

PS

PS

PS

PS

TZPM

TZPM

TZPM

MATRIX +
TZPM

MATRIX +
TZPM

TZPM

TZPM

TZPM

TZPM

TZPM

TZPM

TZPM

TZPM

TZPM

CHANNELO

X MCK1

X MCK1

X MCK1

X MCK1

X MCK1

X MCK1

X MCK1

X MCK1

X MCK1

X MCK1

X MCK1

X MCK1

X MCK1

X MCK1

fMCK1/3

fmck1/3

200

200

208

208

208

150

25

fMCK1/3

Max
TZ PMC Generic
| | Pl E | |
IEEEE Security Security GICS K0 Clock Clock SYSPLLCK | DDRPLLCK | IMGPLLCK | BAUDPLLCK | AUDIOPLLCK | ETHPLLCK nstzfnc.e
Name Interrupt Interrupt Description
Management Control Freq.
(MHz2)
X X X X

64-bit Periodic
Interval Timer 4

64-bit Periodic
Interval Timer 5

Pulse Width
Modulation

Quad 10
Serial Peripheral
Interface 0

Quad 10
Serial Peripheral
Interface 1

Ultra High
Speed SD Host
Controller 0
(e.MMC 5.1)

Ultra High
Speed SD Host
Controller 1
(e.MMC 4.51)

Ultra High
Speed SD Host
Controller 2
(e.MMC 4.51)

Secure Hash
Algorithm

Sony Philips
Digital Interface
RX

Sony Philips
Digital Interface
X

Synchronous
Serial Interface 0

Synchronous
Serial Interface 1

32-bit Timer
Counter 0
Channel 0
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........... continued

89

90

91

92

93

94

95

96

97

98

99

Instance
Name

TCO

TCO

TC1

TC1

TC1

TCPCA

TCPCB

TDES

TRNG

TZAESB

TZAESB

Security

PS

PS

PS

PS

PS

PS

PS

PS

PS

PS

AS

TZ
Security

Management

same as
channel0

same as
channel0

TZPM

same as
channel0

same as
channel0

TZPM

TZPM

TZPM

TZPM

TZPM

GIC SPI
Interrupt

CHANNEL1

CHANNEL2

CHANNELO

CHANNEL1

CHANNEL2

NS

NS_INT

PMC
Clock
Control

External
Interrupt

= X MCK1
= X MCK1
= X MCK1
= X MCK1
= X MCK1
= X MCK1
= X MCK1
= X MCK1
= X MCK1
= X MCK1
= = MCK1

LY
Generic
Clock
Freq.
(MHz)

fMCK1/3

Note 1

Note 1

|
SYSPLLCK | DDRPLLCK | IMGPLLCK | BAUDPLLCK | AUDIOPLLCK | ETHPLLCK nst:fnc.e
Description

32-bit Timer
= = - - - - Counter 0
Channel 1

32-bit Timer
- — = = - - Counter 0
Channel 2

32-bit Timer
X - X X X X Counter 1
Channel 0

32-bit Timer
- = = = - - Counter 1
Channel 1

32-bit Timer
- = = - - - Counter 1
Channel 2

USB Type-C Port
Controller A

USB Type-C Port
Controller B

Triple Data
- - = = - - Encryption
Standard

True Random
_ _ — = = - Number
Generator

TrustZone
Advanced
Encryption

_ _ _ — = — Standard Bridge
Non-Secure
(Clocks &
Interrupt)

TrustZone
Advanced
Encryption
Standard Bridge
Non-Secure
(Interrupt only)
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........... continued

100

101

102

104

105

106

110

M

112

113

114

Instance
Name

TZAESB

TZAESB

TZC

UDPHSA

UDPHSB

UHPHS

ARM

ARM

XDMACO

XDMACH1

XDMAC2

Security

PS

AS

AS

PS

PS

PS

PS

PS

PS

PS

TZ
Security
Management

TZPM

AS

MATRIX +
TZPM

MATRIX +
TZPM

MATRIX +
TZPM

MMU

MMU

XDMACO

XDAMCA1

XDMAC2

GIC SPI
Interrupt

S_INT

nPMUIRQ

nAXIERRIRQ

SINT

SINT

SINT

External
Interrupt

PMC
Clock
Control

MCK1

MCK1

MCK1

MCK1

MCK1

MCK1

MCK1

MCK1

MCK1

MCK1

MCK1

Max
Generic
Clock
Freq.
(MHz)

SYSPLLCK

DDRPLLCK | IMGPLLCK | BAUDPLLCK | AUDIOPLLCK | ETHPLLCK

Instance
Description

TrustZone
Advanced
Encryption
Standard Bridge
Secure (Interrupt
only)

TrustZone
Advanced
Encryption
Standard Bridge
Secure (Interrupt
only)

TrustZone
Address Space
Controller
(TZC400)

USB Device High
Speed A

USB Device High
Speed B

USB Host
Controller High
Speed

Performance
Monitoring Unit

AXI Transaction
Error

DMAO, mem

to periph, 32
channels, Secure
Interrupt

DMA1, mem

to periph, 32
channels, Secure
Interrupt

DMA2, mem to
mem, 8 channels,
Secure Interrupt
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........... continued

LY
TZ PMC Generic
| | Pl E | |
IEEEE Security Security GICS K0 Clock Clock SYSPLLCK | DDRPLLCK | IMGPLLCK | BAUDPLLCK | AUDIOPLLCK | ETHPLLCK nstzfnc.e
Name Interrupt Interrupt Description
Management Control Freq.
(MHz2)

Advanced
Encryption
Standard, Secure
Interrupt

115 AES PS same as AES SINT - - MCK1 - - - - - - -

GMACO Queue
1 Interrupt signal
toggled on a DMA
same as write to the first
116 GMACO PS GMACO Q1 - - MCK1 - - - - - - - word of each
DMA data buffer
associated with

queue 1

GMACO Queue
2 Interrupt signal
toggled on a DMA
same as write to the first
117 GMACO PS GMACO Q2 - - MCK1 - - - - - - - word of each
DMA data buffer
associated with

queue 2

GMACO Queue
3 Interrupt signal
toggled on a DMA
same as write to the first
118 GMACO PS GMACO Q3 - - MCK1 - - - - - - - word of each
DMA data buffer
associated with

queue 3

GMACO Queue
4 Interrupt signal
toggled on a DMA
same as write to the first
119 GMACO PS GMACO Q4 - - MCK1 - - - - - - - word of each
DMA data buffer
associated with

queue 4

GMACO Queue
5 Interrupt signal
toggled on a DMA
same as write to the first
120 GMACO PS GMACO Q5 - - MCK1 - - - - - - - word of sach
DMA data buffer
associated with

queue 5

S GOLVINVS
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........... continued

121

122

123

124

125

126

127

128

129

130

131

132

133

140

Instance
Name

GMACH1

ICM

MCANO

MCAN1

MCAN2

MCAN3

MCAN4

MCANS

PIOA

PIOB

PIOC

PIOD

PIOE

PIT64B5

Security

PS

AS

PS

PS

PS

PS

PS

PS

PS

PS

PS

PS

PS

TZ
Security
Management

same as
GMAC1

same as ICM
same as

MCANO

same as
MCAN1

same as
MCAN2

same as
MCAN3

same as
MCAN4

same as
MCANS

same as PIOA

same as PIOB

same as PIOC

same as PIOD

same as PIOE

same as
PIT64B5

GIC SPI
Interrupt

Q1

SINT

INT1

INT1

INT1

INT1

INT1

INT1

SINT

SINT

SINT

SINT

SINT

SINT

External
Interrupt

PMC
Clock
Control

MCK1

MCK1

MCK1

MCK1

MCK1

MCK1

MCK1

MCK1

MCKO

MCKO

MCKO

MCKO

MCKO

MCK1

LY
Generic
Clock
Freq.
(MHz)

SYSPLLCK

DDRPLLCK | IMGPLLCK | BAUDPLLCK | AUDIOPLLCK | ETHPLLCK

Instance
Description

GMAC1 Queue

1 Interrupt signal
toggled on a DMA
write to the first
word of each
DMA data buffer
associated with
queue 1

Integrity Check
Monitor, Secure
Interrupt

MCANO Interrupt1

MCANT1 Interrupt1

MCAN?2 Interrupt1

MCANS Interrupt1

MCAN4 Interrupt1

MCANS Interrupt1

For PIO 0 to 31,
Secure Interrupt

For PIO 32 to 63,
Secure Interrupt

For PIO 64 to 95,
Secure Interrupt

For PIO 96
to 127, Secure
Interrupt

For PIO 128
to 136, Secure
Interrupt

64-bit Periodic
Interval Timer 5,
Secure Interrupt
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141

142

143

144

151

152

153

154

Instance
Name

SDMMCO

SDMMCH1

SDMMC2

SHA

TDES

TRNG

EIC

EIC

Security

PS

PS

PS

PS

PS

PS

PS

TZ
Security
Management

same as
SDMMCO

same as
SDMMCH1

same as
SDMMC2

same as SHA

same as
TDES

same as
TRNG

same as EIC

same as EIC

GIC SPI
Interrupt

TIMER

TIMER

TIMER

SINT

SINT

SINT

Max
External PMC Generic Instance
Clock Clock SYSPLLCK | DDRPLLCK | IMGPLLCK | BAUDPLLCK | AUDIOPLLCK | ETHPLLCK o
Interrupt Description
Control Freq.
(MHz2)

Ultra High
Speed SD Host
— — MCK1 — — — — — — — Controller 0
(e.MMC 5.1)
Timer interrupt

Ultra High
Speed SD Host
- - MCK1 - - - - - - - Controller 1
(e.MMC 4.51)
Timer interrupt

Ultra High Speed
SD Host controller
2 (e.MMC 4.51)
Timer interrupt

= = MCK1 = = = = = = -

Secure Hash
_ _ MCKA1 _ _ _ - - = - Algorithm, Secure
Interrupt

Triple Data
Encryption
Standard, Secure
Interrupt

= = MCK1 = = = = = = -

True Random
Number
Generator,
Secure Interrupt

= = MCK1 = = = = = = -

External Interrupt
- MCK1 - - = = = = =
Qo IDO

External Interrupt
Q1 - MeK - - - - - - - ID1

(sS1S) A31un2ag pue }0auuo2iaju] wWalsAg

SolJo

S GO.LVINVS



SAMA7G5 Series

System Interconnect and Security (SIS)

A\WARNING

1.  GCLK must be started before accessing registers.

Note:
1. Select GCLK input as MD_SLCK or TD_SLCK.

© 2022 Microchip Technology Inc. Datasheet DS60001765A-page 102
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9.1

9.11

9.2

SAMA7G5 Series

Cortex-A7 Processor (Arm)

Cortex-A7 Processor (Arm)

Description

The high-performance, low-power Arm Cortex-A7 processor features an L1 cache subsystem that provides full
virtual memory capabilities. The Cortex-A7 processor implements the Arm v7-A architecture and runs 32-bit Arm
instructions, and 16-bit and 32-bit Thumb instructions.

The Cortex-A7 NEON Media Processing Engine (MPE) extends the Cortex-A7 functionality to provide support for
the Arm v7 Advanced SIMD v2 and Vector Floating-Point v4 (VFPv4) instruction sets. The Cortex-A7 NEON MPE
provides flexible and powerful acceleration for signal processing algorithms including multimedia such as image
processing, video decode/encode, 2D/3D graphics, and audio. For details, refer to the Cortex-A7 NEON Media
Processing Engine Technical Reference Manual.

The Cortex-A7 processor includes TrustZone technology to enhance security by partitioning the SoC’s hardware and
software resources in a Secure world for the security subsystem and a Normal world for the rest, enabling a strong
security perimeter to be built between the two. For details, refer to Security Extensions Overview in the Cortex-A7
Technical Reference Manual. Refer to the Arm Architecture Reference Manual, Arm v7-A and Arm v7-R edition for
details on how TrustZone works in the architecture.

The Cortex-A7 core, the Floating Point Unit (FPU) and NEON Media Processing Engine (MPE) are based on Arm
Ltd. rOp5 and are highly configurable at the hardware design stage. These configurations are described in the
sections that follow. The default software configuration has been intensively tested and leads to best results in any
conditions.

Reference Documents

Document Title Available

Cortex-A7 Core Technical Reference Manual

Cortex-A7 Floating-Point Unit Technical Reference Manual

Cortex-A7 NEON Media Processing Engine Technical Reference Manual developer.arm.com/
Arm Architecture Reference Manual Arm v7-A and Arm v7-R edition

Coresight 400 Technical Reference Manual

Embedded Characteristics
The Cortex-A7 processor (rOp5) implements the Arm v7-A architecture. This includes:

* 32-bit Arm Instruction Set

*  Thumb Instruction Set featuring 16-bit and 32-bit Instructions

*  ThumbEE Instruction Set

» Implementation of the Jazelle Extension

* Arm v7 Debug Architecture

» TrustZone Security Extensions

* Harvard Level 1 Memory System with a Memory Management Unit (MMU)
» 32 Kbytes L1 Data Cache

* 32 Kbytes L1 Instruction Cache

» 256 Kbytes L2 Cache

* Generic Interrupt Controller (GIC)

* Media Processing Engine (MPE) with NEON Technology

* Trace Support through an Embedded Trace Macrocell (ETM) Interface

© 2022 Microchip Technology Inc. Datasheet DS60001765A-page 103
and its subsidiaries
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9.3

9.4

9.5

9.6

SAMA7G5 Series

Cortex-A7 Processor (Arm)

» Performance Monitoring Unit (PMU)

Clocks

CPUPLLCK, comprising the L2 cache controller and L2 cache memory, feeds the Cortex-A7 processor, the L1 cache,
the NEON MPE, the ETM and the GIC.

CPUPLLCK is divided (MCKO) to feed the rest of the core subsystem and the CSS AXI matrix.
The L2 cache controller runs at CPU frequency. The L2 cache memories run at one half of the CPU clock frequency.

The CPU frequency can be adapted to the application requirements with frequency and voltage scaling, including
power saving, in case high performance is not required. Refer to VDDCPU characteristics in the section Electrical
Characteristics for more details.

To optimize performance, a path dedicated to high frequency exists between the CPU and UDDRC. It is clocked by
MCKA4. Refer to the section System Interconnect and Security (SIS) for more details.

Power Supplies
The Cortex-A7 processor, including L1 and L2 caches, is powered with dedicated VDDCPU power rails, while the rest
of the core system is powered with VDDCORE.

By separating the power supplies, power consumption can be reduced when the core is not active by powering off
the VDDCPU section. Refer to ULP2 Low Power Mode in the section Electrical Characteristics for more details.

The CPU power supply can be adapted to the requirements with power scaling in case high performance is required.
Refer to VDDCPU characteristics in the section Electrical Characteristics for more details.

Generic Interrupt Controller (GIC)

The integrated Generic Interrupt Controller (GIC) collates and arbitrates from a large number of interrupt sources. It
provides:

» Masking of interrupts

» Prioritization of interrupts

» Distribution of the interrupts to the target processors
» Tracking the status of interrupts

* Generation of interrupts by software

» Support for security extensions

» Support for virtualization extensions

Refer to the Cortex-A7 Core Technical Reference Manual for more information about the GIC.

Media Processing Engine (MPE) with NEON Technology

The Cortex-A7 NEON Media Processing Engine (MPE) extends the Cortex-A7 functionality to provide support for
the Arm v7 Advanced SIMDv2 and Vector Floating-Pointv4 (VFPv4) instruction sets. The Cortex-A7 NEON MPE
supports all addressing modes and data-processing operations described in the Arm Architecture Reference Manual,
Arm v7-A and Arm v7-R edition.

The Cortex-A7 NEON MPE includes the following features:

« SIMD and scalar single-precision floating-point computation

» Scalar double-precision floating-point computation

» SIMD and scalar half-precision floating-point conversion

» SIMD 8, 16, 32, and 64-bit signed and unsigned integer computation
» 8 or 16-bit polynomial computation for single-bit coefficients
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» Structured data load capabilities

» Large, shared register file, addressable as:
— Thirty-two 32-bit S (single) registers
— Thirty-two 64-bit D (double) registers
— Sixteen 128-bit Q (quad) registers

See the Arm Architecture Reference Manual, Arm v7-A and Arm v7-R edition for more information about the
extension register set.

The operations include:

» Addition and subtraction

* Multiplication with optional accumulation

* Maximum or minimum value driven lane selection operations

* Inverse square-root approximation

« Comprehensive data-structure load instructions, including register-bank-resident tablelookup

See the Cortex-A7 NEON Media Processing Engine Technical Reference Manual for details of the NEON extensions.

9.7 Debug

Refer to the section Debug and Test for full details.

9.8 Performance Monitoring Unit (PMU)

The processor features a Performance Monitoring Unit (PMU), made up of logic to gather various statistics on the
operation of the processor and memory system during runtime, based on the PMUv2 architecture. These events
provide useful information about the behavior of the processor that can be used when debugging or profiling code.

The PMU provides four counters. Each counter can count any of the events available in the processor.

Refer to the Cortex-A7 Core Technical Reference Manual for details on the PMU extensions.

9.9 Timestamp Generator
The Arm ID (GCLK29) is the source clock for the timestamp generator. It is running and is configured to use MAINCK
with no divider at reset.

The Coresight 400 IP is memory-mapped into APB_DEBUG_S (0xE8800000) and the timestamp registers are at an
offset of 0x43000.
To generate timestamps:

1., access the memory map interface of the coresight timestamp module(!) and:

a. Set the timestamp generator frequency value to 24 MHz by writing 24000000 to the CNTFIDO register
(same as the MAINCK frequency).

b. Enable the timestamp generator by writing 1 to the CNTCR register.
2. Enable PPl interrupt ID 29 in GIC (secure physical timer interrupt)(@).
3. Access the generic timer coprocessor interface (CP15)®) to:
a. Set the counter frequency value to 24 MHz in the CNTFRAQ register.
b. Set the timer count value in the CNTP_TVAL register.
c. Enable the Timer event by writing into the CNTP_CTL register.

When the timer expires, a PPI interrupt is generated with interrupt ID 29.

© 2022 Microchip Technology Inc. Datasheet DS60001765A-page 105
and its subsidiaries



SAMA7G5 Series

Cortex-A7 Processor (Arm)

Notes:
1. Referto Arm V7A, ARCH Manual (DDI0406C), Appendix D5.2, Coresight 400 TRM (DDI0480G), Section 3.19.
2. Refer to Cortex-A7 TRM (DDI0464F), Section 8.2.2.
3. Referto Arm V7A, ARCH Manual (DDI0406C), B8.2.
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10. External Interrupt Controller (EIC)

10.1 Description

The External Interrupt Controller (EIC) forwards external interrupt sources from two PIO lines to the interrupt
controller by providing some pre-processing capabilities (filtering, polarity inversion, edge detection, enable).

10.2 Embedded Characteristics

Glitch Filter

Programmable Source Polarity

Edge or Level Detection

Freeze Capability for Each Interrupt Line Configuration
Global Configuration Write Protection Register with Key

10.3 Block Diagram
Figure 10-1. EIC Block Diagram

To interrupt
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Product Dependencies

1/0 Lines
The external interrupt signals EIC_EIS0..EIC_EIS1 are multiplexed through the PIO controller(s).

Depending on the features of the PIO controller used in the product, the pins must be programmed in accordance
with their assigned interrupt function.

Power Management
The EIC is continuously clocked. The Power Management Controller has no effect on the EIC behavior.

External Interrupt Sources
The following table describes the external interrupt sources available in the product.

Source Number Source Name Source Description

0 EIC_EISO External Interrupt Source
1 EIC_EIS1 External Interrupt Source

Functional Description

Interrupt Line Characteristics
For each event source, the EIC features a dedicated interrupt line as shown in the Block Diagram.

If Glitch Filter Enable (GFEN) is cleared in the Source Configuration register (EIC_SCFGxR), pulses of any width can
be forwarded and detected as valid source events on the interrupt line x regardless of the respective frequencies of
the source clock, the EIC peripheral clock and the Interrupt Controller clock.

If EIC_SCFGxR.GFEN is set, the source events are filtered to remove unwanted glitches. The glitch filter forwards
its input level when it is maintained for more than 2GFSEL peripheral clock cycles and rejects pulses narrower than
2GFSEL_1 peripheral clock cycles.

The source event polarity can be changed by EIC_SCFGxR.POL.
Either edge or level event detection can be performed by EIC_SCFGxR.LVL.

When set, EIC_SCFGxR.FRZ freezes all interrupt line settings until hardware reset. This includes the settings in
EIC_SCFGxR. This feature can be used to prevent any corruption of the critical interrupt lines configuration.

If the glitch filter is enabled in EIC_SCFGxR.GFEN, the maximum propagation delay through the EIC (see the
following figure) is calculated as:

EIC_delay_max = (2 + 2GFSEL) * periph_clk_period+2.5 * clock_period

and the minimum propagation delay through the EIC is:

EIC_delay_min = (1 + 2GFSEL) * periph_clk_period+1 * clock_period

If the glitch filter is disabled, the maximum propagation delay through the EIC is calculated as:
EIC_delay_max=2.5 * clock_period

and the minimum propagation delay through the EIC is:

EIC_delay_min=1 * clock_period
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Figure 10-2. EIC Propagation Delay

eic source
(EIC_EISx)

eic_delay

eic output
(x)

clock_period is the peripheral clock period of the EIC as programmed in the Power Management Controller.

External Interrupt Line Programming
The steps to set up or change the external interrupt line x configuration are the following:

1. Clear SCFGxR.EN to disable the EIC interrupt source.

2. Perform any external setup that might be required at the source peripheral and wait until the peripheral source
output is stabilized.

3. If the glitch filter is enabled on the interrupt line, wait until the Ready flag RDYx is set in the Glitch Filter
Configuration Status register (EIC_GFCS).

4. Write the required interrupt line configuration fields among GFSEL, GFEN, POL, LVL into EIC_SCFGxR.

If the glitch filter is enabled on the interrupt line, wait until EIC_GFCS.RDYXx is set.

6. Set EIC_SCFGxR.EN if the source is not yet enabled and, if required for safety, freeze the interrupt line x
configuration by setting EIC_SCFGxR.FRZ.

Example:

o

If the user desires to stop or minimize the circuit activity after a voltage or frequency failure detection on a rising edge
of an EIC interrupt source, the polarity can be changed with a single write to EIC_SCFGxR.POL to detect a falling
edge of the same source. Detection of the falling edge source indicates the recovery of a normal condition. In this
case, the steps described previously can be ignored.

Register Write Protection

To prevent any single software error from corrupting EIC behavior, certain registers in the address space can be
write-protected.

The following register can be write-protected by setting WPCFEN in the Write Protection Mode register
(EIC_WPMR):

« External Interrupt Controller Source Configuration register x (EIC_SCFGxR)

If a write access to a write-protected register is detected, the WPVS flag in the Write Protection Status register
(EIC_WPSR) is set and WVSRC indicates the register in which the write access was attempted.

WPVS is automatically cleared after reading EIC_WPSR.

If a write attempts to modify the settings of an interrupt line x that was previously frozen by setting
EIC_SCFGxR.FRZ, the FZWVS flag in EIC_WPSR is set and WVSRC indicates the register in which the write
access was attempted.

FZWVS is automatically cleared after reading EIC_WPSR.

If a write attempts to modify the settings of the glitch filter of interrupt line x but the Source Configuration register
x (EIC_SCFGxR) access is discarded due to an already ongoing glitch filter configuration, the FZWVS flag in
EIC_WPSR is set and WVSRC indicates the register in which the write access was attempted.

FZWVS is automatically cleared after reading EIC_WPSR.
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Register Summary

I N = 2 I R A (T I I N

0x00

0x04

0x08
0x0C
OxE3

OxE4

OxE8

EIC_GFCS

EIC_SCFGOR

EIC_SCFG1R

Reserved

EIC_WPMR

EIC_WPSR

31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0

31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0

FRZ

FRZ

GFEN

GFEN

WPKEY([23:16]
WPKEY([15:8]
WPKEY([7:0]

WVSRC[7:0]

BSWVS

RDY1 RDYO
EN
LVL POL
GFSEL[1:0]
EN

LVL POL
GFSEL[1:0]

WPCFEN

FZWVS WPVS
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10.7.1  EIC Glitch Filter Configuration Status Register

Name: EIC_GFCS
Offset: 0x00
Reset: 0x00000000

Property: Read-only

Bit 31 30 29 28 27 26 25 24
Access
Reset

Bit 23 22 21 20 19 18 17 16
Access
Reset

Bit 15 14 13 12 1" 10 9 8
Access
Reset

Bit 7 6 5 4 3 2 1 0

RDY1 RDYO0
Access R R
Reset 0 0

Bits 0, 1 — RDYx Filter x Configuration Ready

Value Description

0 The interrupt line x glitch filter is not yet ready for use due to a previous write to EIC_SCFGxR, or
the glitch filter is not implemented for this interrupt line. The glitch filter must not be reprogrammed in
EIC_SCFGxR.

1 The interrupt line x glitch filter configuration is done and the glitch filter is active. The glitch filter can be

programmed in EIC_SCFGxR.
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10.7.2 EIC Source Configuration Register x

Name: EIC_SCFGxR
Offset: 0x04 + x*0x04 [x=0..1]
Reset: 0x00000000

Property: Read/Write

This register can only be written if WPCFEN is cleared in the EIC Write Protection Mode register.

Bit 31 30 29 28 27 26 25 24
2] | | | | |
Access R/W
Reset 0
Bit 23 22 21 20 19 18 17 16
EN
Access R/W
Reset 0
Bit 15 14 13 12 11 10 9 8
LVL POL
Access R/W R/W
Reset 0 0
Bit 7 6 5 4 3 2 1 0
GFEN GFSEL[1:0]
Access R/W R/W R/W
Reset 0 0 0

Bit 31 — FRZ Interrupt Line Freeze

Value Description
0 No effect.
1 EIC_SCFGxR is frozen until hardware reset.

Bit 16 — EN Source Enable

Value Description
0 The EIC source x is disabled. Any source edge or level detection is discarded.
1 The EIC source x is enabled.

Bit 9 — LVL Level Detection

Value Description
0 The EIC source x interrupt status is set on a valid source edge.
1 The EIC source x interrupt status is set on a valid source level.

Bit 8 - POL Polarity

Value Description
0 The EIC source x is active low if LVL is set, or active on falling edge if LVL is cleared.
1 The EIC source x is active high if LVL is set, or active on rising edge if LVL is cleared.

Bit 4 — GFEN Glitch Filter Enable

0 The glitch filter is disabled or not implemented for EIC source x. Any source x change is forwarded as
is to the source detection logic.
1 The glitch filter is enabled for EIC source x. The EIC source x glitches are filtered according to Interrupt

Line Characteristics.
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Bits 1:0 — GFSEL[1:0] Glitch Filter Selector
If GFEN is set, EIC source x glitches are filtered according to Interrupt Line Characteristics.
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10.7.3  EIC Write Protection Mode Register

Name:
Offset:
Reset:
Property:

EIC_WPMR

OxE4

0x00000000
Read/Write

See Register Write Protection for the list of registers that can be write-protected.

Bit 31 30 29 28 27 26 25 24
| WPKEY/[23:16]
Access W w w W w w W w
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
WPKEY[15:8]
Access W w w W W W W W
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1 10 9 8
WPKEY[7:0]
Access W w w W w w W w
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
WPCFEN
Access R/W
Reset 0

Bits 31:8 —- WPKEY[23:0] Write Protection Key
Description

Value

0x454943

Name

PASSWD | Writing any other value in this field aborts the write operation of the WPCFEN bit.

Always reads as 0.

Bit 0 - WPCFEN Write Protection Configuration Enable

Value
0

Description

Disables the write protection on the Configuration registers if WPKEY corresponds to 0x454943 (“EIC”

in ASCII).

Enables the write protection on the Configuration registers if WPKEY corresponds to 0x454943 (“EIC”

in ASCII).

© 2022 Microchip Technology Inc.

and its subsidiaries

Datasheet DS60001765A-page 114



SAMA7GS5 Series
External Interrupt Controller (EIC)

10.7.4 EIC Write Protection Status Register

Name: EIC_WPSR
Offset: OxES8
Reset: 0x00000000

Property: Read-only

Bit 31 30 29 28 27 26 25 24
Access
Reset

Bit 23 22 21 20 19 18 17 16
Access
Reset

Bit 15 14 13 12 1" 10 9 8

WVSRC[7:0]

Access R R R R R R R R

Reset 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0

BSWVS FZWVS WPVS
Access R R R
Reset 0 0 0

Bits 15:8 — WVSRCJ[7:0] Write Violation Source
When either WPVS, FZWVS or BSWVS is set to 1, WVSRC indicates the register address offset at which a write
access has been attempted.

Bit 2 — BSWVS Busy Register Write Violation Status

Value Description
0 No write access violation of a busy register has occurred since the last read of EIC_WPSR.
1 A write access violation of a busy register has occurred since the last read of EIC_WPSR. The

associated violation is reported into WVSRC.

Bit 1 - FZWVS Frozen Register Write Violation Status

Value Description
0 No write access violation of a frozen register has occurred since the last read of EIC_WPSR.
1 A write access violation of a frozen register has occurred since the last read of EIC_WPSR. The

associated violation is reported into WVSRC.

Bit 0 — WPVS Write Protection Register Violation Status
Value Description
0 No write protection violation has occurred since the last read of EIC_WPSR.
1 A write protection violation has occurred since the last read of EIC_WPSR. The associated violation is
reported into WVSRC.
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Debug and Test

Description

The product features a number of complementary debug and test capabilities.

A common JTAG/ICE (In-Circuit Emulator) port is used for standard debugging functions, such as downloading code
and single-stepping through programs.

A 2-pin debug port Serial Wire Debug (SWD) is provided in addition to the 5-pin JTAG port. The SWD provides an
easy and risk-free alternative to JTAG as the two signals, SWDIO and SWCLK, are overlaid on the TMS and TCK
pins, allowing for bi-modal devices that provide the other JTAG signals. These extra JTAG pins can be switched to
other uses when in SWD mode.

A set of debug and test input/output pins gives direct access to these capabilities from a PC-based test environment.

Reference Documents

The Cortex-A7 core is based on Arm Ltd. rOp5 and is highly configurable at the hardware design stage. These
configurations are described in the sections that follow.

Document Title Available

Cortex-A7 Core Technical Reference Manual
developer.arm.com/
Arm Architecture Reference Manual Arm v7-A and Arm v7-R edition

Embedded Characteristics

» Cortex-A7 Processor In the Loop (PIL)
— Cortex-A7 uniprocessor
— ETM-AY (Trace Macrocell)
— CTI (Cross-Triggering Interface) module
— CTM (Cross-Triggering Matrix) module
— APB subsystem
— ROM table (processor ROM table)

» CSSYS Block (Debug and Trace Subsystem from SoC-400)
— DAP with an asynchronous bridge to allow DAP/CPU asynchronous clock
— CXAPBIC APB interconnect containing the top-level ROM table
— ETB (Embedded Trace Buffer + 16-Kbyte ETB RAM)
— Timestamp generation component
— ECT (Embedded Cross-Triggering) component

» Chip ID Register

* |IEEE 1149.1 JTAG Boundary-scan on All Digital Pins
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Block Diagram

1.3

Figure 11-1. Debug and Test General Block Diagram
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Figure 11-2. Debug and Test Interface Block Diagram
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11.4  Pin Description
Table 11-1. Debug and Test Pin List

Reset/Test
TST Test Mode Select Input -
NTRST Test Reset Signal Input -
ICE and JTAG
TCK/SWCLK Test Clock/Serial Wire Clock Input -
TDI Test Data In Input -
TDO Test Data Out Output -
TMS/SWDIO Test Mode Select/Serial Wire Input/Output Input/Output -
JTAGSEL JTAG Selection Input -
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Functional Description

Test Pin

One dedicated pin, TST, is used to define the device operating mode. The user must make sure that this pin is tied at
low level to ensure normal operating conditions. Other values associated with this pin are reserved for manufacturing
test.

EmbeddedICE™

The Cortex-A7 EmbeddedICE-RT™ is supported via the ICE/JTAG port. It is connected to a host computer via an
ICE interface.The internal state of the Cortex-A7 is examined through an ICE/JTAG port which allows instructions
to be serially inserted into the pipeline of the core without using the external data bus. Therefore, when in debug
state, a store-multiple (STM) can be inserted into the instruction pipeline. This exports the contents of the Cortex-A7
registers. This data can be serially shifted out without affecting the rest of the system.

There are two scan chains inside the Cortex-A7 processor which support testing, debugging, and programming of the
EmbeddedICE-RT. The scan chains are controlled by the ICE/JTAG port.

EmbeddedICE mode is selected when JTAGSEL is low. It is not possible to switch directly between ICE and JTAG
operations. A chip reset must be performed after JTAGSEL is changed.

For further details on the EmbeddedICE, refer to the Arm document Cortex-A7 Technical Reference Manual (DDI
0464).

JTAG Signal Description
TMS is the Test Mode Select input which controls the transitions of the test interface state machine.

TDI is the Test Data Input line which supplies the data to the JTAG registers (Boundary Scan Register, Instruction
Register, or other data registers).

TDO is the Test Data Output line which is used to serially output the data from the JTAG registers to the equipment
controlling the test. It carries the sampled values from the boundary scan chain (or other JTAG registers) and
propagates them to the next chip in the serial test circuit.

NTRST (optional in IEEE Standard 1149.1) is a Test-ReSeT input which is mandatory in Arm cores and used to
reset the debug logic. On Cortex-A7-based cores, NTRST is a Power-on Reset output. It is asserted on power-on. If
necessary, the user can also reset the debug logic with the NTRST pin assertion during 2.5 MCK periods.

TCK is the Test ClocK input which enables the test interface. TCK is pulsed by the equipment controlling the test and
not by the tested device. It can be pulsed at any frequency.

Chip Access Using JTAG Connection
The JTAG connection is not enabled by default on this chip at delivery due to the secure ROM code implementation.

By default, the device boots in Standard mode and not in Secure mode. When the secure ROM code starts, it
disables the JTAG access for the entire boot sequence.

If the secure ROM code does not find any program in the external memory, it enables the USB connection and the
serial port and waits for a dedicated command to switch the chip into Secure mode.

If any other character is received, the secure ROM code starts the standard SAM-BA® monitor, locks access to the
ROM memory, and enables the JTAG.

The chip can then be accessed using the JTAG connection.

If the secure ROM code finds a bootable program, it automatically disables ROM access and enables the JTAG
connection just before launching the program.

The procedure to enable JTAG access is as follows:

» Connect your computer to the board with JTAG and USB (J20 USB-A).
* Power on the chip.

* Open a terminal console (TeraTerm, HyperTerminal, etc.) on your computer and connect to the USB CDC serial
COM port.
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« Send the '# character. You will see then the prompt '>' character sent by the device (indicating that the standard
SAM-BA Monitor is running).
* Use the Standard SAM-BA Monitor to connect to the chip with JTAG.

Note that it is not necessary to follow this sequence to connect the standard SAM-BA monitor with USB.

11.5.5 |EEE 1149.1 JTAG Boundary Scan
IEEE 1149.1 JTAG Boundary Scan allows pin-level access independent of the device packaging technology.

IEEE 1149.1 JTAG Boundary Scan is enabled when JTAGSEL is high. The SAMPLE, EXTEST and BYPASS
functions are implemented. In ICE debug mode, the Arm processor responds with a non-JTAG chip ID that identifies
the processor to the ICE system. This is not IEEE 1149.1 JTAG-compliant.

It is not possible to switch directly between JTAG and ICE operations. A chip reset must be performed after JTAGSEL
is changed.

A Boundary-scan Descriptor Language (BSDL) file is provided to set up the test.
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11.5.6 JTAG ID Code Register

Name: JTAG ID Code Register
Property: Read-only

JTAG ID Code value is 0x05B4203F.

Bit 31 30 29 28 27 26 25 24
| VERSION[3:0] PART NUMBER[15:12]

Access R R R R R R R R
Reset

Bit 23 22 21 20 19 18 17 16

PART NUMBER[11:4]

Access R R R R R R R R
Reset

Bit 15 14 13 12 11 10 9 8

PART NUMBER([3:0] MANUFACTURER IDENTITY[10:7]

Access R R R R R R R R
Reset

Bit 7 6 5 4 3 2 1 0

MANUFACTURER IDENTITY[6:0] 1

Access R R R R R R R R
Reset

Bits 31:28 — VERSION[3:0] Product Version Number
Set to 0x0.

Bits 27:12 — PART NUMBER[15:0] Product Part Number
Product part number is 0x5B42.

Bits 11:1 — MANUFACTURER IDENTITY[10:0]
Set to 0x01f.

Bit 0 -1
Required by IEEE standard 1149.1. Set to 1.

11.5.7 Cortex-A7 DP Identification Code Register IDCODE

The Identification Code register is always present on all DP implementations. It provides identification information
about the Arm Debug Interface.
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11.5.7.1 JTAG Debug Port (JTAG-DP)

Name: JTAG Debug Port (JTAG-DP)
Property: Read-only

Debug Port JTAG IDCODE value is 0x6BA00477.
Accessed using its own scan chain, the JTAG-DP Device ID Code Register.

Bit 31 30 29 28 27 26 25 24
| VERSION[3:0] | PART NUMBER[15:12]

Access R R R R R R R R
Reset

Bit 23 22 21 20 19 18 17 16

PART NUMBER([11:4]

Access R R R R R R R R
Reset

Bit 15 14 13 12 11 10 9 8

PART NUMBER[3:0] DESIGNER[10:7]

Access R R R R R R R R
Reset

Bit 7 6 5 4 3 2 1 0

DESIGNER][6:0] 1

Access R R R R R R R R
Reset

Bits 31:28 — VERSION[3:0] Product Version Number
Set to 0x0.

Bits 27:12 - PART NUMBER([15:0] Product Part Number
Product part number is 0xBAOO.

Bits 11:1 — DESIGNER[10:0]
Set to 0x26B.

Bit 0 -1
Required by IEEE Standard 1149.1. Set to 1.
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11.5.7.2 Serial Wire Debug Port (SW-DP)

Name: Serial Wire Debug Port (SW-DP)
Property: Read-only
Debug Port Serial Wire IDCODE is 0x6BA02477.

At address 0x0 on read operations when the APnDP bit = 0. Access to the Identification Code Register is not affected
by the value of the CTRLSEL bit in the Select register.

Bit 31 30 29 28 27 26 25 24
| VERSION[3:0] | PART NUMBER[15:12]

Access R R R R R R R R
Reset

Bit 23 22 21 20 19 18 17 16

PART NUMBER[11:4]

Access R R R R R R R R
Reset

Bit 15 14 13 12 11 10 9 8

PART NUMBER[3:0] DESIGNER[10:7]

Access R R R R R R R R
Reset

Bit 7 6 5 4 3 2 1 0

DESIGNER][6:0] 1

Access R R R R R R R R
Reset

Bits 31:28 — VERSION[3:0] Product Version Number
Set to 0x0.

Bits 27:12 — PART NUMBER[15:0] Product Part Number
Product part number is 0OxBAO2.

Bits 11:1 — DESIGNER[10:0]
Set to 0x26B.

Bit0 -1
Required by IEEE standard 1149.1. Set to 1.

11.5.8 Debug ROM
Table 11-2. Debug ROM

Top-level ROM Table (CSSYS) 0x80000000 Base_Ad + 0x00000
ROM Table (PIL) 0x80020000 Base_Ad + 0x20000
Cortex-A7 DBG (PIL) 0x80030000 Base_Ad + 0x30000
Cortex-A7 PMU (PIL) 0x80031000 Base_Ad + 0x31000
CSCTI (PIL) 0x80038000 Base_Ad + 0x38000
ETM-A7 (PIL) 0x8003C000 Base_Ad + 0x3C000
CXETB (CSSYS) 0x80040000 Base_Ad + 0x40000
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........... continued
CXCTI (CSSYS) 0x80041000 Base_Ad + 0x41000
CXTSGEN Trace (CSSYS) 0x80042000 Base_Ad + 0x42000
CXTSGEN Generic CA-7 Timer (CSSYS) 0x80043000 Base_Ad + 0x43000

© 2022 Microchip Technology Inc. Datasheet DS60001765A-page 124

and its subsidiaries



SAMA7GS5 Series
NIC-400 Global Programmer’s View (NICGPV)

12. NIC-400 Global Programmer’s View (NICGPV)

121 Description

The system embeds several AXI bus matrixes.

This section describes how to perform priority, arbitration, Quality of Service (QoS) and outstanding configuration
settings for AXI peripherals. Refer to the section System Interconnect and Security (SIS) for the description of hosts,

clients and interconnections.
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Register Summary

I I = 2 I RN AN (N I I

0x00

0x2007
0x2008

0x200C

0x3007
0x3008

0x300C

0x4007
0x4008

0x400C

0x5007
0x5008

0x500C

0x6007
0x6008

0x600C

0x7007
0x7008

0x700C

0x8007

0x8008

Reserved

NICGPV_AMIB_FN
_MOD_BM_ISS0

Reserved

NICGPV_AMIB_FN
_MOD_BM _ISS1

Reserved

NICGPV_AMIB_FN
_MOD_BM_ISS2

Reserved

NICGPV_AMIB_FN
_MOD_BM_ISS3

Reserved

NICGPV_AMIB_FN
_MOD_BM_ISS4

Reserved

NICGPV_AMIB_FN
_MOD_BM _ISS5

Reserved

NICGPV_AMIB_FN
_MOD_BM_ISS6

31:24
23:16
15:8

7:0

31:24
23:16
15:8

7:0

31:24
23:16
15:8

7:0

31:24
23:16
15:8

7:0

31:24
23:16
15:8

7:0

31:24
23:16
15:8

7:0

31:24
23:16
15:8

7:0

WRITE_ISS_

OVERRIDE

WRITE_ISS_

OVERRIDE

WRITE_ISS_

OVERRIDE

WRITE_ISS_

OVERRIDE

WRITE_ISS_

OVERRIDE

WRITE_ISS_

OVERRIDE

WRITE_ISS_

OVERRIDE

READ_ISS_O
VERRIDE

READ_ISS_O
VERRIDE

READ_ISS_O
VERRIDE

READ_ISS_O
VERRIDE

READ_ISS_O
VERRIDE

READ_ISS_O
VERRIDE

READ_ISS_O
VERRIDE
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........... continued

oteet | Name JEeres] 7 e s e ]2 | | o

0x800C

0xé607
0x9008
0x900C
0xA007
0xA008

0xA00C

0xB007
0xB008

0xB00C

0xC007
0xC008

0xCo0C

0xD007
0xD008

0xD00C

0xE007
O0xE008

0xE00C

0xF007
0xF008

0xFO0C

0x010007

Reserved

NICGPV_AMIB_FN
_MOD_BM_ISS7

Reserved

NICGPV_AMIB_FN
_MOD_BM_ISS8

Reserved

NICGPV_AMIB_FN
_MOD_BM SS9

Reserved

NICGPV_AMIB_FN
_MOD_BM_ISS10

Reserved

NICGPV_AMIB_FN
_MOD_BM_ISS11

Reserved

NICGPV_AMIB_FN
_MOD_BM_ISS12

Reserved

NICGPV_AMIB_FN
_MOD_BM _[SS13

Reserved

31:24
23:16
15:8

7:0

31:24
23:16
15:8

7:0

31:24
23:16
15:8

7:0

31:24
23:16
15:8

7:0

31:24
23:16
15:8

7:0

31:24
23:16
15:8

7:0

31:24
23:16
15:8

7:0

WRITE_ISS_ READ_ISS_O
OVERRIDE | VERRIDE

WRITE_ISS_ |READ_ISS_O
OVERRIDE | VERRIDE

WRITE_ISS_ |READ_ISS_O
OVERRIDE | VERRIDE

WRITE_ISS_ |READ_ISS_O
OVERRIDE | VERRIDE

WRITE_ISS_ READ_ISS_O
OVERRIDE | VERRIDE

WRITE_ISS_ |READ_ISS_O
OVERRIDE | VERRIDE

WRITE_ISS_ |READ_ISS_O
OVERRIDE | VERRIDE
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........... continued

omet | Name JEeres ] 7 e | s e ] |2 | | o

0x010008

0x01000C

0x0420FF

0x042100

0x042104

0x042108

0x04210B

0x04210C

0x042110

0x042114

0x042118

0x04211C

0x042120

0x042124

0x042128

0x04212C

31:24
23:16
NICGPV_AMIB_FN
_MOD_BM_iss14 0%
o WRITE_ISS_ |READ_ISS_O
OVERRIDE VERRIDE
Reserved
31:24
NICGPV_ASIB_RE 23:16
AD_QOS0 15:8
7:0 RD_QOSJ[3:0]
31:24
NICGPV_ASIB_WRI  23:16
TE_QOSO0 15:8
7:0 WR_QOSJ[3:0]
Reserved
31:24
2516 MODE_AR_F MODE_AW_F
NICGPV_ASIB_QO C (o}
S_CNTLO 15:8
7:0 EN—AV¥AR—O EN_AR_OT | EN_AW_OT | EN_AR _FC | EN_AW_FC EN—?‘AVTVEAR—R EN_AR_RATE EN—A\éV—RAT
31:24 AR_MAX_OTI[5:0]
NICGPV_ASIB_MA| 23:16 AR_MAX_OTF[7:0]
X_OT0 15:8 AW_MAX_OTI[5:0]
7.0 AW_MAX_OTF[7:0]
31:24
NICGPV_ASIB_MA  23:16
X_COMB_OTO 15:8 AWAR_MAX_OTI[6:0]
7.0 AWAR_MAX_OTF[7:0]
31:24 AW_P[7:0]
NICGPV_ASIB_AW| 23:16
PO 15:8
7:0
31:24
NICGPV_ASIB_AW| 23:16
_BO 15:8 AW_B[15:8]
7.0 AW_B[7:0]
31:24 AW_R[11:4]
NICGPV_ASIB_AW| 23:16 AW_RJ[3:0]
RO 15:8
7:0
31:24 AR_P[7:0]
NICGPV_ASIB_AR | 23:16
PO 15:8
7:0
31:24
NICGPV_ASIB_AR | 23:16
B0 15:8 AR_B[15:8]
7.0 AR_B[7:0]
31:24 AR_R[11:4]
NICGPV_ASIB_AR_  23:16 AR_R[3:0]
RO 15:8
7:0
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........... continued

ome | Name Jeeres] 7 e | s | e ] s | 2 |t | o

0x042130

0x042134

0x042138

0x04213C

0x0430FF

0x043100

0x043104

0x043108

0x04310B

0x04310C

0x043110

0x043114

0x043118

0x04311C

0x043120

0x043124

31:24 AR_TGT_LATENCY[11:8]
NICGPV_ASIB_TAR 23:16 AR_TGT_LATENCY[7:0]
GET_FCO 15:8 AW_TGT_LATENCY[11:8]
7.0 AW_TGT_LATENCY[7:0]
31:24
NICGPV_ASIB_KI_|  23:16
FCO 15:8 AR_KI[2:0]
7.0 AW_KI[2:0]
31:24 AR_MAX_QOS[3:0]
NICGPV_ASIB_QO| 23:16 AR_MIN_QOSJ[3:0]
S_RANGEO 15:8 AW_MAX_QOS[3:0]
7.0 AW_MIN_QOS[3:0]
Reserved
31:24
NICGPV_ASIB_RE 23:16
AD_QOS1 15:8
7:0 RD_QOS[3:0]
31:24
NICGPV_ASIB_WRI  23:16
TE_QOS1 15:8
7:0 WR_QOS[3:0]
Reserved
31:24
2316 MODE_AR_F MODE_AW_F
NICGPV_ASIB_QO C C
S_CNTL1 15:8
7:0 EN—AV¥AR—O EN_AR_OT | EN_AW_OT | EN_AR_FC | EN_AW_FC EN—AAVTVQ RREN_AR_RATE EN—A\Q’—RAT
31:24 AR_MAX_OTI[5:0]
NICGPV_ASIB_MA| 23:16 AR_MAX_OTF[7:0]
X_OT1 15:8 AW_MAX_OTI[5:0]
7.0 AW_MAX_OTF[7:0]
31:24
NICGPV_ASIB_MA| 23:16
X_COMB_OT1 15:8 AWAR_MAX_OTI[6:0]
7.0 AWAR_MAX_OTF[7:0]
31:24 AW_P[7:0]
NICGPV_ASIB AW  23:16
P 15:8
7:0
31:24
NICGPV_ASIB AW 23:16
B1 15:8 AW_B[15:8]
7.0 AW_B[7:0]
31:24 AW_R[11:4]
NICGPV_ASIB_AW | 23:16 AW_R[3:0]
_R1 15:8
7:0
31:24 AR_P[7:0]
NICGPV_ASIB_AR | 23:16
P1 15:8
7:0
© 2022 Microchip Technology Inc. Datasheet DS60001765A-page 129

and its subsidiaries



SAMA7GS5 Series
NIC-400 Global Programmer’s View (NICGPV)

........... continued

omet | Name JEeres ] 7 e | s e ] |2 | | o

0x043128

0x04312C

0x043130

0x043134

0x043138

0x04313C

0x0440FF

0x044100

0x044104

0x044108

0x04410B

0x04410C

0x044110

0x044114

0x044118

0x04411C

31:24
NICGPV_ASIB_AR_  23:16
B1 15:8 AR_B[15:8]
7.0 AR_B[7:0]
31:24 AR_R[11:4]
NICGPV_ASIB_AR | 23:16 AR_R[3:0]
R1 15:8
7:0
31:24 AR_TGT_LATENCY[11:8]
NICGPV_ASIB_TAR 23:16 AR_TGT_LATENCY[7:0]
GET_FC1 15:8 AW_TGT_LATENCY[11:8]
7.0 AW_TGT_LATENCY[7:0]
31:24
NICGPV_ASIB_KI_|  23:16
FC1 15:8 AR_KI[2:0]
7.0 AW_KI[2:0]
31:24 AR_MAX_QOS[3:0]
NICGPV_ASIB_QO| 23:16 AR_MIN_QOS[3:0]
S_RANGET 15:8 AW_MAX_QOS[3:0]
7.0 AW_MIN_QOS[3:0]
Reserved
31:24
NICGPV_ASIB_RE | 23:16
AD_QOS2 15:8
7:0 RD_QOS[3:0]
31:24
NICGPV_ASIB_WRI  23:16
TE_QOS2 15:8
7:0 WR_QOS[3:0]
Reserved
31:24
2316 MODE_AR_F MODE_AW_F
NICGPV_ASIB_QO C C
S_CNTL2 15:8
7:0 EN—AV¥AR—O EN_AR_OT | EN_AW_OT | EN_AR_FC | EN_AW_FC EN—AAVTVQ RREN_AR_RATE EN—A\Q’—RAT
31:24 AR_MAX_OTI[5:0]
NICGPV_ASIB_MA| 23:16 AR_MAX_OTF[7:0]
X_OT2 15:8 AW_MAX_OTI[5:0]
7.0 AW_MAX_OTF[7:0]
31:24
NICGPV_ASIB_MA| 23:16
X_COMB_OT2 15:8 AWAR_MAX_OTI[6:0]
7.0 AWAR_MAX_OTF[7:0]
31:24 AW_P[7:0]
NICGPV_ASIB AW 23:16
P2 15:8
7.0
31:24
NICGPV_ASIB AW  23:16
B2 15:8 AW_B[15:8]
7.0 AW_B[7:0]
© 2022 Microchip Technology Inc. Datasheet DS60001765A-page 130

and its subsidiaries



SAMA7GS5 Series
NIC-400 Global Programmer’s View (NICGPV)

........... continued
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0x044120

0x044124

0x044128

0x04412C

0x044130

0x044134

0x044138

0x04413C

0x0450FF

0x045100

0x045104

0x045108

0x04510B

0x04510C

0x045110

0x045114

31:24 AW_R[11:4]
NICGPV_ASIB_AW| 23:16 AW_R[3:0]
_R2 15:8
7:0
31:24 AR_P[7:0]
NICGPV_ASIB_AR_  23:16
P2 15:8
7:0
31:24
NICGPV_ASIB_AR_  23:16
B2 15:8 AR_B[15:8]
7.0 AR_B[7:0]
31:24 AR_R[11:4]
NICGPV_ASIB_AR | 23:16 AR_R[3:0]
R2 15:8
7:0
31:24 AR_TGT_LATENCY[11:8]
NICGPV_ASIB_TAR  23:16 AR_TGT_LATENCY[7:0]
GET_FC2 15:8 AW_TGT_LATENCY[11:8]
7.0 AW_TGT_LATENCY[7:0]
31:24
NICGPV_ASIB_KI_|  23:16
FC2 15:8 AR_KI[2:0]
7.0 AW_KI[2:0]
31:24 AR_MAX_QOS[3:0]
NICGPV_ASIB_QO| 23:16 AR_MIN_QOS[3:0]
S_RANGE2 15:8 AW_MAX_QOS[3:0]
7.0 AW_MIN_QOS[3:0]
Reserved
31:24
NICGPV_ASIB_RE | 23:16
AD_QOS3 15:8
7:0 RD_QOS[3:0]
31:24
NICGPV_ASIB_WRI  23:16
TE_QOS3 15:8
7:0 WR_QOS[3:0]
Reserved
31:24
2316 MODE_AR_F MODE_AW_F
NICGPV_ASIB_QO C C
S_CNTL3 15:8
7:0 EN—AV¥AR—O EN_AR_OT | EN_AW_OT | EN_AR_FC | EN_AW_FC EN—AAVTVQ RREN_AR_RATE EN—A\Q’—RAT
31:24 AR_MAX_OTI[5:0]
NICGPV_ASIB_MA| 23:16 AR_MAX_OTF[7:0]
X_OT3 15:8 AW_MAX_OTI[5:0]
7.0 AW_MAX_OTF[7:0]
31:24
NICGPV_ASIB_MA| 23:16
X_COMB_OT3 15:8 AWAR_MAX_OTI[6:0]
7.0 AWAR_MAX_OTF[7:0]
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........... continued

omet | Name Jewres ] 7 e s e | s 2| | o

0x045118

0x04511C

0x045120

0x045124

0x045128

0x04512C

0x045130

0x045134

0x045138

0x04513C

0x0460FF

0x046100

0x046104

0x046108

0x04610B

0x04610C

31:24 AW_P[7:0]
NICGPV_ASIB_AW| 23:16
_P3 15:8
7:0
31:24
NICGPV_ASIB_AW| 23:16
B3 15:8 AW_B[15:8]
7:0 AW_B[7:0]
31:24 AW_R[11:4]
NICGPV_ASIB_AW | 23:16 AW _R[3:0]
_R3 15:8
7:0
31:24 AR_P[7:0]
NICGPV_ASIB_AR_  23:16
P3 15:8
7:0
31:24
NICGPV_ASIB_AR_  23:16
B3 15:8 AR_B[15:8]
7:0 AR_B[7:0]
31:24 AR_R[11:4]
NICGPV_ASIB_AR | 23:16 AR_R[3:0]
R3 15:8
7:0
31:24 AR_TGT_LATENCY[11:8]
NICGPV_ASIB_TAR  23:16 AR_TGT_LATENCY[7:0]
GET_FC3 15:8 AW_TGT_LATENCY[11:8]
7:0 AW_TGT_LATENCY[7:0]
31:24
NICGPV_ASIB_KI_|  23:16
FC3 15:8 AR_KI[2:0]
7:0 AW_KI[2:0]
31:24 AR_MAX_QOSI[3:0]
NICGPV_ASIB_QO| 23:16 AR_MIN_QOS[3:0]
S_RANGE3 15:8 AW_MAX_QOS[3:0]
7:0 AW_MIN_QOS[3:0]
Reserved
31:24
NICGPV_ASIB_RE | 23:16
AD_QOS4 15:8
7:0 RD_QOS[3:0]
31:24
NICGPV_ASIB_WRI  23:16
TE_QOS4 15:8
7:0 WR_QOSJ[3:0]
Reserved
31:24
23:16 MODE_AR_F MODE_AW_F
NICGPV_ASIB_QO C C
S_CNTL4 15:8
7:0 EN_AR_OT | EN_AW_OT | EN_AR_FC | EN_AW_FC EN_AA\_II_VEA RR EN_AR_RATE EN_A\:EV_RAT
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........... continued

N TN TN I RN B BT N BN I O

0x046110

0x046114

0x046118

0x04611C

0x046120

0x046124

0x046128

0x04612C

0x046130

0x046134

0x046138

0x04613C

0x0470FF

0x047100

0x047104

0x047108

0x04710B

31:24
NICGPV_ASIB_MA  23:16
X_OT4 15:8
7:0
31:24
NICGPV_ASIB_MA  23:16
X_COMB_OT4 15:8
7:0
31:24
NICGPV_ASIB_AW| 23:16
_P4 15:8
7:0
31:24
NICGPV_ASIB_AW| 23:16
_B4 15:8
7:0
31:24
NICGPV_ASIB_AW| 23:16
_R4 15:8
7:0
31:24
NICGPV_ASIB_AR_  23:16
P4 15:8
7:0
31:24
NICGPV_ASIB_AR_  23:16
B4 15:8
7:0
31:24
NICGPV_ASIB_AR_  23:16
R4 15:8
7:0
31:24
NICGPV_ASIB_TAR  23:16
GET_FC4 15:8
7:0
31:24
NICGPV_ASIB_KI_|  23:16
FC4 15:8
7:0
31:24
NICGPV_ASIB_QO| 23:16
S_RANGE4 15:8
7:0

Reserved
31:24
NICGPV_ASIB_RE | 23:16
AD_QOS5 15:8
7:0
31:24
NICGPV_ASIB_WRI  23:16
TE_QOS5 15:8
7:0

Reserved

AR_MAX_OTI[5:0]

AR_MAX_OTF[7:0]
AW_MAX_OTI[5:0]

AW_MAX_OTF[7:0]

AWAR_MAX_OTI[6:0]
AWAR_MAX_OTF[7:0]
AW_P[7:0]

AW_B[15:8]
AW_B[7:0]
AW_R[11:4]
AW_R[3:0]

AR _P[7:0]

AR_B[15:8]
AR_B[7:0]
AR_R[11:4]
AR_R[3:0]

AR_TGT_LATENCY[11:8]
AR_TGT_LATENCY[7:0]

AW_TGT_LATENCY[11:8]
AW_TGT_LATENCY[7:0]

AR _KI[2:0]
AW_KI[2:0]
AR_MAX_QOSI[3:0]
AR_MIN_QOS[3:0]
AW_MAX_QOS[3:0]
AW_MIN_QOS[3:0]

RD_QOSI[3:0]

WR_QOS[3:0]
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omet | Name JEeres ] 7 e | s e ] |2 | | o

0x04710C

0x047110

0x047114

0x047118

0x04711C

0x047120

0x047124

0x047128

0x04712C

0x047130

0x047134

0x047138

0x04713C

0x0480FF

0x048100

31:24
2516 MODE_AR_F MODE_AW_F
NICGPV_ASIB_QO c c
S_CNTL5 15:8
7.0 EN—AV¥AR—O EN_AR OT | EN_ AW OT | EN_AR FC | EN_AW _FC EN—?‘AVTVEAR—R EN_AR_RATE EN—A\I’EV—RAT
31:24 AR_MAX_OTI[5:0]
NICGPV_ASIB_MA  23:16 AR_MAX_OTF[7:0]
X_OT5 15:8 AW_MAX_OTI[5:0]
7.0 AW_MAX_OTF[7:0]
31:24
NICGPV_ASIB_MA  23:16
X_COMB_OT5 15:8 AWAR_MAX_OTI[6:0]
7.0 AWAR_MAX_OTF[7:0]
31:24 AW_P[7:0]
NICGPV_ASIB_AW| 23:16
P5 15:8
7:0
31:24
NICGPV_ASIB_AW| 23:16
B5 15:8 AW _B[15:8]
7.0 AW_B[7:0]
31:24 AW_R[11:4]
NICGPV_ASIB_AW| 23:16 AW_RJ[3:0]
R5 15:8
7:0
31:24 AR_P[7:0]
NICGPV_ASIB_ AR | 23:16
P5 15:8
7:0
31:24
NICGPV_ASIB_ AR | 23:16
B5 15:8 AR_B[15:8]
7.0 AR_B[7:0]
31:24 AR_R[11:4]
NICGPV_ASIB_AR_  23:16 AR_R[3:0]
R5 15:8
7:0
31:24 AR_TGT_LATENCY[11:8]
NICGPV_ASIB_TAR  23:16 AR_TGT_LATENCY[7:0]
GET_FC5 15:8 AW_TGT_LATENCY[11:8]
7.0 AW_TGT_LATENCY[7:0]
31:24
NICGPV_ASIB K 23:16
FC5 15:8 AR_KI[2:0]
7.0 AW_KI[2:0]
31:24 AR_MAX_QOS[3:0]
NICGPV_ASIB_QO| 23:16 AR_MIN_QOS[3:0]
S_RANGES5 15:8 AW_MAX_QOS[3:0]
7.0 AW_MIN_QOS[3:0]
Reserved
31:24
NICGPV_ASIB_RE 23:16
AD_QOS6 15:8
7:0 RD_QOS[3:0]
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omet | Name JEeres ] 7 e | s e ] |2 | | o

0x048104

0x048108

0x04810B

0x04810C

0x048110

0x048114

0x048118

0x04811C

0x048120

0x048124

0x048128

0x04812C

0x048130

0x048134

0x048138

NICGPV_ASIB_WRI
TE_QOS6

Reserved

NICGPV_ASIB_QO
S_CNTL6

NICGPV_ASIB_MA
X_OT6

NICGPV_ASIB_MA
X_COMB_OT6

NICGPV_ASIB_AW
_P6

NICGPV_ASIB_AW
_B6

NICGPV_ASIB_AW
“R6

NICGPV_ASIB_AR
P6

NICGPV_ASIB_AR
B6

NICGPV_ASIB_AR
R6

NICGPV_ASIB_TAR
GET_FC6

NICGPV_ASIB_KI_
FC6

NICGPV_ASIB_QO
S _RANGE6

31:24

23:16
15:8
7:0

31:24

23:16
15:8
7:0

31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0

WR_QOS[3:0]
MODE_AR _F MODE_AW_F
c c
EN—AV¥AR—O EN_AR OT | EN.AW OT | EN_AR FC | EN_AW _FC EN—AAVTVEAR—R EN_AR_RATE EN—A\IIEV—RAT

AR_MAX_OTI[5:0]
AR_MAX_OTF[7:0]

AW_MAX_OTI[5:0]
AW_MAX_OTF[7:0]

AWAR_MAX_OTI[6:0]
AWAR_MAX_OTF[7:0]
AW_P[7:0]

AW_B[15:8]
AW_B[7:0]
AW_R[11:4]
AW_R[3:0]

AR_P[7:0]

AR _B[15:8]
AR _B[7:0]
AR_R[11:4]
AR _R[3:0]

AR_TGT_LATENCY[11:8]
AR_TGT_LATENCY[7:0]

AW_TGT_LATENCY[11:8]
AW_TGT_LATENCY[7:0]

AR _KI[2:0]

AW_KI[2:0]
AR_MAX_QOS[3:0]
AR_MIN_QOS[3:0]
AW_MAX_QOS[3:0]
AW_MIN_QOS[3:0]
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........... continued

ome | Name JEeres ] 7 e s | e ]2 | | o

0x04813C

0x0490FF

0x049100

0x049104

0x049108

0x04910B

0x04910C

0x049110

0x049114

0x049118

0x04911C

0x049120

0x049124

0x049128

0x04912C

0x049130

Reserved

NICGPV_ASIB_RE
AD_QOS7

NICGPV_ASIB_WRI
TE_QOS7

Reserved

NICGPV_ASIB_QO
S_CNTL7

NICGPV_ASIB_MA
X_OT7

NICGPV_ASIB_MA
X_COMB_OT7

NICGPV_ASIB_AW
_P7

NICGPV_ASIB_AW
B7

NICGPV_ASIB_AW
_R7

NICGPV_ASIB_AR_
P7

NICGPV_ASIB_AR_
B7

NICGPV_ASIB_AR_
R7

NICGPV_ASIB_TAR
GET_FC7

31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0

31:24

23:16

7:0

31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0

RD_QOS[3:0]
WR_QOS[3:0]
MODE_AR F MODE_AW_F
c c
EN—AV¥AR—O EN_AR OT | EN. AW OT | EN_AR FC | EN_AW _FC EN—AAVTVQR—R EN_AR_RATE EN—A\éV—RAT

AR_MAX_OTI[5:0]
AR_MAX_OTF[7:0]

AW_MAX_OTI[5:0]
AW_MAX_OTF[7:0]

AWAR_MAX_OTI[6:0]
AWAR_MAX_OTF[7:0]
AW_P[7:0]

AW_B[15:8]
AW_B[7:0]
AW_R[11:4]
AW_R[3:0]

AR_P[7:0]

AR _B[15:8]
AR _B[7:0]
AR_R[11:4]
AR_R[3:0]

AR_TGT_LATENCY[11:8]
AR_TGT_LATENCY[7:0]

AW_TGT_LATENCY[11:8]
AW_TGT_LATENCY[7:0]

© 2022 Microchip Technology Inc.

and its subsidiaries

Datasheet DS60001765A-page 136



SAMA7GS5 Series
NIC-400 Global Programmer’s View (NICGPV)
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omet | Name JEeres ] 7 e | s e ] |2 | | o

0x049134

0x049138

0x04913C

0x04A0FF

0x04A100

0x04A104

0x04A108

0x04A10B

0x04A10C

0x04A110

0x04A114

0x04A118

0x04A11C

0x04A120

0x04A124

0x04A128

31:24
NICGPV_ASIB_KI_|  23:16
FC7 15:8 AR_KI[2:0]
7:0 AW_KI[2:0]
31:24 AR_MAX_QOSJ[3:0]
NICGPV_ASIB_QO| 23:16 AR_MIN_QOS[3:0]
S_RANGE7 15:8 AW_MAX_QOS[3:0]
7:0 AW_MIN_QOS][3:0]
Reserved
31:24
NICGPV_ASIB_RE 23:16
AD_QOS8 15:8
7:0 RD_QOS[3:0]
31:24
NICGPV_ASIB_WRI  23:16
TE_QOS8 15:8
7:0 WR_QOS[3:0]
Reserved
31:24
23:16 MODE_AR_F MODE_AW_F
NICGPV_ASIB_QO C C
S_CNTL8 15:8
7:0 EN—AV¥AR—O EN_AR_OT | EN_AW_OT | EN_AR_FC | EN_AW_FC EN—AAVTVQ RR EN_AR_RATE EN—A\Q’—RAT
31:24 AR_MAX_OTI[5:0]
NICGPV_ASIB_MA  23:16 AR_MAX_OTF[7:0]
X_OT8 15:8 AW_MAX_OTI[5:0]
7:0 AW_MAX_OTF[7:0]
31:24
NICGPV_ASIB_MA  23:16
X_COMB_OT8 15:8 AWAR_MAX_OTI[6:0]
7:0 AWAR_MAX_OTF[7:0]
31:24 AW_PI[7:0]
NICGPV_ASIB_AW| 23:16
_P8 15:8
7:0
31:24
NICGPV_ASIB_AW| 23:16
_B8 15:8 AW_B[15:8]
7:0 AW_B[7:0]
31:24 AW_R[11:4]
NICGPV_ASIB_AW| 23:16 AW_R[3:0]
_R8 15:8
7:0
31:24 AR_P[7:0]
NICGPV_ASIB_AR_| 23:16
P8 15:8
7:0
31:24
NICGPV_ASIB_AR_| 23:16
B8 15:8 AR_B[15:8]
7:0 AR_B[7:0]
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omet | Name JEeres ] 7 e | s ¢ ] s 2| | o

0x04A12C

0x04A130

0x04A134

0x04A138

0x04A13C

0x04BOFF

0x04B100

0x04B104

0x04B108

0x04B10B

0x04B10C

0x04B110

0x04B114

0x04B118

0x04B11C

0x04B120

31:24 AR_R[11:4]
NICGPV_ASIB_AR_| 23:16 AR_R[3:0]
R8 15:8
7:0
31:24 AR_TGT_LATENCY[11:8]
NICGPV_ASIB_TAR  23:16 AR_TGT_LATENCY[7:0]
GET_FC8 15:8 AW_TGT_LATENCY[11:8]
7:0 AW_TGT_LATENCYI[7:0]
31:24
NICGPV_ASIB_KI_|  23:16
FC8 15:8 AR_KI[2:0]
7:0 AW_KI[2:0]
31:24 AR_MAX_QOSJ[3:0]
NICGPV_ASIB_QO| 23:16 AR_MIN_QOS[3:0]
S_RANGES8 15:8 AW_MAX_QOS[3:0]
7:0 AW_MIN_QOS[3:0]
Reserved
31:24
NICGPV_ASIB_RE 23:16
AD_QOS9 15:8
7:0 RD_QOS[3:0]
31:24
NICGPV_ASIB_WRI  23:16
TE_QOS9 15:8
7:0 WR_QOS[3:0]
Reserved
31:24
2316 MODE_AR_F MODE_AW_F
NICGPV_ASIB_QO C C
S_CNTL9 15:8
7:0 EN—AV¥AR—O EN_AR_OT | EN_AW_OT | EN_AR_FC | EN_AW_FC EN—AAVTVQ RR EN_AR_RATE EN—A\Q’—RAT
31:24 AR_MAX_OTI[5:0]
NICGPV_ASIB_MA  23:16 AR_MAX_OTF[7:0]
X_0T9 15:8 AW_MAX_OTI[5:0]
7:0 AW_MAX_OTF[7:0]
31:24
NICGPV_ASIB_MA  23:16
X_COMB_OT9 15:8 AWAR_MAX_OTI[6:0]
7:0 AWAR_MAX_OTF[7:0]
31:24 AW_P[7:0]
NICGPV_ASIB_AW| 23:16
_P9 15:8
7:0
31:24
NICGPV_ASIB_AW| 23:16
_B9 15:8 AW_B[15:8]
7:0 AW_B[7:0]
31:24 AW_R[11:4]
NICGPV_ASIB_AW| 23:16 AW_R[3:0]
_R9 15:8
7:0
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........... continued
| omet | mame Jomps | 7 | o [ s | & | = [ 2 | 1 ]| o |
31:24 AR_P[7:0]
0045124 NICOPV_ASIB AR | 23:16
P9 15:8
7:0
31:24
ox04p 125 NICOPV_ASIBAR | 23:16
B9 15:8 AR_B[15:8]
7.0 AR_B[7:0]
31:24 AR_R[11:4]
0x04B12C NICGPV_ASIB_AR_  23:16 AR_R[3:0]
R9 15:8
7:0
31:24 AR_TGT_LATENCY[11:8]
0x04B130 NICGPV_ASIB_TAR  23:16 AR_TGT_LATENCY[7:0]
X
GET_FC9 15:8 AW_TGT_LATENCY[11:8]
7.0 AW_TGT_LATENCY[7:0]
31:24
oxoamraq NICGPV_ASIBKI_|  23:16
FC9 15:8 AR_KI[2:0]
7.0 AW_KI[2:0]
31:24 AR_MAX_QOS[3:0]
NICGPV_ASIB_ Q0| 23:16 AR_MIN_QOSJ[3:0]
0x04B138 N - = =
X S_RANGE9 15:8 AW_MAX_QOS[3:0]
7.0 AW_MIN_QOS[3:0]
0x04B13C
Reserved
0x04COFF
31:24
NICGPV_ASIB_RE 23:16
0x04C100 \p Qos10 15:8
7:0 RD_QOS[3:0]
31:24
NICGPV_ASIB_WRI  23:16
0x04C104 - 1 Q0s10 15:8
7:0 WR_QOS[3:0]
0x04C108
Reserved
0x04C10B
31:24
2516 MODE_AR_F MODE_AW_F
NICGPV_ASIB_QO ' C C
0x04C10C o oNTL10 15:8
EN_AWAR EN_AWAR_R EN_AW_RAT
7:0 - O EN_AR OT | EN_AW OT  EN_AR FC | EN_AW_FC M- are  EN_ARRATE = -
31:24 AR_MAX_OTI[5:0]
0x04C110 NICGPV_ASIB_MA  23:16 AR_MAX_OTF[7:0]
X_OT10 15:8 AW_MAX_OTI[5:0]
7.0 AW_MAX_OTF[7:0]
31:24
NICGPV_ASIB_MA| 23:16
0x04C114 - -
X X_COMB_OT10 | 158 AWAR_MAX_OTI[6:0]
7.0 AWAR_MAX_OTF[7:0]
31:24 AW_P[7:0]
NICGPV_ASIB_AW ' 23:16
4C11 - -
0x04C118 _P10 15:8
7:0
© 2022 Microchip Technology Inc. Datasheet DS60001765A-page 139

and its subsidiaries



SAMA7GS5 Series
NIC-400 Global Programmer’s View (NICGPV)
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| otest | Name Jmtpos| 7 | & | s | + | 3 | 2 | [ o |
31:24
0X04C11C NICGPV_ASIB_AW| 23:16
_B10 15:8 AW_B[15:8]
7:0 AW_B[7:0]
31:24 AW_R[11:4]
0x04C120 NICGPV_ASIB_AW| 23:16 AW_R[3:0]
_R10 15:8
7:0
31:24 AR_P[7:0]
oxoac1oq NICGPV_ASIB_AR | 23:16
P10 15:8
7:0
31:24
oxoac1og NICGPV_ASIB_AR | 23:16
B10 15:8 AR_B[15:8]
7:0 AR_B[7:0]
31:24 AR_R[11:4]
0x04C12C NICGPV_ASIB_AR_  23:16 AR_R[3:0]
R10 15:8
7:0
31:24 AR_TGT_LATENCY[11:8]
NICGPV_ASIB_TAR 23:16 AR_TGT_LATENCY[7:0]
0x04C130 - -
GET_FC10 15:8 AW_TGT_LATENCY[11:8]
7:0 AW_TGT_LATENCY[7:0]
31:24
oxoaciaq NMCGPV_ASIBKL | 23:16
FC10 15:8 AR_KI[2:0]
7:0 AW_KI[2:0]
31:24 AR_MAX_QOS[3:0]
NICGPV_ASIB_ QO| 23:16 AR_MIN_QOSJ[3:0]
0x04C138 - - = =
X S_RANGE10 15:8 AW_MAX_QOS[3:0]
7:0 AW_MIN_QOS[3:0]
0x04C13C
Reserved
0x0C2007
31:24
NICGPV_IB_FN_M 23:16
0x0C2008 | 1 gy iss0 15:8
7:0 FN_MODE[1:0]
0x0C200C
Reserved
0x0C201F
31:24
NICGPV_IB_SYNC 23:16
0x0C2020 _MODEO 15:8
7:0 SYNC_MODE[2:0]
31:24
NICGPV_IB_FN_M| 23:16
0x0C2024 | oh) Bp MRGO | 15:8
7:0 BP_MRG
0x0C2028
Reserved
0x0C202B
31:24
NICGPV_IB FN_M| 23:16
0x0C202C OD_LBO 15:8
7:0 LB_MODE
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| Ofet | Name |BiPes| 7 | s | 5 | 4 | 3 | 2 | 1 | o |
0x0C2030
Reserved
0Xx0C203F
31:24
NICGPV_IB WR_ TI| 23:16
0x0C2040 | b eviaRKO 15:8
7:0 WR_TIDEMARK[3:0]
0x0C2044
Reserved
0x0C2107
31:24
NICGPV IB_ FN_ M| 23:16
0x0C2108 on0 e
7.0 FN_MODE[1:0]
0x0C210C
Reserved
0x0C3007
31:24
NICGPV IB_ FN_ M| 23:16
0x0C3008 | 1y g1 isst 15:8
7.0 FN_MODE[1:0]
0x0C300C
Reserved
0x0C301F
31:24
NICGPV_IB_SYNC| 23:16
0x0C3020 _MODE1 15:8
7.0 SYNC_MODE[2:0]
31:24
NICGPV_ IB_ FN_ M|  23:16
0x0C3024 | h) Bp MRG1 | 158
7.0 BP_MRG
0x0C3028
Reserved
0x0C302B
31:24
NICGPV IB FN M| 23:16
0x0C302C oD_LB1 15:8
7.0 LB_MODE
0x0C3030
Reserved
0x0C303F
31:24
NICGPV_IB_WR_TI| 23:16
0x0C3040 " periARK1 15:8
7.0 WR_TIDEMARK[3:0]
0x0C3044
Reserved
0x0C3107
31:24
NICGPV_IB_FN_M|  23:16
0x0C3108 b1 e
7.0 FN_MODE[1:0]
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12.2.1

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

AMIB Bus Matrix Issuing Functionality Modification Register

Name: NICGPV_AMIB_FN_MOD_BM_ISSx
Offset: 0x2008 + x*0x1000 [x=0..14]
Reset: 0x00000000

Property: Read/Write

This register is only present if the block is connected directly to a switch. This register sets the issuing capability of
the preceding switch arbitration scheme to 1.

31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
WRITE_ISS_O|READ_ISS_OV
VERRIDE ERRIDE
RIW RIW
0 0

Bit 1 - WRITE_ISS_OVERRIDE Write Issuing Override

Value Description

0 No effect.
1 Write issuing capability is limited to one outstanding transaction.

Bit 0 —- READ_ISS_OVERRIDE Read Issuing Override

Value Description

0 No effect.
1 Read issuing capability is limited to one outstanding transaction.
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12.2.2 ASIB Read Channel QoS Register

Name: NICGPV_ASIB_READ_QOSx
Offset: 0x042100 + x*0x1000 [x=0..10]
Reset: 0x00000000

Property: Read/Write

This register is only present when the QoS settings for an ASIB (host) are set to Programmable.

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
RD_QOSJ[3:0]
Access R/W R/W R/W R/W
Reset 0 0 0 0

Bits 3:0 - RD_QOS[3:0] Read QoS
Read channel QoS value.
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12.2.3 ASIB Write Channel QoS Register

Name: NICGPV_ASIB_WRITE_QOSx
Offset: 0x042104 + x*0x1000 [x=0..10]
Reset: 0x00000000

Property: Read/Write

This register is only present when the QoS settings for an ASIB (host) are set to Programmable.

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
WR_QOS[3:0]
Access R/W R/W R/W R/W
Reset 0 0 0 0

Bits 3:0 - WR_QOS[3:0] Write QoS
Write channel QoS value.
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12.2.4 ASIB QoS Control Register
Name: NICGPV_ASIB_QOS_CNTLx
Offset: 0x04210C + x*0x1000 [x=0..10]
Reset: 0x00000000
Property: Read/Write
This register contains the enable bits for all regulators. By default, all bits are set to 0 and no regulation is enabled.
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
MODE_AR_FC MODE_AW_FC
Access R/W R/W
Reset 0
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
EN_AWAR OT| EN_AR OT | EN_AW_OT | EN_AR FC | EN_AW _FC |EN_AWAR_RA|EN_AR_RATE |EN_AW_RATE
TE
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit 20 - MODE_AR_FC AR Feedback Control Mode

Select feedback control regulation for AR of either transaction or address latency.
0 (TRANS_LAT): Transaction latency

1 (ADDR_LAT): Address latency

Bit 16 —- MODE_AW_FC AW Feedback Control Mode

Select feedback control regulation for AW of either transaction or address latency.
0 (TRANS_LAT): Transaction latency

1 (ADDR_LAT): Address latency

Bit 7 — EN_AWAR_OT AWAR Outstanding Transactions Enable
0 (DISABLED): Disable combined regulation of outstanding transactions.
1 (ENABLED): Enable combined regulation of outstanding transactions.

Bit 6 — EN_AR_OT AR Outstanding Transactions Enable
0 (DISABLED): Disable regulation of outstanding read transactions.
1 (ENABLED): Enable regulation of outstanding read transactions.

Bit 5— EN_AW_OT AW Outstanding Transactions Enable
0 (DISABLED): Disable regulation of outstanding write transactions.
1 (ENABLED): Enable regulation of outstanding write transactions.

Bit 4 - EN_AR_FC AR Feedback Control Enable
0 (DISABLED): Disable regulation of AR transaction or address latency.

1 (ENABLED): Enable regulation of AR transaction or address latency using feedback control, depending on the

MODE_AR_FC setting.
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Bit 3— EN_AW_FC AW Feedback Control Enable
0 (DISABLED): Disable regulation of AW transaction or address latency.

1 (ENABLED): Enable regulation of AW transaction or address latency using feedback control, depending on the
MODE_AW_FC setting.

Bit 2 - EN_AWAR_RATE AW and AR Rates Enable
0 (DISABLED): Disable combined AW and AR rate regulation.
1 (ENABLED): Enable combined AW and AR rate regulation.

Bit 1 - EN_AR_RATE AR Rate Enable
0 (DISABLED): Disable AR rate regulation.
1 (ENABLED): Enable AR rate regulation.

Bit 0 — EN_AW_RATE AW Rate Enable
0 (DISABLED): Disable AW rate regulation.
1 (ENABLED): Enable AW rate regulation.

© 2022 Microchip Technology Inc. Datasheet DS60001765A-page 146
and its subsidiaries



SAMA7G5 Series

NIC-400 Global Programmer’s View (NICGPV)

12.2.5 ASIB Maximum Number of Outstanding Transactions Register
Name: NICGPV_ASIB_MAX_OTx
Offset: 0x042110 + x*0x1000 [x=0..10]
Reset: 0x00000000
Property: Read/Write
This register is used to program the maximum number of address requests for the AR and AW channels.
Bit 31 30 29 28 27 26 25 24
| | | AR_MAX_OTI[5:0]
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
AR_MAX_OTF[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
AW_MAX_OTI[5:0]
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
AW_MAX_OTF[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 29:24 — AR_MAX_OTI[5:0] AR Maximum Outstanding Transaction Integer
Corresponds to the integer part of the maximum outstanding AR addresses.

Bits 23:16 — AR_MAX_OTF[7:0] AR Maximum Outstanding Transaction Fraction
Corresponds to the fractional part of the maximum outstanding AR addresses.

Bits 13:8 — AW_MAX_OTI[5:0] AW Maximum QOutstanding Transaction Integer
Corresponds to the integer part of the maximum outstanding AW addresses.

Bits 7:0 - AW_MAX_OTF[7:0] AW Maximum Outstanding Transaction Fraction
Corresponds to the fractional part of the maximum outstanding AW addresses.
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12.2.6 ASIB Maximum Combined Outstanding Transactions Register

Name: NICGPV_ASIB_MAX_COMB_OTx
Offset: 0x042114 + x*0x1000 [x=0..10]
Reset: 0x00000000

Property: Read/Write

This register is used to program the maximum number of address requests for the AR and AW channels.

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
AWAR_MAX_OTI[6:0]
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
AWAR_MAX_OTF[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 14:8 - AWAR_MAX_OTI[6:0] AW and AR Combined Maximum Outstanding Transactions Integer
Integer part of maximum combined outstanding AW and AR addresses

Bits 7:0 - AWAR_MAX_OTF[7:0] AW and AR Combined Maximum Outstanding Transactions Fraction
Fractional part of maximum combined outstanding AW and AR addresses
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12.2.7 ASIB Write Address Channel Peak Rate Register

Name: NICGPV_ASIB_AW_Px
Offset: 0x042118 + x*0x1000 [x=0..10]
Reset: 0x00000000

Property: Read/Write

This register is used to program a binary fraction of the peak number of transfers per cycle.

Bit 31 30 29 28 27 26 25 24
| AW _P[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
Access
Reset

Bits 31:24 — AW_P[7:0] AW Channel Peak Rate
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12.2.8 ASIB Write Address Channel Burstiness Allowance Register

Name: NICGPV_ASIB_AW_Bx
Offset: 0x04211C + x*0x1000 [x=0..10]
Reset: 0x00000000

Property: Read/Write

This register is used to program a burstiness allowance, in number of transfers.

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
AW_B[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
AW_BJ7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:0 — AW_B[15:0] AW Channel Burstiness
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12.2.9 ASIB Write Address Channel Average Rate Register

Name:
Offset:
Reset:
Property:

NICGPV_ASIB_AW_Rx

0x042120 + x*0x1000 [x=0..10]

0x00000000
Read/Write

This register is used to program a binary fraction of the average number of transfers per cycle.

Bit 31 30 29 28 27 26 25 24
| AW_R[11:4]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
AW_R[3:0]
Access R/W R/W R/W R/W
Reset 0 0 0 0
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
Access
Reset

Bits 31:20 — AW_R[11:0] AW Channel Average Rate
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12.2.10 ASIB Read Address Channel Peak Rate Register

Name: NICGPV_ASIB_AR_Px
Offset: 0x042124 + x*0x1000 [x=0..10]
Reset: 0x00000000

Property: Read/Write

This register is used to program a binary fraction of the peak number of transfers per cycle.

Bit 31 30 29 28 27 26 25 24
| AR_PJ[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
Access
Reset

Bits 31:24 — AR_P[7:0] AR Channel Peak Rate
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12.2.11 ASIB Read Address Channel Burstiness Allowance Register

Name: NICGPV_ASIB_AR_Bx
Offset: 0x042128 + x*0x1000 [x=0..10]
Reset: 0x00000000

Property: Read/Write

This register is used to program a burstiness allowance, in number of transfers.

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
AR_B[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
AR_BJ[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:0 — AR_B[15:0] AR Channel Burstiness
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12.2.12 ASIB Read Address Channel Average Rate Register

Name:
Offset:
Reset:
Property:

NICGPV_ASIB_AR_Rx

0x04212C + x*0x1000 [x=0..10]

0x00000000
Read/Write

This register is used to program a binary fraction of the average number of transfers per cycle.

Bit 31 30 29 28 27 26 25 24
| AR_R[11:4]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
AR_RJ[3:0]
Access R/W R/W R/W R/W
Reset 0 0 0 0
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
Access
Reset

Bits 31:20 — AR_R[11:0] AR Channel Average Rate
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12.2.13 ASIB Feedback Controlled Target Register

Name: NICGPV_ASIB_TARGET_FCx
Offset: 0x042130 + x*0x1000 [x=0..10]
Reset: 0x00000000

Property: Read/Write

This register is used to program a target latency, in cycles, for the regulation of reads and writes.

Bit 31 30 29 28 27 26 25 24
| | | | | AR_TGT_LATENCY/[11:8]
Access R/W R/W R/W R/W
Reset 0 0 0 0
Bit 23 22 21 20 19 18 17 16
AR_TGT_LATENCY][7:0]
Access R/W R/W R/W R/W RIW R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
AW_TGT_LATENCY[11:8]
Access R/W R/W R/W R/W
Reset 0 0 0 0
Bit 7 6 5 4 3 2 1 0
AW_TGT_LATENCY[7:0]
Access R/W R/W R/W R/W RIW R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 27:16 — AR_TGT_LATENCY[11:0] AR Channel Target Latency

Bits 11:0 - AW_TGT_LATENCY[11:0] AW Channel Target Latency
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12.2.14 ASIB Feedback Controlled Scale Register

Name: NICGPV_ASIB_KI_FCx
Offset: 0x042134 + x*0x1000 [x=0..10]
Reset: 0x00000000

Property: Read/Write

This register is used to program a latency regulation value, awqos or arqos, a scale factor coded for powers of 2 in

the 23 to 2-10 range, to match a 16-bit integrator.

Bit 31 30 29 28 27 26 25 24
Ac:cess| |
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 1 10 9 8
AR _KI[2:0]
Access R/W R/W R/W
Reset 0 0 0
Bit 7 6 5 4 3 2 1 0
AW _KI[2:0]
Access R/W R/W R/W
Reset 0 0 0
Bits 10:8 — AR_KI[2:0] AW QOS Scale Factor
Power of 2 in the 23 to 210 range
Value Name Description
0 TWO_POW_M3 23
1 TWO_POW_M4 24
2 TWO_POW_M5 25
3 TWO_POW_M6 26
4 TWO_POW_M7 27
5 TWO_POW_M8 28
6 TWO_POW_M9 29
7 TWO_POW_M10 210
Bits 2:0 — AW_KI[2:0] AR QOS Scale Factor
Power of 2 in the 23 to 210 range
Value Name Description
0 TWO_POW_M3 23
1 TWO_POW_M4 24
2 TWO_POW_M5 25
3 TWO_POW_M6 26
4 TWO_POW_M7 27
5 TWO_POW_M8 28
6 TWO_POW_M9 29
7 TWO_POW_M10 2-10
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© 2022 Microchip Technology Inc.

and its subsidiaries



SAMA7GS5 Series
NIC-400 Global Programmer’s View (NICGPV)

12.2.15 ASIB QoS Range Register

Name: NICGPV_ASIB_QOS_RANGEx
Offset: 0x042138 + x*0x1000 [x=0..10]
Reset: 0x00000000

Property: Read/Write

This register is used to program the minimum and maximum values for the arqos and awqos signals generated by
the latency regulators.

Bit 31 30 29 28 27 26 25 24
| | AR_MAX_QOS[3:0]
Access R/W R/W R/W R/W
Reset 0 0 0 0
Bit 23 22 21 20 19 18 17 16
AR_MIN_QOS[3:0]
Access R/W R/W R/W R/W
Reset 0 0 0 0
Bit 15 14 13 12 11 10 9 8
AW_MAX_QOSJ[3:0]
Access R/W R/W R/W R/W
Reset 0 0 0 0
Bit 7 6 5 4 3 2 1 0
AW_MIN_QOS[3:0]
Access R/W R/W R/W R/W
Reset 0 0 0 0

Bits 27:24 — AR_MAX_QOS[3:0] AR Maximum QOS
Maximum arqos

Bits 19:16 — AR_MIN_QOS[3:0] AR Minimum QOS
Minimum arqos

Bits 11:8 - AW_MAX_QOS[3:0] AW Maximum QOS
Maximum awqos

Bits 3:0 - AW_MIN_QOS[3:0] AW Minimum QOS
Minimum awqos
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12.2.16 IB Bus Matrix Issuing Functionality Modification Register

Name: NICGPV_IB_FN_MOD_BM_ISSx
Offset: 0x0C2008 + x*0x1000 [x=0..1]
Reset: 0x00000000

Property: Read/Write

This register sets the issuing capability of the preceding switch arbitration scheme to 1.

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 1 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
FN_MODE[1:0] |
Access R/W R/W
Reset 0 0

Bits 1:0 - FN_MODE[1:0] Issuing Functionality
The register bits are active high.

Value Name Description
0 READ_ISS_OVERRIDE Read issuing.
1 WRITE_ISS_OVERRIDE Write issuing.
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12.2.17 1B Clock Boundary Synchronization Scheme Register

Name: NICGPV_IB_SYNC_MODEXx
Offset: 0x0C2020 + x*0x1000 [x=0..1]
Reset: 0x00000004

Property: Read/Write

This register is only present if a programmable clock crossing is configured across the interface bus.

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
SYNC_MODE[2:0]
Access R/W R/W R/W
Reset 1 0 0

Bits 2:0 - SYNC_MODE[2:0] Read Issuing

Selects the required clock boundary synchronization scheme by programming the register value.

Value Name
SYNC_ 1 TO 1
SYNC_M _TO _1
SYNC_1 TO_N
SYNC_M_TO_N
ASYNC
RESERVED
RESERVED
RESERVED

~N o 0w NN PO

Description
sync 1:1
sync m:1
sync 1:n
sync m:n
async
Reserved
Reserved
Reserved
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12.2.18 IB Bypass Merge Register

Name: NICGPV_IB_FN_MOD2_BP_MRGx
Offset: 0x0C2024 + x*0x1000 [x=0..1]
Reset: 0x00000000

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
BP_MRG
Access R/W
Reset 0

Bit 0 - BP_MRG Bypass Merge
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12.2.19 IB Long Burst Functionality Modification Register

Name: NICGPV_IB_FN_MOD_LBx
Offset: 0x0C202C + x*0x1000 [x=0..1]
Reset: 0x00000000

Property: Read/Write

This register is only present when downsizing to AXI4 is required.

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 1" 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
LB_MODE
Access R/W
Reset 0

Bit 0 — LB_MODE Long Burst Mode

Value Name Description
0 DISABLED Long bursts cannot be generated at the output of the interface bus.
1 ENABLED Long bursts can be generated at the output of the interface bus.
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12.2.20 IB Tidemark Register

Name: NICGPV_IB_WR_TIDEMARKXx
Offset: 0x0C2040 + x*0x1000 [x=0..1]
Reset: 0x00000002

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
WR_TIDEMARK]3:0]
Access R/W R/W R/W R/W
Reset 0 0 1 0

Bits 3:0 - WR_TIDEMARK]3:0] WR Tidemark Value
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12.2.21 IB Issuing Functionality Modification Register

Name: NICGPV_IB_FN_MODx
Offset: 0x0C2108 + x*0x1000 [x=0..1]
Reset: 0x00000000

Property: Read/Write

This register sets the block issuing capability to one outstanding transaction.

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 1 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
FN_MODE[1:0] |
Access R/W R/W
Reset 0 0

Bits 1:0 - FN_MODE[1:0] Issuing Functionality Mode
The register bits are active high.

Value Name Description
0 READ_ISS_OVERRIDE Read issuing.
1 WRITE_ISS_OVERRIDE Write issuing.
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Bus Matrix (MATRIX)

Description
The system embeds one AHB bus matrix.

This section describes how to perform priority, arbitration and security settings for peripherals indicated as “MATRIX”
in the table “System Interconnections”. These include memories (USB_RAM, SRAM_PO0, SRAM_P1, SMC, QSPIO,
QSPI1, NFC_RAM) and ISC Host.

Refer to the section System Interconnect and Security (SIS) for the description of hosts, clients and interconnections.

Embedded Characteristics
» Support for Long Bursts (32, 64, 128 and 256-bit long)
» Enhanced Programmable Mixed Arbitration for Each Client
— Round-robin
— Fixed priority
— Latency Quality of Service
* Programmable Default Host for Each Client
— No default host
— Last accessed default host
— Fixed default host
» Deterministic Maximum Access Latency for Hosts
» Zero or One Cycle Arbitration Latency for the First Access of a Burst
» Bus Lock Forwarding to Clients
* Host Number Forwarding to Clients
» One Special Function Register for Each Client (Not dedicated)
» Register Write Protection of User Interface Registers
* Arm TrustZone Technology

Memory Mapping

The MATRIX provides one decoder for every host interface. The decoder offers each host several memory mappings.
Each memory area can be assigned to several clients. Booting at the same address while using different clients (i.e.,
external RAM, internal ROM or internal Flash, etc.) becomes possible.

Special Bus Granting Techniques

The MATRIX provides some speculative bus granting techniques in order to anticipate access requests from hosts.
Hence, latency is reduced at first access of a burst or, for a single transfer, as long as the client is free from any
other host access. It does not provide any benefit if the client is continuously accessed by more than one host, since
arbitration is pipelined and has no negative effect on the client bandwidth or access latency.

This bus granting technique sets a different default host for every client.

At the end of the current access, if no other request is pending, the client remains connected to its associated default
host. A client can be associated with three kinds of default hosts:

* no default host
* last access host
» fixed default host
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To change from one type of default host to another, the user interface provides Client Configuration registers
(MATRIX_SCFGx), one for every client, which set a default host for each client. MATRIX_SCFGx contain two

fields to manage host selection: DEFMSTR_TYPE and FIXED_DEFMSTR. The 2-bit DEFMSTR_TYPE field selects
the default host type (no default, last access host, fixed default host), whereas the 4-bit FIXED_DEFMSTR

field selects a fixed default host provided that DEFMSTR_TYPE is set to fixed default host. Refer to section

13.11.2. MATRIX_SCFGx.

No Default Host
After the end of the current access, if no other request is pending, the client is disconnected from all hosts.

This configuration incurs one latency clock cycle for the first access of a burst after bus Idle. Arbitration without
default host may be used for hosts that perform significant bursts or several transfers with no Idle cycle in-between,
or if the client bus bandwidth is widely used by one or more hosts.

This configuration provides no benefit on access latency or bandwidth when reaching maximum client bus throughput
whatever the number of requesting hosts.

Last Access Host

After the end of the current access, if no other request is pending, the client remains connected to the last host that
performed an access request.

This enables the MATRIX to remove the one latency cycle for the last host that accessed the client. Other non-
privileged hosts still get one latency clock cycle if they need to access the same client. This technique is useful for
hosts that mainly perform single accesses or short bursts with some Idle cycles in-between.

This configuration provides no benefit on access latency or bandwidth when reaching maximum client bus throughput
whatever is the number of requesting hosts.

Fixed Default Host

After the end of the current access, if no other request is pending, the client connects to its fixed default host.
Unlike the last access host, the fixed default host does not change unless the user modifies it by software
(FIXED_DEFMSTR field of the related MATRIX_SCFG).

This allows the MATRIX arbiters to remove the one latency clock cycle for the fixed default host of the client. All
requests attempted by the fixed default host do not cause any arbitration latency, whereas other non-privileged hosts
get one latency cycle. This technique is useful for a host that mainly performs single accesses or short bursts with
Idle cycles in-between.

This configuration provides no benefit on access latency or bandwidth when reaching maximum client bus
throughput, regardless of the number of requesting hosts.

Arbitration

The MATRIX provides an arbitration technique that reduces latency when conflicts occur, i.e., when two or more
hosts try to access the same client at the same time. One arbiter per client is provided, thus arbitrating each client
specifically.

The user can either choose one of the following arbitration types, or mix them for each client:

1. Round-robin Arbitration (default)
2. Fixed Priority Arbitration

The resulting algorithm may be complemented by selecting a default host configuration for each client.

When re-arbitration must be done, specific conditions apply. See section 13.8.1. Arbitration Scheduling .
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Arbitration Scheduling

Each arbiter has the ability to arbitrate between two or more different host requests. In order to avoid burst breaking
as well as to provide the maximum throughput for client interfaces, arbitration may only take place during the
following cycles:

» Idle Cycles: When a client is not connected to any host or is connected to a host which is not currently
accessing it.
» Single Cycles: When a client is currently doing a single access.

« End of Burst Cycles: When the current cycle is the last cycle of a burst transfer. For defined length burst,
predicted end of burst matches the size of the transfer but is managed differently for undefined length burst. See
section 13.8.1.1. Undefined Length Burst Arbitration.

» Slot Cycle Limit: When the slot cycle counter has reached the limit value indicating that the current host access
is too long and must be broken. See section 13.8.1.2. Slot Cycle Limit Arbitration.

Undefined Length Burst Arbitration

In order to prevent long burst lengths that can lock the access to the client for an excessive period of time, the user
can trigger the re-arbitration before the end of the incremental bursts. The re-arbitration period can be selected from
the following Undefined Length Burst Type (ULBT) possibilities:

» Unlimited: no predetermined end of burst is generated. This value enables 1 Kbyte burst lengths.

* 1-beat bursts: predetermined end of burst is generated at each single transfer during the INCR transfer.

* 4-beat bursts: predetermined end of burst is generated at the end of each 4-beat boundary during INCR transfer.

» 8-beat bursts: predetermined end of burst is generated at the end of each 8-beat boundary during INCR transfer.

* 16-beat bursts: predetermined end of burst is generated at the end of each 16-beat boundary during INCR
transfer.

» 32-beat bursts: predetermined end of burst is generated at the end of each 32-beat boundary during INCR
transfer.

* 64-beat bursts: predetermined end of burst is generated at the end of each 64-beat boundary during INCR
transfer.

» 128-beat bursts: predetermined end of burst is generated at the end of each 128-beat boundary during INCR
transfer.

Undefined-length bursts lower than 8 beats should not be used since this may decrease the overall bus bandwidth
due to arbitration and client latencies at each first access of a burst.

However, if the length of undefined-length bursts is known for a host, it is recommended to configure
MATRIX_MCFG.ULBT accordingly.

Slot Cycle Limit Arbitration

The MATRIX contains specific logic to break long accesses, such as very long bursts on a very slow client (e.g.,
an external low speed memory). At each arbitration time, a counter is loaded with the value previously written in
MATRIX_SCFGx.SLOT_CYCLE and decreased at each clock cycle. When the counter elapses, the arbiter has the
ability to re-arbitrate at the end of the current system bus access cycle.

Unless a host has a very tight access latency constraint, which could lead to data overflow or underflow due to a
badly undersized internal FIFO with respect to its throughput, the Slot Cycle Limit should be disabled (SLOT_CYCLE
= 0) or set to its default maximum value in order not to inefficiently break long bursts performed by some hosts.

In most cases, this feature is not needed and should be disabled for power saving.

/AWARNING This feature cannot prevent any client from locking its access indefinitely.

Arbitration Priority Scheme

The MATRIX arbitration scheme is organized in priority pools, each corresponding to an access criticality class
as shown in the “Latency Quality of Service” column in the table below. When the Latency Quality of Service is
enabled for a host-client pair through the MATRIX, the priority pool number to use for arbitration at the client port is
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determined from the host. When the Latency Quality of Service is disabled, it is determined through the MATRIX user
interface. See 13.11.3. MATRIX_PRASXx.

After reset, the Latency Quality of Service is enabled by default on all of the host ports that are connected to a
host driving the Latency Quality of Service signals, as shown in the bit LQOSEN of 13.11.3. MATRIX_PRASx and
13.11.4. MATRIX_PRBSx.

Table 13-1. Arbitration Priority Pools

Priority Pool Latency Quality of Service

3 Latency Critical

2 Latency Sensitive

1 Bandwidth Sensitive
0 Background Transfers

Round-robin priority is used in the highest and lowest priority pools 3 and 0, whereas fixed level priority is used
between priority pools and in the intermediate priority pools 2 and 1.

For each client, each host is assigned to one of the client priority pools based on the Latency Quality of Service
inputs or to the priority registers for clients (MxPR fields of MATRIX_PRAS and MATRIX_PRBS). When evaluating
host requests, this priority pool level always takes precedence.

After reset, most of the hosts belong to the lowest priority pool (MxPR = 0, Background Transfer) and are therefore
granted bus access in a true round-robin order.

The highest priority pool must be specifically reserved for hosts requiring very low access latency. If more than one
host belongs to this pool, those hosts are granted bus access in a biased round-robin manner which enables tight
and deterministic maximum access latency from system bus requests. In the worst case, any currently occurring
high-priority host request is granted after the current bus host access has ended and any other high priority pool host
requests have been granted once each.

The lowest priority pool shares the remaining bus bandwidth between hosts.

Intermediate priority pools enable fine priority tuning. Typically, a latency-sensitive host or a bandwidth-sensitive host
use such a priority level. The higher the priority level (MxPR value), the higher the host priority.

For good CPU performance, it is recommended to let the CPU priority configured with the default reset value 2
(Latency Sensitive).

All combinations of MxPR values are allowed for all hosts and clients. For example, some hosts might be assigned
the highest priority pool (round-robin), and remaining hosts the lowest priority pool (round-robin), with no host for
intermediate fixed priority levels.

Fixed Priority Arbitration

The fixed priority arbitration algorithm is the first and only arbitration algorithm applied between hosts from distinct
priority pools. It is also used in priority pools other than the highest and lowest priority pools (intermediate priority
pools).

Fixed priority arbitration enables the MATRIX arbiters to dispatch the requests from different hosts to the same client
by using the fixed priority defined by the user in the MxPR field for each host in the registers, MATRIX_PRAS and
MATRIX_PRBS. If two or more host requests are active at the same time, the host with the highest priority MxPR
number is serviced first.

In intermediate priority pools, if two or more host requests with the same priority are active at the same time, the host
with the highest number is serviced first.

Round-Robin Arbitration

This algorithm is only used in the highest and lowest priority pools. It allows the MATRIX arbiters to properly dispatch
requests from different hosts to the same client. If two or more host requests are active at the same time in the
priority pool, they are serviced in a round-robin increasing host number order.
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Register Write Protection
To prevent any single software error from corrupting MATRIX behavior, certain registers in the address space can be
write-protected by setting the WPEN bit in the Write Protection Mode register (MATRIX_WPMR).

If a write access to a write-protected register is detected, the WPVS flag in the Write Protection Status register
(MATRIX_WPSR) is set and the field WPVSRC indicates the register in which the write access has been attempted.

The WPVS flag is reset by writing the MATRIX_WPMR with the appropriate access key WPKEY.
The registers listed below can be write-protected.

Related Links

13.11.1. MATRIX_MCFGx
13.11.2. MATRIX_SCFGx
13.11.3. MATRIX_PRASx
13.11.4. MATRIX_PRBSx
13.11.5. MATRIX_MRCR
13.11.6. MATRIX_MEIER
13.11.7. MATRIX_MEIDR
13.11.13. MATRIX_SSRx
13.11.14. MATRIX_SASSRXx
13.11.15. MATRIX_SRTSRXx
13.11.16. MATRIX_SPSELRX

TrustZone Extension
TrustZone secure software is supported through the filtering of each client access with host security bit extension
signals.

TrustZone technology adds the ability to manage the access rights for Secure and Non-Secure accesses. The
access rights are defined through the hardware and software configuration of the device. The operating mode is the
following:

* Hosts transmit requests with the secure or non-secure Security option.

» The MATRIX, according to its configuration and the request, grants or denies the access.
The client address space is divided into one or more client regions. The client regions are generally contiguous parts
of the client address space. The client region is potentially split into an access denied area (upper part) and a security
region which can be split (lower part), unless the client security region occupies the whole client region. The security
region itself can be split into one secure area and one non-secure area. The secure area may be independently
secured for read access and for write access.

For one client region, the following characteristics are configured by hardware or software:

» Base Address of the client region

» Max Size of the client region—a maximum size for the region’s physical content

» Top Size of the client security region— the actually programmed or fixed size for the region’s physical content
» Split Size of the client security region— the size of one of the two security areas of the region

The following figure shows how the terms defined here are implemented in a client address space.
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Figure 13-1. Generic Partitioning of the Client Address Space
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A set of security registers specifies, for each client, the client security region or client security area, the security mode
required to access this client, client security region or client security area. See section 13.11.13. MATRIX_SSRX,
13.11.14. MATRIX_SASSRx and 13.11.15. MATRIX_SRTSRXx.

These registers can only be accessed in Secure mode.

The MATRIX propagates the security bit down to the clients to let them perform additional security checks, and the
MATRIX itself allows or denies the access to the clients by means of its TrustZone embedded controller.

Access violations may be reported either by a client through the bus error response, or by the embedded TrustZone
controller. In both cases, a bus error response is sent to the offending host and the error is flagged in the Host Error
Status Register. An interrupt can be sent to the Secure world, if it has been enabled for that host by writing into the
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Host Error Interrupt Enable Register. Thus, the offending host is identified. The offending address is registered in the
Host Error Address Registers, so that the client and the targeted security region are also known.

Depending on the hardware parameters and software configuration, the address space of each client security region
may or may not be split into two parts, one belonging to the Secure world and the other one to the Normal world.

Five different security types of clients are supported. The number of security regions is set by design for each client,
independently, from 1 to 8, totaling from 1 up to 16 security areas for each security-configurable client.

13.10.1 Security Types of System Bus Clients

13.10.1.1 Principles

The MATRIX supports five different security types of clients: two fixed types and three configurable types. The
security type of a client is set at hardware design among the following:

* Never Secure

» Always Secure

* Internal Securable
» External Securable
* Scalable Securable

The security type is set at hardware design on a per-host and a per-client basis. Never Secure and Always Secure
security types are not software configurable.

The different security types have the following characteristics:

* Never Secure clients have no security mode access restriction. Their address space is precisely set by design.
Any out-of-address range access is denied and reported.

» Always Secure clients can only be accessed by a secure host request. Their address space is precisely set by
design. Any non-secure or out-of-address range access is denied and reported.

» Internal Securabile is intended for internal RAM. The Internal Securable client has one client region which has
a hardware fixed base address and Security Region Top. This client region may be split through software
configuration into one Non-secure area plus one Secure area. Inside the client security region, the split
boundary is programmable in powers of 2 from 4 Kbytes up to the full client security region address space.

The security area located below the split boundary may be configured as the Non-secure or the Secure one.
The Securable area may be independently configured as Read Secured and/or Write Secured. Any access with
security or address range violation is denied and reported.

« External Securable is intended for external memories on the EBI, such as DDR, SDRAM, external ROM or
NAND Flash. The External Securable client has identical features as the Internal Securable client, plus the
ability to configure each of its client security region address space sizes according to the external memory parts
used. This avoids mirroring Secure areas into Non-secure areas, and further restricts the overall accessible
address range. Any access with security or configured address range violation is denied and reported.

« Scalable Securable is intended for external memories with a dedicated client, such as DDR. The Scalable
Securable client is divided into a fixed number of scalable, equally sized, and contiguous security regions. Each
of them can be split in the same way as for Internal or External Securable clients. The security region size
must be configured by software, so that the equally-sized regions fill the actual available memory. This avoids
mirroring Secure areas into Non-secure areas, and further restricts the overall accessible address range. Any
access with security or configured address range violation is denied and reported.

As the security type is set at hardware design on a per-host and per-client basis, it is possible to set some client
access security as configurable from one or some particular hosts, and to set the access as Always Secure from all
the other hosts.

As the security type is set by design at the client region level, different security region types can be mixed inside a
single client.

Likewise, the mapping base address and the accessible address range of each client or client region may have been
hardware-restricted on a per-host basis from no access to full client address space.

13.10.1.2 Examples
The table below shows an example of Security Type settings.
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Table 13-2. Security Type Setting Example

Glen o et ez

Client0 Always Not Secured Internal Securable Internal Securable
Internal Memory 1 Region 1 Region

Client1 External Securable Always Secured External Securable
EBI 2 Regions 2 Regions

This example is constructed with the following characteristics:

« Client0 is an Internal Memory containing one region:
— The Access from HostO to Client0 is Never Secure

— The access from Host1 and Host2 to Client0 is Internal Securable with one region and with the same
software configuration (Choice of SASPLITO and the security configuration bits LANSECH, RDNSECH,
WRNSECH).

» Client1 is an EBI containing two regions:
— The access from Host1 to Client1 is Always Secure

— The access from Host0 and Host2 to Client1 is External Securable with two regions and with the same
software configuration (Choice of SRTOPO, SRTOP1, SASPLITO, SASPLIT1 and the security configuration
bits LANSECH, RDNSECH, WRNSECH).

The following figure shows an Internal Securable client example. This example is constructed with the following
hypothesis:
» The client is an Internal Memory containing one region. The Client region Max Size is 4 Mbytes.
» The client region 0 base address equals 0x10000000. Its Top Size is 512 Kbytes (hardware configuration).
» The client software configuration is:
SASPLITO is set to 256 Kbytes.
LANSECHO is set to 0, the low area of region 0 is the Securable one.
— RDNSECHO is set to 0, region 0 Securable area is secured for reads.
— WRNSECHQO is set to 0, region 0 Securable area is secured for writes.
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Figure 13-2. Partitioning Example of an Internal Securable Client Featuring 1 Security Region of 512
Kbytes Split into 1 or 2 Security Areas of 4 Kbytes to 512 Kbytes

512 Kbytes space
Internal Securable Client

OX10400000 # 7+ +#errrerrrnsrrnsnnasenns .
Client Region 0 Access Denied Area

0x10080000 | 1<— Region 0 Top

256 Kbytes

Not Secured Area

Region 0 Split

256 Kbytes

Read Write Secured Area

0x10000000
Note: The client security areas split inside the security region are configured by writing into the Security
Areas Split Client Registers.

The following figure shows an External Securable client example. This example is constructed with the following
hypothesis:

» The client is an interface with the external bus (EBI) containing two regions. The client size is 2 * 256 Mbytes.
Each client region max size is 256 Mbytes.

» The client region 0 base address equals 0x10000000. It is connected to a 32 Mbyte memory, for example an
external DDR. The client region 0 top size must be set to 32 Mbytes.

» The client region 1 base address equals 0x20000000. It is connected to a 2 Mbyte memory, for example an
external NAND Flash. The client region 1 top size must be set to 2 Mbytes.
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» The client software configuration is:

SRTOPQ is set to 32 Mbytes

SRTOP1 is set to 2 Mbytes

SASPLITO is set to 4 Mbytes

SASPLIT1 is set to 1 Mbyte

LANSECHO is set to 1, the low area of region 0 is the non-Securable one
RDNSECHO is set to 0, region 0 Securable area is secured for reads
WRNSECHO is set to 0, region 0 Securable area is secured for writes
LANSECHH1 is set to 0, the low area of region 1 is the Securable one
RDNSECH1 is set to 1, region 1 Securable area is non-secured for reads
WRNSECH1 is set to 0, region 1 Securable area is secured for writes

© 2022 Microchip Technology Inc. Datasheet DS60001765A-page 173

and its subsidiaries



SAMA7G5 Series
Bus Matrix (MATRIX)

Figure 13-3. Partitioning Example: External Securable Client Featuring 2 Security Regions of 4
Kbytes to 128 Mbytes Each and Up to 4 Security Areas of 4 Kbytes to 128 Mbytes
2*256 Mbytes space
External Securable Client
partitioning
with a 32 Mbytes memory part
and a 2 Mbytes memory part

0X30000000 77 +#*rererrarerrarnrennnsens .

254 Mbytes

Access Denied Area

Client Region 1

Region 1 Top

1 Mbyte

Not Secured Area

0x20100000 Region 1 Split

1 Mbyte

Write Secured Area

¢ 0x20000000

224 Mbytes

Access Denied Area
Client Region 0

0x12000000 | 1. Region 0 Top

28 Mbytes
Read Write Secured Area

Read Write Secured Area

0x10000000 ,_-.-.Bfagion 0 Split

0x10400000
0x10000000
Note: The client region sizes are configured by writing into the Security Region Top Client Registers.
The client security area split inside each region is configured by writing into the Security Areas Split Client
Registers.

4 Mbytes Not Secured Area

The following figure shows a Scalable Securable client example. This example is constructed with the following
hypothesis:
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» The client is an external memory with dedicated client containing four regions, for example an external DDR.
* The client size is 512 Mbytes.
» The client base address equals 0x40000000. It is connected to a 256-Mbyte external memory.

» As the connected memory size is 256 Mbytes and there are four regions, the size of each region is 64 Mbytes.
This gives the value of the client region max size and top size. The client region 0 Top Size must be configured
to 64 Mbytes.

» The client software configuration is as follows:

SRTOPO is set to 64 Mbytes

SASPLITO is set to 4 Kbytes

SASPLIT1 is set to 64 Mbytes, so its low area occupies the whole region 1
SASPLIT2 is set to 4 Kbytes

SASPLIT3 is set to 32 Mbytes

LANSECHO is set to 0, the low area of region 0 is the Securable one
RDNSECHO is set to 1, region 0 Securable area is not secured for reads.
WRNSECHQO is set to 0, region 0 Securable area is secured for writes.
LANSECHT1 is set to 1, the low area of region 1 is the non-securable one.
RDNSECHT1 is ‘don’t care’ since the low area occupies the whole region 1.
WRNSECH/1 is ‘don’t care’ since the low area occupies the whole region 1.
LANSECH2 is set to 1, the low area of region 2 is the non-Securable one.
RDNSECH?2 is set to 0, region 2 Securable area is secured for reads
WRNSECH2 is set to 0, region 2 Securable area is secured for writes
LANSECHS is set to 0, the low area of region 3 is the Securable one.
RDNSECHS3 is set to 0, region 3 Securable area is secured for reads.
WRNSECHS is set to 0, region 3 Securable area is secured for writes.
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Figure 13-4. Partitioning Example: Scalable Securable Client Featuring 4 Equally-sized Security
Regions of 1 Mbytes to 128 Mbytes Each and Up to 8 Security Areas of 4 Kbytes to 128 Mbytes

512 Mbytes space
Scalable Securable Client
partitioning
with 256 Mbytes memory
OXB0000000 77 +r=rrrmrrrrensnnnennnss .

256 Mbytes

Access Denied Area

0x50000000 |
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Not Secured Area

Security Region 3 4\ Region 3 Split

Read Write
Secured Area
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Read Write
Security Region 2 Secured Area
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A Region 2 Split

0x48000000 frorrrererrrrrrrreenenens 4_. RSQ[On 1 Split

0x48001000

Security Region 1 4 Kbytes Not Secured Area
y Reg Not Secured Area . Yy 0x48000000

0x44000000 [rrrmerrrrmerrmrmemrsneeesy **[¢=. Generic Region Size => Region 0 Top = Region1 Base

Not Secured Area

Security Region 0

Y
+-Region 0 Split Not Secured Area

0x40000000

0x40001000
0x40000000

4 Kbytes Write Secured Area

Note: The clients’ generic security regions sizes are configured by writing into field SRTOPO of the
Security Region Top Client Registers. The custom client security areas split inside each region are
configured by writing into the Security Areas Split Client Registers.
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Security Types of System Bus Hosts

Hosts send requests to the MATRIX with a security attribute that depends on the host security type, which is identical
to the security type of the client user interface.

For DMA, the TrustZone security attribute can be selected for each channel. Refer to the section “Extensible DMA
Controller (XDMAC)”.

Security of Peripheral Bus Clients

To configure the security mode required for accessing a peripheral bus client connected behind the system-to-
peripheral bus (AHB/APB Bridge), the MATRIX features three 32-bit Security Peripheral Select x Registers. Some of
these bits may have been set by design to an Always Secure or a Never Secure value, when others are programmed
by software (see 13.11.16. MATRIX_SPSELRX).

The system-to-peripheral bus bridge compares the incoming host request security bit with the required security mode
for the selected peripheral, and accepts or denies access. In the last case, its bus error response is internally flagged
in the Host Error Status Register; the offending address is registered in the Host Error Address Registers.
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Register Summary

I N = 2 I R A (T I I N

0x00

0x38

0x3C

0x3F

0x40

0x44

0x48

0x4C

0x50

0x54

0x58

0x5C

MATRIX_MCFGO

MATRIX_MCFG14

Reserved

MATRIX_SCFGO

MATRIX_SCFG1

MATRIX_SCFG2

MATRIX_SCFG3

MATRIX_SCFG4

MATRIX_SCFG5

MATRIX_SCFG6

MATRIX_SCFG7

31:24

23:16
15:8
7:0

31:24

23:16
15:8
7:0

31:24
23:16

7:0
31:24
23:16

7:0
31:24
23:16

15:8
7:0
31:24
23:16

7:0
31:24
23:16

7:0
31:24
23:16

15:8

7:0
31:24
23:16

7:0
31:24
23:16

7:0

FIXED_DEFMSTR[3:0]

SLOT_CYCLE[7:0]

FIXED_DEFMSTR[3:0]

SLOT_CYCLE[7:0]

FIXED_DEFMSTR(3:0]

SLOT_CYCLE[7:0]

FIXED_DEFMSTR[3:0]

SLOT_CYCLE[7:0]

FIXED_DEFMSTR[3:0]

SLOT_CYCLE[7:0]

FIXED_DEFMSTR(3:0]

SLOT_CYCLE[7:0]

FIXED_DEFMSTR[3:0]

SLOT_CYCLE[7:0]

FIXED_DEFMSTR[3:0]

SLOT_CYCLE[7:0]

ULBT[2:0]

ULBT[2:0]

DEFMSTR_TYPE[1:0]
SLOT_CYCL
E[8]

DEFMSTR_TYPE[1:0]
SLOT_CYCL
E[8]

DEFMSTR_TYPE[1:0]
SLOT_CYCL
E[8]

DEFMSTR_TYPE[1:0]
SLOT_CYCL
E[8]

DEFMSTR_TYPE[1:0]
SLOT_CYCL
E[8]

DEFMSTR_TYPE[1:0]
SLOT_CYCL
E[8]

DEFMSTR_TYPE[1:0]
SLOT_CYCL
E[8]

DEFMSTR_TYPE[1:0]
SLOT_CYCL
E[8]
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........... continued

omet | Name JEeres ] 7 e | s e ] |2 | | o

0x60

0x64

0x68

Ox7F

0x80

0x84

0x88

0x8C

0x90

0x94

0x98

0x9C

0xA0

0xA4

0xA8

31:24
23:16 FIXED_DEFMSTRJ[3:0] DEFMSTR_TYPE[1:0]
MATRIX_SCFG8 SLOT_CYCL
15:8 =
E[8]
7:0 SLOT_CYCLE][7:0]
31:24
23:16 FIXED_DEFMSTRI[3:0] DEFMSTR_TYPE[1:0]
MATRIX_SCFG9 SLOT_CYCL
15:8
E[8]
7:0 SLOT_CYCLE[7:0]
Reserved
31:24 LQOSEN7 M7PR[1:0] LQOSENG6 M6PR[1:0]
23:1 : :
MATRIX PRASO 3:16 LQOSEN5 M5PR[1:0] LQOSEN4 M4PR[1:0]
- 15:8 LQOSEN3 M3PR[1:0] LQOSEN2 M2PR[1:0]
7:0 LQOSEN1 M1PR[1:0] LQOSENO MOPR][1:0]
31:24 LQOSEN14 M14PR[1:0]
23:1 :
MATRIX PRBSO 3:16 LQOSEN13 M13PR[1:0] LQOSEN12 M12PR[1:0]
- 15:8 LQOSEN11 M11PR[1:0] LQOSEN10 M10PR[1:0]
7:0 LQOSEN9 M9PRJ[1:0] LQOSENS8 MB8PR[1:0]
31:24 LQOSEN7 M7PR[1:0] LQOSENG6 M6PR[1:0]
23:1 : :
MATRIX PRAST 3:16 LQOSEN5 M5PR[1:0] LQOSEN4 M4PR[1:0]
- 15:8 LQOSEN3 M3PR[1:0] LQOSEN2 M2PR[1:0]
7:0 LQOSEN1 M1PR[1:0] LQOSENO MOPR][1:0]
31:24 LQOSEN14 M14PR[1:0]
23:1 :
MATRIX PRBS1 3:16 LQOSEN13 M13PR[1:0] LQOSEN12 M12PR[1:0]
- 15:8 LQOSEN11 M11PR[1:0] LQOSEN10 M10PR[1:0]
7:0 LQOSEN9 M9PRJ[1:0] LQOSENS8 MB8PR[1:0]
31:24 LQOSEN7 M7PR[1:0] LQOSENG6 M6PR[1:0]
23:1 : :
MATRIX PRAS2 3:16 LQOSEN5 M5PR[1:0] LQOSEN4 M4PR[1:0]
- 15:8 LQOSEN3 M3PR[1:0] LQOSEN2 M2PR[1:0]
7:0 LQOSEN1 M1PR[1:0] LQOSENO MOPR][1:0]
31:24 LQOSEN14 M14PR[1:0]
23:1 :
MATRIX PRBS2 3:16 LQOSEN13 M13PR[1:0] LQOSEN12 M12PR[1:0]
- 15:8 LQOSEN11 M11PR[1:0] LQOSEN10 M10PR[1:0]
7:0 LQOSEN9 M9PRJ[1:0] LQOSENS8 MB8PR[1:0]
31:24 LQOSEN7 M7PR[1:0] LQOSENG6 M6PR[1:0]
23:1 : :
MATRIX PRAS3 3:16 LQOSEN5 M5PR[1:0] LQOSEN4 M4PR[1:0]
- 15:8 LQOSEN3 M3PR[1:0] LQOSEN2 M2PR[1:0]
7:0 LQOSEN1 M1PR[1:0] LQOSENO MOPR][1:0]
31:24 LQOSEN14 M14PR[1:0]
23:1 :
MATRIX PRBS3 3:16 LQOSEN13 M13PR[1:0] LQOSEN12 M12PR[1:0]
- 15:8 LQOSEN11 M11PR[1:0] LQOSEN10 M10PR[1:0]
7:0 LQOSEN9 M9PRJ[1:0] LQOSENS8 MB8PR[1:0]
31:24 LQOSEN7 M7PR[1:0] LQOSENG6 M6PR[1:0]
23:1 : :
MATRIX PRAS4 3:16 LQOSEN5 M5PR[1:0] LQOSEN4 M4PR[1:0]
- 15:8 LQOSEN3 M3PR[1:0] LQOSEN2 M2PR[1:0]
7:0 LQOSEN1 M1PR[1:0] LQOSENO MOPR][1:0]
31:24 LQOSEN14 M14PR[1:0]
23:1 :
MATRIX PRBS4 3:16 LQOSEN13 M13PR[1:0] LQOSEN12 M12PR[1:0]
- 15:8 LQOSEN11 M11PR[1:0] LQOSEN10 M10PR[1:0]
7:0 LQOSEN9 M9PRJ[1:0] LQOSENS8 MB8PR[1:0]
31:24 LQOSEN7 M7PR[1:0] LQOSENG6 M6PR[1:0]
23:1 : :
MATRIX PRAS5 3:16 LQOSEN5 M5PR[1:0] LQOSEN4 M4PR[1:0]
- 15:8 LQOSEN3 M3PR[1:0] LQOSEN2 M2PR[1:0]
7:0 LQOSEN1 M1PR[1:0] LQOSENO MOPR][1:0]
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31:24 LQOSEN14 M14PR[1:0]
23:16 LQOSEN13 M13PR[1:0] LQOSEN12 M12PR[1:0]
0xAC MATRIX_PRBS5
- 15:8 LQOSEN11 M11PR[1:0] LQOSEN10 M10PR[1:0]
7:0 LQOSEN9 MOPR[1:0] LQOSENS MB8PR[1:0]
31:24 LQOSEN7 M7PR[1:0] LQOSEN6 M6PR[1:0]
23:16 LQOSEN5 M5PR[1:0] LQOSEN4 M4PR[1:0]
0xB0O MATRIX_PRAS6
- 15:8 LQOSEN3 M3PR[1:0] LQOSEN2 M2PR[1:0]
7:0 LQOSEN1 M1PR[1:0] LQOSENO MOPR[1:0]
31:24 LQOSEN14 M14PR[1:0]
23:16 LQOSEN13 M13PR[1:0] LQOSEN12 M12PR[1:0]
0xB4 MATRIX_PRBS6
- 15:8 LQOSEN11 M11PR[1:0] LQOSEN10 M10PR[1:0]
7:0 LQOSEN9 MOPR[1:0] LQOSENS M8PR[1:0]
31:24 LQOSEN7 M7PR[1:0] LQOSEN6 M6PR[1:0]
23:16 LQOSEN5 M5PR[1:0] LQOSEN4 M4PR[1:0]
0xB8 MATRIX_PRAS7
- 15:8 LQOSEN3 M3PR[1:0] LQOSEN2 M2PR[1:0]
7:0 LQOSEN1 M1PR[1:0] LQOSENO MOPR[1:0]
31:24 LQOSEN14 M14PR[1:0]
23:16 LQOSEN13 M13PR[1:0] LQOSEN12 M12PR[1:0]
0xBC MATRIX_PRBS7
- 15:8 LQOSEN11 M11PR[1:0] LQOSEN10 M10PR[1:0]
7:0 LQOSEN9 MOPR[1:0] LQOSENS M8PR[1:0]
31:24 LQOSEN7 M7PR[1:0] LQOSEN6 M6PR[1:0]
23:16 LQOSEN5 M5PR[1:0] LQOSEN4 M4PR[1:0]
0xCO MATRIX_PRAS8
- 15:8 LQOSEN3 M3PR[1:0] LQOSEN2 M2PR[1:0]
7:0 LQOSEN1 M1PR[1:0] LQOSENO MOPR[1:0]
31:24 LQOSEN14 M14PR[1:0]
23:16 LQOSEN13 M13PR[1:0] LQOSEN12 M12PR[1:0]
0xC4 MATRIX_PRBS8
- 15:8 LQOSEN11 M11PR[1:0] LQOSEN10 M10PR[1:0]
7:0 LQOSEN9 MOPR[1:0] LQOSENS M8PR[1:0]
31:24 LQOSEN7 M7PR[1:0] LQOSEN6 M6PR[1:0]
23:16 LQOSEN5 M5PR[1:0] LQOSEN4 M4PR[1:0]
0xC8 MATRIX_PRAS9
- 15:8 LQOSEN3 M3PR[1:0] LQOSEN2 M2PR[1:0]
7:0 LQOSEN1 M1PR[1:0] LQOSENO MOPR[1:0]
31:24 LQOSEN14 M14PR[1:0]
23:16 LQOSEN13 M13PR[1:0] LQOSEN12 M12PR[1:0]
0xCC MATRIX_PRBS9
- 15:8 LQOSEN11 M11PR[1:0] LQOSEN10 M10PR[1:0]
7:0 LQOSEN9 MOPR[1:0] LQOSENS M8PR[1:0]
0xD0
Reserved
OxFF
31:24
23:16
0x0100 MATRIX_MRCR
- 15:8 RCB14 RCB13 RCB12 RCB11 RCB10 RCB9 RCB8
7:0 RCB7 RCB6 RCB5 RCB4 RCB3 RCB2 RCB1 RCBO
0x0104
Reserved
0x014F
31:24
23:16
0x0150 MATRIX_MEIER
- 15:8 MERR14 MERR13 MERR12 MERR11 MERR10 MERR9 MERR8
7:0 MERR7 MERR6 MERR5 MERR4 MERR3 MERR2 MERR1 MERRO
31:24
23:16
0x0154 MATRIX_MEIDR
- 15:8 MERR14 MERR13 MERR12 MERR11 MERR10 MERR9 MERR8
7:0 MERR7 MERR6 MERR5 MERR4 MERR3 MERR2 MERR1 MERRO
31:24
23:16
0x0158 MATRIX_MEIMR
- 15:8 MERR14 MERR13 MERR12 MERR11 MERR10 MERR9 MERR8
7:0 MERR7 MERR6 MERR5 MERR4 MERR3 MERR2 MERR1 MERRO
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0x015C

0x0160

0x0198

0x019C
0x01E3

0x01E4

0x01E8

0x01EC

0x01FF

0x0200

0x0204

0x0208

0x020C

0x0210

0x0214

0x0218

0x021C

31:24
23:16
MATRIX_MESR
- 15:8 MERR14 MERR13 MERR12 MERR11 MERR10 MERR9 MERRS8
7:0 MERR7 MERR®6 MERRS5 MERR4 MERRS3 MERR2 MERR1 MERRO
31:24 ERRADDI[31:24]
23:16 ERRADDI[23:16]
MATRIX_MEARO
- 15:8 ERRADDI[15:8]
7:0 ERRADDI7:0]
31:24 ERRADDI[31:24]
23:16 ERRADDI[23:16]
MATRIX_MEAR14
15:8 ERRADDI[15:8]
7:0 ERRADDI7:0]
Reserved
31:24 WPKEY[23:16]
23:16 WPKEY[15:8]
MATRIX_WPMR
- 15:8 WPKEY[7:0]
7:0 CFGFRZz WPEN
31:24
23:16 WPVSRCI[15:8]
MATRIX_WPSR
- 15:8 WPVSRCI7:0]
7:0 WPVS
Reserved
31:24 DSSOA7 DSSOA6 DSSOA5 DSSOA4 DSSOA3 DSSOA2 DSSOA1 DSSOA0
ss 23:16 WRNSECH7 | WRNSECH6 | WRNSECH5 | WRNSECH4  WRNSECH3 | WRNSECH2  WRNSECH1 | WRNSECHO0
MATRIX_SSR0 15:8 RDNSECH7 | RDNSECH6 A RDNSECH5 RDNSECH4 | RDNSECH3 A RDNSECH2 | RDNSECH1 A RDNSECHO0
7:0 LANSECH7 | LANSECH6 | LANSECHS5 | LANSECH4 | LANSECH3 | LANSECH2 | LANSECH1 | LANSECHO
31:24 DSSOA7 DSSOA6 DSSOA5 DSSOA4 DSSOA3 DSSOA2 DSSOA1 DSSOA0
ss 23:16 WRNSECH7 | WRNSECH6 | WRNSECH5 | WRNSECH4  WRNSECH3 | WRNSECH2  WRNSECH1 | WRNSECHO0
MATRIX_SSR1 15:8 RDNSECH7 | RDNSECH6 A RDNSECH5 RDNSECH4 | RDNSECH3 A RDNSECH2 | RDNSECH1 A RDNSECHO0
7:0 LANSECH7 | LANSECH6 | LANSECH5 | LANSECH4 = LANSECH3 | LANSECH2 | LANSECH1 | LANSECHO
31:24 DSSOA7 DSSOA6 DSSOA5 DSSOA4 DSSOA3 DSSOA2 DSSOA1 DSSOA0
ss 23:16 WRNSECH7 | WRNSECH6 | WRNSECH5 | WRNSECH4  WRNSECH3 | WRNSECH2  WRNSECH1 | WRNSECHO0
MATRIX_SSR2 15:8 RDNSECH7 | RDNSECH6 A RDNSECH5 RDNSECH4 | RDNSECH3 A RDNSECH2 | RDNSECH1 A RDNSECHO0
7:0 LANSECH7 | LANSECH6 | LANSECH5 | LANSECH4 = LANSECH3 | LANSECH2 | LANSECH1 | LANSECHO
31:24 DSSOA7 DSSOA6 DSSOA5 DSSOA4 DSSOA3 DSSOA2 DSSOA1 DSSOA0
ss 23:16 WRNSECH7 | WRNSECH6 | WRNSECH5 | WRNSECH4  WRNSECH3 | WRNSECH2  WRNSECH1 | WRNSECHO0
MATRIX_SSR3 15:8 RDNSECH7 | RDNSECH6 A RDNSECH5 RDNSECH4 | RDNSECH3 A RDNSECH2 | RDNSECH1 A RDNSECHO0
7:0 LANSECH7 | LANSECH6 | LANSECHS5 | LANSECH4 | LANSECH3 | LANSECH2 | LANSECH1 | LANSECHO
31:24 DSSOA7 DSSOA6 DSSOA5 DSSOA4 DSSOA3 DSSOA2 DSSOA1 DSSOA0
ss 23:16 WRNSECH7 | WRNSECH6 | WRNSECH5 | WRNSECH4  WRNSECH3 | WRNSECH2  WRNSECH1 | WRNSECHO0
MATRIX_SSR4 15:8 RDNSECH7 | RDNSECH6 A RDNSECH5 RDNSECH4 | RDNSECH3 A RDNSECH2 | RDNSECH1 A RDNSECHO0
7:0 LANSECH7 | LANSECH6 | LANSECHS5 | LANSECH4 = LANSECH3 | LANSECH2 | LANSECH1 | LANSECHO
31:24 DSSOA7 DSSOA6 DSSOA5 DSSOA4 DSSOA3 DSSOA2 DSSOA1 DSSOA0
ss 23:16 WRNSECH7 | WRNSECH6 | WRNSECH5 | WRNSECH4  WRNSECH3 | WRNSECH2  WRNSECH1 | WRNSECHO0
MATRIX_SSRS 15:8 RDNSECH7 | RDNSECH6 A RDNSECH5 RDNSECH4 | RDNSECH3 A RDNSECH2 | RDNSECH1 A RDNSECHO0
7:0 LANSECH7 | LANSECH6 | LANSECHS5 | LANSECH4 | LANSECH3 | LANSECH2 | LANSECH1 | LANSECHO
31:24 DSSOA7 DSSOA6 DSSOA5 DSSOA4 DSSOA3 DSSOA2 DSSOA1 DSSOA0
ss 23:16 WRNSECH7 | WRNSECH6 | WRNSECH5 | WRNSECH4  WRNSECH3 | WRNSECH2  WRNSECH1 | WRNSECHO
MATRIX_SSR6 15:8 RDNSECH7 | RDNSECH6 A RDNSECH5 RDNSECH4 | RDNSECH3 A RDNSECH2 | RDNSECH1 A RDNSECHO0
7:0 LANSECH7 | LANSECH6 | LANSECH5 | LANSECH4 | LANSECH3 | LANSECH2 | LANSECH1 | LANSECHO
31:24 DSSOA7 DSSOA6 DSSOA5 DSSOA4 DSSOA3 DSSOA2 DSSOA1 DSSOA0
ss 23:16 WRNSECH7 | WRNSECH6 | WRNSECH5 | WRNSECH4  WRNSECH3 | WRNSECH2  WRNSECH1 | WRNSECHO0
MATRIX_SSR? 15:8 RDNSECH7 | RDNSECH6 A RDNSECH5 RDNSECH4 | RDNSECH3 A RDNSECH2 | RDNSECH1 A RDNSECHO0
7:0 LANSECH7 | LANSECH6 | LANSECHS5 | LANSECH4 | LANSECH3 | LANSECH2 | LANSECH1 | LANSECHO
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31:24 DSSOA7 DSSOA6 DSSOA5 DSSOA4 DSSOA3 DSSOA2 DSSOA1 DSSOA0
23:16 | WRNSECH7  WRNSECH6 | WRNSECHS5 | WRNSECH4 | WRNSECH3 | WRNSECH2 | WRNSECH1 | WRNSECHO
15:8 RDNSECH7 | RDNSECH6 | RDNSECH5 | RDNSECH4 | RDNSECH3 | RDNSECH2 | RDNSECH1 | RDNSECHO
7:0 LANSECH7 | LANSECH6 | LANSECH5 | LANSECH4 | LANSECH3 | LANSECH2 | LANSECH1 | LANSECHO
31:24 DSSOA7 DSSOA6 DSSOA5 DSSOA4 DSSOA3 DSSOA2 DSSOA1 DSSOA0
23:16 | WRNSECH7  WRNSECH6 | WRNSECHS5 | WRNSECH4 | WRNSECH3 | WRNSECH2 | WRNSECH1 | WRNSECHO
15:8 RDNSECH7 | RDNSECH6 | RDNSECH5 | RDNSECH4 | RDNSECH3 | RDNSECH2 | RDNSECH1 | RDNSECHO
7:0 LANSECH7 | LANSECH6 | LANSECH5 | LANSECH4 | LANSECH3 | LANSECH2 | LANSECH1 | LANSECHO

0x0220 MATRIX_SSR8

0x0224 MATRIX_SSR9

0x0228
Reserved
0x023F
31:24 SASPLIT7[3:0] SASPLIT6[3:0]
23:16 SASPLIT5[3:0] SASPLIT4[3:0]
0x0240 | MATRIX_SASSRO
- 15:8 SASPLIT3[3:0] SASPLIT2[3:0]
7:0 SASPLIT1[3:0] SASPLITO[3:0]
31:24 SASPLIT7[3:0] SASPLIT6[3:0]
23:16 SASPLIT5[3:0] SASPLIT4[3:0]
0x0244 | MATRIX_SASSR1
- 15:8 SASPLIT3[3:0] SASPLIT2[3:0]
7:0 SASPLIT1[3:0] SASPLITO[3:0]
31:24 SASPLIT7[3:0] SASPLIT6[3:0]
23:16 SASPLIT5[3:0] SASPLIT4[3:0]
0x0248 ' MATRIX_SASSR2
- 15:8 SASPLIT3[3:0] SASPLIT2[3:0]
7:0 SASPLIT1[3:0] SASPLITO[3:0]
31:24 SASPLIT7[3:0] SASPLIT6[3:0]
23:16 SASPLIT5[3:0] SASPLIT4[3:0]
0x024C | MATRIX_SASSR3
- 15:8 SASPLIT3[3:0] SASPLIT2[3:0]
7:0 SASPLIT1[3:0] SASPLITO[3:0]
31:24 SASPLIT7[3:0] SASPLIT6[3:0]
23:16 SASPLIT5[3:0] SASPLIT4[3:0]
0x0250 | MATRIX_SASSR4
- 15:8 SASPLIT3[3:0] SASPLIT2[3:0]
7:0 SASPLIT1[3:0] SASPLITO[3:0]
31:24 SASPLIT7[3:0] SASPLIT6[3:0]
23:16 SASPLIT5[3:0] SASPLIT4[3:0]
0x0254 | MATRIX_SASSR5
- 15:8 SASPLIT3[3:0] SASPLIT2[3:0]
7:0 SASPLIT1[3:0] SASPLITO[3:0]
31:24 SASPLIT7[3:0] SASPLIT6[3:0]
23:16 SASPLIT5[3:0] SASPLIT4[3:0]
0x0258 | MATRIX_SASSR6
- 15:8 SASPLIT3[3:0] SASPLIT2[3:0]
7:0 SASPLIT1[3:0] SASPLITO[3:0]
31:24 SASPLIT7[3:0] SASPLIT6[3:0]
23:16 SASPLIT5[3:0] SASPLIT4[3:0]
0x025C | MATRIX_SASSR7
- 15:8 SASPLIT3[3:0] SASPLIT2[3:0]
7:0 SASPLIT1[3:0] SASPLITO[3:0]
31:24 SASPLIT7[3:0] SASPLIT6[3:0]
23:16 SASPLIT5[3:0] SASPLIT4[3:0]
0x0260 | MATRIX_SASSR8
- 15:8 SASPLIT3[3:0] SASPLIT2[3:0]
7:0 SASPLIT1[3:0] SASPLITO[3:0]
31:24 SASPLIT7[3:0] SASPLIT6[3:0]
23:16 SASPLIT5[3:0] SASPLIT4[3:0]
0x0264 | MATRIX_SASSR9
- 15:8 SASPLIT3[3:0] SASPLIT2[3:0]
7:0 SASPLIT1[3:0] SASPLITO[3:0]
0x0268
Reserved
0x027F
31:24 SRTOP7[3:0] SRTOPS6[3:0]
23:1 : :
0x0280 ' MATRIX_SRTSRO 3:16 SRTOPS[3:.0] SRTOP4[3:0]
- 15:8 SRTOP3[3:0] SRTOP2[3:0]
7:0 SRTOP1[3:0] SRTOPO[3:0]
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31:24 SRTOP7[3:0] SRTOPS6[3:0]
23:16 SRTOP5[3:0] SRTOP4[3:0]
0x0284 | MATRIX_SRTSR1
- 15:8 SRTOP3[3:0] SRTOP2[3:0]
7:0 SRTOP1[3:0] SRTOPO[3:0]
31:24 SRTOP7[3:0] SRTOPS6[3:0]
23:16 SRTOP5[3:0] SRTOP4[3:0]
0x0288 ' MATRIX_SRTSR2
- 15:8 SRTOP3[3:0] SRTOP2[3:0]
7:0 SRTOP1[3:0] SRTOPO[3:0]
31:24 SRTOP7[3:0] SRTOPS6[3:0]
23:16 SRTOP5[3:0] SRTOP4[3:0]
0x028C | MATRIX_SRTSR3
- 15:8 SRTOP3[3:0] SRTOP2[3:0]
7:0 SRTOP1[3:0] SRTOPO[3:0]
31:24 SRTOP7[3:0] SRTOPS6[3:0]
23:16 SRTOP5[3:0] SRTOP4[3:0]
0x0290 = MATRIX_SRTSR4
- 15:8 SRTOP3[3:0] SRTOP2[3:0]
7:0 SRTOP1[3:0] SRTOPO[3:0]
31:24 SRTOP7[3:0] SRTOPS6[3:0]
23:16 SRTOP5[3:0] SRTOP4[3:0]
0x0294 | MATRIX_SRTSR5
- 15:8 SRTOP3[3:0] SRTOP2[3:0]
7:0 SRTOP1[3:0] SRTOPO[3:0]
31:24 SRTOP7[3:0] SRTOPS6[3:0]
23:16 SRTOP5[3:0] SRTOP4[3:0]
0x0298 ' MATRIX_SRTSR6
- 15:8 SRTOP3[3:0] SRTOP2[3:0]
7:0 SRTOP1[3:0] SRTOPO[3:0]
31:24 SRTOP7[3:0] SRTOPS6[3:0]
23:16 SRTOP5[3:0] SRTOP4[3:0]
0x029C | MATRIX_SRTSR7
- 15:8 SRTOP3[3:0] SRTOP2[3:0]
7:0 SRTOP1[3:0] SRTOPO[3:0]
31:24 SRTOP7[3:0] SRTOPS6[3:0]
23:16 SRTOP5[3:0] SRTOP4[3:0]
0x02A0 | MATRIX_SRTSR8
- 15:8 SRTOP3[3:0] SRTOP2[3:0]
7:0 SRTOP1[3:0] SRTOPO[3:0]
31:24 SRTOP7[3:0] SRTOPS6[3:0]
23:16 SRTOP5[3:0] SRTOP4[3:0]
0x02A4 | MATRIX_SRTSR9
- 15:8 SRTOP3[3:0] SRTOP2[3:0]
7:0 SRTOP1[3:0] SRTOPO[3:0]
0x02A8
Reserved
0x02BF

31:24 NSECP31 NSECP30 NSECP29 NSECP28 NSECP27 NSECP26 NSECP25 NSECP24
23:16 NSECP23 NSECP22 NSECP21 NSECP20 NSECP19 NSECP18 NSECP17 NSECP16
15:8 NSECP15 NSECP14 NSECP13 NSECP12 NSECP11 NSECP10 NSECP9 NSECP8

7.0 NSECP7 NSECP6 NSECP5 NSECP4 NSECP3 NSECP2 NSECP1 NSECPO
31:24 NSECP31 NSECP30 NSECP29 NSECP28 NSECP27 NSECP26 NSECP25 NSECP24
23:16 NSECP23 NSECP22 NSECP21 NSECP20 NSECP19 NSECP18 NSECP17 NSECP16
15:8 NSECP15 NSECP14 NSECP13 NSECP12 NSECP11 NSECP10 NSECP9 NSECP8

7.0 NSECP7 NSECP6 NSECP5 NSECP4 NSECP3 NSECP2 NSECP1 NSECPO
31:24 NSECP31 NSECP30 NSECP29 NSECP28 NSECP27 NSECP26 NSECP25 NSECP24
23:16 NSECP23 NSECP22 NSECP21 NSECP20 NSECP19 NSECP18 NSECP17 NSECP16
15:8 NSECP15 NSECP14 NSECP13 NSECP12 NSECP11 NSECP10 NSECP9 NSECP8

7.0 NSECP7 NSECP6 NSECP5 NSECP4 NSECP3 NSECP2 NSECP1 NSECPO

0x02C0 |MATRIX_SPSELR1

0x02C4 MATRIX_SPSELR2

0x02C8 'MATRIX_SPSELR3
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13.11.1 MATRIX Host Configuration Register x

Name:

Offset:

Reset:

Property:

MATRIX_MCFGx
0x00 + x*0x04 [x=0..14]

0x00000004
Read/Write

This register can only be written if the WPEN bit is cleared in the Write Protection Mode Register.

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 6 5 4 3 2 1 0
ULBTI[2:0]
Access R/W R/W R/W
Reset 1 0 0

Bits 2:0 — ULBT[2:0] Undefined Length Burst Type

Value
0

Name

Description

UNLIMITED | Unlimited Length Burst—No predicted end of burst is generated, therefore INCR bursts

SINGLE
4 BEAT
8 BEAT
16_BEAT
32_BEAT
64_BEAT

128_BEAT

coming from this host can only be broken if the Client Slot Cycle Limit is reached. If the
Slot Cycle Limit is not reached, the burst is normally completed by the host, at the latest,
on the next system bus 1 Kbyte address boundary, allowing up to 256-beat word bursts
or 128-beat double-word bursts.

This value should not be used in the very particular case of a host capable of performing
back-to-back undefined length bursts on a single client, since this could indefinitely
freeze the client arbitration and thus prevent another host from accessing this client.
Single Access—The undefined length burst is treated as a succession of single
accesses, allowing re-arbitration at each beat of the INCR burst or bursts sequence.
4-beat Burst—The undefined length burst or bursts sequence is split into 4-beat bursts or
less, allowing re-arbitration every 4 beats.

8-beat Burst—The undefined length burst or bursts sequence is split into 8-beat bursts or
less, allowing re-arbitration every 8 beats.

16-beat Burst—The undefined length burst or bursts sequence is split into 16-beat bursts
or less, allowing re-arbitration every 16 beats.

32-beat Burst—The undefined length burst or bursts sequence is split into 32-beat bursts
or less, allowing re-arbitration every 32 beats.

64-beat Burst—The undefined length burst or bursts sequence is split into 64-beat bursts
or less, allowing re-arbitration every 64 beats.

128-beat Burst—The undefined length burst or bursts sequence is split into 128-beat
bursts or less, allowing re-arbitration every 128 beats.

Unless duly needed, the ULBT should be left at its default 0 value for power saving.
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13.11.2 MATRIX Client Configuration Register x

Name:
Offset:
Reset:

Property:

MATRIX_SCFGx
0x40 + x*0x04 [x=0..9]
0x000001FF
Read/Write

This register can only be written if the WPEN bit is cleared in the Write Protection Mode Register.

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
FIXED_DEFMSTR[3:0] DEFMSTR_TYPE[1:0] |
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
SLOT_CYCLE[
8]
Access R/W
Reset 1
Bit 7 6 5 4 3 2 1 0
SLOT_CYCLEJ7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1

Bits 21:18 — FIXED_DEFMSTR[3:0] Fixed Default Host
This is the number of the Default Host for this client. Only used if DEFMSTR_TYPE is 2. Specifying the number of a
host which is not connected to the selected client is equivalent to setting DEFMSTR_TYPE to 0.

Bits 17:16 — DEFMSTR_TYPE[1:0] Default Host Type

Value Name Description

0

NONE

LAST

FIXED

No Default Host—At the end of the current client access, if no other host request is pending,
the client is disconnected from all hosts.

This results in a one clock cycle latency for the first access of a burst transfer or for a single
access.

Last Default Host—At the end of the current client access, if no other host request is pending,
the client stays connected to the last host having accessed it.

This results in not having one clock cycle latency when the last host tries to access the client
again.

Fixed Default Host—At the end of the current client access, if no other host request is pending,
the client connects to the fixed host the number that has been written in the FIXED_DEFMSTR
field.

This results in not having one clock cycle latency when the fixed host tries to access the client
again.

Bits 8:0 —- SLOT_CYCLE[8:0] Maximum Bus Grant Duration for Hosts
When SLOT_CYCLE system bus clock cycles have elapsed since the last arbitration, a new arbitration takes place to
let another host access this client. If another host is requesting the client bus, then the current host burst is broken.
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If SLOT_CYCLE = 0, the Slot Cycle Limit feature is disabled and bursts always complete unless broken according to
the ULBT.

This limit has been placed in order to enforce arbitration so as to meet potential latency constraints of hosts waiting
for client access.

This limit must not be too small. Unreasonably small values break every burst and the MATRIX arbitrates without
performing any data transfer. The default maximum value is usually an optimal conservative choice.

In most cases, this feature is not needed and should be disabled for power saving.

See section Slot Cycle Limit Arbitration for details.
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13.11.3 MATRIX Priority Register A For Clients x

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Name: MATRIX_PRASXx
Offset: 0x80 + x*0x08 [x=0..9]
Reset: 0x00000000
Property: Read/Write

This register can only be written if the WPEN bit is cleared in the Write Protection Mode Register.

31 30 29 28 27 26 25 24
| LQOSEN7 M7PR[1:0] LQOSENSG M6PR[1:0]
R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0
23 22 21 20 19 18 17 16
| LQOSENS5 M5PRI[1:0] LQOSEN4 M4PR[1:0]
R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0
15 14 13 12 1" 10 9 8
| LQOSEN3 M3PR[1:0] LQOSEN2 M2PR[1:0]
R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0
7 6 5 4 3 2 1 0
| LQOSEN1 M1PR[1:0] | LQOSENO MOPR[1:0]
R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0
Bits 2, 6, 10, 14, 18, 22, 26, 30 - LQOSENXx Latency Quality of Service Enable for Host x
Value Description
0 Disables propagation of Latency Quality of Service from the Host x to the Client and apply MxPR
priority for all access from Host x to the Client.
1 Enables the propagation of Latency Quality of Service from the Host x to the Client if supported by the
Host x.

Bits 0:1, 4:5, 8:9, 12:13, 16:17, 20:21, 24:25, 28:29 — MxPR Host x Priority

Fixed priority of Host x for accessing the selected client. The higher the number, the higher the priority.

All the hosts programmed with the same MxPR value for the client make up a priority pool.

Round-robin arbitration is used in the lowest (MxPR = 0) and highest (MxPR = 3) priority pools.

Fixed priority is used in intermediate priority pools (MxPR = 1) and (MxPR = 2).

See section Arbitration Priority Scheme for details.

If LQOSENKX bit is cleared, then this priority value is used as it for arbitration and downward propagation to the client.
If LQOSENX bit is set, then this priority acts as the upper limit for the Latency Quality of Service from Host x.

For hosts other than the CPU, the usual value of this field should be 0x0 if LQOSENX bit is cleared, and 0x1 if
LQOSENX bit is set. For the CPU host, the usual value of this field should be 0x2.
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13.11.4 MATRIX Priority Register B For Clients x

Name:
Offset:
Reset:
Property:

MATRIX_PRBSx

0x84 + x*0x08 [x=0..9]

0x00000000
Read/Write

This register can only be written if the WPEN bit is cleared in the Write Protection Mode Register.

Bit 31 30 29 28 27 26 25 24
| | | | LQOSEN14 | M14PR[1:0]
Access R/W R/W R/W
Reset 0 0 0
Bit 23 22 21 20 19 18 17 16
| LQOSEN13 M13PR[1:0] | LQOSEN12 M12PR[1:0]
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0
Bit 15 14 13 12 1" 10 9 8
| LQOSEN11 M11PR[1:0] | LQOSEN10 M10PR[1:0]
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
| LQOSEN9 MOPR[1:0] | LQOSEN8 M8PR[1:0]
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0
Bits 2, 6, 10, 14, 18, 22, 26 — LQOSENXx Latency Quality of Service Enable for Host x
Value Description
0 Disables propagation of Latency Quality of Service from the Host x to the Client and apply MxPR
priority for all access from Host x to the Client.
1 Enables the propagation of Latency Quality of Service from the Host x to the Client if supported by the
Host x.

Bits 0:1, 4:5, 8:9, 12:13, 16:17, 20:21, 24:25 — MxPR Host x Priority

Fixed priority of Host x for accessing the selected client. The higher the number, the higher the priority.

All the hosts programmed with the same MxPR value for the client make up a priority pool.

Round-robin arbitration is used in the lowest (MxPR = 0) and highest (MxPR = 3) priority pools.

Fixed priority is used in intermediate priority pools (MxPR = 1) and (MxPR = 2).

See section Arbitration Priority Scheme for details.

If LQOSENKX bit is cleared, then this priority value is used as it for arbitration and downward propagation to the client.
If LQOSENX bit is set, then this priority acts as the upper limit for the Latency Quality of Service from Host x.

For hosts other than the CPU, the usual value of this field should be 0x0 if LQOSENX bit is cleared, and 0x1 if
LQOSENX bit is set. For the CPU host, the usual value of this field should be 0x2.
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13.11.5 MATRIX Host Remap Control Register

Name: MATRIX_MRCR
Offset: 0x0100
Reset: 0x00000000

Property: Read/Write

This register can only be written if the WPEN bit is cleared in the Write Protection Mode Register.

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 1" 10 9 8
RCB14 RCB13 RCB12 RCB11 RCB10 RCB9 RCB8
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
RCB7 RCB6 RCB5 RCB4 RCB3 RCB2 RCB1 RCBO
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 0,1, 2, 3,4,5,6,7,8,9,10, 11,12, 13, 14 - RCBx Remap Command Bit for Host x

Value Description

0 Disables remapped address decoding for the selected host.
1 Enables remapped address decoding for the selected host.
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13.11.6 MATRIX Host Error Interrupt Enable Register

Name: MATRIX_MEIER
Offset: 0x0150
Reset: -

Property: Write-only

This register can only be written if the WPEN bit is cleared in the Write Protection Mode Register.

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 1" 10 9 8
MERR14 MERR13 MERR12 MERR11 MERR10 MERR9 MERRS8
Access w W W w w W w
Reset - - - - - - -
Bit 7 6 5 4 3 2 1 0
MERR7 MERRG6 MERR5 MERR4 MERR3 MERR2 MERR1 MERRO
Access W w w w w w W w
Reset - — - — - — - —

Bits 0,1, 2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14 —- MERRx Host x Access Error

Value Description

0 No effect.
1 Enables Host x Access Error interrupt source.
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13.11.7 MATRIX Host Error Interrupt Disable Register

Name: MATRIX_MEIDR
Offset: 0x0154
Reset: -

Property: Write-only

This register can only be written if the WPEN bit is cleared in the Write Protection Mode Register.

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 1" 10 9 8
MERR14 MERR13 MERR12 MERR11 MERR10 MERR9 MERRS8
Access w W W w w W w
Reset - - - - - - -
Bit 7 6 5 4 3 2 1 0
MERR7 MERRG6 MERR5 MERR4 MERR3 MERR2 MERR1 MERRO
Access W w w w w w W w
Reset - — - — - — - —

Bits 0,1, 2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14 —- MERRx Host x Access Error

Value Description

0 No effect.
1 Disables Host x Access Error interrupt source.
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13.11.8 MATRIX Host Error Interrupt Mask Register

Name: MATRIX_MEIMR
Offset: 0x0158
Reset: 0x00000000

Property: Read-only

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 1" 10 9 8
MERR14 MERR13 MERR12 MERR11 MERR10 MERR9 MERRS8
Access R R R R R R R
Reset 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
MERR7 MERRG6 MERR5 MERR4 MERR3 MERR2 MERR1 MERRO
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0

Bits 0,1, 2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14 - MERRx Host x Access Error

Value Description

0 Host x Access Error does not trigger any interrupt.
1 Host x Access Error triggers the MATRIX interrupt line.
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13.11.9 MATRIX Host Error Status Register

Name: MATRIX_MESR
Offset: 0x015C
Reset: 0x00000000
Property: Read-only
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 1 10 9 8
MERR14 MERR13 MERR12 MERR11 MERR10 MERR9 MERRS
Access R R R R R R R
Reset 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
MERR7 MERRG MERR5 MERR4 MERR3 MERR2 MERR1 MERRO
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bits 0,1, 2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14 - MERRx Host x Access Error
Value Description
0 No Host Access Error has occurred since the last read of the MATRIX_MESR.
1 At least one Host Access Error has occurred since the last read of the MATRIX_MESR.
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13.11.10 MATRIX Host Error Address Register x

Name: MATRIX_MEARXx
Offset: 0x0160 + x*0x04 [x=0..14]
Reset: 0x00000000

Property: Read-only

Bit 31 30 29 28 27 26 25 24
ERRADDI[31:24]

Access R R R R R R R R

Reset 0 0 0 0 0 0 0 0

Bit 23 22 21 20 19 18 17 16
ERRADDI[23:16]

Access R R R R R R R R

Reset 0 0 0 0 0 0 0 0

Bit 15 14 13 12 11 10 9 8
ERRADDI[15:8]

Access R R R R R R R R

Reset 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0

ERRADDI[7:0]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0

Bits 31:0 - ERRADD[31:0] Host Error Address

32 most significant bits of the last access error address
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13.11.11 MATRIX Write Protection Mode Register

Name: MATRIX_WPMR
Offset: 0x01E4
Reset: 0x00000000

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
WPKEY[23:16]
Access W w w w w w W w
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
WPKEY[15:8]
Access W w W w w W W w
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
WPKEY[7:0]
Access W w w w w w W w
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
CFGFRZ WPEN
Access R/W R/W
Reset 0 0

Bits 31:8 —- WPKEY[23:0] Write Protection Key
Value Name Description
0x4D4154 | PASSWD | Writing any other value in this field aborts the write operation of the WPEN and CFGFRZ

bits.
Always reads as 0.

Bit 7 — CFGFRZ Configuration Freeze

Value Description
0 The MATRIX configuration is not frozen.
1 Freezes the MATRIX configuration until hardware reset. The registers that can be protected by the

WPEN bit and the Write Protection Mode Register are no longer modifiable.

Bit 0 - WPEN Write Protection Enable
See section Register Write Protection for the list of registers that can be write-protected.

Value Description
0 Disables the write protection if WPKEY corresponds to 0x4D4154 (“MAT” in ASCII).
1 Enables the write protection if WPKEY corresponds to 0x4D4154 (“MAT” in ASCII).
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13.11.12 MATRIX Write Protection Status Register

Name: MATRIX_WPSR
Offset: 0x01ES8
Reset: 0x00000000
Property: Read-only
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
WPVSRC[15:8]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
WPVSRCI[7:0]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
WPVS
Access R
Reset 0

Bits 23:8 - WPVSRC[15:0] Write Protection Violation Source
When WPVS = 1, WPVSRC indicates the register address offset at which a write access has been attempted.

Bit 0 —- WPVS Write Protection Violation Status

Value Description
0 No write protection violation has occurred since the last write of the MATRIX_ WPMR.
1 A write protection violation has occurred since the last write of the MATRIX_WPMR. If this violation
is an unauthorized attempt to write a protected register, the associated violation is reported into field
WPVSRC.
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13.11.13 MATRIX Security Client Register x

Name: MATRIX_SSRx
Offset: 0x0200 + x*0x04 [x=0..9]
Reset: 0x00000000

Property: Read/Write

This register can only be written if the WPEN bit is cleared in the Write Protection Mode Register.

Bit 31 30 29 28 27 26 25 24
DSSOA7 DSSOA6 DSSOA5 DSSOA4 DSSOA3 DSSOA2 DSSOA1 DSSOAO0
Access R/wW R/wW R/W R/wW R/wW RwW R/wW R/wW
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
WRNSECH7 | WRNSECH6 | WRNSECH5 | WRNSECH4 | WRNSECH3 | WRNSECH2 | WRNSECH1 | WRNSECHO
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1 10 9 8
RDNSECH7 | RDNSECH6 | RDNSECH5 | RDNSECH4 | RDNSECH3 | RDNSECH2 | RDNSECH1 RDNSECHO0
Access R/wW R/wW R/wW R/wW R/wW RwW R/wW R/wW
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
LANSECH7 LANSECH6 LANSECHS5 LANSECH4 LANSECH3 LANSECH2 LANSECH1 LANSECHO
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 24, 25, 26, 27, 28, 29, 30, 31 - DSSOAx Downward Security Split Offset Address for HSELx Security Region

Value Description

0 For the HSELX client security region, the security area split MATRIX_SASSR / SASPLITx defines the
size of the client security area starting from the base address of the client security region and up.

1 For the HSELX client security region, the security area split MATRIX_SASSR / SASPLITx defines the

size of the client security area starting from the end address of the client security region and down.

Bits 16, 17, 18, 19, 20, 21, 22, 23 - WRNSECHx Write Not Secured for HSELx Security Region
Securable Area access rights:

00 Denied Write - Read
01 Read Write - Read
10 Write Write - Read
11 Write - Read Write - Read
Value Description
0 The HSELXx client security region is split into one Write Secured and one Write Not Secured area,

according to LANSECHx and MATRIX_SASSR / SASPLITx. That is, the so defined securable high or
low area is Secured for Write access.
1 The HSELXx client security region is Not Secured for Write access.

Bits 8, 9, 10, 11, 12, 13, 14, 15 — RDNSECHx Read Not Secured for HSELx Security Region
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Value Description

0 The HSELXx client security region is split into one Read Secured and one Read Not Secured area,
according to LANSECHx and MATRIX_SASSR / SASPLITx. That is, the so defined securable high or
low area is Secured for Read access.

1 The HSELX client security region is Not Secured for Read access.

Bits 0,1, 2, 3, 4, 5,6, 7 — LANSECHx Low Area Not Secured in HSELx Security Region

Value Description

0 The security of the HSELXx client area laying below the corresponding MATRIX_SASSR / SASPLITx
boundary is configured according to RDNSECHx and WRNSECHXx. The whole remaining HSELx upper
address space is configured as Not Secured access.

1 The HSELXx client address area laying below the corresponding MATRIX_SASSR / SASPLITx
boundary is configured as Not Secured access, and the whole remaining upper address space
according to RDNSECHx and WRNSECHXx.
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13.11.14 MATRIX Security Areas Split Client Register x

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Name: MATRIX_SASSRx
Offset: 0x0240 + x*0x04 [x=0..9]
Reset: 0x00000000

Property: Read/Write

This register can only be written if the WPEN bit is cleared in the Write Protection Mode Register.

31 30 29 28 27 26 25 24
SASPLIT7[3:0] SASPLIT6[3:0]

RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16

SASPLIT5[3:0] SASPLIT4[3:0]

RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8

SASPLIT3[3:0] SASPLIT2[3:0]

RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0

SASPLIT1[3:0] SASPLITO[3:0]

RIW RIW RIW RIW RIW RIW RIW RIW

0 0 0 0 0 0 0 0

Bits 0:3, 4:7, 8:11, 12:15, 16:19, 20:23, 24:27, 28:31 — SASPLITx Security Areas Split for HSELx Security Region
This field defines the boundary address offset where the HSELX client security region splits into two Security Areas

whose access is controlled according to the corresponding MATRIX_SSR.

If this size is set at or above the HSELx Region Size, then the MATRIX_SSR settings apply to the unique security
area then covering the whole HSELx Security Region.

SASPLITx

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

0x00001000
0x00002000
0x00004000
0x00008000
0x00010000
0x00020000
0x00040000
0x00080000
0x00100000
0x00200000
0x00400000
0x00800000
0x01000000
0x02000000
0x04000000
0x08000000

Security Area Size

4 Kbytes
8 Kbytes
16 Kbytes
32 Kbytes
64 Kbytes
128 Kbytes
256 Kbytes
512 Kbytes
1 Mbyte
2 Mbytes
4 Mbytes
8 Mbytes
16 Mbytes
32 Mbytes
64 Mbytes
128 Mbytes
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13.11.15 MATRIX Security Region Top Client Register x

Name: MATRIX_SRTSRx
Offset: 0x0280 + x*0x04 [x=0..9]
Reset: 0x00000000

Property: Read/Write

This register can only be written if the WPEN bit is cleared in the Write Protection Mode Register.

Bit 31 30 29 28 27 26 25 24
SRTOP7[3:0] SRTOP6[3:0]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
SRTOP5[3:0] SRTOP4[3:0]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
SRTOP3[3:0] SRTOP2[3:0]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
SRTOP1[3:0] SRTOPO[3:0]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

Bits 0:3, 4:7, 8:11, 12:15, 16:19, 20:23, 24:27, 28:31 — SRTOPx HSELx Security Region Top

This field defines the size of the HSELx security region address space. Invalid sizes for the client region must never
be programmed. Valid sizes and number of security regions are product, client and client configuration dependent.
Note: The clients featuring multiple scalable contiguous security regions have a single SRTOPO field for all the
security regions.

If this HSELx security region size is set at or below the MATRIX_SASSR / SASPLITx Security Areas Split size, then
the MATRIX_SSR settings apply to the unique security area then covering the whole HSELx security region

SRTOPx Top Offset Security Region Size

0000 0x00001000 4 Kbytes
0001 0x00002000 8 Kbytes
0010 0x00004000 16 Kbytes
0011 0x00008000 32 Kbytes
0100 0x00010000 64 Kbytes
0101 0x00020000 128 Kbytes
0110 0x00040000 256 Kbytes
0111 0x00080000 512 Kbytes
1000 0x00100000 1 Mbyte
1001 0x00200000 2 Mbytes
1010 0x00400000 4 Mbytes
1011 0x00800000 8 Mbytes
1100 0x01000000 16 Mbytes
1101 0x02000000 32 Mbytes
1110 0x04000000 64 Mbytes
1111 0x08000000 128 Mbytes
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13.11.16 MATRIX Security Peripheral Select x Register [x=1..3]

Name: MATRIX_SPSELRx
Offset: 0x02CO0 + (x-1)*0x04 [x=1..3]
Reset: 0x00000000

Property: Read/Write

This register can only be written if the WPEN bit is cleared in the Write Protection Mode Register.
Each MATRIX_SPSELR can configure the access security type for up to 32 peripherals:
* MATRIX_SPSELR1 configures the access security type for peripheral identifiers 0-31 (bits NSECPO—

NSECP31).

* MATRIX_SPSELR2 configures the access security type for peripheral identifiers 32—63 (bits NSECP0—
NSECP31).

» MATRIX_SPSELRS3 configures the access security type for peripheral identifiers 64—95 (bits NSECP0—
NSECP31).

Values in the MATRIX Security registers are product-dependent.

The actual number of peripherals implemented is device-specific; refer to section “Peripheral Identifiers” for details.

Bit 31 30 29 28 27 26 25 24
NSECP31 NSECP30 NSECP29 NSECP28 NSECP27 NSECP26 NSECP25 NSECP24
Access R/wW R/wW R/W R/wW R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
NSECP23 NSECP22 NSECP21 NSECP20 NSECP19 NSECP18 NSECP17 NSECP16
Access R/wW R/wW R/W R/wW R/W R/wW R/W RW
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1 10 9 8
NSECP15 NSECP14 NSECP13 NSECP12 NSECP11 NSECP10 NSECP9 NSECP8
Access R/wW R/wW R/W R/wW R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
NSECP7 NSECP6 NSECP5 NSECP4 NSECP3 NSECP2 NSECP1 NSECPO
Access R/wW R/W R/W R/wW R/W RwW R/W RW
Reset 0 0 0 0 0 0 0 0

Bits 0,1, 2, 3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31 -
NSECPy Not Secured Peripheral

Value Description

0 The selected peripheral address space is configured as “Secured” access (value of ‘0’ has no effect if
the peripheral security type is “Not Secured”).
1 The selected peripheral address space is configured as “Not Secured” access (value of ‘1’ has no

effect if the peripheral security type is “Always Secured”).
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DMA Controller (XDMAC)

Description

The DMA Controller (XDMAC) is a AXI-protocol central direct memory access controller. It performs peripheral data
transfer and memory move operations over one or two bus ports through the unidirectional communication channel.
Each channel is fully programmable and provides both peripheral or memory-to-memory transfers. The channel
features are configurable at implementation.

Embedded Characteristics

1 System Bus Host Interface

32, 32 and 8 DMA Channels, Respectively, for XDMAO, XDMA1 and XDMA2

61 Hardware Requests

8448, 8448 and 2112 Kbytes Embedded FIFO, Respectively, for XDMAO, XDMA1 and XDMA2
Supports Peripheral-to-Memory, Memory-to-Peripheral, or Memory-to-Memory Transfer Operations
Peripheral DMA Operation Runs on Bytes (8-bit), Half-Word (16-bit) and Word (32-bit)
Memory DMA Operation Runs on Bytes (8 bit), Half-Word (16-bit), Word (32-bit) and Double-Word (64-bit)
Supports Hardware and Software Initiated Transfers

Supports Linked List Operations

Supports Incrementing or Fixed Addressing Mode

Supports Programmable Independent Data Striding for Source and Destination

Supports Programmable Independent Microblock Striding for Source and Destination
Configurable Priority Group and Arbitration Policy

Programmable AXI Burst Length

Configuration Interface on Peripheral Bus

XDMAC Architecture Includes Multiport FIFO

Supports Multiple View Channel Descriptor

Automatic Flush of Channel Trailing Bytes

Automatic Coarse-Grain and Fine-Grain Clock Gating

Hardware Acceleration of Memset Pattern

Supports Configurable Quality of Service per Channel
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Block Diagram
Figure 14-1. XDMAC Block Diagram
DMA User Interface
Data Channel Status T
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Destination Source gigpheral
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Configuration
Registers
ovA \ 4 R t Hardware Peripheral
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DMA DMA
Interrupt Interrupt
Single Host System Bus Interface
DMA System
Controller
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- »

System Bus

DMA Controller Peripheral Connections

DMA hardware requests are the same for XDMACO and XDMAC1. XDMAC?2 is memory-to-memory dedicated, there

is no hardware interface.

Table 14-1. DMA Channels Definitions (XDMACO0 and XDMAC1)

Instance Name | Channel Transmit/Receive | DMA Channel Hardware Interface
Comments
Number
ADC 0 -

Receive

AES Transmit 1 -

AES Receive 2 -
FLEXCOMO Receive 5 -
FLEXCOMO Transmit 6 =
FLEXCOM1 Receive 7 =
FLEXCOM!1 Transmit 8 =
FLEXCOM2 Receive 9 =
FLEXCOM2 Transmit 10 =
FLEXCOM3 Receive 11 -
FLEXCOM3 Transmit 12 -
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........... continued
Number

FLEXCOM4 Receive
FLEXCOM4 Transmit 14 -
FLEXCOMS5 Receive 15 -
FLEXCOMS5 Transmit 16 -
FLEXCOM6 Receive 17 -
FLEXCOM6 Transmit 18 -
FLEXCOM?7 Receive 19 -
FLEXCOM7 Transmit 20 -
FLEXCOMS8 Receive 21 -
FLEXCOMS8 Transmit 22 -
FLEXCOM9 Receive 23 -
FLEXCOM9 Transmit 24 -
FLEXCOM10 Receive 25 -
FLEXCOM10 Transmit 26 -
FLEXCOM11 Receive 27 -
FLEXCOM11 Transmit 28 -
12SMCCO0 Receive 33 -
12SMCCO0 Transmit 34 -
12SMCC1 Receive 35 -
12SMCC1 Transmit 36 -
PDMCO Receive 37 -
PDMCA1 Receive 38 =
PWM Transmit 39 -
QSPIO Receive 40 -
QSPIO Transmit 41 -
QSPI1 Receive 42 -
QSPI1 Transmit 43 -
SSCO Receive 44 -
SSCO Transmit 45 -
SSC1 Receive 46 -
SSC1 Transmit 47 -
SHA Transmit 48 -
SPDIFRX Receive 49 -
SPDIFTX Transmit 50 -
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........... continued

Receive
TCA Receive
TDES Receive
TDES Transmit
ASRC RO
ASRC TO
ASRC R1
ASRC T1
ASRC R2
ASRC T2
ASRC R3
ASRC T3
TCO_CHANNELA1 CPA
TC1_CHANNEL1 CPA
TCO_CHANNEL1 CPB
TC1_CHANNEL1 CPB
TCO_CHANNELA1 CPC
TC1_CHANNELA1 CPC
TCO_CHANNELA1 ETRG
TC1_CHANNELA1 ETRG
Reserved -
Reserved -

Functional Description

Basic Definitions

Instance Name | Channel Transmit/Receive | DMA Channel Hardware Interface
Comments
Number
TCO 51 -

52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71-126
127

Do not use

Memory-to-memory transfer

Source Peripheral: Client device, memory mapped on the interconnection network, from where the XDMAC reads
data. The source peripheral teams up with a destination peripheral to form a channel. A data read operation is
scheduled when the peripheral transfer request is asserted.

Destination Peripheral: Client device, memory mapped on the interconnection network, to which the XDMAC writes.
A write data operation is scheduled when the peripheral transfer request is asserted.

Channel: The data movement between source and destination creates a logical channel.

Stride: Number of address locations between successive elements/data measured in bytes.

Transfer Type: The transfer is hardware-synchronized when it is paced by the peripheral hardware request,
otherwise the transfer is self-triggered (memory to memory transfer).

XDMAC Host Transfer: The host transfer is composed of a linked list of blocks. The channel address, control and
configuration registers can be modified at the inter block boundary. The descriptor structure modifies the channel
registers conditionally. Interrupts can be generated on a per block basis or when the end of linked list event occurs.
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XDMAC Block: An XDMAC block is composed of a programmable number of microblocks. The channel configuration
registers remain unchanged at the inter microblock boundary. The source and destination addresses are conditionally
updated with a programmable signed number.

XDMAC Microblock: The microblock is composed of a programmable number of data. The channel configuration
registers remain unchanged at the data boundary. The data address may be fixed (a FIFO location, a peripheral
transmit or receive register), incrementing (a memory-mapped area) by a programmable signed number.

XDMAC Burst and Incomplete Burst: In order to improve the overall performance when accessing dynamic
external memory, burst access is mandatory. Each data of the microblock is considered as a part of a memory
burst. The programmable burst value indicates the largest memory burst allowed on a per channel basis. When the
microblock length is not an integral multiple of the burst size, an incomplete burst is performed to read or write the
last trailing bytes.

XDMAC Chunk and Incomplete Chunk: When a peripheral synchronized transfer is activated, the microblock splits
into a number of data chunks. The chunk size is programmable. The larger the chunk is, the better the performance
is. When the transfer size is not a multiple of the chunk size, the last chunk may be incomplete.
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Data Striding Diagram
Figure 14-2. Data Striding Diagram
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Transfer Hierarchy Diagrams
Figure 14-3. XDMAC Memory Transfer Hierarchy

Host Transfer
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BLKo BLK1 | BLK(N-1) | Block level
MBLKo MBLK1 | o MBLKM-1)| Micro block level
MBo MB(p-1) | --eeeee- iMB Memory burst level

Peripheral Synchronized Transfer

A peripheral hardware request interface is used to control the pace of the chunk transfer. When a peripheral is ready
to transmit or receive a chunk of data, it asserts its request line and the DMA Controller transfers a data to or from the
memory to the peripheral.

Peripheral to Memory Transfer
XDMAC reads data from the source peripheral and writes to the destination memory location.

Figure 14-4. Peripheral to Memory Transfer Hierarchy

Host Transfer

7 T

BLKo BLK1 | BLK(N-1) | Block level
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MBLKo MBLK1 | e WBLKM-1)|  Micro block level
M\
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AA\
CHKo CHKp-1) | -eeevee iCHK | Chunk level

It is a peripheral synchronized transfer, which means the memory transaction is synchronized with the hardware
trigger that comes from the corresponding peripheral. It is also possible to use software trigger to initiate data
transfer. Peripheral to memory transfer has totally five levels of data transactions. They are Host, Block, Microblock,
Burst, and Chunk level transactions. Host, Block, Microblock, and Burst level transactions work exactly the same way
as explained earlier in the memory to memory data transfer section. In peripheral to memory data transfer, the burst
level transaction is further split into chunk level data transaction to have higher granularity.

XDMAC Chunk and Incomplete Chunk: When a peripheral to memory transfer is activated, the burst level
transaction is further split into a number of data chunks. The chunk size is configured in CSIZE field of XDMAC
Channel Configuration Register (XDMAC_CCx). The chunk size denotes the number of ‘data’ to be transferred from
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the corresponding peripheral receive register to memory. In general, the chunk size is set as ‘1 data’ in most of the
peripherals (example: - UART, SPI, TWI, etc.), as the maximum size of their receive register is ‘1 data’. In specific
scenarios, the chunk size is chosen more than 1 data. For example, the data receive/input registers of AES and
HSMCI modules can hold more than ‘1 data’. So, the chunk size can be chosen as '2/4/8/16 data' accordingly. In this
case, the larger the chunk size is, the better the performance is. When the amount of data chunks read becomes
equal to the memory burst size, the actual data transaction starts (as a memory burst). During ‘peripheral to memory’
transfer, the data chunks are first read and stored into XDMAC's internal FIFO buffer. If their size becomes equal to
the memory burst size, the FIFO buffer gets flushed out automatically, which makes ‘memory burst transfer’. When
the microblock size is not a multiple of the chunk size, the last chunk being transferred contains the last trailing data.

Note: If the chunk size is chosen as more than '1 data' for peripherals like UART, SPI, TWI, etc., XDMAC reads the
same data register (receive/input register) multiple times. As a result, multiple copies of the same data are stored in
the memory.

14.5.4.2 Memory to Peripheral Transfer
XDMAC reads data from source memory location and writes to the destination peripheral.

Figure 14-5. Memory to Peripheral Transfer Hierarchy

Host Transfer

_—/ T

BLKo BLK1 | BLK(N-1) | Block level
MBLKo MBLK1 | o MBLKM-1)|  Micro block level
MBo MB(p-1) | oo iMB Memory burst level

Memory to Peripheral transfer is also a peripheral synchronized transfer. It has totally four levels of data transactions.
They are Host, Block, Microblock, and Chunk level transactions. Host, Block, and Microblock level transactions

work exactly the same way as explained earlier in the memory to memory data transfer section. In memory to
peripheral data transfer, the burst level transaction is not present. The microblock is directly split into chunk level data
transaction.

XDMAC Chunk and Incomplete Chunk: When a memory to peripheral transfer is activated, the microblock level
transaction is directly split into a number of data chunks. The chunk size is configured in CSIZE field of XDMAC
Channel Configuration Register (XDMAC_CCx). The chunk size denotes the number of ‘data’ to be transferred from
memory to the corresponding peripheral transmit register. In general, the chunk size is set as ‘1 data’ in most of the
peripherals (example: - UART, SPI, TWI, etc.), as the maximum size of their transmit register is ‘1 data’. In specific
scenarios, the chunk size is chosen more than 1 data. For example, the data transmit/output registers of AES and
HSMCI modules can hold more than ‘1 data’. So, the chunk size can be chosen as '2/4/8/16 data' accordingly. In
this case, the larger the chunk size is, the better the performance is. During ‘memory to peripheral’ transfer, the data
chunks are immediately transferred when there is a hardware/software trigger. Memory burst size doesn't play any
role here. When the microblock size is not a multiple of the chunk size, the last chunk being transferred contains the
last trailing data.

Note: In case if the chunk size is chosen as more than '1 data' for peripherals like UART, SPI, TWI, etc., then
XDMAC will overwrite the same data register (transmit/output register) with multiple data. As a result, only the last
data gets transmitted.

14.5.4.3 Software Triggered Synchronized Transfer

The Peripheral hardware request can be software controlled using the SWREQ field of the XDMAC Global Channel
Software Request Register (XDMAC_GSWR). The peripheral synchronized transfer is paced using a processor write
access in the XDMAC_GSWR. Each bit of that register triggers a transfer request. The XDMAC Global Channel

© 2022 Microchip Technology Inc. Datasheet DS60001765A-page 209
and its subsidiaries



SAMA7GS5 Series
DMA Controller (XDMAC)

Software Request Status Register (XDMAC_GSWS) indicates the status of the request; when set, the request is still
pending.

14.5.5 XDMAC Transfer Software Operation

Note: When performing a memory-to-memory transfer, configure the field XDMAC_CCx.PERID (where X’ is the
index of the channel used for the transfer) to Ox7F.

14.5.5.1 Single Block Transfer With Single Microblock

1.
2.

&

10.

Read the XDMAC Global Channel Status Register (XDMAC_GS) to select a free channel.

Clear the pending Interrupt Status bit(s) by reading the selected XDMAC Channel x Interrupt Status Register
(XDMAC_CISx).

Write the XDMAC Channel x Source Address Register (XDMAC_CSAX) for channel x.
Write the XDMAC Channel x Destination Address Register (XDMAC_CDAX) for channel x.

Program field UBLEN in the XDMAC Channel x Microblock Control Register (XDMAC_CUBCXx) with the
number of data.

Program the XDMAC Channel x Configuration Register (XDMAC_CCx):

Clear XDMAC_CCx.TYPE for a memory-to-memory transfer, otherwise set this bit.
Configure XDMAC_CCx.MBSIZE to the memory burst size used.

Configure XDMAC_CCx.SAM and DAM to Memory Addressing mode.

Configure XDMAC_CCx.DSYNC to select the peripheral transfer direction.

Set XDMAC_CCx.PROT to activate a secure channel.

Configure XDMAC_CCx.CSIZE to configure the channel chunk size (only relevant for peripheral
synchronized transfer).

Configure XDMAC_CCx.DWIDTH to configure the transfer data width.

h. Configure XDMAC_CCx.PERID to select the active hardware request line (only relevant for a peripheral
synchronized transfer).

i. Set XDMAC_CCx.SWREQ to use a software request (only relevant for a peripheral synchronized
transfer).

Clear the following five registers:

— XDMAC Channel x Next Descriptor Control Register (XDMAC_CNDCx)

— XDMAC Channel x Block Control Register (XDMAC_CBCx)

— XDMAC Channel x Data Stride Memory Set Pattern Register (XDMAC_CDS_MSPx)

— XDMAC Channel x Source Microblock Stride Register (XDMAC_CSUSx)

— XDMAC Channel x Destination Microblock Stride Register (XDMAC_CDUSXx)

This indicates that the linked list is disabled, there is only one block and striding is disabled.

Enable the Microblock interrupt by writing a ‘1’ to bit BIE in the XDMAC Channel x Interrupt Enable Register
(XDMAC_CIEXx). Enable the Channel x Interrupt Enable bit by writing a ‘1’ to bit IEx in the XDMAC Global
Interrupt Enable Register (XDMAC_GIE).
Enable channel x by writing a ‘1’ to bit ENx in the XDMAC Global Channel Enable Register (XDMAC_GE).
XDMAC_GS.STx (XDMAC Channel x Status bit) is set by hardware.
Once completed, the DMA channel sets XDMAC_CISx.BIS (End of Block Interrupt Status bit) and generates
an interrupt. XDMAC_GS.STx is cleared by hardware. The software can either wait for an interrupt or poll the
channel status bit.

-0 00 T D

«Q

14.5.5.2 Single Block Transfer With Multiple Microblock

1.

© N Ok~ w0

Read the XDMAC_GS register to choose a free channel.

Clear the pending Interrupt Status bit by reading the chosen XDMAC_CISx register.
Write the XDMAC__CSAX register for channel x.

Write the XDMAC_CDAX register for channel x.

Program XDMAC_CUBCx.UBLEN with the number of data.

Program XDMAC_CCx register (see “Single Block Transfer With Single Microblock”).
Program XDMAC_CBCx.BLEN with the number of microblocks of data.

Clear the following registers:
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— XDMAC_CNDCx
— XDMAC_CDS_MSPx
— XDMAC_CSUSx XDMAC_CDUSx
This indicates that the linked list is disabled and striding is disabled.
9. Enable the Block interrupt by writing a ‘1’ to XDMAC_CIEx.BIE, enable the Channel x Interrupt Enable bit by
writing a ‘1’ to XDMAC_GIEx.IEx.
10. Enable channel x by writing a ‘1’ to the XDMAC_GE.ENx. XDMAC_GS.STx is set by hardware.
11. Once completed, the DMA channel sets XDMAC_CISx.BIS (End of Block Interrupt Status bit) and generates
an interrupt. XDMAC_GS.STx is cleared by hardware. The software can either wait for an interrupt or poll the
channel status bit.

14.5.5.3 Host Transfer

1.  Read the XDMAC_GS register to choose a free channel.
2. Clear the pending Interrupt Status bit by reading the chosen XDMAC_CISx register.

3. Build a linked list of transfer descriptors in memory. The descriptor view is programmable on a per descriptor
basis. The linked list items structure must be word aligned. MBR_UBC.NDE must be configured to 0 in the last
descriptor to terminate the list.

4. Configure field NDA in the XDMAC Channel x Next Descriptor Address Register (XDMAC_CNDAX) with the
first descriptor address .

5. Configure the XDMAC_CNDCXx register:
a. Set XDMAC_CNDCx.NDE to enable the descriptor fetch.

b. Set XDMAC_CNDCx.NDSUP to update the source address at the descriptor fetch time, otherwise clear
this bit.

c. Set XDMAC_CNDCx.NDDUP to update the destination address at the descriptor fetch time, otherwise
clear this bit.

d. Configure XDMAC_CNDCx.NDVIEW to define the length of the first descriptor.
6. Enable the End of Linked List interrupt by writing a ‘1’ to XDMAC_CIEXx.LIE.
Enable channel x by writing a ‘1’ to XDMAC_GE.ENx. XDMAC_GS.STx is set by hardware.

8. Once completed, the DMA channel sets XDMAC_CISx.BIS (End of Block Interrupt Status bit) and generates
an interrupt. XDMAC_GS.STx is cleared by hardware. The software can either wait for an interrupt or poll the
channel status bit.

N

14.5.5.4 Disabling A Channel Before Transfer Completion

14.6

14.6.1
14.6.1.1

Under normal operation, the software enables a channel by writing a ‘1’ to XDMAC_GE.ENXx, then the hardware
disables a channel on transfer completion by clearing bit XDMAC_GS.STx. To disable a channel, write a ‘1’ to bit
XDMAC_GD.DIx and poll the XDMAC_GS register.

Linked List Descriptor Operation

Linked List Descriptor View

Channel Next Descriptor View 0-3 Structures
Table 14-2. Channel Next Descriptor View 0-3 Structures

Channel Next Descriptor m Structure member m

View 0 Structure DSCR_ADDR+0x00 Next Descriptor Address Member MBR_NDA
DSCR_ADDR+0x04 Microblock Control Member MBR_UBC
DSCR_ADDR+0x08 Transfer Address Member MBR_TA
© 2022 Microchip Technology Inc. Datasheet DS60001765A-page 211

and its subsidiaries



14.6.2

SAMA7GS5 Series
DMA Controller (XDMAC)

........... continued

Channel Next Descriptor m Structure member m

View 1 Structure

View 2 Structure

View 3 Structure

DSCR_ADDR+0x00
DSCR_ADDR+0x04
DSCR_ADDR+0x08
DSCR_ADDR+0x0C
DSCR_ADDR+0x00
DSCR_ADDR+0x04
DSCR_ADDR+0x08
DSCR_ADDR+0x0C
DSCR_ADDR+0x10
DSCR_ADDR+0x00
DSCR_ADDR+0x04
DSCR_ADDR+0x08
DSCR_ADDR+0x0C
DSCR_ADDR+0x10
DSCR_ADDR+0x14
DSCR_ADDR+0x18
DSCR_ADDR+0x1C
DSCR_ADDR+0x20

Descriptor Structure Members Description

Next Descriptor Address Member
Microblock Control Member
Source Address Member
Destination Address Member
Next Descriptor Address Member
Microblock Control Member
Source Address Member
Destination Address Member
Configuration Register

Next Descriptor Address Member
Microblock Control Member
Source Address Member
Destination Address Member
Configuration Member

Block Control Member

Data Stride Member

Source Microblock Stride Member

Destination Microblock Stride Member

MBR_NDA
MBR_UBC
MBR_SA
MBR_DA
MBR_NDA
MBR_UBC
MBR_SA
MBR_DA
MBR_CFG
MBR_NDA
MBR_UBC
MBR_SA
MBR_DA
MBR_CFG
MBR_BC
MBR_DS
MBR_SUS
MBR_DUS
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14.6.2.1 Descriptor Structure Microblock Control Member
Name: MBR_UBC
Property: Read-only
Bit 31 30 29 28 27 26 25 24
QOS[1:0] NVIEW[1:0] NDEN NSEN NDE
Access R R R R R R R
Reset
Bit 23 22 21 20 19 18 17 16
UBLEN[23:16]
Access R R R R R R R R
Reset
Bit 15 14 13 12 1 10 9 8
UBLEN[15:8]
Access R R R R R R R R
Reset
Bit 7 6 5 4 3 2 1 0
UBLEN[7:0]
Access R R R R R R R R
Reset

Bits 30:29 — QOS[1:0] Channel Quality of Service Level
This field indicates the current quality of service level for the channel. Refer to the section “MATRIX".

Bits 28:27 — NVIEW[1:0] Next Descriptor View

Value Name Description

0 NDVO Next Descriptor View 0
1 NDVA1 Next Descriptor View 1
2 NDV2 Next Descriptor View 2
3 NDV3 Next Descriptor View 3

Bit 26 — NDEN Next Descriptor Destination Update

Value Description

0 Destination parameters remain unchanged.
1 Destination parameters are updated when the descriptor is retrieved.

Bit 25 - NSEN Next Descriptor Source Update

Value Description

0 Source parameters remain unchanged.
1 Source parameters are updated when the descriptor is retrieved.

Bit 24 — NDE Next Descriptor Enable

Value Description

0 Descriptor fetch is disabled.
1 Descriptor fetch is enabled.

Bits 23:0 — UBLEN[23:0] Microblock Length
This field indicates the number of data in the microblock. The microblock contains UBLEN data.
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XDMAC Maintenance Software Operations

Disabling a Channel

A disable channel request occurs when a write operation is performed in the XDMAC_GD register. If the channel
is source peripheral synchronized (bit XDMAC_CCx.TYPE is set and bit XDMAC_CCx.DSYNC is cleared), then
pending bytes (bytes located in the FIFO) are written to memory and bit XDMAC_CISx.DIS is set. If the

channel is not source peripheral synchronized, the current channel transaction (read or write) is terminated and
XDMAC_CISx.DIS is set. XDMAC_GS.STx is cleared by hardware when the current transfer is completed. The
channel is no longer active and can be reused.

Suspending a Channel

A disable channel request occurs when a write operation is performed in the XDMAC_GD register. If the channel
is source peripheral synchronized (bit XDMAC_CCx.TYPE is set and bit XDMAC_CCx.DSYNC is cleared), then
pending bytes (bytes located in the FIFO) are written to memory and bit XDMAC_CISx.DIS is set. If the

channel is not source peripheral synchronized, the current channel transaction (read or write) is terminated and
XDMAC_CISx.DIS is set. XDMAC_GS.STx is cleared by hardware when the current transfer is completed. The
channel is no longer active and can be reused.

Flushing a Channel

A FIFO flush command is issued by writing to the XDMAC_SWF register. The content of the FIFO is written to
memory. XDMAC_CISx.FIS (End of Flush Interrupt Status bit) is set when the last byte is successfully transferred
to memory. The channel is not disabled. The flush operation is not blocking, meaning that read operation can be
scheduled during the flush write operation. The flush operation is only relevant for peripheral to memory transfer
where pending peripheral bytes are buffered into the channel FIFO.

Maintenance Operation Priority

Disable Operation Priority

*  When a disable request occurs on a suspended channel, the XDMAC_GWS.WSx (Channel x Write Suspend bit)
is cleared. If the transfer is source peripheral synchronized, the pending bytes are drained to memory. The bit
XDMAC_CISx.DIS is set.

*  When a disable request follows a flush request, if the flush last transaction is not yet scheduled, the
flush request is discarded and the disable procedure is applied. Bit XDMAC_CISx.FIS is not set. Bit
XDMAC_CISx.DIS is set when the disable request is completed. If the flush request transaction is already
scheduled, the XDMAC_CISx.FIS is set. XDMAC_CISx.DIS is also set when the disable request is completed.

Flush Operation Priority
*  When a flush request occurs on a suspended channel, if there are pending bytes in the FIFO, they are written
out to memory, XDMAC_CISx.FIS is set. If the FIFO is empty, XDMAC_CISx.FIS is also set.

» If the flush operation is performed after a disable request, the flush command is ignored. XDMAC_CISx.FIS is
not set.

Suspend Operation Priority
If the suspend operation is performed after a disable request, the write suspend operation is ignored.

XDMAC Software Requirements

» Write operations to channel registers are not be performed in an active channel after the channel is enabled. If
any channel parameters must be reprogrammed, this can only be done after disabling the XDMAC channel.

+ XDMAC_CSAx and XDMAC_CDAX channel registers must be programmed with a byte, half-word, word or
double-word aligned address depending on the Channel x Data Width field (DWIDTH) of the XDMAC Channel x
Configuration Register. When a memory-to-peripheral transfer is performed, the XDMAC_CSAx address register
has no alignment requirement.

*  When a memory-to-memory transfer is performed, configure the field XDMAC_CCx.PERID (where ‘X’ is the
index of the channel used for the transfer) to peripheral ID 127 (refer to the table “Peripheral Identifiers”).
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* When XDMAC_CC.INITD is set to 0, XDMAC_CUBC.UBLEN and XDMAC_CNDA.NDA field values are
unreliable when the descriptor is being updated. The following procedure applies to get the buffer descriptor

identifier and the residual bytes:

Read XDMAC_CNDAX.NDA(ndaO)

Read XDMAC_CCX.INITD(initdO)

Read XDMAC CCx.INITD (initdO)

Read XDMAC CUBCx.UBLEN (ublen)

Read XDMAC_CCX.INITD(initdl)

Read XDMA7CNDAX.NDA(nda1)

If (nda0 == ndal && initd0 == 1 && initdl == 1).
Then the ublen is correct, the buffer id is nda.
Else retry

See the figure below.

» Each DMA channel can be configured in either Secure or Non-secure mode independently. When a DMA
channel is secure, its related global register fields and its channel registers cannot be modified nor read by

non-secure software. Such non-secure reads return zero.

Figure 14-6. INITD Timing Diagram

XDMAC_CUBCx.UBLEN

buffer0 buffer1 7\ bufferd
N

XDMAC_CCx.INITD |

buffer0

XDMAC_CUBCx.UBLEN 0 X buffer1.ublen x
XDMAC_CNDAx.NDA buffer1.nda x buffer0.nda
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14.9 Register Summary

I N = 2 I R A (T I I N

31:24
23:16 NB_REQ[6:0]
0x00 | XDMAC_GTYPE "0 FiFo_s21103
7:0 FIFO_SZ[2:0] NB_CH]I4:0]
31:24 RDSG[3:0] RDLP[3:0]
23:16 RDMP[3:0] RDHP[3:0]
0x04 | XDMAC_GCFG 0 WRLP[3:0] WRMP[3:0]
7:0 WRHPI[3:0] CGDISIF CGDISFIFO | CGDISPIPE A CGDISREG
31:24
23:16
0x08 | XDMAC_GWAC 7 g PW3[3:0] PW2[3:0]
7:0 PW1[3:0] PWO[3:0]
31:24 1E31 IE30 IE29 IE28 IE27 IE26 IE25 IE24
23:16 IE23 IE22 IE21 IE20 IE19 IE18 IE17 IE16
0x0C XDMAC_GIE 15:8 IE15 IE14 IE13 IE12 IE11 IE10 IE9 IE8
7:0 IE7 IE6 IES IE4 IE3 IE2 IE1 IEO
31:24 ID31 ID30 D29 ID28 D27 D26 D25 D24
0x10 XDMAC GID 23:16 1D23 ID22 ID21 1D20 ID19 ID18 ID17 ID16
- 15:8 ID15 ID14 ID13 ID12 ID11 ID10 ID9 ID8
7:0 ID7 ID6 ID5 ID4 ID3 ID2 ID1 IDO
31:24 IM31 IM30 IM29 IM28 IM27 IM26 IM25 IM24
0x14 XDMAC GIM 23:16 IM23 IM22 IM21 IM20 IM19 IM18 IM17 IM16
- 15:8 IM15 IM14 IM13 IM12 IM11 IM10 IM9 IM8
7:0 IM7 IM6 IM5 IM4 IM3 IM2 M1 IMO
31:24 1S31 1S30 1S29 1S28 1827 1S26 1S25 1S24
23:16 1S23 1822 1S21 1S20 1S19 1S18 1817 1S16
0x18 XDMAC_GIS 15:8 1S15 1S14 I1S13 1S12 1S11 1S10 1S9 IS8
7:0 1S7 1S6 IS5 1S4 1S3 1S2 1S1 IS0
31:24 EN31 EN30 EN29 EN28 EN27 EN26 EN25 EN24
0x1C XDMAC GE 23:16 EN23 EN22 EN21 EN20 EN19 EN18 EN17 EN16
- 15:8 EN15 EN14 EN13 EN12 EN11 EN10 EN9 EN8
7:0 EN7 EN6 EN5 EN4 EN3 EN2 EN1 ENO
31:24 DI31 DI30 DI29 DI28 DI27 DI26 DI25 Di24
0x20 XDMAC GD 23:16 DI23 DI22 Di21 DI20 DI19 DI18 D17 DI16
- 15:8 DI15 DI14 DI13 DI12 DI11 DI10 DI9 DI8
7:0 DI7 DI6 DI5 Dl4 DI3 DI2 DI1 DIO
31:24 ST31 ST30 ST29 ST28 ST27 ST26 ST25 ST24
0x24 XDMAC GS 23:16 ST23 ST22 ST21 ST20 ST19 ST18 ST17 ST16
- 15:8 ST15 ST14 ST13 ST12 ST11 ST10 ST9 ST8
7:0 ST7 ST6 ST5 ST4 ST3 ST2 ST1 STO
31:24 RSS31 RSS30 RSS29 RSS28 RSS27 RSS26 RSS25 RSS24
0x28 XDMAC GRSS 23:16 RSS23 RSS22 RSS21 RSS20 RSS19 RSS18 RSS17 RSS16
- 15:8 RSS15 RSS14 RSS13 RSS12 RSS11 RSS10 RSS9 RSS8
7:0 RSS7 RSS6 RSS5 RSS4 RSS3 RSS2 RSS1 RSSO0
31:24 WSS31 WSS30 WSS29 WSS28 WSS27 WSS26 WSS25 WSS24
0x2C XDMAC GWSS 23:16 WSS23 WSS22 WSS21 WSS20 WSS19 WSS18 WSS17 WSS16
- 15:8 WSS15 WSS14 WSS13 WSS12 WSS11 WSS10 WSS9 WSS8
7:0 WSS7 WSS6 WSS5 WSS4 WSS3 WSS2 WSS1 WSSO0
31:24 RS31 RS30 RS29 RS28 RS27 RS26 RS25 RS24
0x30 XDMAC GRS 23:16 RS23 RS22 RS21 RS20 RS19 RS18 RS17 RS16
- 15:8 RS15 RS14 RS13 RS12 RS11 RS10 RS9 RS8
7:0 RS7 RS6 RS5 RS4 RS3 RS2 RS1 RSO
31:24 RR31 RR30 RR29 RR28 RR27 RR26 RR25 RR24
0x34 XDMAC GRR 23:16 RR23 RR22 RR21 RR20 RR19 RR18 RR17 RR16
- 15:8 RR15 RR14 RR13 RR12 RR11 RR10 RR9 RR8
7:0 RR7 RR6 RR5 RR4 RR3 RR2 RR1 RRO
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........... continued
[eea] e Jess] v s [ e o s [ 8 [ 9 o |
31:24 WS31 WS30 WS29 Ws28 ws27 WS26 WS25 WsS24
23:16 ws23 WS22 WS21 WS20 Ws19 Ws18 ws17 WS16
0x38 XDMAC_GWS
- 15:8 Ws15 WS14 WsS13 WS12 WS11 ws10 WS9 wss
7:0 ws7 Ws6 WS5 WS4 WS3 ws2 WS1 WS0
31:24 WR31 WR30 WR29 WR28 WR27 WR26 WR25 WR24
23:16 WR23 WR22 WR21 WR20 WR19 WR18 WR17 WR16
0x3C XDMAC_GWR
- 15:8 WR15 WR14 WR13 WR12 WR11 WR10 WR9 WR8
7:0 WR7 WR6 WR5 WR4 WR3 WR2 WR1 WRO
31:24 RWS31 RWS30 RWS29 RWS28 RWS27 RWS26 RWS25 RWS24
23:16 RWS23 RWS22 RWS21 RWS20 RWS19 RWS18 RWS17 RWS16
0x40 XDMAC_GRWS
- 15:8 RWS15 RWS14 RWS13 RWS12 RWS11 RWS10 RWS9 RWS8
7:0 RWS7 RWS6 RWS5 RWS4 RWS3 RWS2 RWS1 RWS0
31:24 RWR31 RWR30 RWR29 RWR28 RWR27 RWR26 RWR25 RWR24
23:16 RWR23 RWR22 RWR21 RWR20 RWR19 RWR18 RWR17 RWR16
Ox44 XDMAC_GRWR
- 15:8 RWR15 RWR14 RWR13 RWR12 RWR11 RWR10 RWR9 RWR8
7:0 RWR7 RWR6 RWR5 RWR4 RWR3 RWR2 RWR1 RWRO

31:24 SWREQ31 | SWREQ30 | SWREQ29 | SWREQ28 @ SWREQ27 | SWREQ26 | SWREQ25 | SWREQ24
23:16 SWREQ23 | SWREQ22 | SWREQ21 | SWREQ20 A SWREQ19 | SWREQ18 | SWREQ17 | SWREQ16
15:8 SWREQ15 | SWREQ14 | SWREQ13 | SWREQ12 | SWREQ11 SWREQ10 SWREQ9 SWREQS8
7:0 SWREQ7 SWREQ6 SWREQ5 SWREQ4 SWREQ3 SWREQ2 SWREQ1 SWREQO
31:24 SWRS31 SWRS30 SWRS29 SWRS28 SWRS27 SWRS26 SWRS25 SWRS24
23:16 SWRS23 SWRS22 SWRS21 SWRS20 SWRS19 SWRS18 SWRS17 SWRS16

0x48 XDMAC_GSWR

0x4C XDMAC_GSWS

15:8 SWRS15 SWRS14 SWRS13 SWRS12 SWRS11 SWRS10 SWRS9 SWRS8
7:0 SWRS7 SWRS6 SWRS5 SWRS4 SWRS3 SWRS2 SWRS1 SWRSO0
31:24 SWF31 SWF30 SWF29 SWF28 SWF27 SWF26 SWF25 SWF24
23:16 SWF23 SWF22 SWF21 SWF20 SWF19 SWF18 SWF17 SWF16
0x50 XDMAC_GSWF
- 15:8 SWF15 SWF14 SWF13 SWF12 SWF11 SWF10 SWF9 SWF8
7:0 SWF7 SWF6 SWF5 SWF4 SWF3 SWF2 SWF1 SWFO0
0x54
- Reserved
Ox5F
31:24
23:16
0x60 XDMAC_CIEO
- 15:8
7:0 TCIE ROIE WBIE RBIE FIE DIE LIE BIE
31:24
23:16
0x64 XDMAC_CIDO
- 15:8
7:0 TCID ROID WBEID RBEID FID DID LID BID
31:24
23:16
0x68 XDMAC_CIMO
- 15:8
7:0 TCIM ROIM WBEIM RBEIM FIM DIM LIM BIM
31:24
23:16
0x6C XDMAC_CISO0
- 15:8
7:0 TCIS ROIS WBEIS RBEIS FIS DIS LIS BIS
31:24 SA[31:24]
2316 SA[23:16]
0x70 XDMAC_CSA0
- 15:8 SA[15:8]
7.0 SA[7:0]
31:24 DA[31:24]
2316 DA[23:16]
0x74 XDMAC_CDAO
- 15:8 DA[15:8]
7.0 DA[7:0]
31:24 NDA[29:22]
23:16 NDA[21:14]
0x78 XDMAC_CNDAO
- 15:8 NDA[13:6]
7.0 NDA[5:0]
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........... continued

omet | Name JEeres ] 7 e | s e ] |2 | | o

0x7C

0x80

0x84

0x88

0x8C

0x90

0x94

0x98

0xAC

0xBO

0xB4

31:24
23:16
XDMAC_CNDCO
- 15:8
7:0 QOS[1:0] NDVIEW[1:0] NDDUP NDSUP NDE
31:24
23:16 UBLEN[23:16]
XDMAC_CUBCO
- 15:8 UBLEN][15:8]
7.0 UBLEN[7:0]
31:24
23:16
XDMAC_CBCO
- 15:8 BLEN[11:8]
7.0 BLEN[7:0]
31:24 PERID[6:0]
23:16 WRIP RDIP INITD DAM[1:0] SAM[1:0]
XDMAC_CCO
- 15:8 DWIDTH[1:0] CSIZE[2:0]
7:0 MEMSET SWREQ PROT DSYNC MBSIZE[1:0] TYPE
31:24 DDS_MSP[15:8]
XDMAC_CDS_MSP|  23:16 DDS_MSP[7:0]
0 15:8 SDS_MSP[15:8]
7.0 SDS_MSP[7:0]
31:24
23:16 SUBS[23:16]
XDMAC_CSUSO0
- 15:8 SUBS[15:8]
7.0 SUBS[7:0]
31:24
23:16 DUBS[23:16]
XDMAC_CDUSO0
- 15:8 DUBS[15:8]
7.0 DUBS[7:0]
31:24
23:16 TC[23:16]
XDMAC_CTCSO0
- 15:8 TC[15:8]
7:0 TCI[7:0]
Reserved
31:24
23:16
XDMAC_CIE1
- 15:8
7:0 TCIE ROIE WBIE RBIE FIE DIE LIE BIE
31:24
23:16
XDMAC_CID1
- 15:8
7:0 TCID ROID WBEID RBEID FID DID LID BID
31:24
23:16
XDMAC_CIM1
- 15:8
7:0 TCIM ROIM WBEIM RBEIM FIM DIM LIM BIM
31:24
23:16
XDMAC_CIS1
- 15:8
7:0 TCIS ROIS WBEIS RBEIS FIS DIS LIS BIS
31:24 SA[31:24]
2316 SA[23:16]
XDMAC_CSA1
- 15:8 SA[15:8]
7.0 SA[7:0]
31:24 DA[31:24]
2316 DA[23:16]
XDMAC_CDA1
- 15:8 DA[15:8]
7.0 DA[7:0]
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........... continued

omet | Name Jewres ] 7 e s ¢ | s 2| | o

0xB8

0xBC

0xCO

0xC4

0xC8

0xCC

0xD0

0xD4

0xD8

0xDC

OxDF

OxEO

OxE4

OxE8

OxEC

0xFO

31:24 NDA[29:22]
23:16 NDA[21:14]
XDMAC_CNDA1
- 15:8 NDA[13:6]
7.0 NDA[5:0]
31:24
23:16
XDMAC_CNDCA1
- 15:8
7:0 QOS[1:0] NDVIEW[1:0] NDDUP NDSUP NDE
31:24
23:16 UBLEN[23:16]
XDMAC_CUBC1
- 15:8 UBLEN][15:8]
7.0 UBLEN[7:0]
31:24
23:16
XDMAC_CBC1
- 15:8 BLEN[11:8]
7.0 BLEN[7:0]
31:24 PERID[6:0]
23:16 WRIP RDIP INITD DAM[1:0] SAM[1:0]
XDMAC_CC1
- 15:8 DWIDTH[1:0] CSIZE[2:0]
7:0 MEMSET SWREQ PROT DSYNC MBSIZE[1:0] TYPE
31:24 DDS_MSP[15:8]
XDMAC_CDS_MSP|  23:16 DDS_MSP[7:0]
1 15:8 SDS_MSP[15:8]
7.0 SDS_MSP[7:0]
31:24
23:16 SUBS[23:16]
XDMAC_CSUSH1
- 15:8 SUBS[15:8]
7.0 SUBS[7:0]
31:24
23:16 DUBS[23:16]
XDMAC_CDUS1
- 15:8 DUBS[15:8]
7.0 DUBS[7:0]
31:24
23:16 TC[23:16]
XDMAC_CTCS1
- 15:8 TC[15:8]
7:0 TCI[7:0]
Reserved
31:24
23:16
XDMAC_CIE2
- 15:8
7:0 TCIE ROIE WBIE RBIE FIE DIE LIE BIE
31:24
23:16
XDMAC_CID2
- 15:8
7:0 TCID ROID WBEID RBEID FID DID LID BID
31:24
23:16
XDMAC_CIM2
- 15:8
7:0 TCIM ROIM WBEIM RBEIM FIM DIM LIM BIM
31:24
23:16
XDMAC_CIS2
- 15:8
7:0 TCIS ROIS WBEIS RBEIS FIS DIS LIS BIS
31:24 SA[31:24]
2316 SA[23:16]
XDMAC_CSA2
- 15:8 SA[15:8]
7.0 SA[7:0]
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........... continued

omet | Name Jewres ] 7 e s ¢ | s 2| | o

31:24 DA[31:24]
2316 DA[23:16]
OxF4 XDMAC_CDA2
- 15:8 DA[15:8]
7.0 DA[7:0]
31:24 NDA[29:22]
23:16 NDA[21:14]
0xF8 XDMAC_CNDA2
- 15:8 NDA[13:6]
7.0 NDA[5:0]
31:24
23:16
OxFC XDMAC_CNDC2
- 15:8
7:0 QOS[1:0] NDVIEW[1:0] NDDUP NDSUP NDE
31:24
23:16 UBLEN[23:16]
0x0100 XDMAC_CUBC2
- 15:8 UBLEN][15:8]
7.0 UBLEN[7:0]
31:24
23:16
0x0104 XDMAC_CBC2
- 15:8 BLEN[11:8]
7.0 BLEN[7:0]
31:24 PERID[6:0]
23:16 WRIP RDIP INITD DAM[1:0] SAM[1:0]
0x0108 XDMAC_CC2
- 15:8 DWIDTH[1:0] CSIZE[2:0]
7:0 MEMSET SWREQ PROT DSYNC MBSIZE[1:0] TYPE
31:24 DDS_MSP[15:8]
XDMAC_CDS_MSP|  23:16 DDS_MSP[7:0]
0x010C
2 15:8 SDS_MSP[15:8]
7.0 SDS_MSP[7:0]
31:24
23:16 SUBS[23:16]
0x0110 XDMAC_CSUS2
- 15:8 SUBS[15:8]
7.0 SUBS[7:0]
31:24
23:16 DUBS[23:16]
0x0114 XDMAC_CDUS2
- 15:8 DUBS[15:8]
7.0 DUBS[7:0]
31:24
23:16 TC[23:16]
0x0118 XDMAC_CTCS2
- 15:8 TC[15:8]
7:0 TCI[7:0]
0x011C
Reserved
0x011F
31:24
23:16
0x0120 XDMAC_CIE3
- 15:8
7:0 TCIE ROIE WBIE RBIE FIE DIE LIE BIE
31:24
23:16
0x0124 XDMAC_CID3
- 15:8
7:0 TCID ROID WBEID RBEID FID DID LID BID
31:24
23:16
0x0128 XDMAC_CIM3
- 15:8
7:0 TCIM ROIM WBEIM RBEIM FIM DIM LIM BIM
31:24
23:16
0x012C XDMAC_CIS3
- 15:8
7:0 TCIS ROIS WBEIS RBEIS FIS DIS LIS BIS
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[eea] e Jess]w e e e [ s [ ] 9 J o]
31:24 SA[31:24]
23:16 SA[23:16]
0x0130 XDMAC_CSA3
- 15:8 SA[15:8]
7:0 SA[7:0]
31:24 DA[31:24]
23:16 DA[23:16]
0x0134 XDMAC_CDA3
- 15:8 DA[15:8]
7:0 DA[7:0]
31:24 NDA[29:22]
23:16 NDA[21:14]
0x0138 XDMAC_CNDA3
- 15:8 NDA[13:6]
7:0 NDA[5:0]
31:24
23:16
0x013C | XDMAC_CNDC3
- 15:8
7:0 QOSI[1:0] NDVIEW[1:0] NDDUP NDSUP NDE
31:24
23:16 UBLEN][23:16]
0x0140 XDMAC_CUBC3
- 15:8 UBLEN][15:8]
7:0 UBLEN([7:0]
31:24
23:16
0x0144 XDMAC_CBC3
- 15:8 BLEN[11:8]
7:0 BLEN[7:0]
31:24 PERID[6:0]
23:16 WRIP RDIP INITD DAM[1:0] SAM[1:0]
0x0148 XDMAC_CC3
- 15:8 DWIDTH[1:0] CSIZE[2:0]
7:0 MEMSET SWREQ PROT DSYNC MBSIZE[1:0] TYPE
31:24 DDS_MSP[15:8]
0x014C XDMAC_CDS_MSP,  23:16 DDS_MSP[7:0]
3 15:8 SDS_MSP[15:8]
7:0 SDS_MSP[7:0]
31:24
23:16 SUBS[23:16]
0x0150 XDMAC_CSUS3
- 15:8 SUBS[15:8]
7:0 SUBS[7:0]
31:24
23:16 DUBS[23:16]
0x0154 XDMAC_CDUS3
- 15:8 DUBS[15:8]
7:0 DUBS[7:0]
31:24
23:16 TC[23:16]
0x0158 XDMAC_CTCS3
- 15:8 TC[15:8]
7:0 TCI[7:0]
0x015C
Reserved
0x015F
31:24
23:16
0x0160 XDMAC_CIE4
- 15:8
7:0 TCIE ROIE WBIE RBIE FIE DIE LIE BIE
31:24
23:16
0x0164 XDMAC_CID4
- 15:8
7:0 TCID ROID WBEID RBEID FID DID LID BID
31:24
23:16
0x0168 XDMAC_CIM4
- 15:8
7:0 TCIM ROIM WBEIM RBEIM FIM DIM LIM BIM
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........... continued

omet | Name JEeres ] 7 e | s e ] |2 | | o

0x016C

0x0170

0x0174

0x0178

0x017C

0x0180

0x0184

0x0188

0x018C

0x0190

0x0194

0x0198

0x019C

0x019F

0x01A0

0x01A4

31:24
23:16
XDMAC_CIS4
- 15:8
7:0 TCIS ROIS WBEIS RBEIS FIS DIS LIS BIS
31:24 SA[31:24]
2316 SA[23:16]
XDMAC_CSA4
- 15:8 SA[15:8]
7:0 SA[7:0]
31:24 DA[31:24]
2316 DA[23:16]
XDMAC_CDA4
- 15:8 DA[15:8]
7.0 DA[7:0]
31:24 NDA[29:22]
23:16 NDA[21:14]
XDMAC_CNDA4
- 15:8 NDA[13:6]
7.0 NDA[5:0]
31:24
23:16
XDMAC_CNDC4
- 15:8
7:0 QOS[1:0] NDVIEW[1:0] NDDUP NDSUP NDE
31:24
23:16 UBLEN][23:16]
XDMAC_CUBC4
- 15:8 UBLEN][15:8]
7.0 UBLEN[7:0]
31:24
23:16
XDMAC_CBC4
- 15:8 BLEN[11:8]
7.0 BLEN[7:0]
31:24 PERID[6:0]
23:16 WRIP RDIP INITD DAM[1:0] SAM[1:0]
XDMAC_CC4
- 15:8 DWIDTH[1:0] CSIZE[2:0]
7:0 MEMSET SWREQ PROT DSYNC MBSIZE[1:0] TYPE
31:24 DDS_MSP[15:8]
XDMAC_CDS_MSP|  23:16 DDS_MSP[7:0]
4 15:8 SDS_MSP[15:8]
7.0 SDS_MSP[7:0]
31:24
23:16 SUBS[23:16]
XDMAC_CSUS4
- 15:8 SUBS[15:8]
7.0 SUBS[7:0]
31:24
23:16 DUBS[23:16]
XDMAC_CDUS4
- 15:8 DUBS[15:8]
7.0 DUBS[7:0]
31:24
23:16 TC[23:16]
XDMAC_CTCS4
- 15:8 TC[15:8]
7:0 TCI[7:0]
Reserved
31:24
23:16
XDMAC_CIES
- 15:8
7:0 TCIE ROIE WBIE RBIE FIE DIE LIE BIE
31:24
23:16
XDMAC_CID5
- 15:8
7:0 TCID ROID WBEID RBEID FID DID LID BID
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........... continued

omet | Name JEeres ] 7 e | s e ] |2 | | o

0x01A8

0x01AC

0x01B0

0x01B4

0x01B8

0x01BC

0x01CO

0x01C4

0x01C8

0x01CC

0x01D0

0x01D4

0x01D8

0x01DC

0x01DF

0x01EO0

31:24
23:16
XDMAC_CIM5
- 15:8
7:0 TCIM ROIM WBEIM RBEIM FIM DIM LIM BIM
31:24
23:16
XDMAC_CIS5
- 15:8
7:0 TCIS ROIS WBEIS RBEIS FIS DIS LIS BIS
31:24 SA[31:24]
2316 SA[23:16]
XDMAC_CSA5
- 15:8 SA[15:8]
7:0 SA[7:0]
31:24 DA[31:24]
2316 DA[23:16]
XDMAC_CDA5
- 15:8 DA[15:8]
7.0 DA[7:0]
31:24 NDA[29:22]
23:16 NDA[21:14]
XDMAC_CNDA5
- 15:8 NDA[13:6]
7.0 NDA[5:0]
31:24
23:16
XDMAC_CNDC5
- 15:8
7:0 QOS[1:0] NDVIEW[1:0] NDDUP NDSUP NDE
31:24
23:16 UBLEN][23:16]
XDMAC_CUBC5
- 15:8 UBLEN][15:8]
7.0 UBLEN[7:0]
31:24
23:16
XDMAC_CBC5
- 15:8 BLEN[11:8]
7.0 BLEN[7:0]
31:24 PERID[6:0]
23:16 WRIP RDIP INITD DAM[1:0] SAM[1:0]
XDMAC_CC5
- 15:8 DWIDTH[1:0] CSIZE[2:0]
7:0 MEMSET SWREQ PROT DSYNC MBSIZE[1:0] TYPE
31:24 DDS_MSP[15:8]
XDMAC_CDS_MSP|  23:16 DDS_MSP[7:0]
5 15:8 SDS_MSP[15:8]
7.0 SDS_MSP[7:0]
31:24
23:16 SUBS[23:16]
XDMAC_CSUS5
- 15:8 SUBS[15:8]
7.0 SUBS[7:0]
31:24
23:16 DUBS[23:16]
XDMAC_CDUS5
- 15:8 DUBS[15:8]
7.0 DUBS[7:0]
31:24
23:16 TC[23:16]
XDMAC_CTCS5
- 15:8 TC[15:8]
7:0 TCI[7:0]
Reserved
31:24
23:16
XDMAC_CIE6
- 15:8
7:0 TCIE ROIE WBIE RBIE FIE DIE LIE BIE
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........... continued

omet | Name JEeres ] 7 e | s e ] |2 | | o

0x01E4

0x01E8

0x01EC

0x01FO0

0x01F4

0x01F8

0x01FC

0x0200

0x0204

0x0208

0x020C

0x0210

0x0214

0x0218

0x021C

0x021F

31:24
23:16
XDMAC_CID6
- 15:8
7:0 TCID ROID WBEID RBEID FID DID LID BID
31:24
23:16
XDMAC_CIM6
- 15:8
7:0 TCIM ROIM WBEIM RBEIM FIM DIM LIM BIM
31:24
23:16
XDMAC_CIS6
- 15:8
7:0 TCIS ROIS WBEIS RBEIS FIS DIS LIS BIS
31:24 SA[31:24]
2316 SA[23:16]
XDMAC_CSA6
- 15:8 SA[15:8]
7:0 SA[7:0]
31:24 DA[31:24]
2316 DA[23:16]
XDMAC_CDAG6
- 15:8 DA[15:8]
7.0 DA[7:0]
31:24 NDA[29:22]
23:16 NDA[21:14]
XDMAC_CNDAG6
- 15:8 NDA[13:6]
7.0 NDA[5:0]
31:24
23:16
XDMAC_CNDC6
- 15:8
7:0 QOS[1:0] NDVIEW[1:0] NDDUP NDSUP NDE
31:24
23:16 UBLEN][23:16]
XDMAC_CUBC6
- 15:8 UBLEN][15:8]
7.0 UBLEN[7:0]
31:24
23:16
XDMAC_CBC6
- 15:8 BLEN[11:8]
7.0 BLEN[7:0]
31:24 PERID[6:0]
23:16 WRIP RDIP INITD DAM[1:0] SAM[1:0]
XDMAC_CC6
- 15:8 DWIDTH[1:0] CSIZE[2:0]
7:0 MEMSET SWREQ PROT DSYNC MBSIZE[1:0] TYPE
31:24 DDS_MSP[15:8]
XDMAC_CDS_MSP|  23:16 DDS_MSP[7:0]
6 15:8 SDS_MSP[15:8]
7.0 SDS_MSP[7:0]
31:24
23:16 SUBS[23:16]
XDMAC_CSUS6
- 15:8 SUBS[15:8]
7.0 SUBS[7:0]
31:24
23:16 DUBS[23:16]
XDMAC_CDUS6
- 15:8 DUBS[15:8]
7.0 DUBS[7:0]
31:24
23:16 TC[23:16]
XDMAC_CTCS6
- 15:8 TC[15:8]
7:0 TCI[7:0]
Reserved
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SAMA7GS5 Series
DMA Controller (XDMAC)

........... continued

omet | Name JEeres ] 7 e | s e ] |2 | | o

0x0220

0x0224

0x0228

0x022C

0x0230

0x0234

0x0238

0x023C

0x0240

0x0244

0x0248

0x024C

0x0250

0x0254

31:24
23:16
XDMAC_CIE7
- 15:8
7:0 TCIE ROIE WBIE RBIE FIE DIE LIE BIE
31:24
23:16
XDMAC_CID7
- 15:8
7:0 TCID ROID WBEID RBEID FID DID LID BID
31:24
23:16
XDMAC_CIM7
- 15:8
7:0 TCIM ROIM WBEIM RBEIM FIM DIM LIM BIM
31:24
23:16
XDMAC_CIS7
- 15:8
7:0 TCIS ROIS WBEIS RBEIS FIS DIS LIS BIS
31:24 SA[31:24]
2316 SA[23:16]
XDMAC_CSA7
- 15:8 SA[15:8]
7:0 SA[7:0]
31:24 DA[31:24]
2316 DA[23:16]
XDMAC_CDA7
- 15:8 DA[15:8]
7.0 DA[7:0]
31:24 NDA[29:22]
23:16 NDA[21:14]
XDMAC_CNDA7
- 15:8 NDA[13:6]
7.0 NDA[5:0]
31:24
23:16
XDMAC_CNDC7
- 15:8
7:0 QOS[1:0] NDVIEW[1:0] NDDUP NDSUP NDE
31:24
23:16 UBLEN][23:16]
XDMAC_CUBC7
- 15:8 UBLEN][15:8]
7.0 UBLEN[7:0]
31:24
23:16
XDMAC_CBC7
- 15:8 BLEN[11:8]
7.0 BLEN[7:0]
31:24 PERID[6:0]
23:16 WRIP RDIP INITD DAM[1:0] SAM[1:0]
XDMAC_CC7
- 15:8 DWIDTH[1:0] CSIZE[2:0]
7:0 MEMSET SWREQ PROT DSYNC MBSIZE[1:0] TYPE
31:24 DDS_MSP[15:8]
XDMAC_CDS_MSP| 23:16 DDS_MSP[7:0]
7 15:8 SDS_MSP[15:8]
7.0 SDS_MSP[7:0]
31:24
23:16 SUBS[23:16]
XDMAC_CSUS7
- 15:8 SUBS[15:8]
7.0 SUBS[7:0]
31:24
23:16 DUBS[23:16]
XDMAC_CDUS7
- 15:8 DUBS[15:8]
7.0 DUBS[7:0]
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SAMA7GS5 Series
DMA Controller (XDMAC)

........... continued

omet | Name JEeres ] 7 e | s e ] |2 | | o

0x0258

0x025C

0x025F

0x0260

0x0264

0x0268

0x026C

0x0270

0x0274

0x0278

0x027C

0x0280

0x0284

0x0288

0x028C

0x0290

31:24
2316 TC[23:16]
XDMAC_CTCS7
- 15:8 TC[15:8]
7:0 TCI[7:0]
Reserved
31:24
23:16
XDMAC_CIE8
- 15:8
7:0 TCIE ROIE WBIE RBIE FIE DIE LIE BIE
31:24
23:16
XDMAC_CID8
- 15:8
7:0 TCID ROID WBEID RBEID FID DID LID BID
31:24
23:16
XDMAC_CIM8
- 15:8
7:0 TCIM ROIM WBEIM RBEIM FIM DIM LIM BIM
31:24
23:16
XDMAC_CIS8
- 15:8
7:0 TCIS ROIS WBEIS RBEIS FIS DIS LIS BIS
31:24 SA[31:24]
2316 SA[23:16]
XDMAC_CSA8
- 15:8 SA[15:8]
7.0 SA[7:0]
31:24 DA[31:24]
2316 DA[23:16]
XDMAC_CDA8
- 15:8 DA[15:8]
7.0 DA[7:0]
31:24 NDA[29:22]
23:16 NDA[21:14]
XDMAC_CNDAS8
- 15:8 NDA[13:6]
7.0 NDA[5:0]
31:24
23:16
XDMAC_CNDC8
- 15:8
7:0 QOS[1:0] NDVIEWT[1:0] NDDUP NDSUP NDE
31:24
23:16 UBLEN[23:16]
XDMAC_CUBC8
- 15:8 UBLEN][15:8]
7.0 UBLEN[7:0]
31:24
23:16
XDMAC_CBC8
- 15:8 BLEN[11:8]
7.0 BLEN[7:0]
31:24 PERID[6:0]
23:16 WRIP RDIP INITD DAM[1:0] SAM[1:0]
XDMAC_CC8
- 15:8 DWIDTH[1:0] CSIZE[2:0]
7:0 MEMSET SWREQ PROT DSYNC MBSIZE[1:0] TYPE
31:24 DDS_MSP[15:8]
XDMAC_CDS_MSP|  23:16 DDS_MSP[7:0]
8 15:8 SDS_MSP[15:8]
7.0 SDS_MSP[7:0]
31:24
23:16 SUBS[23:16]
XDMAC_CSUS8
- 15:8 SUBS[15:8]
7.0 SUBS[7:0]
© 2022 Microchip Technology Inc. Datasheet DS60001765A-page 226

and its subsidiaries



SAMA7GS5 Series
DMA Controller (XDMAC)

........... continued

omet | Name JEeres ] 7 e | s e ] |2 | | o

0x0294

0x0298

0x029C

0x029F

0x02A0

0x02A4

0x02A8

0x02AC

0x02B0

0x02B4

0x02B8

0x02BC

0x02C0

0x02C4

0x02C8

0x02CC

31:24
23:16 DUBS[23:16]
XDMAC_CDUS8
- 15:8 DUBS[15:8]
7.0 DUBS[7:0]
31:24
2316 TC[23:16]
XDMAC_CTCS8
- 15:8 TC[15:8]
7:0 TCI[7:0]
Reserved
31:24
23:16
XDMAC_CIE9
- 15:8
7:0 TCIE ROIE WBIE RBIE FIE DIE LIE BIE
31:24
23:16
XDMAC_CID9
- 15:8
7:0 TCID ROID WBEID RBEID FID DID LID BID
31:24
23:16
XDMAC_CIM9
- 15:8
7:0 TCIM ROIM WBEIM RBEIM FIM DIM LIM BIM
31:24
23:16
XDMAC_CIS9
- 15:8
7:0 TCIS ROIS WBEIS RBEIS FIS DIS LIS BIS
31:24 SA[31:24]
2316 SA[23:16]
XDMAC_CSA9
- 15:8 SA[15:8]
7.0 SA[7:0]
31:24 DA[31:24]
2316 DA[23:16]
XDMAC_CDA9
- 15:8 DA[15:8]
7.0 DA[7:0]
31:24 NDA[29:22]
23:16 NDA[21:14]
XDMAC_CNDA9
- 15:8 NDA[13:6]
7.0 NDA[5:0]
31:24
23:16
XDMAC_CNDC9
- 15:8
7:0 QOS[1:0] NDVIEWT[1:0] NDDUP NDSUP NDE
31:24
23:16 UBLEN[23:16]
XDMAC_CUBC9
- 15:8 UBLEN][15:8]
7.0 UBLEN[7:0]
31:24
23:16
XDMAC_CBC9
- 15:8 BLEN[11:8]
7.0 BLEN[7:0]
31:24 PERID[6:0]
23:16 WRIP RDIP INITD DAM[1:0] SAM[1:0]
XDMAC_CC9
- 15:8 DWIDTH[1:0] CSIZE[2:0]
7:0 MEMSET SWREQ PROT DSYNC MBSIZE[1:0] TYPE
31:24 DDS_MSP[15:8]
XDMAC_CDS_MSP|  23:16 DDS_MSP[7:0]
9 15:8 SDS_MSP[15:8]
7.0 SDS_MSP[7:0]
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SAMA7GS5 Series
DMA Controller (XDMAC)

........... continued

omet | Name JEeres ] 7 e | s e ] |2 | | o

0x02D0

0x02D4

0x02D8

0x02DC

0x02DF

0x02E0

0x02E4

0x02E8

0x02EC

0x02F0

0x02F4

0x02F8

0x02FC

0x0300

0x0304

0x0308

31:24
23:16 SUBS[23:16]
XDMAC_CSUS9
- 15:8 SUBS[15:8]
7.0 SUBS[7:0]
31:24
23:16 DUBS[23:16]
XDMAC_CDUS9
- 15:8 DUBS[15:8]
7.0 DUBS[7:0]
31:24
2316 TC[23:16]
XDMAC_CTCS9
- 15:8 TC[15:8]
7:0 TCI[7:0]
Reserved
31:24
23:16
XDMAC_CIE10
- 15:8
7:0 TCIE ROIE WBIE RBIE FIE DIE LIE BIE
31:24
23:16
XDMAC_CID10
- 15:8
7:0 TCID ROID WBEID RBEID FID DID LID BID
31:24
23:16
XDMAC_CIM10
- 15:8
7:0 TCIM ROIM WBEIM RBEIM FIM DIM LIM BIM
31:24
23:16
XDMAC_CIS10
- 15:8
7:0 TCIS ROIS WBEIS RBEIS FIS DIS LIS BIS
31:24 SA[31:24]
2316 SA[23:16]
XDMAC_CSA10
- 15:8 SA[15:8]
7.0 SA[7:0]
31:24 DA[31:24]
2316 DA[23:16]
XDMAC_CDA10
- 15:8 DA[15:8]
7.0 DA[7:0]
31:24 NDA[29:22]
23:16 NDA[21:14]
XDMAC_CNDA10
- 15:8 NDA[13:6]
7.0 NDA[5:0]
31:24
23:16
XDMAC_CNDC10
- 15:8
7:0 QOS[1:0] NDVIEWT[1:0] NDDUP NDSUP NDE
31:24
23:16 UBLEN[23:16]
XDMAC_CUBC10
- 15:8 UBLEN][15:8]
7.0 UBLEN[7:0]
31:24
23:16
XDMAC_CBC10
- 15:8 BLEN[11:8]
7.0 BLEN[7:0]
31:24 PERID[6:0]
23:16 WRIP RDIP INITD DAM[1:0] SAM[1:0]
XDMAC_CC10
- 15:8 DWIDTH[1:0] CSIZE[2:0]
7:0 MEMSET SWREQ PROT DSYNC MBSIZE[1:0] TYPE
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SAMA7GS5 Series
DMA Controller (XDMAC)

........... continued

omet | Neme Jeeres ] 7 e s | ¢ | s 2 | | o

0x030C

0x0310

0x0314

0x0318

0x031C

0x031F

0x0320

0x0324

0x0328

0x032C

0x0330

0x0334

0x0338

0x033C

0x0340

0x0344

31:24 DDS_MSP[15:8]
XDMAC_CDS_MSP|  23:16 DDS_MSP[7:0]
10 15:8 SDS_MSP[15:8]
7.0 SDS_MSP[7:0]
31:24
23:16 SUBS[23:16]
XDMAC_CSUS10
- 15:8 SUBS[15:8]
7.0 SUBS[7:0]
31:24
23:16 DUBS[23:16]
XDMAC_CDUS10
- 15:8 DUBS[15:8]
7.0 DUBS[7:0]
31:24
2316 TC[23:16]
XDMAC_CTCS10
- 15:8 TC[15:8]
7:0 TCI[7:0]
Reserved
31:24
23:16
XDMAC_CIE1
- 15:8
7:0 TCIE ROIE RBIE FIE DIE LIE BIE
31:24
23:16
XDMAC_CID11
- 15:8
7:0 TCID ROID RBEID FID DID LID BID
31:24
23:16
XDMAC_CIM11
- 15:8
7:0 TCIM ROIM RBEIM FIM DIM LIM BIM
31:24
23:16
XDMAC_CIS11
- 15:8
7:0 TCIS ROIS RBEIS FIS DIS LIS BIS
31:24 SA[31:24]
2316 SA[23:16]
XDMAC_CSA11
- 15:8 SA[15:8]
7.0 SA[7:0]
31:24 DA[31:24]
2316 DA[23:16]
XDMAC_CDA11
- 15:8 DA[15:8]
7.0 DA[7:0]
31:24 NDA[29:22]
23:16 NDA[21:14]
XDMAC_CNDA11
- 15:8 NDA[13:6]
7.0
31:24
23:16
XDMAC_CNDC1M1
- 15:8
7:0 QOS[1:0] NDVIEWT[1:0] NDDUP NDSUP NDE
31:24
23:16 UBLEN[23:16]
XDMAC_CUBC11
- 15:8 UBLEN][15:8]
7.0 UBLEN[7:0]
31:24
23:16
XDMAC_CBC11
- 15:8 BLEN[11:8]
7.0 BLEN[7:0]
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SAMA7GS5 Series
DMA Controller (XDMAC)

........... continued

omet | Name JEeres ] 7 e | s | e ] s |2 | | o

0x0348

0x034C

0x0350

0x0354

0x0358

0x035C

0x035F

0x0360

0x0364

0x0368

0x036C

0x0370

0x0374

0x0378

0x037C

0x0380

31:24 PERID[6:0]
23:16 WRIP RDIP INITD DAM[1:0] SAM[1:0]
XDMAC_CC11
- 15:8 DWIDTH[1:0] CSIZE[2:0]
7:0 MEMSET SWREQ PROT DSYNC MBSIZE[1:0] TYPE
31:24 DDS_MSP[15:8]
XDMAC_CDS_MSP|  23:16 DDS_MSP[7:0]
11 15:8 SDS_MSP[15:8]
7.0 SDS_MSP[7:0]
31:24
23:16 SUBS[23:16]
XDMAC_CSUS1M1
- 15:8 SUBS[15:8]
7.0 SUBS[7:0]
31:24
23:16 DUBS[23:16]
XDMAC_CDUS11
- 15:8 DUBS[15:8]
7.0 DUBS[7:0]
31:24
2316 TC[23:16]
XDMAC_CTCS11
- 15:8 TC[15:8]
7:0 TCI[7:0]
Reserved
31:24
23:16
XDMAC_CIE12
- 15:8
7:0 TCIE ROIE WBIE RBIE FIE DIE LIE BIE
31:24
23:16
XDMAC_CID12
- 15:8
7:0 TCID ROID WBEID RBEID FID DID LID BID
31:24
23:16
XDMAC_CIM12
- 15:8
7:0 TCIM ROIM WBEIM RBEIM FIM DIM LIM BIM
31:24
23:16
XDMAC_CIS12
- 15:8
7:0 TCIS ROIS WBEIS RBEIS FIS DIS LIS BIS
31:24 SA[31:24]
2316 SA[23:16]
XDMAC_CSA12
- 15:8 SA[15:8]
7.0 SA[7:0]
31:24 DA[31:24]
2316 DA[23:16]
XDMAC_CDA12
- 15:8 DA[15:8]
7.0 DA[7:0]
31:24 NDA[29:22]
23:16 NDA[21:14]
XDMAC_CNDA12
- 15:8 NDA[13:6]
7.0 NDA[5:0]
31:24
23:16
XDMAC_CNDC12
- 15:8
7:0 QOS[1:0] NDVIEWT[1:0] NDDUP NDSUP NDE
31:24
23:16 UBLEN[23:16]
XDMAC_CUBC12
- 15:8 UBLEN][15:8]
7.0 UBLEN[7:0]
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SAMA7GS5 Series
DMA Controller (XDMAC)

........... continued

omet | Name JEeres ] 7 e | s e ] |2 | | o

0x0384

0x0388

0x038C

0x0390

0x0394

0x0398

0x039C

0x039F

0x03A0

0x03A4

0x03A8

0x03AC

0x03B0

0x03B4

0x03B8

0x03BC

31:24
23:16
XDMAC_CBC12
- 15:8 BLEN[11:8]
7.0 BLEN[7:0]
31:24 PERID[6:0]
23:16 WRIP RDIP INITD DAM[1:0] SAM[1:0]
XDMAC_CC12
- 15:8 DWIDTH[1:0] CSIZE[2:0]
7:0 MEMSET SWREQ PROT DSYNC MBSIZE[1:0] TYPE
31:24 DDS_MSP[15:8]
XDMAC_CDS_MSP|  23:16 DDS_MSP[7:0]
12 15:8 SDS_MSP[15:8]
7.0 SDS_MSP[7:0]
31:24
23:16 SUBS[23:16]
XDMAC_CSUS12
- 15:8 SUBS[15:8]
7.0 SUBS[7:0]
31:24
23:16 DUBS[23:16]
XDMAC_CDUS12
- 15:8 DUBS[15:8]
7.0 DUBS[7:0]
31:24
2316 TC[23:16]
XDMAC_CTCS12
- 15:8 TC[15:8]
7:0 TCI[7:0]
Reserved
31:24
23:16
XDMAC_CIE13
- 15:8
7:0 TCIE ROIE WBIE RBIE FIE DIE LIE BIE
31:24
23:16
XDMAC_CID13
- 15:8
7:0 TCID ROID WBEID RBEID FID DID LID BID
31:24
23:16
XDMAC_CIM13
- 15:8
7:0 TCIM ROIM WBEIM RBEIM FIM DIM LIM BIM
31:24
23:16
XDMAC_CIS13
- 15:8
7:0 TCIS ROIS WBEIS RBEIS FIS DIS LIS BIS
31:24 SA[31:24]
2316 SA[23:16]
XDMAC_CSA13
- 15:8 SA[15:8]
7.0 SA[7:0]
31:24 DA[31:24]
2316 DA[23:16]
XDMAC_CDA13
- 15:8 DA[15:8]
7.0 DA[7:0]
31:24 NDA[29:22]
23:16 NDA[21:14]
XDMAC_CNDA13
- 15:8 NDA[13:6]
7.0 NDA[5:0]
31:24
23:16
XDMAC_CNDC13
- 15:8
7:0 QOS[1:0] NDVIEWT[1:0] NDDUP NDSUP NDE
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SAMA7GS5 Series
DMA Controller (XDMAC)

........... continued

omet | Name JEeres ] 7 e | s e ] |2 | | o

0x03C0

0x03C4

0x03C8

0x03CC

0x03D0

0x03D4

0x03D8

0x03DC

0x03DF

0x03E0

0x03E4

0x03E8

0x03EC

0x03F0

0x03F4

0x03F8

31:24
23:16 UBLEN[23:16]
XDMAC_CUBC13
- 15:8 UBLEN][15:8]
7.0 UBLEN[7:0]
31:24
23:16
XDMAC_CBC13
- 15:8 BLEN[11:8]
7.0 BLEN[7:0]
31:24 PERID[6:0]
23:16 WRIP RDIP INITD DAM[1:0] SAM[1:0]
XDMAC_CC13
- 15:8 DWIDTH[1:0] CSIZE[2:0]
7:0 MEMSET SWREQ PROT DSYNC MBSIZE[1:0] TYPE
31:24 DDS_MSP[15:8]
XDMAC_CDS_MSP|  23:16 DDS_MSP[7:0]
13 15:8 SDS_MSP[15:8]
7.0 SDS_MSP[7:0]
31:24
23:16 SUBS[23:16]
XDMAC_CSUS13
- 15:8 SUBS[15:8]
7.0 SUBS[7:0]
31:24
23:16 DUBS[23:16]
XDMAC_CDUS13
- 15:8 DUBS[15:8]
7.0 DUBS[7:0]
31:24
2316 TC[23:16]
XDMAC_CTCS13
- 15:8 TC[15:8]
7:0 TCI[7:0]
Reserved
31:24
23:16
XDMAC_CIE14
- 15:8
7:0 TCIE ROIE WBIE RBIE FIE DIE LIE BIE
31:24
23:16
XDMAC_CID14
- 15:8
7:0 TCID ROID WBEID RBEID FID DID LID BID
31:24
23:16
XDMAC_CIM14
- 15:8
7:0 TCIM ROIM WBEIM RBEIM FIM DIM LIM BIM
31:24
23:16
XDMAC_CIS14
- 15:8
7:0 TCIS ROIS WBEIS RBEIS FIS DIS LIS BIS
31:24 SA[31:24]
2316 SA[23:16]
XDMAC_CSA14
- 15:8 SA[15:8]
7.0 SA[7:0]
31:24 DA[31:24]
2316 DA[23:16]
XDMAC_CDA14
- 15:8 DA[15:8]
7.0 DA[7:0]
31:24 NDA[29:22]
23:16 NDA[21:14]
XDMAC_CNDA14
- 15:8 NDA[13:6]
7.0 NDA[5:0]
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SAMA7GS5 Series
DMA Controller (XDMAC)

........... continued

omet | Name JEeres ] 7 e | s e ] |2 | | o

0x03FC

0x0400

0x0404

0x0408

0x040C

0x0410

0x0414

0x0418

0x041C

0x041F

0x0420

0x0424

0x0428

0x042C

0x0430

0x0434

31:24
23:16
XDMAC_CNDC14
- 15:8
7:0 QOS[1:0] NDVIEW[1:0] NDDUP NDSUP NDE
31:24
23:16 UBLEN[23:16]
XDMAC_CuUBC14
- 15:8 UBLEN][15:8]
7.0 UBLEN[7:0]
31:24
23:16
XDMAC_CBC14
- 15:8 BLEN[11:8]
7.0 BLEN[7:0]
31:24 PERID[6:0]
23:16 WRIP RDIP INITD DAM[1:0] SAM[1:0]
XDMAC_CC14
- 15:8 DWIDTH[1:0] CSIZE[2:0]
7:0 MEMSET SWREQ PROT DSYNC MBSIZE[1:0] TYPE
31:24 DDS_MSP[15:8]
XDMAC_CDS_MSP|  23:16 DDS_MSP[7:0]
14 15:8 SDS_MSP[15:8]
7.0 SDS_MSP[7:0]
31:24
23:16 SUBS[23:16]
XDMAC_CSUS14
- 15:8 SUBS[15:8]
7.0 SUBS[7:0]
31:24
23:16 DUBS[23:16]
XDMAC_CDuUsS14
- 15:8 DUBS[15:8]
7.0 DUBS[7:0]
31:24
23:16 TC[23:16]
XDMAC_CTCS14
- 15:8 TC[15:8]
7:0 TCI[7:0]
Reserved
31:24
23:16
XDMAC_CIE15
- 15:8
7:0 TCIE ROIE WBIE RBIE FIE DIE LIE BIE
31:24
23:16
XDMAC_CID15
- 15:8
7:0 TCID ROID WBEID RBEID FID DID LID BID
31:24
23:16
XDMAC_CIM15
- 15:8
7:0 TCIM ROIM WBEIM RBEIM FIM DIM LIM BIM
31:24
23:16
XDMAC_CIS15
- 15:8
7:0 TCIS ROIS WBEIS RBEIS FIS DIS LIS BIS
31:24 SA[31:24]
2316 SA[23:16]
XDMAC_CSA15
- 15:8 SA[15:8]
7.0 SA[7:0]
31:24 DA[31:24]
2316 DA[23:16]
XDMAC_CDA15
- 15:8 DA[15:8]
7.0 DA[7:0]
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SAMA7GS5 Series
DMA Controller (XDMAC)

........... continued

omet | Name Jewres ] 7 e s ¢ | s 2| | o

0x0438

0x043C

0x0440

0x0444

0x0448

0x044C

0x0450

0x0454

0x0458

0x045C

0x045F

0x0460

0x0464

0x0468

0x046C

0x0470

31:24 NDA[29:22]
23:16 NDA[21:14]
XDMAC_CNDA15
- 15:8 NDA[13:6]
7.0 NDA[5:0]
31:24
23:16
XDMAC_CNDC15
- 15:8
7:0 QOS[1:0] NDVIEW[1:0] NDDUP NDSUP NDE
31:24
23:16 UBLEN[23:16]
XDMAC_CUBC15
- 15:8 UBLEN][15:8]
7.0 UBLEN[7:0]
31:24
23:16
XDMAC_CBC15
- 15:8 BLEN[11:8]
7.0 BLEN[7:0]
31:24 PERID[6:0]
23:16 WRIP RDIP INITD DAM[1:0] SAM[1:0]
XDMAC_CC15
- 15:8 DWIDTH[1:0] CSIZE[2:0]
7:0 MEMSET SWREQ PROT DSYNC MBSIZE[1:0] TYPE
31:24 DDS_MSP[15:8]
XDMAC_CDS_MSP|  23:16 DDS_MSP[7:0]
15 15:8 SDS_MSP[15:8]
7.0 SDS_MSP[7:0]
31:24
23:16 SUBS[23:16]
XDMAC_CSUS15
- 15:8 SUBS[15:8]
7.0 SUBS[7:0]
31:24
23:16 DUBS[23:16]
XDMAC_CDUS15
- 15:8 DUBS[15:8]
7.0 DUBS[7:0]
31:24
23:16 TC[23:16]
XDMAC_CTCS15
- 15:8 TC[15:8]
7:0 TCI[7:0]
Reserved
31:24
23:16
XDMAC_CIE16
- 15:8
7:0 TCIE ROIE WBIE RBIE FIE DIE LIE BIE
31:24
23:16
XDMAC_CID16
- 15:8
7:0 TCID ROID WBEID RBEID FID DID LID BID
31:24
23:16
XDMAC_CIM16
- 15:8
7:0 TCIM ROIM WBEIM RBEIM FIM DIM LIM BIM
31:24
23:16
XDMAC_CIS16
- 15:8
7:0 TCIS ROIS WBEIS RBEIS FIS DIS LIS BIS
31:24 SA[31:24]
2316 SA[23:16]
XDMAC_CSA16
- 15:8 SA[15:8]
7.0 SA[7:0]
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SAMA7GS5 Series
DMA Controller (XDMAC)

........... continued

omet | Name Jewres ] 7 e s ¢ | s 2| | o

0x0474

0x0478

0x047C

0x0480

0x0484

0x0488

0x048C

0x0490

0x0494

0x0498

0x049C

0x049F

0x04A0

0x04A4

0x04A8

0x04AC

31:24 DA[31:24]
2316 DA[23:16]
XDMAC_CDA16
- 15:8 DA[15:8]
7.0 DA[7:0]
31:24 NDA[29:22]
23:16 NDA[21:14]
XDMAC_CNDA16
- 15:8 NDA[13:6]
7.0 NDA[5:0]
31:24
23:16
XDMAC_CNDC16
- 15:8
7:0 QOS[1:0] NDVIEW[1:0] NDDUP NDSUP NDE
31:24
23:16 UBLEN[23:16]
XDMAC_CUBC16
- 15:8 UBLEN][15:8]
7.0 UBLEN[7:0]
31:24
23:16
XDMAC_CBC16
- 15:8 BLEN[11:8]
7.0 BLEN[7:0]
31:24 PERID[6:0]
23:16 WRIP RDIP INITD DAM[1:0] SAM[1:0]
XDMAC_CC16
- 15:8 DWIDTH[1:0] CSIZE[2:0]
7:0 MEMSET SWREQ PROT DSYNC MBSIZE[1:0] TYPE
31:24 DDS_MSP[15:8]
XDMAC_CDS_MSP|  23:16 DDS_MSP[7:0]
16 15:8 SDS_MSP[15:8]
7.0 SDS_MSP[7:0]
31:24
23:16 SUBS[23:16]
XDMAC_CSUS16
- 15:8 SUBS[15:8]
7.0 SUBS[7:0]
31:24
23:16 DUBS[23:16]
XDMAC_CDUS16
- 15:8 DUBS[15:8]
7.0 DUBS[7:0]
31:24
23:16 TC[23:16]
XDMAC_CTCS16
- 15:8 TC[15:8]
7:0 TCI[7:0]
Reserved
31:24
23:16
XDMAC_CIE17
- 15:8
7:0 TCIE ROIE WBIE RBIE FIE DIE LIE BIE
31:24
23:16
XDMAC_CID17
- 15:8
7:0 TCID ROID WBEID RBEID FID DID LID BID
31:24
23:16
XDMAC_CIM17
- 15:8
7:0 TCIM ROIM WBEIM RBEIM FIM DIM LIM BIM
31:24
23:16
XDMAC_CIS17
- 15:8
7:0 TCIS ROIS WBEIS RBEIS FIS DIS LIS BIS
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SAMA7GS5 Series
DMA Controller (XDMAC)

........... continued

omet | Name JEwres ] 7 e | s e | s 2| | o

0x04B0

0x04B4

0x04B8

0x04BC

0x04CO0

0x04C4

0x04C8

0x04CC

0x04D0

0x04D4

0x04D8

0x04DC
0x04DF
0x04E0

0x04E4

0x04E8

31:24 SA[31:24]
2316 SA[23:16]
XDMAC_CSA17
- 15:8 SA[15:8]
7:0 SA[7:0]
31:24 DA[31:24]
2316 DA[23:16]
XDMAC_CDA17
- 15:8 DA[15:8]
7.0 DA[7:0]
31:24 NDA[29:22]
23:16 NDA[21:14]
XDMAC_CNDA17
- 15:8 NDA[13:6]
7.0 NDA[5:0]
31:24
23:16
XDMAC_CNDC17
- 15:8
7:0 QOS[1:0] NDVIEW[1:0] NDDUP NDSUP NDE
31:24
23:16 UBLEN][23:16]
XDMAC_CUBC17
- 15:8 UBLEN][15:8]
7.0 UBLEN[7:0]
31:24
23:16
XDMAC_CBC17
- 15:8 BLEN[11:8]
7.0 BLEN[7:0]
31:24 PERID[6:0]
23:16 WRIP RDIP INITD DAM[1:0] SAM[1:0]
XDMAC_CC17
- 15:8 DWIDTH[1:0] CSIZE[2:0]
7:0 MEMSET SWREQ PROT DSYNC MBSIZE[1:0] TYPE
31:24 DDS_MSP[15:8]
XDMAC_CDS_MSP|  23:16 DDS_MSP[7:0]
17 15:8 SDS_MSP[15:8]
7.0 SDS_MSP[7:0]
31:24
23:16 SUBS[23:16]
XDMAC_CSUS17
- 15:8 SUBS[15:8]
7.0 SUBS[7:0]
31:24
23:16 DUBS[23:16]
XDMAC_CDuUs17
- 15:8 DUBS[15:8]
7.0 DUBS[7:0]
31:24
23:16 TC[23:16]
XDMAC_CTCS17
- 15:8 TC[15:8]
7:0 TCI[7:0]
Reserved
31:24
23:16
XDMAC_CIE18
- 15:8
7:0 TCIE ROIE WBIE RBIE FIE DIE LIE BIE
31:24
23:16
XDMAC_CID18
- 15:8
7:0 TCID ROID WBEID RBEID FID DID LID BID
31:24
23:16
XDMAC_CIM18
- 15:8
7:0 TCIM ROIM WBEIM RBEIM FIM DIM LIM BIM
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SAMA7GS5 Series
DMA Controller (XDMAC)

........... continued

omet | Name JEeres ] 7 e | s e ] |2 | | o

0x04EC

0x04F0

0x04F4

0x04F8

0x04FC

0x0500

0x0504

0x0508

0x050C

0x0510

0x0514

0x0518

0x051C

0x051F

0x0520

0x0524

31:24
23:16
XDMAC_CIS18
- 15:8
7:0 TCIS ROIS WBEIS RBEIS FIS DIS LIS BIS
31:24 SA[31:24]
2316 SA[23:16]
XDMAC_CSA18
- 15:8 SA[15:8]
7:0 SA[7:0]
31:24 DA[31:24]
2316 DA[23:16]
XDMAC_CDA18
- 15:8 DA[15:8]
7.0 DA[7:0]
31:24 NDA[29:22]
23:16 NDA[21:14]
XDMAC_CNDA18
- 15:8 NDA[13:6]
7.0 NDA[5:0]
31:24
23:16
XDMAC_CNDC18
- 15:8
7:0 QOS[1:0] NDVIEW[1:0] NDDUP NDSUP NDE
31:24
23:16 UBLEN][23:16]
XDMAC_CUBC18
- 15:8 UBLEN][15:8]
7.0 UBLEN[7:0]
31:24
23:16
XDMAC_CBC18
- 15:8 BLEN[11:8]
7.0 BLEN[7:0]
31:24 PERID[6:0]
23:16 WRIP RDIP INITD DAM[1:0] SAM[1:0]
XDMAC_CC18
- 15:8 DWIDTH[1:0] CSIZE[2:0]
7:0 MEMSET SWREQ PROT DSYNC MBSIZE[1:0] TYPE
31:24 DDS_MSP[15:8]
XDMAC_CDS_MSP|  23:16 DDS_MSP[7:0]
18 15:8 SDS_MSP[15:8]
7.0 SDS_MSP[7:0]
31:24
23:16 SUBS[23:16]
XDMAC_CSUS18
- 15:8 SUBS[15:8]
7.0 SUBS[7:0]
31:24
23:16 DUBS[23:16]
XDMAC_CDUS18
- 15:8 DUBS[15:8]
7.0 DUBS[7:0]
31:24
23:16 TC[23:16]
XDMAC_CTCS18
- 15:8 TC[15:8]
7:0 TCI[7:0]
Reserved
31:24
23:16
XDMAC_CIE19
- 15:8
7:0 TCIE ROIE WBIE RBIE FIE DIE LIE BIE
31:24
23:16
XDMAC_CID19
- 15:8
7:0 TCID ROID WBEID RBEID FID DID LID BID
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SAMA7GS5 Series
DMA Controller (XDMAC)

........... continued

omet | Name JEeres ] 7 e | s e ] |2 | | o

0x0528

0x052C

0x0530

0x0534

0x0538

0x053C

0x0540

0x0544

0x0548

0x054C

0x0550

0x0554

0x0558

0x055C

0x055F

0x0560

31:24
23:16
XDMAC_CIM19
- 15:8
7:0 TCIM ROIM WBEIM RBEIM FIM DIM LIM BIM
31:24
23:16
XDMAC_CIS19
- 15:8
7:0 TCIS ROIS WBEIS RBEIS FIS DIS LIS BIS
31:24 SA[31:24]
2316 SA[23:16]
XDMAC_CSA19
- 15:8 SA[15:8]
7:0 SA[7:0]
31:24 DA[31:24]
2316 DA[23:16]
XDMAC_CDA19
- 15:8 DA[15:8]
7.0 DA[7:0]
31:24 NDA[29:22]
23:16 NDA[21:14]
XDMAC_CNDA19
- 15:8 NDA[13:6]
7.0 NDA[5:0]
31:24
23:16
XDMAC_CNDC19
- 15:8
7:0 QOS[1:0] NDVIEW[1:0] NDDUP NDSUP NDE
31:24
23:16 UBLEN][23:16]
XDMAC_CUBC19
- 15:8 UBLEN][15:8]
7.0 UBLEN[7:0]
31:24
23:16
XDMAC_CBC19
- 15:8 BLEN[11:8]
7.0 BLEN[7:0]
31:24 PERID[6:0]
23:16 WRIP RDIP INITD DAM[1:0] SAM[1:0]
XDMAC_CC19
- 15:8 DWIDTH[1:0] CSIZE[2:0]
7:0 MEMSET SWREQ PROT DSYNC MBSIZE[1:0] TYPE
31:24 DDS_MSP[15:8]
XDMAC_CDS_MSP|  23:16 DDS_MSP[7:0]
19 15:8 SDS_MSP[15:8]
7.0 SDS_MSP[7:0]
31:24
23:16 SUBS[23:16]
XDMAC_CSUS19
- 15:8 SUBS[15:8]
7.0 SUBS[7:0]
31:24
23:16 DUBS[23:16]
XDMAC_CDUS19
- 15:8 DUBS[15:8]
7.0 DUBS[7:0]
31:24
23:16 TC[23:16]
XDMAC_CTCS19
- 15:8 TC[15:8]
7:0 TCI[7:0]
Reserved
31:24
23:16
XDMAC_CIE20
- 15:8
7:0 TCIE ROIE WBIE RBIE FIE DIE LIE BIE
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SAMA7GS5 Series
DMA Controller (XDMAC)

........... continued

omet | Name JEeres ] 7 e | s e ] |2 | | o

0x0564

0x0568

0x056C

0x0570

0x0574

0x0578

0x057C

0x0580

0x0584

0x0588

0x058C

0x0590

0x0594

0x0598

0x059C

0x059F

31:24
23:16
XDMAC_CID20
- 15:8
7:0 TCID ROID WBEID RBEID FID DID LID BID
31:24
23:16
XDMAC_CIM20
- 15:8
7:0 TCIM ROIM WBEIM RBEIM FIM DIM LIM BIM
31:24
23:16
XDMAC_CIS20
- 15:8
7:0 TCIS ROIS WBEIS RBEIS FIS DIS LIS BIS
31:24 SA[31:24]
2316 SA[23:16]
XDMAC_CSA20
- 15:8 SA[15:8]
7:0 SA[7:0]
31:24 DA[31:24]
2316 DA[23:16]
XDMAC_CDA20
- 15:8 DA[15:8]
7.0 DA[7:0]
31:24 NDA[29:22]
23:16 NDA[21:14]
XDMAC_CNDA20
- 15:8 NDA[13:6]
7.0 NDA[5:0]
31:24
23:16
XDMAC_CNDC20
- 15:8
7:0 QOS[1:0] NDVIEW[1:0] NDDUP NDSUP NDE
31:24
23:16 UBLEN][23:16]
XDMAC_CUBC20
- 15:8 UBLEN][15:8]
7.0 UBLEN[7:0]
31:24
23:16
XDMAC_CBC20
- 15:8 BLEN[11:8]
7.0 BLEN[7:0]
31:24 PERID[6:0]
23:16 WRIP RDIP INITD DAM[1:0] SAM[1:0]
XDMAC_CC20
- 15:8 DWIDTH[1:0] CSIZE[2:0]
7:0 MEMSET SWREQ PROT DSYNC MBSIZE[1:0] TYPE
31:24 DDS_MSP[15:8]
XDMAC_CDS_MSP|  23:16 DDS_MSP[7:0]
20 15:8 SDS_MSP[15:8]
7.0 SDS_MSP[7:0]
31:24
23:16 SUBS[23:16]
XDMAC_CSUS20
- 15:8 SUBS[15:8]
7.0 SUBS[7:0]
31:24
23:16 DUBS[23:16]
XDMAC_CDUS20
- 15:8 DUBS[15:8]
7.0 DUBS[7:0]
31:24
23:16 TC[23:16]
XDMAC_CTCS20
- 15:8 TC[15:8]
7:0 TCI[7:0]
Reserved
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SAMA7GS5 Series
DMA Controller (XDMAC)

........... continued

omet | Name JEeres ] 7 e | s e ] |2 | | o

0x05A0

0x05A4

0x05A8

0x05AC

0x05B0

0x05B4

0x05B8

0x05BC

0x05C0

0x05C4

0x05C8

0x05CC

0x05D0

0x05D4

31:24
23:16
XDMAC_CIE21
- 15:8
7:0 TCIE ROIE WBIE RBIE FIE DIE LIE BIE
31:24
23:16
XDMAC_CID21
- 15:8
7:0 TCID ROID WBEID RBEID FID DID LID BID
31:24
23:16
XDMAC_CIM21
- 15:8
7:0 TCIM ROIM WBEIM RBEIM FIM DIM LIM BIM
31:24
23:16
XDMAC_CIS21
- 15:8
7:0 TCIS ROIS WBEIS RBEIS FIS DIS LIS BIS
31:24 SA[31:24]
2316 SA[23:16]
XDMAC_CSA21
- 15:8 SA[15:8]
7:0 SA[7:0]
31:24 DA[31:24]
2316 DA[23:16]
XDMAC_CDA21
- 15:8 DA[15:8]
7.0 DA[7:0]
31:24 NDA[29:22]
23:16 NDA[21:14]
XDMAC_CNDA21
- 15:8 NDA[13:6]
7.0 NDA[5:0]
31:24
23:16
XDMAC_CNDC21
- 15:8
7:0 QOS[1:0] NDVIEW[1:0] NDDUP NDSUP NDE
31:24
23:16 UBLEN][23:16]
XDMAC_CuBC21
- 15:8 UBLEN][15:8]
7.0 UBLEN[7:0]
31:24
23:16
XDMAC_CBC21
- 15:8 BLEN[11:8]
7.0 BLEN[7:0]
31:24 PERID[6:0]
23:16 WRIP RDIP INITD DAM[1:0] SAM[1:0]
XDMAC_CC21
- 15:8 DWIDTH[1:0] CSIZE[2:0]
7:0 MEMSET SWREQ PROT DSYNC MBSIZE[1:0] TYPE
31:24 DDS_MSP[15:8]
XDMAC_CDS_MSP| 23:16 DDS_MSP[7:0]
21 15:8 SDS_MSP[15:8]
7.0 SDS_MSP[7:0]
31:24
23:16 SUBS[23:16]
XDMAC_CSUS21
- 15:8 SUBS[15:8]
7.0 SUBS[7:0]
31:24
23:16 DUBS[23:16]
XDMAC_CDuUs21
- 15:8 DUBS[15:8]
7.0 DUBS[7:0]
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DMA Controller (XDMAC)

........... continued

omet | Name JEeres ] 7 e | s e ] |2 | | o

0x05D8

0x05DC

0x05DF

0x05E0

0x05E4

0x05E8

0x05EC

0x05F0

0x05F4

0x05F8

0x05FC

0x0600

0x0604

0x0608

0x060C

0x0610

31:24
2316 TC[23:16]
XDMAC_CTCS21
- 15:8 TC[15:8]
7:0 TCI[7:0]
Reserved
31:24
23:16
XDMAC_CIE22
- 15:8
7:0 TCIE ROIE WBIE RBIE FIE DIE LIE BIE
31:24
23:16
XDMAC_CID22
- 15:8
7:0 TCID ROID WBEID RBEID FID DID LID BID
31:24
23:16
XDMAC_CIM22
- 15:8
7:0 TCIM ROIM WBEIM RBEIM FIM DIM LIM BIM
31:24
23:16
XDMAC_CIS22
- 15:8
7:0 TCIS ROIS WBEIS RBEIS FIS DIS LIS BIS
31:24 SA[31:24]
2316 SA[23:16]
XDMAC_CSA22
- 15:8 SA[15:8]
7.0 SA[7:0]
31:24 DA[31:24]
2316 DA[23:16]
XDMAC_CDA22
- 15:8 DA[15:8]
7.0 DA[7:0]
31:24 NDA[29:22]
23:16 NDA[21:14]
XDMAC_CNDA22
- 15:8 NDA[13:6]
7.0 NDA[5:0]
31:24
23:16
XDMAC_CNDC22
- 15:8
7:0 QOS[1:0] NDVIEWT[1:0] NDDUP NDSUP NDE
31:24
23:16 UBLEN[23:16]
XDMAC_CUBC22
- 15:8 UBLEN][15:8]
7.0 UBLEN[7:0]
31:24
23:16
XDMAC_CBC22
- 15:8 BLEN[11:8]
7.0 BLEN[7:0]
31:24 PERID[6:0]
23:16 WRIP RDIP INITD DAM[1:0] SAM[1:0]
XDMAC_CC22
- 15:8 DWIDTH[1:0] CSIZE[2:0]
7:0 MEMSET SWREQ PROT DSYNC MBSIZE[1:0] TYPE
31:24 DDS_MSP[15:8]
XDMAC_CDS_MSP|  23:16 DDS_MSP[7:0]
22 15:8 SDS_MSP[15:8]
7.0 SDS_MSP[7:0]
31:24
23:16 SUBS[23:16]
XDMAC_CSUS22
- 15:8 SUBS[15:8]
7.0 SUBS[7:0]
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DMA Controller (XDMAC)

........... continued

omet | Name JEeres ] 7 e | s e ] |2 | | o

0x0614

0x0618

0x061C

0x061F

0x0620

0x0624

0x0628

0x062C

0x0630

0x0634

0x0638

0x063C

0x0640

0x0644

0x0648

0x064C

XDMAC_CDUS22

XDMAC_CTCS22

Reserved

XDMAC_CIE23

XDMAC_CID23

XDMAC_CIM23

XDMAC_CIs23

XDMAC_CSA23

XDMAC_CDA23

XDMAC_CNDA23

XDMAC_CNDC23

XDMAC_CuUBC23

XDMAC_CBC23

XDMAC_CC23

XDMAC_CDS_MSP
23

31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0

31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0

TCIE

TCID

TCIM

TCIS

WRIP

MEMSET

ROIE

ROID

ROIM

ROIS

WBIE

WBEID

WBEIM

WBEIS

DUBS[23:16]
DUBS[15:8]
DUBS[7:0]

TC[23:16]
TC[15:8]
TC[7:0]

RBIE FIE DIE LIE BIE

RBEID FID DID LID BID

RBEIM FIM DIM LIM BIM

RBEIS FIS DIS LIS BIS
SA[31:24]
SA[23:16]
SA[15:8]
SA[7:0]
DA[31:24]
DA[23:16]
DA[15:8]
DA[7:0]
NDA[29:22]
NDA[21:14]
NDA[13:6]

NDA[5:0]

QOSI[1:0]

RDIP

SWREQ

INITD

PROT

NDVIEW[1:0] NDDUP NDSUP NDE
UBLEN[23:16]
UBLEN[15:8]

UBLEN[7:0]

BLEN[11:8]
BLEN[7:0]
PERID[6:0]
DAM[1:0] SAM[1:0]
CSIZE[2:0]
MBSIZE[1:0]

DWIDTH[1:0]

DSYNC
DDS_MSP[15:8]
DDS_MSP([7:0]
SDS_MSP[15:8]
SDS_MSP[7:0]

TYPE
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SAMA7GS5 Series
DMA Controller (XDMAC)

........... continued

omet | Name JEeres ] 7 e | s e ] |2 | | o

0x0650

0x0654

0x0658

0x065C

0x065F

0x0660

0x0664

0x0668

0x066C

0x0670

0x0674

0x0678

0x067C

0x0680

0x0684

0x0688

31:24
23:16 SUBS[23:16]
XDMAC_CSUS23
- 15:8 SUBS[15:8]
7.0 SUBS[7:0]
31:24
23:16 DUBS[23:16]
XDMAC_CDUS23
- 15:8 DUBS[15:8]
7.0 DUBS[7:0]
31:24
2316 TC[23:16]
XDMAC_CTCS23
- 15:8 TC[15:8]
7:0 TCI[7:0]
Reserved
31:24
23:16
XDMAC_CIE24
- 15:8
7:0 TCIE ROIE WBIE RBIE FIE DIE LIE BIE
31:24
23:16
XDMAC_CID24
- 15:8
7:0 TCID ROID WBEID RBEID FID DID LID BID
31:24
23:16
XDMAC_CIM24
- 15:8
7:0 TCIM ROIM WBEIM RBEIM FIM DIM LIM BIM
31:24
23:16
XDMAC_CIS24
- 15:8
7:0 TCIS ROIS WBEIS RBEIS FIS DIS LIS BIS
31:24 SA[31:24]
2316 SA[23:16]
XDMAC_CSA24
- 15:8 SA[15:8]
7.0 SA[7:0]
31:24 DA[31:24]
2316 DA[23:16]
XDMAC_CDA24
- 15:8 DA[15:8]
7.0 DA[7:0]
31:24 NDA[29:22]
23:16 NDA[21:14]
XDMAC_CNDA24
- 15:8 NDA[13:6]
7.0 NDA[5:0]
31:24
23:16
XDMAC_CNDC24
- 15:8
7:0 QOS[1:0] NDVIEWT[1:0] NDDUP NDSUP NDE
31:24
23:16 UBLEN[23:16]
XDMAC_CUBC24
- 15:8 UBLEN][15:8]
7.0 UBLEN[7:0]
31:24
23:16
XDMAC_CBC24
- 15:8 BLEN[11:8]
7.0 BLEN[7:0]
31:24 PERID[6:0]
23:16 WRIP RDIP INITD DAM[1:0] SAM[1:0]
XDMAC_CC24
- 15:8 DWIDTH[1:0] CSIZE[2:0]
7:0 MEMSET SWREQ PROT DSYNC MBSIZE[1:0] TYPE
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SAMA7GS5 Series
DMA Controller (XDMAC)

........... continued

omet | Neme Jeeres ] 7 e s | ¢ | s 2 | | o

0x068C

0x0690

0x0694

0x0698

0x069C

0x069F

0x06A0

0x06A4

0x06A8

0x06AC

0x06B0

0x06B4

0x06B8

0x06BC

0x06C0

0x06C4

31:24 DDS_MSP[15:8]
XDMAC_CDS_MSP|  23:16 DDS_MSP[7:0]
24 15:8 SDS_MSP[15:8]
7.0 SDS_MSP[7:0]
31:24
23:16 SUBS[23:16]
XDMAC_CSUS24
- 15:8 SUBS[15:8]
7.0 SUBS[7:0]
31:24
23:16 DUBS[23:16]
XDMAC_CDuUS24
- 15:8 DUBS[15:8]
7.0 DUBS[7:0]
31:24
2316 TC[23:16]
XDMAC_CTCS24
- 15:8 TC[15:8]
7:0 TCI[7:0]
Reserved
31:24
23:16
XDMAC_CIE25
- 15:8
7:0 TCIE ROIE RBIE FIE DIE LIE BIE
31:24
23:16
XDMAC_CID25
- 15:8
7:0 TCID ROID RBEID FID DID LID BID
31:24
23:16
XDMAC_CIM25
- 15:8
7:0 TCIM ROIM RBEIM FIM DIM LIM BIM
31:24
23:16
XDMAC_CIS25
- 15:8
7:0 TCIS ROIS RBEIS FIS DIS LIS BIS
31:24 SA[31:24]
2316 SA[23:16]
XDMAC_CSA25
- 15:8 SA[15:8]
7.0 SA[7:0]
31:24 DA[31:24]
2316 DA[23:16]
XDMAC_CDA25
- 15:8 DA[15:8]
7.0 DA[7:0]
31:24 NDA[29:22]
23:16 NDA[21:14]
XDMAC_CNDA25
- 15:8 NDA[13:6]
7.0
31:24
23:16
XDMAC_CNDC25
- 15:8
7:0 NDVIEWT[1:0] NDDUP NDSUP NDE
31:24
23:16 UBLEN[23:16]
XDMAC_CUBC25
- 15:8 UBLEN][15:8]
7.0 UBLEN[7:0]
31:24
23:16
XDMAC_CBC25
- 15:8 BLEN[11:8]
7.0 BLEN[7:0]
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SAMA7GS5 Series
DMA Controller (XDMAC)

........... continued

omet | Name JEeres ] 7 e | s | e ] s |2 | | o

0x06C8

0x06CC

0x06D0

0x06D4

0x06D8

0x06DC

0x06DF

0x06E0

0x06E4

0x06E8

0x06EC

0x06F0

0x06F4

0x06F8

0x06FC

0x0700

31:24 PERID[6:0]
23:16 WRIP RDIP INITD DAM[1:0] SAM[1:0]
XDMAC_CC25
- 15:8 DWIDTH[1:0] CSIZE[2:0]
7:0 MEMSET SWREQ PROT DSYNC MBSIZE[1:0] TYPE
31:24 DDS_MSP[15:8]
XDMAC_CDS_MSP|  23:16 DDS_MSP[7:0]
25 15:8 SDS_MSP[15:8]
7.0 SDS_MSP[7:0]
31:24
23:16 SUBS[23:16]
XDMAC_CSUS25
- 15:8 SUBS[15:8]
7.0 SUBS[7:0]
31:24
23:16 DUBS[23:16]
XDMAC_CDUS25
- 15:8 DUBS[15:8]
7.0 DUBS[7:0]
31:24
2316 TC[23:16]
XDMAC_CTCS25
- 15:8 TC[15:8]
7:0 TCI[7:0]
Reserved
31:24
23:16
XDMAC_CIE26
- 15:8
7:0 TCIE ROIE WBIE RBIE FIE DIE LIE BIE
31:24
23:16
XDMAC_CID26
- 15:8
7:0 TCID ROID WBEID RBEID FID DID LID BID
31:24
23:16
XDMAC_CIM26
- 15:8
7:0 TCIM ROIM WBEIM RBEIM FIM DIM LIM BIM
31:24
23:16
XDMAC_CIS26
- 15:8
7:0 TCIS ROIS WBEIS RBEIS FIS DIS LIS BIS
31:24 SA[31:24]
2316 SA[23:16]
XDMAC_CSA26
- 15:8 SA[15:8]
7.0 SA[7:0]
31:24 DA[31:24]
2316 DA[23:16]
XDMAC_CDA26
- 15:8 DA[15:8]
7.0 DA[7:0]
31:24 NDA[29:22]
23:16 NDA[21:14]
XDMAC_CNDA26
- 15:8 NDA[13:6]
7.0 NDA[5:0]
31:24
23:16
XDMAC_CNDC26
- 15:8
7:0 QOS[1:0] NDVIEWT[1:0] NDDUP NDSUP NDE
31:24
23:16 UBLEN[23:16]
XDMAC_CUBC26
- 15:8 UBLEN][15:8]
7.0 UBLEN[7:0]
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SAMA7GS5 Series
DMA Controller (XDMAC)

........... continued

omet | Name JEeres ] 7 e | s e ] |2 | | o

0x0704

0x0708

0x070C

0x0710

0x0714

0x0718

0x071C

0x071F

0x0720

0x0724

0x0728

0x072C

0x0730

0x0734

0x0738

0x073C

31:24
23:16
XDMAC_CBC26
- 15:8 BLEN[11:8]
7.0 BLEN[7:0]
31:24 PERID[6:0]
23:16 WRIP RDIP INITD DAM[1:0] SAM[1:0]
XDMAC_CC26
- 15:8 DWIDTH[1:0] CSIZE[2:0]
7:0 MEMSET SWREQ PROT DSYNC MBSIZE[1:0] TYPE
31:24 DDS_MSP[15:8]
XDMAC_CDS_MSP|  23:16 DDS_MSP[7:0]
26 15:8 SDS_MSP[15:8]
7.0 SDS_MSP[7:0]
31:24
23:16 SUBS[23:16]
XDMAC_CSUS26
- 15:8 SUBS[15:8]
7.0 SUBS[7:0]
31:24
23:16 DUBS[23:16]
XDMAC_CDUS26
- 15:8 DUBS[15:8]
7.0 DUBS[7:0]
31:24
2316 TC[23:16]
XDMAC_CTCS26
- 15:8 TC[15:8]
7:0 TCI[7:0]
Reserved
31:24
23:16
XDMAC_CIE27
- 15:8
7:0 TCIE ROIE WBIE RBIE FIE DIE LIE BIE
31:24
23:16
XDMAC_CID27
- 15:8
7:0 TCID ROID WBEID RBEID FID DID LID BID
31:24
23:16
XDMAC_CIM27
- 15:8
7:0 TCIM ROIM WBEIM RBEIM FIM DIM LIM BIM
31:24
23:16
XDMAC_CIS27
- 15:8
7:0 TCIS ROIS WBEIS RBEIS FIS DIS LIS BIS
31:24 SA[31:24]
2316 SA[23:16]
XDMAC_CSA27
- 15:8 SA[15:8]
7.0 SA[7:0]
31:24 DA[31:24]
2316 DA[23:16]
XDMAC_CDA27
- 15:8 DA[15:8]
7.0 DA[7:0]
31:24 NDA[29:22]
23:16 NDA[21:14]
XDMAC_CNDA27
- 15:8 NDA[13:6]
7.0 NDA[5:0]
31:24
23:16
XDMAC_CNDC27
- 15:8
7:0 QOS[1:0] NDVIEWT[1:0] NDDUP NDSUP NDE
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SAMA7GS5 Series
DMA Controller (XDMAC)

........... continued

omet | Name JEeres ] 7 e | s e ] |2 | | o

0x0740

0x0744

0x0748

0x074C

0x0750

0x0754

0x0758

0x075C

0x075F

0x0760

0x0764

0x0768

0x076C

0x0770

0x0774

0x0778

31:24
23:16 UBLEN[23:16]
XDMAC_CuBC27
- 15:8 UBLEN][15:8]
7.0 UBLEN[7:0]
31:24
23:16
XDMAC_CBC27
- 15:8 BLEN[11:8]
7.0 BLEN[7:0]
31:24 PERID[6:0]
23:16 WRIP RDIP INITD DAM[1:0] SAM[1:0]
XDMAC_CC27
- 15:8 DWIDTH[1:0] CSIZE[2:0]
7:0 MEMSET SWREQ PROT DSYNC MBSIZE[1:0] TYPE
31:24 DDS_MSP[15:8]
XDMAC_CDS_MSP|  23:16 DDS_MSP[7:0]
27 15:8 SDS_MSP[15:8]
7.0 SDS_MSP[7:0]
31:24
23:16 SUBS[23:16]
XDMAC_CSUS27
- 15:8 SUBS[15:8]
7.0 SUBS[7:0]
31:24
23:16 DUBS[23:16]
XDMAC_CDus27
- 15:8 DUBS[15:8]
7.0 DUBS[7:0]
31:24
2316 TC[23:16]
XDMAC_CTCS27
- 15:8 TC[15:8]
7:0 TCI[7:0]
Reserved
31:24
23:16
XDMAC_CIE28
- 15:8
7:0 TCIE ROIE WBIE RBIE FIE DIE LIE BIE
31:24
23:16
XDMAC_CID28
- 15:8
7:0 TCID ROID WBEID RBEID FID DID LID BID
31:24
23:16
XDMAC_CIM28
- 15:8
7:0 TCIM ROIM WBEIM RBEIM FIM DIM LIM BIM
31:24
23:16
XDMAC_CIS28
- 15:8
7:0 TCIS ROIS WBEIS RBEIS FIS DIS LIS BIS
31:24 SA[31:24]
2316 SA[23:16]
XDMAC_CSA28
- 15:8 SA[15:8]
7.0 SA[7:0]
31:24 DA[31:24]
2316 DA[23:16]
XDMAC_CDA28
- 15:8 DA[15:8]
7.0 DA[7:0]
31:24 NDA[29:22]
23:16 NDA[21:14]
XDMAC_CNDA28
- 15:8 NDA[13:6]
7.0 NDA[5:0]
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SAMA7GS5 Series
DMA Controller (XDMAC)

........... continued

omet | Name JEeres ] 7 e | s e ] |2 | | o

0x077C

0x0780

0x0784

0x0788

0x078C

0x0790

0x0794

0x0798

0x079C

0x079F

0x07A0

0x07A4

0x07A8

0x07AC

0x07B0

0x07B4

31:24
23:16
XDMAC_CNDC28
- 15:8
7:0 QOS[1:0] NDVIEW[1:0] NDDUP NDSUP NDE
31:24
23:16 UBLEN[23:16]
XDMAC_CUBC28
- 15:8 UBLEN][15:8]
7.0 UBLEN[7:0]
31:24
23:16
XDMAC_CBC28
- 15:8 BLEN[11:8]
7.0 BLEN[7:0]
31:24 PERID[6:0]
23:16 WRIP RDIP INITD DAM[1:0] SAM[1:0]
XDMAC_CC28
- 15:8 DWIDTH[1:0] CSIZE[2:0]
7:0 MEMSET SWREQ PROT DSYNC MBSIZE[1:0] TYPE
31:24 DDS_MSP[15:8]
XDMAC_CDS_MSP|  23:16 DDS_MSP[7:0]
28 15:8 SDS_MSP[15:8]
7.0 SDS_MSP[7:0]
31:24
23:16 SUBS[23:16]
XDMAC_CSUS28
- 15:8 SUBS[15:8]
7.0 SUBS[7:0]
31:24
23:16 DUBS[23:16]
XDMAC_CDUS28
- 15:8 DUBS[15:8]
7.0 DUBS[7:0]
31:24
23:16 TC[23:16]
XDMAC_CTCS28
- 15:8 TC[15:8]
7:0 TCI[7:0]
Reserved
31:24
23:16
XDMAC_CIE29
- 15:8
7:0 TCIE ROIE WBIE RBIE FIE DIE LIE BIE
31:24
23:16
XDMAC_CID29
- 15:8
7:0 TCID ROID WBEID RBEID FID DID LID BID
31:24
23:16
XDMAC_CIM29
- 15:8
7:0 TCIM ROIM WBEIM RBEIM FIM DIM LIM BIM
31:24
23:16
XDMAC_CIS29
- 15:8
7:0 TCIS ROIS WBEIS RBEIS FIS DIS LIS BIS
31:24 SA[31:24]
2316 SA[23:16]
XDMAC_CSA29
- 15:8 SA[15:8]
7.0 SA[7:0]
31:24 DA[31:24]
2316 DA[23:16]
XDMAC_CDA29
- 15:8 DA[15:8]
7.0 DA[7:0]
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SAMA7GS5 Series
DMA Controller (XDMAC)

........... continued

omet | Name Jewres ] 7 e s ¢ | s 2| | o

0x07B8

0x07BC

0x07CO

0x07C4

0x07C8

0x07CC

0x07D0

0x07D4

0x07D8

0x07DC

0x07DF

0x07EO0

0x07E4

0x07E8

0x07EC

0x07F0

31:24 NDA[29:22]
23:16 NDA[21:14]
XDMAC_CNDA29
- 15:8 NDA[13:6]
7.0 NDA[5:0]
31:24
23:16
XDMAC_CNDC29
- 15:8
7:0 QOS[1:0] NDVIEW[1:0] NDDUP NDSUP NDE
31:24
23:16 UBLEN[23:16]
XDMAC_CUBC29
- 15:8 UBLEN][15:8]
7.0 UBLEN[7:0]
31:24
23:16
XDMAC_CBC29
- 15:8 BLEN[11:8]
7.0 BLEN[7:0]
31:24 PERID[6:0]
23:16 WRIP RDIP INITD DAM[1:0] SAM[1:0]
XDMAC_CC29
- 15:8 DWIDTH[1:0] CSIZE[2:0]
7:0 MEMSET SWREQ PROT DSYNC MBSIZE[1:0] TYPE
31:24 DDS_MSP[15:8]
XDMAC_CDS_MSP|  23:16 DDS_MSP[7:0]
29 15:8 SDS_MSP[15:8]
7.0 SDS_MSP[7:0]
31:24
23:16 SUBS[23:16]
XDMAC_CSUS29
- 15:8 SUBS[15:8]
7.0 SUBS[7:0]
31:24
23:16 DUBS[23:16]
XDMAC_CDUS29
- 15:8 DUBS[15:8]
7.0 DUBS[7:0]
31:24
23:16 TC[23:16]
XDMAC_CTCS29
- 15:8 TC[15:8]
7:0 TCI[7:0]
Reserved
31:24
23:16
XDMAC_CIE30
- 15:8
7:0 TCIE ROIE WBIE RBIE FIE DIE LIE BIE
31:24
23:16
XDMAC_CID30
- 15:8
7:0 TCID ROID WBEID RBEID FID DID LID BID
31:24
23:16
XDMAC_CIM30
- 15:8
7:0 TCIM ROIM WBEIM RBEIM FIM DIM LIM BIM
31:24
23:16
XDMAC_CIS30
- 15:8
7:0 TCIS ROIS WBEIS RBEIS FIS DIS LIS BIS
31:24 SA[31:24]
2316 SA[23:16]
XDMAC_CSA30
- 15:8 SA[15:8]
7.0 SA[7:0]
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SAMA7GS5 Series
DMA Controller (XDMAC)

........... continued

omet | Name Jewres ] 7 e s ¢ | s 2| | o

0x07F4

0x07F8

0x07FC

0x0800

0x0804

0x0808

0x080C

0x0810

0x0814

0x0818

0x081C

0x081F

0x0820

0x0824

0x0828

0x082C

31:24 DA[31:24]
2316 DA[23:16]
XDMAC_CDA30
- 15:8 DA[15:8]
7.0 DA[7:0]
31:24 NDA[29:22]
23:16 NDA[21:14]
XDMAC_CNDA30
- 15:8 NDA[13:6]
7.0 NDA[5:0]
31:24
23:16
XDMAC_CNDC30
- 15:8
7:0 QOS[1:0] NDVIEW[1:0] NDDUP NDSUP NDE
31:24
23:16 UBLEN[23:16]
XDMAC_CUBC30
- 15:8 UBLEN][15:8]
7.0 UBLEN[7:0]
31:24
23:16
XDMAC_CBC30
- 15:8 BLEN[11:8]
7.0 BLEN[7:0]
31:24 PERID[6:0]
23:16 WRIP RDIP INITD DAM[1:0] SAM[1:0]
XDMAC_CC30
- 15:8 DWIDTH[1:0] CSIZE[2:0]
7:0 MEMSET SWREQ PROT DSYNC MBSIZE[1:0] TYPE
31:24 DDS_MSP[15:8]
XDMAC_CDS_MSP|  23:16 DDS_MSP[7:0]
30 15:8 SDS_MSP[15:8]
7.0 SDS_MSP[7:0]
31:24
23:16 SUBS[23:16]
XDMAC_CSUS30
- 15:8 SUBS[15:8]
7.0 SUBS[7:0]
31:24
23:16 DUBS[23:16]
XDMAC_CDUS30
- 15:8 DUBS[15:8]
7.0 DUBS[7:0]
31:24
23:16 TC[23:16]
XDMAC_CTCS30
- 15:8 TC[15:8]
7:0 TCI[7:0]
Reserved
31:24
23:16
XDMAC_CIE31
- 15:8
7:0 TCIE ROIE WBIE RBIE FIE DIE LIE BIE
31:24
23:16
XDMAC_CID31
- 15:8
7:0 TCID ROID WBEID RBEID FID DID LID BID
31:24
23:16
XDMAC_CIM31
- 15:8
7:0 TCIM ROIM WBEIM RBEIM FIM DIM LIM BIM
31:24
23:16
XDMAC_CIS31
- 15:8
7:0 TCIS ROIS WBEIS RBEIS FIS DIS LIS BIS
© 2022 Microchip Technology Inc. Datasheet DS60001765A-page 250

and its subsidiaries



SAMA7G5 Series

DMA Controller (XDMAC)
........... continued
= Y IR T (NI N R B R
31:24 SA[31:24]
23:16 SA[23:16]
0x0830 XDMAC_CSA31
- 15:8 SA[15:8]
7:0 SA[7:0]
31:24 DA[31:24]
23:16 DA[23:16]
0x0834 XDMAC_CDA31
- 15:8 DA[15:8]
7:0 DA[7:0]
31:24 NDA[29:22]
23:16 NDA[21:14]
0x0838 ' XDMAC_CNDA31
- 15:8 NDA[13:6]
7:0 NDA[5:0]
31:24
23:16
0x083C | XDMAC_CNDC31 158
7:0 QOS[1:0] NDVIEW[1:0] NDDUP NDSUP NDE
31:24
23:16 UBLEN][23:16]
0x0840 ' XDMAC_CUBC31
- 15:8 UBLEN][15:8]
7:0 UBLEN[7:0]
31:24
23:16
0x0844 XDMAC_CBC31
- 15:8 BLEN[11:8]
7:0 BLEN[7:0]
31:24 PERID[6:0]
23:16 WRIP RDIP INITD DAM[1:0] SAM[1:0]
0x0848 XDMAC_CC31
- 15:8 DWIDTH[1:0] CSIZE[2:0]
7:0 MEMSET SWREQ PROT DSYNC MBSIZE[1:0] TYPE
31:24 DDS_MSP[15:8]
0x084C XDMAC_CDS_MSP,  23:16 DDS_MSP[7:0]
31 15:8 SDS_MSP[15:8]
7:0 SDS_MSP[7:0]
31:24
23:16 SUBS[23:16]
0x0850 |« XDMAC_CSUS31
- 15:8 SUBS[15:8]
7:0 SUBS[7:0]
31:24
23:16 DUBS[23:16]
0x0854 |« XDMAC_CDUS31
- 15:8 DUBS[15:8]
7:0 DUBSI[7:0]
31:24
23:16 TC[23:16]
0x0858 |« XDMAC_CTCS31
- 15:8 TC[15:8]
7:0 TCI[7:0]
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SAMA7GS5 Series
DMA Controller (XDMAC)

14.9.1 XDMAC Global Type Register
Name: XDMAC_GTYPE
Offset: 0x00
Property: Read-only

Reset: The register reset values depend on the instance of the XDMAC:

XDMACO0, XDMAC1 0x004A201F
XDMAC2 0x00020007
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
NB_REQI6:0]
Access R R R R R R R
Reset
Bit 15 14 13 12 1 10 9 8
FIFO_SZ[10:3]
Access R R R R R R R R
Reset
Bit 7 6 5 4 3 2 1 0
FIFO_SZ[2:0] NB_CH][4:0]
Access R R R R R R R R
Reset

Bits 22:16 — NB_REQ[6:0] Number of Peripheral Requests Minus One

Bits 15:5 — FIFO_SZ[10:0] Number of Bytes
The FIFO size is given by the formula: Number of bytes + 8.

Bits 4:0 — NB_CH[4:0] Number of Channels Minus One

© 2022 Microchip Technology Inc. Datasheet DS60001765A-page 252
and its subsidiaries



SAMA7G5 Series

DMA Controller (XDMAC)
14.9.2 XDMAC Global Configuration Register
Name: XDMAC_GCFG
Offset: 0x04
Reset: 0x00000000
Property: Read/Write
Notes:

1.  WRXxP fields: to maximize system performance and avoid system head of line blocking, verify that (WRHP+1)+
(WRMP+1)+(WRLP+1) is less than or equal to the system buffering capability (i.e., the size of addresses and
write data buffer in the system bus interconnect).

2. RDSG/RDxP fields: to maximize system performance and avoid system head of line blocking, verify that
(RDSG+1)(RDHP+1)(RDMP+1)+(RDLP+1) is less than or equal to the system read buffering capability (i.e.,
the size of addresses buffer in the system bus interconnect).

3. WRxP, RDSG, RDxP fields are related to the RAQ and WAQ DDR queues, defined respectively in “Read
Address Channel” and “Write Address Channel” in the section “Universal DDR Memory Controller (UDDRC)”.

Bit 31 30 29 28 27 26 25 24
| RDSG[3:0] | RDLP[3:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
RDMPI[3:0] RDHP[3:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
WRLP[3:0] WRMPJ[3:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
WRHP[3:0] CGDISIF CGDISFIFO CGDISPIPE CGDISREG
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 31:28 — RDSG[3:0] Read Queue Scatter Gather Outstanding Limit
RDSG+1 is the maximum number of active transactions for descriptor read access.

Bits 27:24 — RDLP[3:0] Read Queue Low Priority Outstanding Limit
RDLP+1 is the maximum number of active transactions for read access (memory) of a memory-to-memory transfer.

Bits 23:20 — RDMP[3:0] Read Queue Medium Priority Outstanding Limit
RDMP+1 is the maximum number of active transactions for read access (memory) of a memory-to-peripheral
transfer.

Bits 19:16 — RDHP[3:0] Read Queue High Priority Outstanding Limit
RDHP+1 is the maximum number of active transactions for read access (peripheral) of a peripheral-to-memory
transfer.

Bits 15:12 — WRLP[3:0] Write Queue Low Priority Outstanding Limit
WRLP+1 is the maximum number of active transactions for write access (memory) of a memory-to-memory transfer.

Bits 11:8 - WRMP[3:0] Write Queue Medium Priority Outstanding Limit
WRMP+1 is the maximum number of active transactions for write access (memory) of peripheral-to-memory transfer.
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Bits 7:4 — WRHP[3:0] Write Queue High Priority Outstanding Limit
WRHP+1 is the maximum number of active transactions for write access (peripheral) of a memory-to-peripheral
transfer.

Bit 3 — CGDISIF Bus Interface Clock Gating Disable

Value Description
0 The automatic clock gating is enabled for the system bus interface.
1 The automatic clock gating is disabled for the system bus interface.

Bit 2 - CGDISFIFO FIFO Clock Gating Disable

Value Description
0 The automatic clock gating is enabled for the main FIFO.
1 The automatic clock gating is disabled for the main FIFO.

Bit 1 — CGDISPIPE Pipeline Clock Gating Disable

Value Description
0 The automatic clock gating is enabled for the main pipeline.
1 The automatic clock gating is disabled for the main pipeline.

Bit 0 —- CGDISREG Configuration Registers Clock Gating Disable

Value Description
0 The automatic clock gating is enabled for the configuration registers.
1 The automatic clock gating is disabled for the configuration registers.
© 2022 Microchip Technology Inc. Datasheet DS60001765A-page 254

and its subsidiaries



SAMA7GS5 Series
DMA Controller (XDMAC)

14.9.3 XDMAC Global Weighted Arbiter Configuration Register

Name: XDMAC_GWAC
Offset: 0x08

Reset: 0x00000000
Property: Read/Write
Notes:

1. PWO0/1: when a memory-to-peripheral transaction occurs, the peripheral write transaction may be asserted
at the same time as a memory write transaction. The write port arbiter grants bus access to the highest
transaction weight first, then the internal weight counter is decremented. When the internal weight counter
reaches 0, it is reloaded with PWx. If PW0=0 and PW1 = 0, the arbitration method is round-robin.

2. PW2/3: When a peripheral-to-memory transaction occurs, the peripheral read transaction may be asserted
at the same time as a memory read transaction. The Read Port Arbiter grants bus access to the highest
transaction weight first, then the internal weight counter is decremented. When the internal weight counter
reaches 0, it is reloaded with PWx. If PW2=0 and PW3 = 0, the arbitration method is round-robin.

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
PW?3[3:0] PW2[3:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
PW1[3:0] PWO[3:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:12 — PW3[3:0] Pool Weight 3
Memory transaction weight for read port arbiter. This is exactly the peripheral read transaction weight of a memory-
tomemory transfer.

Bits 11:8 — PW2[3:0] Pool Weight 2
Peripheral transaction weight for read port arbiter. This is exactly the peripheral read transaction weight of a
peripheral-tomemory transfer.

Bits 7:4 — PW1[3:0] Pool Weight 1
Memory transaction weight for write port arbiter. This is exactly the memory write transaction weight of a memory-to-
memory transfer.

Bits 3:0 — PW0[3:0] Pool Weight 0
Peripheral transaction weight for write port arbiter. This is exactly the peripheral write transaction weight of a
memory-to-peripheral transfer.
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14.9.4 XDMAC Global Interrupt Enable Register
Name: XDMAC_GIE
Offset: 0x0C
Reset: -
Property: Write-only
Bit 31 30 29 28 27 26 25 24
IE31 IE30 IE29 IE28 IE27 IE26 IE25 IE24
Access w W W W W w w w
Reset - - - - - - - -
Bit 23 22 21 20 19 18 17 16
IE23 IE22 IE21 IE20 IE19 IE18 IE17 IE16
Access w w w w w w w w
Reset - - - - - - - -
Bit 15 14 13 12 1 10 9 8
IE15 IE14 IE13 IE12 IE11 IE10 IE9 IE8
Access w W W W W w w w
Reset - - - - - - - -
Bit 7 6 5 4 3 2 1 0
IE7 IE6 IES IE4 IE3 IE2 IE1 IEO
Access w w W w w w w w
Reset - - - - - - - -

Bits 0,1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31 —
IEx XDMAC Channel x Interrupt Enable

Value Description
0 This bit has no effect. The Channel x Interrupt Mask bit (XDMAC_GIM.IMx) is not modified.
1 The corresponding mask bit is set. The XDMAC Channel x Interrupt Status register (XDMAC_GIS) can

generate an interrupt.
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14.9.5 XDMAC Global Interrupt Disable Register
Name: XDMAC_GID
Offset: 0x10
Reset: -
Property: Write-only
Bit 31 30 29 28 27 26 25 24
ID31 ID30 ID29 ID28 ID27 ID26 ID25 ID24
Access w W W W W w w w
Reset - - - - - - - -
Bit 23 22 21 20 19 18 17 16
1D23 ID22 1D21 ID20 ID19 ID18 ID17 ID16
Access W w w w w w w w
Reset - - - - - - - -
Bit 15 14 13 12 1 10 9 8
ID15 ID14 ID13 ID12 ID11 ID10 D9 ID8
Access w W W W W w w w
Reset - - - - - - - -
Bit 7 6 5 4 3 2 1 0
ID7 ID6 ID5 ID4 ID3 ID2 ID1 IDO
Access w w W w w w w w
Reset - - - - - - - -

Bits 0,1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31 —
IDx XDMAC Channel x Interrupt Disable

Value Description
0 This bit has no effect. The Channel x Interrupt Mask bit (XDMAC_GIM.IMx) is not modified.
1 The corresponding mask bit is reset. The Channel x Interrupt Status register interrupt (XDMAC_GIS) is
masked.
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14.9.6 XDMAC Global Interrupt Mask Register
Name: XDMAC_GIM
Offset: 0x14
Reset: 0x00000000
Property: Read-only
Bit 31 30 29 28 27 26 25 24
IM31 IM30 IM29 IM28 IM27 IM26 IM25 IM24
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
IM23 IM22 IM21 IM20 IM19 IM18 IM17 IM16
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
IM15 IM14 IM13 IM12 IM11 IM10 IM9 IM8
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
IM7 IM6 IM5 IM4 IM3 IM2 IM1 IMO
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0

Bits 0,1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31 —
IMx XDMAC Channel x Interrupt Mask

Value Description

0 This bit indicates that the channel x interrupt source is masked. The interrupt line is not raised.
1 This bit indicates that the channel x interrupt source is unmasked.
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14.9.7 XDMAC Global Interrupt Status Register
Name: XDMAC_GIS
Offset: 0x18
Reset: 0x00000000
Property: Read-only
Bit 31 30 29 28 27 26 25 24
1S31 I1S30 1S29 1S28 1827 1S26 1S25 1S24
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
1S23 1S22 1S21 1S20 1S19 1S18 1S17 1S16
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1 10 9 8
1S15 1S14 1S13 I1S12 1S11 1S10 1S9 IS8
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
1S7 1S6 1S5 1S4 1S3 1S2 1S1 ISO
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0

Bits 0,1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31 —
ISx XDMAC Channel x Interrupt Status

Value Description

0 This bit indicates that either the interrupt source is masked at the channel level or no interrupt is
pending for channel x.
1 This bit indicates that an interrupt is pending for the channel x.
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14.9.8 XDMAC Global Channel Enable Register
Name: XDMAC_GE
Offset: 0x1C
Reset: -
Property: Write-only
Bit 31 30 29 28 27 26 25 24
EN31 EN30 EN29 EN28 EN27 EN26 EN25 EN24
Access W w w w w W W W
Reset - - - - - - - -
Bit 23 22 21 20 19 18 17 16
EN23 EN22 EN21 EN20 EN19 EN18 EN17 EN16
Access W w W w w W W w
Reset - - - - - - - -
Bit 15 14 13 12 " 10 9 8
EN15 EN14 EN13 EN12 EN11 EN10 EN9 EN8
Access W w w w w w W W
Reset - - - - - - - -
Bit 7 6 5 4 3 2 1 0
EN7 ENG6 EN5S EN4 EN3 EN2 EN1 ENO
Access W w W w w w W w
Reset - - - - - - - -

Bits 0,1,2,3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31 —
ENx XDMAC Channel x Enable

Value Description

0 This bit has no effect.
1 Enables channel n. This operation is permitted if the Channel x Status bit (XDMAC_GS.STx) was read
as'0".
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14.9.9 XDMAC Global Channel Disable Register
Name: XDMAC_GD
Offset: 0x20
Reset: -
Property: Write-only
Bit 31 30 29 28 27 26 25 24
DI31 DI30 DI29 DI28 DI27 DI26 DI25 DI24
Access W w w w w W W w
Reset - - - - - - - -
Bit 23 22 21 20 19 18 17 16
DI23 DI22 Di21 DI20 DI19 DI18 DI17 DI16
Access W w W w w W W w
Reset - - - - - - - -
Bit 15 14 13 12 " 10 9 8
DI15 DI14 DI13 DI12 DI11 DI10 DI9 DI8
Access W w w w w w W w
Reset - - - - - - - -
Bit 7 6 5 4 3 2 1 0
DI7 DI6 DI5 Di4 DI3 DiI2 DI1 DIO
Access W w W w w w W w
Reset — — — — —

Bits 0,1,2,3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31 —
DIx XDMAC Channel x Disable

Value Description

0 This bit has no effect.
1 Disables channel x.
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14.9.10 XDMAC Global Channel Status Register
Name: XDMAC_GS
Offset: 0x24
Reset: 0x00000000
Property: Read-only
Bit 31 30 29 28 27 26 25 24
ST31 ST30 ST29 ST28 ST27 ST26 ST25 ST24
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
ST23 ST22 ST21 ST20 ST19 ST18 ST17 ST16
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1 10 9 8
ST15 ST14 ST13 ST12 ST ST10 ST9 ST8
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
ST7 ST6 ST5 ST4 ST3 ST2 ST1 STO
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0

Bits 0,1, 2, 3,4,5,6,7,8,9, 10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31 —
STx XDMAC Channel x Status
0 This bit indicates that the channel x is disabled.
1 This bit indicates that the channel x is enabled. If a channel disable request is issued, this bit remains
asserted until pending transaction is completed.
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14.9.11 XDMAC Global Channel Read Suspend Register
Name: XDMAC_GRS
Offset: 0x30
Reset: -
Property: Write-only
Bit 31 30 29 28 27 26 25 24
RS31 RS30 RS29 RS28 RS27 RS26 RS25 RS24
Access w W W W W w w w
Reset - - - - - - - -
Bit 23 22 21 20 19 18 17 16
RS23 RS22 RS21 RS20 RS19 RS18 RS17 RS16
Access W w w w w w w w
Reset - - - - - - - -
Bit 15 14 13 12 1 10 9 8
RS15 RS14 RS13 RS12 RS11 RS10 RS9 RS8
Access w W W W W w w w
Reset - - - - - - - -
Bit 7 6 5 4 3 2 1 0
RS7 RS6 RS5 RS4 RS3 RS2 RS1 RSO
Access w w W w w w w w
Reset - - - - - - - -

Bits 0,1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31 —
RSx XDMAC Channel x Read Suspend

Value Description

0 No effect.
1 The source requests for channel n are no longer serviced by the system scheduler.
© 2022 Microchip Technology Inc. Datasheet DS60001765A-page 263

and its subsidiaries



SAMA7G5 Series

DMA Controller (XDMAC)
14.9.12 XDMAC Global Channel Write Suspend Register
Name: XDMAC_GWS
Offset: 0x38
Reset: -
Property: Write-only
Bit 31 30 29 28 27 26 25 24
WS31 WS30 WS29 WS28 WwSs27 WS26 WS25 WS24
Access w W W W W w w w
Reset - - - - - - - -
Bit 23 22 21 20 19 18 17 16
WS23 WS22 WS21 WS20 WS19 WS18 WS17 WS16
Access w w w w w w w w
Reset - - - - - - - -
Bit 15 14 13 12 1 10 9 8
WS15 WS14 WS13 WS12 WS11 WS10 WS9 WwS8
Access w W W W W w w w
Reset - - - - - - - -
Bit 7 6 5 4 3 2 1 0
WSs7 WS6 WS5 Ws4 WS3 WSs2 WS1 WSO
Access w w W w w w w w
Reset - - - - - - - -

Bits 0,1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31 —
WSx XDMAC Channel x Write Suspend

Value Description

0 No effect.
1 Destination requests are no longer routed to the scheduler.
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14.9.13 XDMAC Global Channel Read Write Suspend Register

Name: XDMAC_GRWS
Offset: 0x40
Reset: -

Property: Write-only

Bit 31 30 29 28 27 26 25 24
RWS31 RWS30 RWS29 RWS28 RWS27 RWS26 RWS25 RWS24

Access W w w w w W W W

Reset - - - - - - - -

Bit 23 22 21 20 19 18 17 16
RWS23 RWS22 RWS21 RWS20 RWS19 RWS18 RWS17 RWS16

Access W w W w w W W w

Reset — — — — — — - —

Bit 15 14 13 12 " 10 9 8
RWS15 RWS14 RWS13 RWS12 RWS11 RWS10 RWS9 RWS8

Access W w w w w w W W

Reset - — - - - - - -

Bit 7 6 5 4 3 2 1 0
RWS7 RWS6 RWS5 RWS4 RWS3 RWS2 RWS1 RWSO0

Access W w W w w w W w

Reset — — — — — — - —

Bits 0,1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31 —
RWSx XDMAC Channel x Read Write Suspend

Value Description

0 No effect.
1 Read and write requests are suspended.
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14.9.14 XDMAC Global Channel Read Write Resume Register

Name: XDMAC_GRWR
Offset: 0x44
Reset: -

Property: Write-only

Bit 31 30 29 28 27 26 25 24
RWR31 RWR30 RWR29 RWR28 RWR27 RWR26 RWR25 RWR24
Access W w w w w W W W
Reset - - - - - - - -
Bit 23 22 21 20 19 18 17 16
RWR23 RWR22 RWR21 RWR20 RWR19 RWR18 RWR17 RWR16
Access W w W w w W W w
Reset — — — — — — - —
Bit 15 14 13 12 " 10 9 8
RWR15 RWR14 RWR13 RWR12 RWR11 RWR10 RWR9 RWRS8
Access W w w w w w W W
Reset - — - - - - - -
Bit 7 6 5 4 3 2 1 0
RWR7 RWR6 RWR5 RWR4 RWR3 RWR2 RWR1 RWRO0
Access W w W w w W W w
Reset — — — — — — - —

Bits 0,1,2,3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31 —
RWRx XDMAC Channel x Read Write Resume

Value Description

0 No effect.
1 Read and write requests are serviced.
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14.9.15 XDMAC Global Channel Read Suspend Status Register
Name: XDMAC_GRSS
Offset: 0x28
Reset: 0x00000000
Property: Read-only
Bit 31 30 29 28 27 26 25 24
RSS31 RSS30 RSS29 RSS28 RSS27 RSS26 RSS25 RSS24
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
RSS23 RSS22 RSS21 RSS20 RSS19 RSS18 RSS17 RSS16
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1 10 9 8
RSS15 RSS14 RSS13 RSS12 RSS11 RSS10 RSS9 RSS8
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
RSS7 RSS6 RSS5 RSS4 RSS3 RSS2 RSS1 RSSO0
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0

Bits 0,1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31 —
RSS XDMAC Channel x Read Suspend Status

Value Description

0 The read channel is not suspended.
1 The source requests for channel x are no longer serviced by the system scheduler.
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14.9.16 XDMAC Global Channel Write Suspend Status Register
Name: XDMAC_GWSS
Offset: 0x2C
Reset: 0x00000000
Property: Read-only
Bit 31 30 29 28 27 26 25 24
WSS31 WSS30 WSS29 WSS28 WSS27 WSS26 WSS25 WSS24
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
WSS23 WSS22 WSS21 WSS20 WSS19 WSS18 WSS17 WSS16
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1 10 9 8
WSS15 WSS14 WSS13 WSS12 WSS11 WSS10 WSS9 WSS8
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
WSS7 WSS6 WSS5 WSS4 WSS3 WSS2 WSS1 WSSO0
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0

Bits 0,1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31 —
WSS XDMAC Channel x Write Suspend Status

Value Description

0 The write channel is not suspended.
1 The source requests for channel x are no longer serviced by the system scheduler.
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14.9.17 XDMAC Global Channel Read Resume Register
Name: XDMAC_GRR
Offset: 0x34
Reset: -
Property: Write-only
Bit 31 30 29 28 27 26 25 24
RR31 RR30 RR29 RR28 RR27 RR26 RR25 RR24
Access w W W W W w w w
Reset - - - - - - - -
Bit 23 22 21 20 19 18 17 16
RR23 RR22 RR21 RR20 RR19 RR18 RR17 RR16
Access w w w w W w w w
Reset - - - - - - - -
Bit 15 14 13 12 1 10 9 8
RR15 RR14 RR13 RR12 RR11 RR10 RR9 RR8
Access w W W W W w w w
Reset - - - - - - - -
Bit 7 6 5 4 3 2 1 0
RR7 RR6 RR5 RR4 RR3 RR2 RR1 RRO
Access W w W w w w w w
Reset - - - - - - - -

Bits 0,1,2,3,4,5,6,7, 8,9, 10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31 - RR
XDMAC Channel x Read Resume

Value Description

0 No effect
1 The source requests for channel x are serviced by the system scheduler.
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14.9.18 XDMAC Global Channel Write Resume Register
Name: XDMAC_GWR
Offset: 0x3C
Reset: -
Property: Write-only
Bit 31 30 29 28 27 26 25 24
WR31 WR30 WR29 WR28 WR27 WR26 WR25 WR24
Access w W W W W w w w
Reset - - - - - - - -
Bit 23 22 21 20 19 18 17 16
WR23 WR22 WR21 WR20 WR19 WR18 WR17 WR16
Access w w w w w w w w
Reset - - - - - - - -
Bit 15 14 13 12 1 10 9 8
WR15 WR14 WR13 WR12 WR11 WR10 WR9 WR8
Access w W W W W w w w
Reset - - - - - - - -
Bit 7 6 5 4 3 2 1 0
WR7 WR6 WR5 WR4 WR3 WR2 WR1 WRO
Access w w W w w w w w
Reset - - - - - - - -

Bits 0,1,2,3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31 —
WR XDMAC Channel x Write Resume

Value Description

0 No effect.
1 Destination requests are serviced and routed to the scheduler.
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14.9.19 XDMAC Global Channel Software Request Register

Name: XDMAC_GSWR
Offset: 0x48
Reset: -

Property: Write-only

Bit 31 30 29 28 27 26 25 24
SWREQ31 | SWREQ30 | SWREQ29 | SWREQ28 | SWREQ27 | SWREQ26 | SWREQ25 | SWREQ24 |
Access W w W w w w W w
Reset - - - - - - - -
Bit 23 22 21 20 19 18 17 16
SWREQ23 | SWREQ22 | SWREQ21 | SWREQ20 | SWREQ19 | SWREQ18 | SWREQ17 | SWREQ16 |
Access w W W W W W W W
Reset - - - - - - - -
Bit 15 14 13 12 11 10 9 8
SWREQ15 | SWREQ14 | SWREQ13 | SWREQ12 | SWREQ11 | SWREQ10 | SWREQ9 | SWREQS |
Access W w W w w w W w
Reset - - - - - - - -
Bit 7 6 5 4 3 2 1 0
SWREQ7 | SWREQ6 | SWREQ5 | SWREQ4 | SWREQ3 | SWREQ2 | SWREQ1 | SWREQO |
Access w W i W W W W i
Reset - - - - - - - -

Bits 0,1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31 —
SWREQx XDMAC Channel x Software Request

Value Description

0 No effect.
1 Requests a DMA transfer for channel x.
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14.9.20 XDMAC Global Channel Software Request Status Register
Name: XDMAC_GSWS
Offset: 0x4C
Reset: 0x00000000
Property: Read-only
Bit 31 30 29 28 27 26 25 24
SWRS31 SWRS30 SWRS29 SWRS28 SWRS27 SWRS26 SWRS25 SWRS24
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
SWRS23 SWRS22 SWRS21 SWRS20 SWRS19 SWRS18 SWRS17 SWRS16
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1 10 9 8
SWRS15 SWRS14 SWRS13 SWRS12 SWRS11 SWRS10 SWRS9 SWRS8
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
SWRS7 SWRS6 SWRS5 SWRS4 SWRS3 SWRS2 SWRSH1 SWRSO0
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0

Bits 0,1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31 —
SWRSx XDMAC Channel x Software Request Status
0 Channel x source request is serviced.
1 Channel x source request is pending.
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14.9.21 XDMAC Global Channel Software Flush Request Register
Name: XDMAC_GSWF
Offset: 0x50
Reset: 0x00000000
Property: Read/Write
Bit 31 30 29 28 27 26 25 24
SWF31 SWF30 SWF29 SWF28 SWF27 SWF26 SWF25 SWF24
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
SWF23 SWF22 SWF21 SWF20 SWF19 SWF18 SWF17 SWF16
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
SWF15 SWF14 SWF13 SWF12 SWF11 SWF10 SWF9 SWF8
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
SWF7 SWF6 SWF5 SWF4 SWF3 SWF2 SWF1 SWF0
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 0,1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31 -
SWFx XDMAC Channel x Software Flush Request
0 No effect.
1 Requests a DMA transfer flush for channel x. This bit is only relevant when the transfer is source
peripheral synchronized.
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14.9.22 XDMAC Channel x Interrupt Enable Register [x=0..31]
Name: XDMAC_CIE
Offset: 0x60 + n*0x40 [n=0..31]
Reset: -
Property: Write-only
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 1 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
TCIE ROIE WBIE RBIE FIE DIE LIE BIE
Access w w w w w W w \W
Reset - - - - - - - -

Bit 7 — TCIE Transfer Count Overflow Error Interrupt Enable

Value Description
0 No effect.
1 Enables transfer count overflow error interrupt.

Bit 6 — ROIE Request Overflow Error Interrupt Enable

Value Description
0 No effect.
1 Enables request overflow error interrupt.

Bit 5 — WBIE Write Bus Error Interrupt Enable

Value Description
0 No effect.
1 Enables write bus error interrupt.

Bit 4 — RBIE Read Bus Error Interrupt Enable

Value Description
0 No effect.
1 Enables read bus error interrupt.

Bit 3 — FIE End of Flush Interrupt Enable

Value Description
0 No effect.
1 Enables end of flush interrupt.

Bit 2 — DIE End of Disable Interrupt Enable

Value Description
0 No effect.
1 Enables end of disable interrupt.
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Bit 1 — LIE End of Linked List Interrupt Enable

Value Description

0 No effect.
1 Enables end of linked list interrupt.

Bit 0 — BIE End of Block Interrupt Enable

Value Description

0 No effect.
1 Enables end of block interrupt.
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14.9.23 XDMAC Channel x Interrupt Disable Register [x = 0..31]
Name: XDMAC_CID
Offset: 0x64 + n*0x40 [n=0..31]
Reset: -
Property Write-only
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 1" 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
TCID ROID WBEID RBEID FID DID LID BID
Access W w W W w W W W
Reset - - - - - - - -

Bit 7 — TCID Transfer Count Overflow Error Interrupt Disable

Value Description
0 No effect.
1 Disables transfer count overflow error interrupt.

Bit 6 — ROID Request Overflow Error Interrupt Disable

Value Description
0 No effect.
1 Disables request overflow error interrupt.

Bit 5 — WBEID Write Bus Error Interrupt Disable

Value Description
0 No effect.
1 Disables bus error interrupt.

Bit 4 — RBEID Read Bus Error Interrupt Disable

Value Description
0 No effect.
1 Disables bus error interrupt.

Bit 3 — FID End of Flush Interrupt Disable

Value Description
0 No effect.
1 Disables end of flush interrupt.

Bit 2 — DID End of Disable Interrupt Disable

Value Description
0 No effect.
1 Disables end of disable interrupt.
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Bit 1 — LID End of Linked List Interrupt Disable

Value Description

0 No effect.
1 Disables end of linked list interrupt.

Bit 0 — BID End of Block Interrupt Disable

Value Description

0 No effect.
1 Disables end of block interrupt.
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14.9.24 XDMAC Channel x Interrupt Mask Register [x = 0..31]
Name: XDMAC_CIM
Offset: 0x68 + n*0x40 [n=0..31]
Reset: 0x00000000
Property: Read-only
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 1 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
TCIM ROIM WBEIM RBEIM FIM DIM LIM BIM
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0

Bit 7 — TCIM Transfer Count Overflow Error Interrupt Mask
Value Description

0 Transfer count overflow interrupt is masked.

1 Transfer count overflow interrupt is activated.

Bit 6 — ROIM Request Overflow Error Interrupt Mask
Value Description

0 Request overflow interrupt is masked.

1 Request overflow interrupt is activated.

Bit 5 — WBEIM Write Bus Error Interrupt Mask
Value Description

0 Bus error interrupt is masked.

1 Bus error interrupt is activated.

Bit 4 — RBEIM Read Bus Error Interrupt Mask
Value Description

0 Bus error interrupt is masked.

1 Bus error interrupt is activated.

Bit 3 — FIM End of Flush Interrupt Mask

Value Description
0 End of flush interrupt is masked.
1 End of flush interrupt is activated.

Bit 2 — DIM End of Disable Interrupt Mask

Value Description
0 End of disable interrupt is masked.
1 End of disable interrupt is activated.
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Bit 1 — LIM End of Linked List Interrupt Mask

Value Description

0 End of linked list interrupt is masked.
1 End of linked list interrupt is activated.

Bit 0 — BIM End of Block Interrupt Mask

Value Description

0 Block interrupt is masked.
1 Block interrupt is activated.
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14.9.25 XDMAC Channel x Interrupt Status Register [x = 0..31]
Name: XDMAC_CIS
Offset: 0x6C + n*0x40 [n=0..31]
Reset: 0x00000000
Property: Read-only
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 1" 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
TCIS ROIS WBEIS RBEIS FIS DIS LIS BIS
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0

Bit 7 — TCIS Transfer Count Overflow Interrupt Status

Value Description

0 Transfer count overflow has not occurred.

1 At least one transfer count overflow has been detected since the last read of the Status register.

Bit 6 — ROIS Request Overflow Error Interrupt Status
Value Description
0 Overflow condition has not occurred.
1 Overflow condition has occurred at least once. (This information is only relevant for peripheral
synchronized transfers.)

Bit 5 - WBEIS Write Bus Error Interrupt Status

Value Description
0 Write bus error condition has not occurred.
1 At least one bus error has been detected in a write access since the last read of the Status register.

Bit 4 —- RBEIS Read Bus Error Interrupt Status

Value Description
0 Read bus error condition has not occurred.
1 At least one bus error has been detected in a read access since the last read of the Status register.

Bit 3 — FIS End of Flush Interrupt Status

Value Description
0 End of flush condition has not occurred.
1 End of flush condition has occurred since the last read of the Status register.

Bit 2 — DIS End of Disable Interrupt Status

Value Description
0 End of disable condition has not occurred.
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Value Description
1 End of disable condition has occurred since the last read of the Status register.

Bit 1 — LIS End of Linked List Interrupt Status

Value Description

0 End of linked list condition has not occurred.
1 End of linked list condition has occurred since the last read of the Status register.

Bit 0 — BIS End of Block Interrupt Status

Value Description

0 End of block interrupt has not occurred.
1 End of block interrupt has occurred since the last read of the Status register.
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14.9.26 XDMAC Channel x Source Address Register [x = 0..31]
Name: XDMAC_CSA
Offset: 0x70 + n*0x40 [n=0..31]
Reset: 0x00000000
Property: Read/Write
Bit 31 30 29 28 27 26 25 24
SA[31:24]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
SA[23:16]
Access R/W R/W R/W R/wW R/W R/W R/W RW
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1" 10 9 8
SA[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
SA[7:0]
Access R/W R/W R/W R/W R/wW R/W R/W RW
Reset 0 0 0 0 0 0 0 0

Bits 31:0 — SA[31:0] Channel x Source Address
Program this register with the source address of the DMA transfer.
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14.9.27 XDMAC Channel x Destination Address Register [x = 0..31]
Name: XDMAC_CDA
Offset: 0x74 + n*0x40 [n=0..31]
Reset: 0x00000000
Property: Read/Write
Bit 31 30 29 28 27 26 25 24
DA[31:24]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
DA[23:16]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
DA[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
DA[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 31:0 — DA[31:0] Channel x Destination Address

Program this register with the destination address of the DMA transfer.
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14.9.28 XDMAC Channel x Next Descriptor Address Register [x = 0..31]
Name: XDMAC_CNDA
Offset: 0x78 + n*0x40 [n=0..31]
Reset: 0x00000000
Property: Read/Write
Bit 31 30 29 28 27 26 25 24
NDA[29:22]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
NDA[21:14]
Access R/W R/W R/W R/W R/W R/W R/W RW
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1" 10 9 8
NDA[13:6]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
NDA[5:0]
Access R/W R/W R/W R/wW R/W R/W
Reset 0 0 0 0 0 0

Bits 31:2 — NDA[29:0] Channel x Next Descriptor Address
The 30-bit width of the NDA field represents the next descriptor address range 31:2. The descriptor is word-aligned
and the two least significant register bits 1:0 are ignored.
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14.9.29 XDMAC Channel x Next Descriptor Control Register [x = 0..31]

Name: XDMAC_CNDC
Offset: 0x7C + n*0x40 [n=0..31]
Reset: 0x00000000

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 1" 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
QOSI[1:0] NDVIEW[1:0] NDDUP NDSUP NDE
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0

Bits 6:5 — QOS[1:0] Channel Quality Of Service level
This field indicates the current quality of service level for the channel. Refer to the section “MATRIX".

Bits 4:3 — NDVIEW[1:0] Channel x Next Descriptor View

Value Name Description

0 NDVO Next Descriptor View 0
1 NDV1 Next Descriptor View 1
2 NDV2 Next Descriptor View 2
3 NDV3 Next Descriptor View 3

Bit 2 - NDDUP Channel x Next Descriptor Destination Update

Description
0 DST_PARAMS_UNCHANGED | Destination parameters remain unchanged.
1 DST_PARAMS_UPDATED Destination parameters are updated when the descriptor is retrieved.
Bit 1 — NDSUP Channel x Next Descriptor Source Update
Value Name Description
0 SRC_PARAMS_UNCHANGED | Source parameters remain unchanged.
1 SRC_PARAMS_UPDATED Source parameters are updated when the descriptor is retrieved.

Bit 0 —- NDE Channel x Next Descriptor Enable
Value Name Description
0 DSCR_FETCH_DIS Descriptor fetch is disabled.
1 DSCR_FETCH_EN Descriptor fetch is enabled.
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14.9.30 XDMAC Channel x Microblock Control Register [x = 0..31]
Name: XDMAC_CUBC
Offset: 0x80 + n*0x40 [n=0..31]
Reset: 0x00000000
Property: Read/Write
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
UBLENI[23:16]
Access R/W R/W R/W R/W R/W R/W R/W RW
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1 10 9 8
UBLEN[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
UBLEN[7:0]
Access R/W R/W R/W R/W R/W R/W R/W RW
Reset 0 0 0 0 0 0 0 0

Bits 23:0 — UBLEN[23:0] Channel x Microblock Length
This field indicates the number of data in the microblock. The microblock contains UBLEN data.
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14.9.31 XDMAC Channel x Block Control Register [x = 0..31]
Name: XDMAC_CBC
Offset: 0x84 + n*0x40 [n=0..31]
Reset: 0x00000000
Property: Read/Write
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 1" 10 9 8
BLEN[11:8]
Access R/W R/W R/W R/W
Reset 0 0 0 0
Bit 7 6 5 4 3 2 1 0
BLEN[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bits 11:0 — BLEN[11:0] Channel x Block Length
The length of the block is (BLEN+1) microblocks.
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14.9.32 XDMAC Channel x Configuration Register [x = 0..31]
Name: XDMAC_CC
Offset: 0x88 + n*0x40 [n=0..31]
Reset: 0x00000000
Property: Read/Write
Bit 31 30 29 28 27 26 25 24
PERID[6:0]
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
WRIP RDIP INITD DAM[1:0] SAM[1:0]
Access R R R R/W R/W R/W RW
Reset 0 0 0 0 0 0 0
Bit 15 14 13 12 1 10 9 8
DWIDTH[1:0] CSIZE[2:0]
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
MEMSET SWREQ | PROT DSYNC MBSIZE[1:0] TYPE
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0

Bits 30:24 — PERID[6:0] Channel x Peripheral Hardware Request Line Identifier

This field contains the peripheral hardware request line identifier. PERID refers to identifiers defined in “DMA
Controller Peripheral Connections”.

Note: When a memory-to-memory transfer is performed, configure PERID to Ox7F.

Bit 23 — WRIP Write in Progress

Value Name Description
0

DONE No active write transaction on the bus.
1 IN_PROGRESS A write transaction is in progress.

Bit 22 — RDIP Read in Progress

Value Name Description
0

DONE No active read transaction on the bus.
A read transaction is in progress.

1

IN_PROGRESS

Bit 21 — INITD Channel Initialization Done

When set to 0, XDMAC_CUBC.UBLEN and XDMAC_CNDA.NDA field values are unreliable each time a descriptor is
being updated. See 14.8. XDMAC Software Requirements.
Value Name Description

0 IN_PROGRESS Channel initialization is in progress.
1 TERMINATED Channel initialization is completed.

Bits 19:18 — DAM[1:0] Channel x Destination Addressing Mode

Value Name Description

0 FIXED_AM The address remains unchanged.

1 INCREMENTED_AM The addressing mode is incremented (the increment size is set to the data size).
2 UBS_AM The microblock stride is added at the microblock boundary.

3 UBS_DS_AM The microblock stride is added at the microblock boundary; the data stride is

added at the data boundary.
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Bits 17:16 — SAM[1:0] Channel x Source Addressing Mode

Value Name Description

0 FIXED_AM The address remains unchanged.

1 INCREMENTED_AM The addressing mode is incremented (the increment size is set to the data size).
2 UBS_AM The microblock stride is added at the microblock boundary.

3 UBS_DS_AM The microblock stride is added at the microblock boundary, the data stride is

added at the data boundary.

Bits 12:11 — DWIDTH[1:0] Channel x Data Width

Value Name Description

0 BYTE The data size is set to 8 bits
1 HALFWORD The data size is set to 16 bits
2 WORD The data size is set to 32 bits
3 DWORD The data size is set to 64 bits

Bits 10:8 — CSIZE[2:0] Channel x Chunk Size
Value Name Description

0 CHK_1 1 data transferred
1 CHK_2 2 data transferred
2 CHK_4 4 data transferred
3 CHK_8 8 data transferred
4 CHK_16 16 data transferred

Bit 7 — MEMSET Channel x Fill Block of Memory
Value Name Description
0 NORMAL_MODE Memset is not activated.
1 HW_MODE Sets the block of memory pointed by DA field to the specified value. This operation
is performed on 8-, 16- or 32-bit basis.

Bit 6 — SWREQ Channel x Software Request Trigger

Value Name Description
0 HWR_CONNECTED Hardware request line is connected to the peripheral request line.
1 SWR_CONNECTED Software request is connected to the peripheral request line.

Bit 5 - PROT Channel x Protection
When a descriptor is loaded, the PROT bit cannot be modified. If PROT=0 for a channel, the configuration and status
registers of this channel cannot be modified by unsecure software.

Value Name Description
0 SEC Channel is secured.
1 UNSEC Channel is unsecured.

Bit 4 — DSYNC Channel x Synchronization

Value Name Description
0 PER2MEM Peripheral-to-memory transfer
1 MEM2PER Memory-to-peripheral transfer

Bits 2:1 — MBSIZE[1:0] Channel x Memory Burst Size

Value Name Description

0 SINGLE The memory burst size is set to one.

1 FOUR The memory burst size is set to four.

2 EIGHT The memory burst size is set to eight.

3 SIXTEEN The memory burst size is set to sixteen.

Bit 0 — TYPE Channel x Transfer Type

Value Name Description
0 MEM_TRAN | Self-triggered mode (memory-to-memory transfer)
1 PER_TRAN Synchronized mode (peripheral-to-memory or memory-to-peripheral transfer)
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14.9.33 XDMAC Channel x Data Stride Memory Set Pattern Register [x = 0..31]

Name: XDMAC_CDS_MSP
Offset: 0x8C + n*0x40 [n=0..31]
Reset: 0x00000000

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
DDS_MSP[15:8]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
DDS_MSP[7:0]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1 10 9 8
SDS_MSP[15:8]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
SDS_MSP[7:0]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

Bits 31:16 — DDS_MSP[15:0] Channel x Destination Data Stride or Memory Set Pattern
When XDMAC_CCx.MEMSET = 0, this field indicates the destination data stride.
Number of bytes for the data stride of channel x (two’s complement). If the field is set to zero the data is contiguous

(see Data Striding Diagram).

The DDS_MSP field is only relevant when XDMAC_CCx.SAM=UBS_DS_AM.
When XDMAC_CCx.MEMSET = 1, this field indicates the memory set pattern.

Bits 15:0 —- SDS_MSP[15:0] Channel x Source Data Stride or Memory Set Pattern
When XDMAC_CCx.MEMSET = 0, this field indicates the source data stride.

Number of bytes for the data stride of channel x (two’s complement). If the field is set to zero the data is contiguous

(see Data Striding Diagram).

The SDS_MSP field is only relevant when XDMAC_CCx.SAM=UBS_DS_AM.
When XDMAC_CCx.MEMSET = 1, this field indicates the memory set pattern.
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14.9.34 XDMAC Channel x Source Microblock Stride Register [x = 0..31]
Name: XDMAC_CSUS
Offset: 0x90 + n*0x40 [n=0..31]
Reset: 0x00000000
Property: Read/Write
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
SUBS[23:16]
Access R/W R/W R/W R/W R/W R/W R/W RW
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1 10 9 8
SUBS[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
SUBS[7:0]
Access R/W R/W R/W R/W R/W R/W R/W RW
Reset 0 0 0 0 0 0 0 0

Bits 23:0 — SUBS[23:0] Channel x Source Microblock Stride
Number of bytes for the microblock stride for channel x (two’s complement). If the field is set to zero the data is
contiguous (see Figure 14-2).
The SUBS field is only relevant when XDMAC_CCx.SAM=UBS_AM or XDMAC_CCx.SAM=UBS_DS_AM.

© 2022 Microchip Technology Inc.
and its subsidiaries

Datasheet

DS60001765A-page 291



SAMA7G5 Series

DMA Controller (XDMAC)
14.9.35 XDMAC Channel x Destination Microblock Stride Register [x = 0..31]
Name: XDMAC_CDUS
Offset: 0x94 + n*0x40 [n=0..31]
Reset: 0x00000000
Property: Read/Write
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
DUBS[23:16]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1 10 9 8
DUBS[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
DUBSI[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 23:0 — DUBS[23:0] Channel x Destination Microblock Stride
Number of bytes for the microblock stride for channel x (two’s complement). If the field is set to zero the data is
contiguous (see Figure 14-2).
The DUBS field is only relevant when XDMAC_CCx.SAM=UBS_AM or XDMAC_CCx.SAM=UBS_DS_AM.
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14.9.36 XDMAC Channel x Transfer Count Status Register [x = 0..XDMAC_NB_CH-131]

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Name: XDMAC_CTCS
Offset: 0x98 + n*0x40 [n=0..31]
Reset: 0x00000000
Property: Read/Write
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
TC[23:16]
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
TC[15:8]
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
TC[7:0]
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0

Bits 23:0 — TC[23:0] Channel x Transfer Count

Number of bytes written by the XDMA since the last read of the Transfer Count Status register. The field does not

indicate the number of bytes written to memory.

To get the number of bytes already written in memory at any time during peripheral-to-memory transfer, use the
following software procedure:
1.  Read the XDMAC_CTCSx.TC field to sample the number of bytes received by the XDMA.
2. Perform a software flush of the channel by writing one to the XDMAC_GSWF register. This will push bytes
from the internal DMA FIFO to the external memory and return an interrupt when the bytes can be read by the

CPU.
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MEMORIES

Figure 15-1. Memory Mapping

Address memory space

Address memory space (continued)
0x00000000 0x58000000 offset
ROM EBI Chip Select 3
+ ¢ wired-or)
0200014000 genn00000 APBO APBG APB1
0xE000000. 0XE080000D, 0xE10000004
Undefined (Abort) DDR Chip Select PPt SECURAM o TCL pANNELD Pt A
.- =*" Toxr0004000 = +0x40 == oxer001000 .
000020000 0xE0000000 - SECUMOD Tl CANNELT Undefined (Abort)
ECC ROM 0xE0008000 === L B = 0xE1200000
- - TC
APBO .- SFRBU e CHANNEL2 XDMAC2
=== 0xE000c000 201- =" " 0x£0804000 23 0xE1204000 24:114
000038000 0xE0800000 - cpPxec " MATRIX SDMMCO
Undefined (Abort) 0xE00100004==" 3 0xE0808000 0xE1208000 50;141
APB6 -
- TZPM HSMC SDMMCA
00040000 _-=""" 0x£0014000 03 0XE080C000 L 0xE120C000 61142
0xE1000000 -
PIOA QsPIo SDMMC2
CPKCC ROM APBA 0xE0018000 117129 0xE0810000 18 0xE1210000 £2;143
PMC QsPi Undefined (Abort)
0500050000 ORE1800000 0E001C000 [—— 10 0xE0814000 i 0xE1400000
N “77Y pwot UDPHSA csl
M o 0;1;2 104 R 33
Undefined (Abort) APB2 “~ +0x1000 —— 0xE0818000 0xE1404000
,\ SYSC psre UDPHSB csi2bc
0%00051000 0xE2000000 . +OX1010 [ 0xE081C000 0xE1408000
AN N 7' sHobwe IcM 1ISC
. 5 . 5
CPKCC RAM APB3 . +{0x1020 El 0xE0820000 55;122 0xE140C000 56
. . € RrT TZAESBNS Undefined (Abort)
0x00052000 0xE2800000 *. mxﬁsg 8 0xE0824000 0xE1600000
s
Undefined (Abort K N P seke TZAESBS ACC
ndefined (Abort) APB4 Y. +0x1054 < 4 0xE0828000 0xE1604000 =
. SYSC
. . *.BSC MCANO PWM
0200100000 0xB3000000 \ *4+0x1060 — 0XE082C000 61:123 0xE1608000 7
+ o
% . SY5C GpER MCAN1 PDMCO
. 2;
SRAM APBS o +0x1028 > 0xE0830000 62;124 0XE160C000 68
vsc B
o . RTC MCAN2 PDMC1
0x00120000 0 A \ . .125 9
0xE3002000 LN +ox10de) 718, 0xE0834000 63;125 0xE1610000 69
[y SYSC .
Undefined (Abort) P v . syscwp .~ MCANS ASRC
( ) % 0xE0020000 2 VKE0838000 64:126 0XE1614000 30
\J Y . -
0500200000 3500000 N CHIPID . MoANe SPOIFRX
h “ 10xE0024000 A 0xE083G000 s 0XE1618000
UDPHSA RAM APB7 B o Undefinéd (Abort) S MCANS5 SPDIFTX
. | 0ME001D180 < 0xE0840000 [ £6:128 0xE161C000 85
0%00300000 0xE3805000 N Y DWDT_SECURE ‘\ TCPCA 12SMCCO
M * ' * 0xE0844000 — 24 0XE1620000 =
UDPHSB RAM Undefined (Abort) ' . ’ ‘\\ TCPC? 12SMCC1 )
' PR . 0xE0848000 — 0xE1624000 8
0x00400000 0XE8800000 N (N Undefined (Aboft), SFR
' . = 0xE1628000 2
UHPHS_OHCI APB_DBG_S ' . . EIC
B vy APB4 . « 0XE1629000 37:153;154
0x00401000 0XE8860000 1 oxe2800j00 N S Undefined (Abort)
' . GMACO * S
. A} . P A -~
Undefined (Abort) Undefined (Abort) ' 0x82804008 16:117:118:119:120 . .
' . N
' GMAC1 N N
R 2r545121 N
0%00500000 0XE8900000 ' 0xE2808000f 52;54;121 0xE2000000 APB3 0xE1800000, APB2
' ', XDMACO TZAESBASC PIT64B0
. A 99, 7
UHPHS_EHCI APB_DBG v 0xE2800000 % 22112 0xE2004000 0xE1804000 10:135
1200501000 Y *, XDMACT PITE4B3 PIT64B1
00501 0xE8901000 ' 0xE2810000 . 23:113 0xE2008000 73;138 0xE1808000 71:136
' IT64B5 PIT64B4 PIT64B2
Undefined (Abort) - \ 5: 4513 ;
Undefined (Abort) s 0x82814000 | L 75:140 0xE200C000 4:139 0xE180C000 =
'
0x00600000 0xE8R00000 ) CHA"\JNELO ssct 87 ssco 86
“ +0x40 o0 “ 0xE2010000 0xE1810000 =
NFC_RAM NICGPV ' " CHANNEL1 TRNG
Y +ox80 o - 0xE2014000 97:152 0xE1814000 27:115
.
000602400 0XE8C00000 N CHANNELZ TDES SHA
18000 v 9 96:151 | 83:144
0xE2818000 Yy 0xE2018000 - 0xE1818000 -
Undefined (Abort) oTPC M FLEXCOMS * FLEXCOM4 FLEXCOMO
Oxl’.‘PSTCGOO 4‘6 0xE201C000 0xE181C000
0x10000000 0XE8C01000 Y FLEXCOM9 FLEXCOMS5 FLEXCOM1
2 0 [
0xE3820000 0xE2020000 4 0xE1820000 3
NFC CMD Undefined (Abort) M FLEXCOM10 " FLEXCOM6 FLEXCOM2
OXEZB‘ZL.:JUU 0xE2024000 0xE1824000
0x20000000 0xE8C02000 [ FLEXCOM11 FLEXCOM7 FLEXCOM3
.
QSPI0 MEM f/xEZBi&ﬂOU v+ 0xE2028000 5 0xE1828000 41
CSI2DC META 3 Undefined (Abort) ' Undefined (Abort) Undefined (Abort)
'
0x30000000 0XE8C04000 P
'
QSPI1 MEM \ R
Undefined (Abort) N '
' .
0x40000000 0xE8C10000 \ \
' .
EBI Chip Select 0 ) . APB7 ‘
ARM Periph 0xE3800000 - *
.
048000000 0xE8C18000 0xE3804000 N
.
EBI Chip Select 1 DDR3PHY P
Undefined (Abort . . APB5
(Abert) 0xE3805000 0xE3000000
0x50000000 Undefined (Abort) TzC
102
0xE3002000
EBI Chip Select 2 Undefined (Abort)
0x58000000
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Embedded Memories

Internal SRAM

The device embeds a total of 128 Kbytes of high-speed SRAM. The SRAM is always accessible at address
0x00100000.

The device embeds 5 Kbytes of SRAM (SECURAM) always accessible at address 0OxEO0000000. The SECURAM is
used by OTPC and SECUMOD.

Internal ROM
The ROM contents are:
»  ROMO: Secure bootloader (80 Kbytes) at offset 0

*+ ROM1: BCH tables to compute NAND Flash ECC (96 Kbytes) at address 0X00002000
* ROM2: Crypto-libraries CPKCC (40 Kbytes) at address 0X00040000

By construction, ROMs are only accessible by the CPU with the restriction below:

* ROMO: accessible only in Secure mode and when executed after reset. This memory is hidden before running
code in internal SRAM.

* ROM1: always accessible in Secure and Non-secure modes

* ROM2: always accessible in Secure mode

External Memories
The device features:
A Universal DDR-SDRAM Controller (UDDRC), supporting DDR2, DDR3, DDR3L, LPDDR2-S4 and LPDDR3

devices.

* An External Bus Interface (EBI) that embeds a NAND Flash controller and a Static Memory Controller (HSMC).
The HSMC supports Static Memories and MLC/SLC NAND Flash. It embeds MultiBit ECC correction (PMECC).
The HSMC buses can be scrambled and can be connected to an AES encryption/decryption engine.

Figure 15-2. External Memory Controllers

UDDRC
— »| Port 0 > DDR2
| 1200 [LIZAESB Port 1 T DDR3
— »| Port 2 E:) DDR3L
o LPDDR2-S4
— »| Port 3 a LPDDR3
System TZCA1 Port 4
Interconnect
EBI
2 NAND Flash || | NAND Flash
‘_E’ TZAESB Controller [ " Device
[
G >
n
Static Memory|| .| Static Memory
— Controller || " Device

For more details, refer to I/O AC Characteristics and System Interconnect and Security (SIS).

© 2022 Microchip Technology Inc. Datasheet DS60001765A-page 295
and its subsidiaries



15.2.1

15.2.2

15.2.21

15.3

15.3.1

15.3.2
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Universal DDR-SDRAM Controller (UDDRC)

The UDDRC is a 5-port memory controller supporting DDR-SDRAM and low-power DDR devices. Data transfers are
performed through a 16-bit data bus on one chip select. The memory interface operates with a 1.8V power supply for
DDR2, 1.5V for DDR3, 1.35V for DDR3L, and 1.2V for LPDDR2 and LPDDR3.

For full details, refer to the sections Universal DDR-SDRAM Controller (UDDRC) and DDR/LPDDR Physical Interface
(DDR3PHY).

External Bus Interface (EBI)

The External Bus Interface is designed to ensure the successful data transfer between several external devices and
the processor. The EBI of the device consists of a Static Memory Controller (SMC) and a NAND Flash Controller
(NFC).

For full details, refer to the section Static Memory Controller (SMC).

Description

The External Bus Interface is designed to ensure the successful data transfer between several external devices and
the Arm processor-based device. The device EBI consists of a Static Memory Controller (SMC).

Product Dependencies

Clocks
Memory clocks are not controlled by the PMC.
* ROM and CPKCC are on the CPU System and Security (CSS) matrix and therefore clocked by MCKO.
+ SECURAM is located on CSS and clocked by MCKO divided by 32.
* SRAM, SMC and NFC_RAM are located on the AHB System (HSS) matrix, clocked by MCK1.
+ UDDRC and DDR3PHY are clocked by MCK2 and hard-wired to the DDRPLLCK.

Note: The MCKO frequency is directly related to the CPU clock, so any change on the CPU clock impacts MCKO.

A\ CAUTION MCKS3 must be started during UDDRC and DDR3PHY initialization.

Interrupts
Refer to the table Peripheral Identifiers.

Reset
SMC and NFC are connected to the processor and peripherals reset line.
UDDRC and DDR3PHY have separated reset lines, controlled in RSTC_ GRSTR.

1/0s

DDR-SDRAM 1/Os are high-speed specific I/Os powered by VDDIODDR. These can be programmed in Retention
state in order to maintain their state in Backup Self-refresh mode.

Special Functions in SFR/SFRBU
« SFR_UDDRC.DIS_DECERR, to be set during the debug phase to avoid UDDRC decode errors with the
debugger
« SFRBU_DDRPWR.RETENTION to control DDR-SDRAM I/O Retention state
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Static Memory Controller (SMC)

Description

This Static Memory Controller (SMC) is capable of handling several types of external memory and peripheral devices,
such as SRAM, PSRAM, PROM, EPROM, EEPROM, LCD Module, NOR Flash and NAND Flash.

The SMC generates the signals that control the access to external memory devices or peripheral devices. It has 4
Chip Selects and a 26-bit address bus. The 16-bit data bus can be configured to interface with 8- or 16-bit external
devices. Separate read and write control signals allow for direct memory and peripheral interfacing. Read and write
signal waveforms are fully configurable.

The SMC can manage wait requests from external devices to extend the current access. The SMC is provided with
an automatic Slow Clock mode. In Slow Clock mode, it switches from user-programmed waveforms to slow-rate
specific waveforms on read and write signals.

The SMC embeds a NAND Flash Controller (NFC). The NFC can handle automatic transfers, sending the commands
and address cycles to the NAND Flash and transferring the contents of the page (for read and write) to the NFC
SRAM. It minimizes the CPU overhead.

The SMC embeds a programmable binary BCH encoder/decoder that generates redundancy information at encoding
for both SLC and MLC NAND devices. It supports redundancy for correction of 2, 4, 8, 12, 24, or 32 errors per sector
of 512 or 1024 bytes.

The External Data Bus can be scrambled/unscrambled by means of user keys.

Embedded Characteristics
* 128-Mbyte Address Space per Chip Select
* 8- or 16-bit Data Bus
* Word, Halfword, Byte Transfers
» Byte Write or Byte Select Lines
* Programmable Setup, Pulse and Hold Time for Read Signals per Chip Select
*  Programmable Setup, Pulse and Hold Time for Write Signals per Chip Select
* Programmable Data Float Time per Chip Select
» External Data Bus Scrambling/Unscrambling Function
* External Wait Request
* Automatic Switch to Slow Clock Mode
» Hardware Configurable Number of Chip Selects from 1 to 4
» Programmable Timing on a per Chip Select Basis
» NAND Flash Controller Supporting NAND Flash with Multiplexed Data/Address Buses
» Supports SLC and MLC NAND Flash Technology
» Supports NAND Flash Devices with 8 or 16-bit Data Paths
» Multibit Error Correcting Code (ECC) supporting NAND Flash devices with 8-bit only Data Path
» ECC Algorithm Based on Binary Shortened Bose, Chaudhuri and Hocquenghem (BCH) Codes
» Programmable Error Correcting Capability: 2, 4, 8, 12, 24 and 32 bits of Errors per Block
* 9 Kbytes NFC SRAM (NFC_RAM)
* Programmable Block Size: 512 bytes or 1024 bytes
*  Programmable Number of Blocks per Page: 1, 2, 4 or 8 Blocks of Data per Page
* Programmable Spare Area Size up to 512 bytes
» Supports Spare Area ECC Protection
» Supports 8 Kbytes Page Size Using 1024 bytes/block and 4 Kbytes Page Size Using 512 bytes/block
» Multibit Error Detection Is Interrupt Driven
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» Provides Hardware Acceleration for Determining Roots of Polynomials Defined over a Finite Field
* Programmable Finite Field GF(2*13) or GF(2"14)

» Finds Roots of Error-locator Polynomial

* Programmable Number of Roots

* Register Write Protection

Peripheral Bus Interface

1/0 Lines Description
Table 16-1. /O Lines Description

SMCK Static Memory Controller Clock Output
NCSJ[3:0] Static Memory Controller Chip Select Lines Output Low
NRD Read Signal Output Low
NWRO/NWE Write 0/Write Enable Signal Output Low
AO/NBSO Address Bit 0/Byte 0 Select Signal Output Low
NWR1/NBS1 Write 1/Byte 1 Select Signal Output Low
A[25:1] Address Bus Output -
D[15:0] Data Bus 1/0 -
NWAIT External Wait Signal Input Low
NANDRDY NAND Flash Ready/Busy Input -
NANDWE NAND Flash Write Enable Output Low
NANDOE NAND Flash Output Enable Output Low
NANDALE NAND Flash Address Latch Enable Output -

16.3 Block Diagram
Figure 16-1. SMC Block Diagram
L > SMCK
A € D[15:0]
> 5 IR
Bus 02 SMC P A[20:
System Bus NAND Flash Arbiter [ €= &€ nterface | . A21/NANDALE
Interface e 5
Controller (NFC) & — > A22/NANDCLE
3 A[25:23]
» NCS[3:0]
ECC| |—— NRD
NWRO/NWE
,_ User Interface ———> NWR1/NBS1
SRAM - Control & Stat NANDOE
us <E NFC Internal SRAM ontrol & Status — NANDWE
Interface @ o Registers
3 «——— NANDRDY
«—— NWAIT
<€ >
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........... continued
NANDCLE NAND Flash Command Latch Enable Output -

Multiplexed Signals
Table 16-2. SMC Multiplexed Signals

Multiplexed Signals Related Function

NWRO
A0
A22
A21
NWR1

A1

Application Example

NWE
NBSO
NANDCLE
NANDALE
NBS1

8-/16-bit data bus, see Data Bus Width
Byte-write or Byte-select access, see Byte Write Access and Byte Select Access

Hardware Interface

Figure 16-2. SMC Connections to Static Memory Devices

Product Dependencies

/0 Lines

DO0-D15

AO/NBSO

NWRO/NWE

NWR1/NBS1
A1

NCSO0
NCS1
NCS2
NCS3

A2 - A23

Static Memory
Controller

Byte-write or Byte-select access, see Byte Write Access and Byte Select Access
8-bit or 16-bit data bus, see Data Bus Width

NAND Flash Command Latch Enable

NAND Flash Address Latch Enable

Byte-write or Byte-select access, see Byte Write Access and Byte Select Access

DO - D7

NRD

NWRO/NWE

128K x 8

DO -D7
Ccs

OE
WE

SRAM

A0 - A16

A2-A18

Los-ms

NRD

DO-

cs

OE
WE

128K x 8
SRAM
o7

A0 - A16

NWF1/NBS1 |

A2-A18

The pins used for interfacing the Static Memory Controller are multiplexed with the PIO lines. The programmer must
first program the PIO controller to assign the Static Memory Controller pins to their peripheral function. If I/O lines of
the SMC are not used by the application, they can be used for other purposes by the PIO controller.
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Power Management
The SMC is clocked through the Power Management Controller (PMC), thus the programmer must first configure the
PMC to enable the SMC clock.

Interrupt Sources
The SMC has an interrupt line connected to the interrupt controller. Handling the SMC interrupt requires programming
the interrupt controller before configuring the SMC.

External Memory Mapping
The SMC provides up to 26 address lines, A[25:0]. This allows each chip select line to address up to 128 Mbytes of
memory.

If the physical memory device connected on one chip select is smaller than 128 Mbytes, it wraps around and appears
to be repeated within this space. The SMC correctly handles any valid access to the memory device within the page.
See the figure below.

A[25:0] is only significant for 8-bit memory; A[25:1] is used for 16-bit memory.

Figure 16-3. Memory Connections for External Devices

NCSI[0] - NCS[3]
NRD
AI25:0 NCS3 { Memory Enable
12501 NCS2 | Memory Enable
D[15:0] NCS1 :
| Memory Enable
NCSO0

Memory Enable
Output Enable

Write Enable —
A[25:0] ||
D[15:0] or D[7:0] ||

8 or 16

Connection to External Devices

Data Bus Width
A data bus width of 8 or 16 bits can be selected for each chip select. This option is controlled by the bit DBW in the
Mode register (HSMC_MODE) for the corresponding chip select.

The figure Memory Connection for an 8-bit Data Bus shows how to connect a 512 KB x 8-bit memory on NCS2. The
figure Memory Connection for a 16-bit Data Bus shows how to connect a 512 KB x 16-bit memory on NCS2.
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Figure 16-4. Memory Connection for an 8-bit Data Bus

D[7:0] D[7:0]
Al18:2] A[18:2]
A1 A1
SMC A0 AQ
NWE Write Enable
NRD Output Enable
NCS[2] Memory Enable

Figure 16-5. Memory Connection for a 16-bit Data Bus

D[15:0] D[15:0]
A[19:2] A[18:1]
A1 A[0]
SMC NBSO Low Byte Enable

NBS1 High Byte Enable
NWE Write Enable
NRD Output Enable

NCS[2] Memory Enable

Byte Write or Byte Select Access

Each chip select with a 16-bit data bus can operate with one of two different types of write access: Byte Write or Byte
Select. This is controlled by HSMC_MODE.BAT for the corresponding chip select.

Byte Write Access

Byte Write Access is used to connect 2 x 8-bit devices as a 16-bit memory, and supports one write signal per byte of
the data bus and a single read signal.

Note that the SMC does not allow boot in Byte Write Access mode.

For 16-bit devices, the SMC provides NWRO and NWR1 write signals for respectively ByteO (lower byte) and Byte1
(upper byte) of a 16-bit bus. One single read signal (NRD) is provided.

Byte Select Access

Byte Select Access is used to connect one 16-bit device. In this mode, read/write operations can be enabled/disabled
at Byte level. One Byte-select line per byte of the data bus is provided. One NRD and one NWE signal control read
and write.

For 16-bit devices, the SMC provides NBSO and NBS1 selection signals for respectively Byte0 (lower byte) and Byte1
(upper byte) of a 16-bit bus.
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Figure 16-6. Connection of 2 x 8-bit Devices on a 16-bit Bus: Byte Write Option

DI[7:0] DI[7:0]
D[15:8] |—
A[24:2] A[23:1]
SMC A1 A[0]
NWRO Write Enable
NWR1
NRD Read Enable
NCSI3] Memory Enable
D[15:8]
A[23:1]
A[0]
Write Enable
Read Enable
L1 Memory Enable

16.9.2.3 Signal Multiplexing

16.10

16.10.1

Depending on the Byte Access Type (BAT), only the write signals or the byte select signals are used. To save 10s
at the external bus interface, control signals at the SMC interface are multiplexed. The table below shows signal
multiplexing depending on the data bus width and the Byte Access Type.

For 16-bit devices, bit A0 of the address is unused. When the Byte Select option is selected, NWR1 is unused. When
the Byte Write option is selected, NBSO is unused.

Table 16-3. SMC Multiplexed Signal Translation

Signal Name

Device Type 16-bit Bus 8-bit Bus

Byte Access Type (BAT) Byte Select Byte Write -

NBSO0_AO0 NBSO0 - A0
NWE_NWRO NWE NWRO NWE

NBS1_NWR1 NBS1 NWR1 -

A1 A1 A1 A1

Standard Read and Write Protocols

In the following sections, the Byte Access Type is not considered. Byte select lines (NBSO to NBS1) always have the
same timing as the A address bus. NWE represents either the NWE signal in byte select access type or one of the
byte write lines (NWRO to NWR1) in byte write access type. NWRO to NWR1 have the same timings and protocol as
NWE. In the same way, NCS represents one of the NCS[0..3] chip select lines.

Read Waveforms
The read cycle is shown in the figure below.

The read cycle starts with the address setting on the memory address bus, i.e.:

© 2022 Microchip Technology Inc. Datasheet DS60001765A-page 302
and its subsidiaries



SAMA7GS5 Series
Static Memory Controller (SMC)

« {A[25:2], A1, AO} for 8-bit devices
» {A[25:2], A1} for 16-bit devices

Figure 16-7. Standard Read Cycle

MCK ! I
I
I
I

A[25:2] X

NBSO,NBS1, ><
A0, A1

|
|
|
T
|
|
|
|

NRD }\
I
I
I
NCS I 1\ I I/ :
I -
| : | I | |
I | I I : :
D[15:0] 1 ! ‘ / T\ 1
| | | \—t_/ I |
| | | | |
! NRDJSETUP I NRD_PULSE I NRD_HOLD I
< > < - >/
: | ‘ I I
I I I
NCS_RD_SETUP : NCS_RD_PULSE I NCS_RD_HOLD
le——>'« >‘<—>‘r—
I
I NRD_CYCLE :

16.10.1.1 NRD Waveform
The NRD signal is characterized by a setup time, a pulse length and a hold time:

1. NRD_SETUP: the NRD setup time is defined as the setup of the address before the NRD falling edge.
2.  NRD_PULSE: the NRD pulse length is the time between the NRD falling edge and the NRD rising edge.
3. NRD_HOLD: the NRD hold time is defined as the hold time of the address after the NRD rising edge.

16.10.1.2 NCS Waveform
Similar to the NRD signal, the NCS signal can be divided into a setup time, a pulse length and a hold time:

« NCS_RD_SETUP: the NCS setup time is defined as the setup time of the address before the NCS falling edge.
* NCS_RD_PULSE: the NCS pulse length is the time between the NCS falling edge and the NCS rising edge.
» NCS_RD_HOLD: the NCS hold time is defined as the hold time of the address after the NCS rising edge.

16.10.1.3 Read Cycle

The NRD_CYCLE time is defined as the total duration of the read cycle, that is, from the time when the address is set
on the address bus to the point when the address may change. The total read cycle time is defined as:

» NRD_CYCLE = NRD_SETUP + NRD_PULSE + NRD_HOLD
as well as
« NRD_CYCLE =NCS_RD_SETUP + NCS_RD_PULSE + NCS_RD_HOLD

All NRD and NCS timings are defined separately for each chip select as an integer number of main system bus clock
cycles. The NRD_CYCLE field is common to both the NRD and NCS signals, thus the timing period is of the same
duration.

NRD_CYCLE, NRD_SETUP and NRD_PULSE implicitly define the NRD_HOLD value as:
+ NRD_HOLD = NRD_CYCLE - NRD SETUP - NRD PULSE

NRD_CYCLE, NCS_RD_SETUP and NCS_RD_PULSE implicitly define the NCS_RD_HOLD value as:
*+ NCS_RD_HOLD =NRD_CYCLE - NCS_RD_SETUP - NCS_RD_PULSE
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16.10.2 Read Mode

As NCS and NRD waveforms are defined independently of one another, the SMC needs to know when the read data
is available on the data bus. The SMC does not compare NCS and NRD timings to know which signal rises first.

The READ_MODE parameter in the HSMC_MODE register of the corresponding chip select indicates which signal of
NRD and NCS controls the read operation.

16.10.2.1 Read is Controlled by NRD (READ_MODE = 1)

The figure below shows the waveforms of a read operation of a typical asynchronous RAM. The read data is
available tppcc after the falling edge of NRD, and turns to ‘Z’ after the rising edge of NRD. In this case, the
READ_MODE must be set to 1 (read is controlled by NRD), to indicate that data is available with the rising edge of
NRD. The SMC samples the read data internally on the rising edge of the main system bus clock that generates the
rising edge of NRD, whatever the programmed waveform of NCS.

Figure 16-8. READ_MODE = 1: Data is Sampled by SMC before the Rising Edge of NRD
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16.10.2.2 Read is Controlled by NCS (READ_MODE = 0)
The figure below shows the typical read cycle. The read data is valid tppcc after the falling edge of the NCS signal
and remains valid until the rising edge of NCS. Data must be sampled when NCS is raised. In that case, the
READ_MODE must be configured to 0 (read is controlled by NCS): the SMC internally samples the data on the rising
edge of the main system bus clock that generates the rising edge of NCS, whatever the programmed waveform of
NRD.
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Figure 16-9. READ_MODE = 0: Data is Sampled by SMC before the Rising Edge of NCS
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16.10.3 Write Waveforms

The write protocol, similar to the read protocol, is depicted in the following figure. The write cycle starts with the
address setting on the memory address bus.

16.10.3.1 NWE Waveforms
The NWE signal is characterized by a setup time, a pulse length and a hold time:
*« NWE_SETUP: the NWE setup time is defined as the setup of the address and data before the NWE falling
edge.
* NWE_PULSE: the NWE pulse length is the time between the NWE falling edge and the NWE rising edge.
« NWE_HOLD: the NWE hold time is defined as the hold time of the address and data after the NWE rising edge.

The NWE waveforms apply to all byte-write lines in Byte Write Access mode: NWRO0 to NWR3.

16.10.3.2 NCS Waveforms
The NCS signal waveforms in write operations are not the same as those applied in read operations, but are defined
separately:
« NCS_WR_SETUP: the NCS setup time is defined as the setup time of the address before the NCS falling edge.
*+ NCS_WR_PULSE: the NCS pulse length is the time between the NCS falling edge and the NCS rising edge.
*» NCS_WR_HOLD: the NCS hold time is defined as the hold time of the address after the NCS rising edge.
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Figure 16-10. Write Cycle
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16.10.3.3 Write Cycle

The write cycle time is defined as the total duration of the write cycle, that is, from the time when the address is set
on the address bus to the point when the address may change. The total write cycle time is equal to:

« NWE_CYCLE = NWE_SETUP + NWE_PULSE + NWE_HOLD
as well as
« NWE_CYCLE = NCS_WR_SETUP + NCS_WR_PULSE + NCS_WR_HOLD

All NWE and NCS (write) timings are defined separately for each chip select as an integer number of main system
bus clock cycles. The NWE_CYCLE field is common to both the NWE and NCS signals, thus the timing period is of
the same duration.

NWE_CYCLE, NWE_SETUP and NWE_PULSE implicitly define the NWE_HOLD value as:
« NWE_HOLD = NWE_CYCLE - NWE_SETUP - NWE_PULSE

NWE_CYCLE, NCS_WR_SETUP and NCS_WR_PULSE implicitly define the NCS_WR_HOLD value as:
« NCS_WR_HOLD = NWE_CYCLE - NCS_WR_SETUP - NCS_WR_PULSE

16.10.4 Write Mode

The WRITE_MODE parameter in the HSMC_MODE register of the corresponding chip select indicates which signal
controls the write operation.

16.10.4.1 Write is Controlled by NWE (WRITE_MODE = 1)
The figure below shows the waveforms of a write operation with WRITE_MODE set to 1. The data is put on the bus
during the pulse and hold steps of the NWE signal. The internal data buffers are switched to Output mode after the
NWE_SETUP time, and until the end of the write cycle, regardless of the programmed waveform on NCS.
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Figure 16-11. WRITE_MODE = 1. The write operation is controlled by NWE
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16.10.4.2 Write is Controlled by NCS (WRITE_MODE = 0)

The figure below shows the waveforms of a write operation with WRITE_MODE configured to 0. The data is put on
the bus during the pulse and hold steps of the NCS signal. The internal data buffers are switched to Output mode
after the NCS_WR_SETUP time, and until the end of the write cycle, regardless of the programmed waveform on
NWE.

Figure 16-12. WRITE_MODE = 0. The write operation is controlled by NCS
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16.10.5 External Bus Clock
The SMC provides an external bus clock synchronous to the address, data and control signals. When
SMC_CFGCLK.CLKEN=1, the frequency of the output clock is periph_clock/ (CLKDIV+1).

The start of the access to the external memory device can be aligned on the rising or falling edge of the output clock
by configuring the SMC_CFGCLK.CLKEDGE.
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Figure 16-13. SMC Clock Output Waveform
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16.10.6 Coding Timing Parameters
All timing parameters are defined for one chip select and are grouped together in one register according to their type:

* The HSMC_SETUP register groups the definition of all setup parameters:
NRD_SETUP, NCS_RD_SETUP, NWE_SETUP, NCS_WR_SETUP

* The HSMC_PULSE register groups the definition of all pulse parameters:
NRD_PULSE, NCS_RD_PULSE, NWE_PULSE, NCS_WR_PULSE

* The HSMC_CYCLE register groups the definition of all cycle parameters:
NRD_CYCLE, NWE_CYCLE

The table below shows how the timing parameters are coded and their permitted range.

Table 16-4. Coding and Range of Timing Parameters

Permitted Range
Coded Value Number of Bits Effective Value

Coded Value Effective Value
0 < setup < 31 0..31
setup [5:0] 6 128 x setup[5] + setup[4:0]
32 < setup <63 128..(128 + 31)
0 < pulse =63 0..63
pulse [6:0] 7 256 x pulse[6] + pulse[5:0]
64 < pulse < 127 256..(256 + 63)
0 <cycle =127 0..127
128 < cycle < 255 256..(256 + 127)
cycle[8:0] 9 256 x cycle[8:7] + cycle[6:0]
256 < cycle < 383 512..(512 + 127)
384 < cycle < 511 768..(768 + 127)
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16.10.7 Reset Values of Timing Parameters
The table below gives the default value of timing parameters at reset.

Table 16-5. Reset Values of Timing Parameters

HSMC_SETUP 0x01010101 @ All setup timings are set to 1.
HSMC_PULSE 0x01010101 ' All pulse timings are set to 1.

HSMC_CYCLE  0x00030003 | The read and write operations last three main system bus clock cycles and provide
one hold cycle.

WRITE_MODE 1 Write is controlled with NEW.
READ_MODE 1 Read is controlled with NRD.

16.10.8 Usage Restriction

The SMC does not check the validity of the user-programmed parameters. If the sum of SETUP and PULSE
parameters is larger than the corresponding CYCLE parameter, this leads to an unpredictable behavior of the SMC.

16.10.8.1 For Read Operations
Null but positive setup and hold of address and NRD and/or NCS cannot be ensured at the memory interface
because of the propagation delay of these signals through external logic and pads. When positive setup and hold
values must be verified, then it is strictly recommended to program non-null values so as to cover possible skews
between address, NCS and NRD signals.

16.10.8.2 For Write Operations

If a null hold value is programmed on NWE, the SMC can ensure a positive hold of address, byte select lines, and
NCS signal after the rising edge of NWE. This is true for WRITE_MODE = 1 only. See Early Read Wait State.

16.10.8.3 For Read and Write Operations
A null value for pulse parameters is forbidden and may lead to an unpredictable behavior.

In read and write cycles, the setup and hold time parameters are defined in reference to the address bus. For
external devices that require setup and hold time between NCS and NRD signals (read), or between NCS and NWE
signals (write), these setup and hold times must be converted into setup and hold times in reference to the address
bus.

16.11 Scrambling/Unscrambling Function

The external data bus D[15:0] can be scrambled in order to make recovery of intellectual property data located in
off-chip memories more difficult by analyzing data at the package pin level of either the microcontroller or the memory
device.

The scrambling and unscrambling are performed on-the-fly without additional wait states.

The scrambling method depends on two user-configurable key registers, HSMC_KEY1 and HSMC_KEY2. These key
registers are only accessible in Write mode.

The key must be securely stored in a reliable nonvolatile memory in order to recover data from the off-chip memory.
Any data scrambled with a given key cannot be recovered if the key is lost.

The scrambling/unscrambling function is enabled or disabled by configuring specific bits in the HSMC_OCMS and the
HSMC_TIMINGSKx registers. The bit configuration values to enable memory scrambling are summarized in the table
below.
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Table 16-6. Scrambling Function Bit Encoding

Bit Values
HSMC_OCMS.SMSE HSMC_OCMS.SRSE HSMC_TIMINGSx.OCMS
1 0 1

Off-chip Memories
NAND Flash with NFC

0

1

0

When the NAND Flash memory content is scrambled, the on-chip NFC SRAM page buffer associated for the transfer

is also scrambled.

16.12 Automatic Wait States

Under certain circumstances, the SMC automatically inserts idle cycles between accesses to avoid bus contention or

operation conflict.

16.12.1 Chip Select Wait States

The SMC always inserts an idle cycle between two transfers on separate chip selects. This idle cycle ensures that
there is no bus contention between the deactivation of one device and the activation of the next one.

During chip select wait state, all control lines are turned inactive: NBSO to NBS1, NWRO to NWR1, NCSJ0..3], and
NRD lines. They are all set to 1.

The figure below illustrates a chip select wait state between access on Chip Select 0 and Chip Select 2.
Figure 16-14. Chip Select Wait State between a Read Access on NCS0 and a Write Access on NCS2
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In some cases, the SMC inserts a wait state cycle between a write access and a read access to allow time for the
write cycle to end before the subsequent read cycle begins. This wait state is not generated in addition to a chip
select wait state. The early read cycle thus only occurs between a write and read access to the same memory device

(same chip select).

An early read wait state is automatically inserted if at least one of the following conditions is valid:
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« if the write controlling signal has no hold time and the read controlling signal has no setup time (see figure Early
Read Wait State: Write with No Hold Followed by Read with No Setup).

* in NCS Write Controlled mode (WRITE_MODE = 0), if there is no hold timing on the NCS signal and the
NCS_RD_SETUP parameter is configured to 0, regardless of the Read mode (see figure Early Read Wait State:
NCS Controlled Write with No Hold Followed by a Read with No NCS Setup). The write operation must end with
an NCS rising edge. Without an Early Read Wait State, the write operation could not complete properly.

* in NWE Controlled mode (WRITE_MODE = 1) and if there is no hold timing (NWE_HOLD = 0), the feedback of
the write control signal is used to control address, data, chip select and byte select lines. If the external write
control signal is not inactivated as expected due to load capacitances, an Early Read Wait State is inserted
and address, data and control signals are maintained one more cycle. See figure Early Read Wait State:
NWE-controlled Write with No Hold Followed by a Read with One Setup Cycle.

Figure 16-15. Early Read Wait State: Write with No Hold Followed by Read with No Setup
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Figure 16-17. Early Read Wait State: NWE-controlled Write with No Hold Followed by a Read with One
Setup Cycle
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16.12.3 Reload User Configuration Wait State
The user may change any of the configuration parameters by writing the SMC user interface.
When detecting that a new user configuration has been written in the user interface, the SMC inserts a wait state

before starting the next access. The so called “Reload User Configuration Wait State” is used by the SMC to load the
new set of parameters to apply to next accesses.

The Reload Configuration Wait State is not applied in addition to the Chip Select Wait State. If accesses before and
after reprogramming the user interface are made to different devices (Chip Selects), then one single Chip Select Wait
State is applied.

On the other hand, if accesses before and after writing the user interface are made to the same device, a Reload
Configuration Wait State is inserted, even if the change does not concern the current Chip Select.

16.12.3.1 User Procedure

To insert a Reload Configuration Wait State, the SMC detects a write access to any HSMC_MODE register of the
user interface. If only the timing registers are modified (HSMC_SETUP, HSMC_PULSE, HSMC_CYCLE registers) in
the user interface, the user must validate the modification by writing the HSMC_MODE register, even if no change
was made on the mode parameters.

16.12.3.2 Slow Clock Mode Transition

A Reload Configuration Wait state is also inserted when Slow Clock mode is entered or exited, after the end of the
current transfer (see Slow Clock Mode).

16.12.4 Read to Write Wait State
Due to an internal mechanism, a wait cycle is always inserted between consecutive read and write SMC accesses.

This wait cycle is referred to as a read to write wait state in this document.

This wait cycle is applied in addition to chip select and reload user configuration wait states when they are to be
inserted. See figure Chip Select Wait State between a Read Access on NCS0 and a Write Access on NCS2.
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16.13 External Wait

Any access can be extended by an external device using the NWAIT input signal of the SMC. The EXNW_MODE
field of the HSMC_MODE register on the corresponding chip select must be set to either ‘10’ (Frozen mode) or

‘11’ (Ready mode). When the EXNW_MODE is set to ‘00’ (disabled), the NWAIT signal is simply ignored on the
corresponding chip select. The NWAIT signal delays the read or write operation related to the read or write controlling
signal, depending on the Read and Write modes of the corresponding chip select.

16.13.1 Restriction

When one of the EXNW_MODE is enabled, at least one hold cycle must be programmed for the read/write controlling
signal. For that reason, the NWAIT signal cannot be used in Slow Clock mode (see Slow Clock Mode).

The NWAIT signal is assumed to be a response of the external device to the read/write request of the SMC. NWAIT
is then examined by the SMC in the Pulse state of the read or write controlling signal. The assertion of the NWAIT
signal outside the expected period has no impact on the SMC behavior.

16.13.2 Frozen Mode
When the external device asserts the NWAIT signal (active low), and after an internal synchronization of this signal,
the SMC state is frozen, i.e., SMC internal counters are frozen, and all control signals remain unchanged. When the
resynchronized NWAIT signal is deasserted, the SMC completes the access, resuming the access from the point
where it was stopped. See the figure below. This mode must be selected when the external device uses the NWAIT
signal to delay the access and to freeze the SMC.

The assertion of the NWAIT signal outside the expected period is ignored as illustrated in the figure Read Access
with NWAIT Assertion in Frozen Mode (EXNW_MODE = 10).

Figure 16-18. Write Access with NWAIT Assertion in Frozen Mode (EXNW_MODE = 10)
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Figure 16-19. Read Access with NWAIT Assertion in Frozen Mode (EXNW_MODE = 10)
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EXNW_MODE = 10 (Frozen)
READ_MODE =0 (NCS_controlled)

NRD_PULSE = 2, NRD_HOLD = 6 Assertion is ignored

NCS_RD_PULSE = 5, NCS_RD_HOLD = 3

16.13.3 Ready Mode
In Ready mode (EXNW_MODE = 11), the SMC behaves differently. Normally, the SMC begins the access by down
counting the setup and pulse counters of the read/write controlling signal. In the last cycle of the pulse phase, the
resynchronized NWAIT signal is examined.

If asserted, the SMC suspends the access as shown in the figures below. After deassertion, the access is completed:
the hold step of the access is performed.

This mode must be selected when the external device uses deassertion of the NWAIT signal to indicate its ability to
complete the read or write operation.

If the NWAIT signal is deasserted before the end of the pulse, or asserted after the end of the pulse of the controlling
read/write signal, it has no impact on the access length as shown in the figure NWAIT Assertion in Read Access:
Ready Mode (EXNW_MODE = 11).
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16.13.4 NWAIT Latency and Read/Write Timings

16.14

16.14.1

There may be a latency between the assertion of the read/write controlling signal and the assertion of the NWAIT
signal by the device. The programmed pulse length of the read/write controlling signal must be at least equal to

this latency plus the 2 cycles of resynchronization + 1 cycle. Otherwise, the SMC may enter the hold state of the
access without detecting the NWAIT signal assertion. This is true in Frozen mode as well as in Ready mode. This is
illustrated in the figure below.

When EXNW_MODE is enabled (ready or frozen), the user must program a pulse length of the read and write
controlling signal of at least:

minimal pulse length = NWAIT latency + 2 resynchronization cycles + 1 cycle
Figure 16-22. NWAIT Latency
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Slow Clock Mode

The SMC is able to automatically apply a set of “Slow Clock mode” read/write waveforms when an internal signal
driven by the Power Management Controller is asserted because MCK has been turned to a very slow clock rate
(typically 32 kHz clock rate). In this mode, the user-programmed waveforms are ignored and the Slow Clock mode
waveforms are applied. This mode is provided so as to avoid reprogramming the User Interface with appropriate
waveforms at very slow clock rate. When activated, the Slow mode is active on all chip selects.

Slow Clock Mode Waveforms

The figure below illustrates the read and write operations in Slow Clock mode. They are valid on all chip selects. The
table below indicates the value of read and write parameters in Slow Clock mode.
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Figure 16-23. Write/Read Cycles in Slow Clock Mode
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Table 16-7. Read and Write Timing Parameters in Slow Clock Mode
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1

NWE_CYCLE =3

SLOW CLOCK MODE WRITE

>

MCK !

NBSO, NBS1,
AO0,A1

NRD_CYCLE=2 ,

»

SLOW CLOCK MODE READ

Read Parameters Duration (cycles) Write Parameters Duration (cycles)

NWE_SETUP
NWE_PULSE
NCS_WR_SETUP
NCS_WR_PULSE
NWE_CYCLE

NRD_SETUP
NRD_PULSE
NCS_RD_SETUP
NCS_RD_PULSE
NRD_CYCLE

N N O

Switching from (to) Slow Clock Mode to (from) Normal Mode

When switching from Slow Clock mode to Normal mode, the current Slow Clock mode transfer is completed at high
clock rate, with the set of Slow Clock mode parameters. See the figure Clock Rate Transition occurs while the SMC is
performing a Write Operation. The external device may not be fast enough to support such timings.

w w o

The figure Recommended Procedure to Switch from Slow Clock Mode to Normal Mode or from Normal Mode to Slow
Clock Mode illustrates the recommended procedure to properly switch from one mode to the other.
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Figure 16-24. Clock Rate Transition occurs while the SMC is performing a Write Operation
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Figure 16-25. Recommended Procedure to Switch from Slow Clock Mode to Normal Mode or from Normal
Mode to Slow Clock Mode
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Register Write Protection

To prevent any single software error that may corrupt SMC behavior, selected registers can be write-protected by
setting HSMC_WPMR.WPEN.

If a write access in a write-protected register is detected, then the WPVS flag in the Write Protection Status Register
(HSMC_WPSR) is set and the field WPVSRC indicates in which register the write access has been attempted.

The WPVS flag is automatically reset after reading HSMC_WPSR.
The following registers can be write-protected:

» Setup Register
* Pulse Register
* Cycle Register
* Timings Register
* Mode Register

NFC Operations

NFC Overview

The NFC handles all the command, address and data sequences of the NAND low level protocol. An SRAM is used
as an internal read/write buffer when data is transferred from or to the NAND.

NFC Control Registers

NAND Flash Read and NAND Flash Program operations can be performed through the NFC Command registers.
In order to minimize CPU intervention and latency, commands are posted in a command buffer. This buffer provides
zero wait state latency.

The NFC handles an automatic transfer between the external NAND Flash and the chip via the NFC SRAM. The
transfer is done by programming NFC Command registers.

NFC Command registers are very efficient. When writing to these registers:

» the address of the register (NFCADDR_CMD) is the command used,
» the data of the register (NFCDATA_ADDT) is the address to be sent to the NAND Flash.

In one single access, the command is sent and immediately executed by the NFC. Two commands can even be
programmed within a single access (CMD1, CMD2) depending on the VCMD2 value.

The NFC can send up to five address cycles.

The figure below shows a typical NAND Flash Page Read Command of a NAND Flash Memory and correspondence
with the NFC Address Command register.

Figure 16-26. NFC/NAND Flash Access Example
X 00h XCoI. Add1XCoI. Add2 XRow Add1XRow AddZXRow Add3>< 30h )

\_ Column Address Row Address )

X CMDA1 X ADD cycles (0 t0 5) X CMD2 X

| |

Depends on ACYCLE value If VCMD2 =1

For more details, see NFCADDR_CMD.
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Reading the NFC Command register (to any address) gives the status of the NFC. This is especially useful to know if
the NFC is busy, for example.

16.16.2.1 Building NFC Address Command Example
The base address is the HOST_ADDR address.

Page read operation example:

// Build the Address Command (NFCADDR CMD)

AddressCommand = (HOST_ADDR |
NECWR=0 | // NFC Read Data from NAND Flash
DATAEN=1 | // NFC Data phase Enable.
CSID=1 | // Chip Select ID = 1
ACYCLE= 5 | // Number of address cycle.
VCMD2=1 | // CMD2 is sent after Address Cycles
CMD2=0x30 | // CMD2 = 30h

CMD1=0x0) // CMDl = Read Command = 00h

// Set the Address for Cycle 0

HSMC_ADDR = Col. Addl

// Write command with the Address Command built above
*AddressCommand = (Col. Add2 | // ADDR CYCLE1l

Row Addl | // ADDR_CYCLE2 B

Row Add2 | // ADDR_CYCLE3

Row Add3 ) // ADDR_CYCLE4
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16.16.2.2

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

NFC Address Command

Name: NFCADDR_CMD
Property: Read/Write

31 30 29 28 27 26 25 24
NFCWR DATAEN CsSD[2] |
RIW RIW RIW
23 22 21 20 19 18 17 16
CSID[1:0] ACYCLE[2:0] VCMD2 CMD2[7:6]
RIW RIW RIW RIW RIW RIW RIW RIW
15 14 13 12 11 10 9 8
CMD2[5:0] CMD1[7:6]
RIW RIW RIW RIW RIW RIW RIW RIW
7 6 5 4 3 2 1 0
CMD1[5:0]
RIW RIW RIW RIW RIW RIW

Bit 26 — NFCWR NFC Write Enable

Value Description

0 NFC reads data from the NAND Flash.
1 NFC writes data into the NAND Flash.

Bit 25 - DATAEN NFC Data Phase Enable

When set to true, the NFC will automatically read or write data after the command.

Bits 24:22 — CSID[2:0] Chip Select Identifier
Chip select used.

Bits 21:19 — ACYCLE[2:0] Number of Address Cycles Required for the Current Command

When ACYCLE field is different from zero, ACYCLE Address cycles are performed after Command Cycle 1. The

maximum number of cycles is 5.

Bit 18 — VCMD2 Valid Cycle 2 Command

When set to true, the CMD2 field is issued after the address cycle.

Bits 17:10 — CMD2[7:0] Command Register Value for Cycle 2
When a write access occurs with the VCMD2 field set, the NFC sends this command after CMD1.

Bits 9:2 - CMD1[7:0] Command Register Value for Cycle 1
When a write access occurs, the NFC sends this command.
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16.16.2.3 NFC Data Address

Name: NFCDATA_ADDT
Property: Write-only

If five address cycles are used, the first address cycle is ADDR_CYCLEO. See HSMC_ADDR.

Bit 31 30 29 28 27 26 25 24
| ADDR_CYCLEA4[7:0]
Access W w W w w W W w
Reset
Bit 23 22 21 20 19 18 17 16
ADDR_CYCLE3[7:0]
Access W w W w \W w W W
Reset
Bit 15 14 13 12 11 10 9 8
ADDR_CYCLEZ2[7:0]
Access W w W w w W W w
Reset
Bit 7 6 5 4 3 2 1 0
ADDR_CYCLE1[7:0]
Access W w W w \W w W W
Reset

Bits 31:24 — ADDR_CYCLE4[7:0] NAND Flash Array Address Cycle 4
When less than five address cycles are used, ADDR_CYCLE4 is the fourth byte written to the NAND Flash.
When five address cycles are used, ADDR_CYCLEA4 is the fifth byte written to NAND Flash.

Bits 23:16 — ADDR_CYCLE3[7:0] NAND Flash Array Address Cycle 3
When less than five address cycles are used, ADDR_CYCLES3 is the third byte written to the NAND Flash.
When five address cycles are used, ADDR_CYCLES is the fourth byte written to NAND Flash.

Bits 15:8 — ADDR_CYCLEZ2[7:0] NAND Flash Array Address Cycle 2
When less than five address cycles are used, ADDR_CYCLE?2 is the second byte written to the NAND Flash.
When five address cycles are used, ADDR_CYCLEZ2 is the third byte written to NAND Flash.

Bits 7:0 - ADDR_CYCLE1[7:0] NAND Flash Array Address Cycle 1
When less than five address cycles are used, ADDR_CYCLE!1 is the first byte written to the NAND Flash.
When five address cycles are used, ADDR_CYCLE1 is the second byte written to NAND Flash.

© 2022 Microchip Technology Inc. Datasheet DS60001765A-page 322
and its subsidiaries



SAMA7GS5 Series
Static Memory Controller (SMC)

16.16.2.4

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

16.16.3

NFC Data Status

Name: NFCDATA_STATUS
Property: Read-only

31 30 29 28 27 26 25 24
NFCBUSY NFCWR DATAEN CsD[2] |
R R R R
23 22 21 20 19 18 17 16
CSID[1:0] ACYCLE[2:0] VCMD2 CMD2[7:6]
R R R R R R R R
15 14 13 12 11 10 9 8
CMD2[5:0] CMD1[7:6]
R R R R R R R R
7 6 5 4 3 2 1 0
CMD1[5:0]
R R R R R R

Bit 27 - NFCBUSY NFC Busy Status Flag
If set to true, it indicates that the NFC is busy.

Bit 26 - NFCWR NFC Write Enable

Value Description

0 NFC is in Read mode.
1 NFC is in Write mode.

Bit 25 — DATAEN NFC Data Phase Enable
When set to true, the NFC data phase is enabled.

Bits 24:22 — CSID[2:0] Chip Select Identifier
Chip select used.

Bits 21:19 — ACYCLE[2:0] Number of Address Cycles Required for the Current Command
When ACYCLE is different from zero, ACYCLE Address cycles are performed after Command Cycle 1.

Bit 18 — VCMD2 Valid Cycle 2 Command
When set to true, the CMD2 field is issued after the address cycle.

Bits 17:10 — CMD2[7:0] Command Register Value for Cycle 2
When VCMD2 bit is set to true, the Physical Memory Interface drives the 10 bus with CMD2 field during the
Command Latch cycle 2.

Bits 9:2 — CMD1[7:0] Command Register Value for Cycle 1
When a Read or Write Access occurs, the Physical Memory Interface drives the 10 bus with CMD1 field during the
Command Latch cycle 1.

NFC Initialization
Prior to any Command and Data Transfer, the SMC User Interface must be configured to meet the device timing
requirements.
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» Write Enable Configuration

Use NWE_SETUP, NWE_PULSE and NWE_CYCLE to define the write enable waveform according to the external
device datasheet.

Use HSMC_TIMINGS.TADL to configure the timing between the last address latch cycle and the first rising edge of
WEN for data input.

Figure 16-27. Write Enable Timing Configuration
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t t t

WEN_SETUP WEN_PULSE WEN_HOLD
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>
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Figure 16-28. Write Enable Timing for NAND Flash Device Data Input Mode
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* Read Enable Configuration

Use NRD_SETUP, NRD_PULSE and NRD_CYCLE to define the read enable waveform according to the external
device datasheet.

Use HSMC_TIMINGS.TAR to configure the timings between the address latch enable falling edge to read the enable
falling edge.

Use HSMC_TIMINGS.TCLR to configure the timings between the command latch enable falling edge to read the
enable falling edge.
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Figure 16-29. Read Enable Timing Configuration Working with NAND Flash Device

l

|

L]

L

|

|

mck | |
1
1
1
_—
1
cen |
1
I
1
1
1
ale |
]
I
I
I
I
cle |
_— ]

||

|

|

l
:
1
ren 1
1
1
1
1
I

CLR

|

|
> | <

I

t

REN_SETUP

-

t

REN_PULSE

REH

t

AR

t

REN_CYCLE

» Ready/Busy Signal Timing Configuration with a NAND Flash Device

Use HSMC_TIMINGS.TWB to configure the maximum elapsed time between the rising edge of the wen signal and
the falling edge of the Ready/Busy signal. Use TRR field in the HSMC_TIMINGS register to program the number of
clock cycles between the rising edge of the Ready/Busy signal and the falling edge of the ren signal.

Figure 16-30. Ready/Busy Timing Configuration
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16.16.3.1 NFC Timing Engine
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When the NFC Command register is written, the NFC issues a NAND Flash Command and optionally performs a
data transfer between the NFC SRAM and the NAND Flash device. The NFC Timing Engine ensures valid NAND
Flash timings, depending on the set of parameters decoded from the address bus. These timings are defined in the

HSMC_TIMINGS register.

For information on the timing used depending on the command, see the figure below.
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Figure 16-31. NFC Timing Engine
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See the register descriptions NFCADDR_CMD and HSMC_TIMINGSKx.

16.16.4 NFC SRAM

16.16.4.1 NFC SRAM Mapping
If the NFC is used to read and write data from and to the NAND Flash, the configuration depends on the page size
(HSMC_CFG.PAGESIZE field). See the tables below for detailed mapping.

The NFC can handle the NAND Flash with a page size of 8 Kbytes or lower (2 Kbytes, for example). In case of a 4
Kbyte or lower page size, the NFC SRAM can be split into two banks. The HSMC_BANK.BANK bit is used to select
where NAND Flash data are written or read. For an 8 Kbyte page size, this field is not relevant.

Note that a “Ping-Pong” mode (write or read to a bank while the NFC writes or reads to another bank) is accessible
with the NFC (using two different banks).

If the NFC is not used, the NFC SRAM can be used for a general purpose by the application.
Table 16-8. NFC SRAM Bank Mapping for 512 bytes

0x00000000—-0x000001FF Main Area Bank 0 Read/Write
0x00000200—-0x000003FF Spare Area Bank 0 Read/Write
0x00001200—-0x000013FF Main Area Bank 1 Read/Write
0x00001400-0x000015FF Spare Area Bank 1 Read/Write

Table 16-9. NFC SRAM Bank Mapping for 1 Kbyte

0x00000000—-0x000003FF
0x00000400-0x000005FF

Main Area Bank 0
Spare Area Bank 0

Read/Write
Read/Write
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........... continued
0x00001200—0x000015FF Main Area Bank 1 Read/Write
0x00001600-0x000017FF Spare Area Bank 1 Read/Write

Table 16-10. NFC SRAM Bank Mapping for 2 Kbytes

0x00000000—0x000007FF Main Area Bank 0 Read/Write
0x00000800—-0x000009FF Spare Area Bank 0 Read/Write
0x00001200-0x000019FF Main Area Bank 1 Read/Write
0x00001A00—0x00001BFF Spare Area Bank 1 Read/Write

Table 16-11. NFC SRAM Bank Mapping for 4 Kbytes

0x00000000—-0x00000FFF Main Area Bank 0 Read/Write
0x00001000-0x000011FF Spare Area Bank 0 Read/Write
0x00001200-0x000021FF Main Area Bank 1 Read/Write
0x00002200-0x000023FF Spare Area Bank 1 Read/Write

Table 16-12. NFC SRAM Bank Mapping for 8 Kbytes, only one bank is available

0x00000000—0x00001FFF Main Area Bank 0 Read/Write
0x00002000-0x000023FF Spare Area Bank 0 Read/Write

16.16.4.2 NFC SRAM Access Prioritization Algorithm

16.16.5

When the NFC is reading from or writing to an NFC SRAM bank, the other bank is available. If an NFC SRAM
access occurs when the NFC performs a read or write operation in the same bank, then the access is discarded. The
write operation is not performed. The read operation returns undefined data. If this situation is encountered, the AWB
status flag located in the NFC Status Register is raised and indicates that a shared resource access violation has
occurred.

NAND Flash Operations

This section describes the software operations needed to issue commands to the NAND Flash device and to perform
data transfers using the NFC.
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16.16.5.1 Page Read
Figure 16-32. Page Read Flow Chart
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Wait for Interrupt
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[

Check Error
Correcting Codes

Instead of using the interrupt, the NFCBUSY flag can be polled.
For more information on the NFC Control register, see NFCADDR_CMD.
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16.16.5.2 Program Page
Figure 16-33. Program Page Flow Chart
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Writing the ECC cannot be done using the NFC; it needs to be done “manually”.
Instead of using the interrupt, the NFCBUSY flag can be polled.
For more information on the NFC Control register, sse NFCADDR_CMD.

16.17 PMECC Controller Functional Description

The Programmable Multibit Error Correcting Code (PMECC) controller is a programmable binary BCH (Bose,
Chaudhuri and Hocquenghem) encoder/decoder. This controller can be used to generate redundancy information
for both SLC and MLC NAND devices. It supports redundancy for correction of 2, 4, 8, 12, 24 or 32 errors per sector
of data. The sector size is programmable and can be set to 512 bytes or 1024 bytes. The PMECC module generates
redundancy at encoding time, when a NAND write page operation is performed. The redundancy is appended to

the page and written in the spare area. This operation is performed by the processor. It moves the content of the
PMECCX registers into the NAND Flash memory. The number of registers depends on the selected error correction
capability (see the table Relevant Redundancy Registers). This operation is executed for each sector. At decoding
time, the PMECC module generates the remainders of the received codeword by the minimal polynomials. When all
remainders for a given sector are set to zero, no error occurred. When the remainders are different from zero, the
codeword is corrupted and further processing is required.

The PMECC module generates an interrupt indicating that an error occurred. The processor must read the PMECC
Interrupt Status register (HSMC_PMECCISR). This register indicates which sector is corrupted.
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The processor must execute the following decoding steps to find the error location within a sector:

1. Compute syndrome
2. Find the error location polynomial
3. Find the roots of the error location polynomial

All decoding steps involve finite field computation. It means that a library of finite field arithmetic must be available

to perform addition, multiplication and inversion. These arithmetic operations can be performed through the use of a
memory mapped lookup table, or direct software implementation. The software implementation presented is based
on lookup tables. Two tables named gf _log and gf_antilog are used. If alpha is the primitive element of the field, then
a power of alpha is in the field. Assuming that beta = alpha * index, then beta belongs to the field, and gf_log(beta) =
of_log(alpha * index) = index. The gf_antilog table provides exponent inverse of the element; if beta = alpha * index,
then gf_antilog(index) = beta.

The first step consists in the syndrome computation. The PMECC module computes the remainders and the software
must substitute the power of the primitive element. The procedure implementation is given in the section Remainder
Substitution Procedure.

The second step is the most software intensive. It is the Berlekamp’s iterative algorithm for finding the error-location
polynomial. The procedure implementation is given in the section Finding the Error Location Polynomial Sigma(x).

The Last step is finding the root of the error location polynomial. This step can be very software intensive.
Indeed there is no straightforward method of finding the roots, except evaluating each element of the field in the
error location polynomial. However, a hardware accelerator can be used to find the roots of the polynomial. The
PMERRLOC module provides this kind of hardware acceleration.
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Figure 16-34. Software Hardware Multibit Error Correction Dataflow

NAND Flash | NAND Flash
PROGRAM PAGE READ PAGE
Operation | Operation
|
|
Software Hardware Software Hardware
Accelerator | Accelerator
Configure PMECC : | Configure PMECC :
error correction capability error correction capability
sector size/page size | sector size/page size
NAND write field set to true NAND write field set to false
spare area desired layout | spare area desired layout

Move the NAND Page l PMECC computes | Move the NAND Page PMECC computes |
to external Memory | redundancy as the | | from external Memory | polynomial remainders |
whether using DMA or | data is written into whether using DMA or | as the data is read
Processor | external memory | | Processor | from external memory |
______ | -

|

| PMECC modules |
Copy redundancy from indicate if at least one |
PMECC user interface | | erroris detected. |

to user-defined spare area _|
using DMA or Processor. |l

| If a sector is corrupted
use the substitute()

| function to determine
the syndromes.

When the table of

| syndromes is completed,

| use the get_sigma()
function to get the

| error location polynomial.

| Find the error positions | This step can |
| finding the roots of the | be hardware-assisted |
error location polynomial | using the PMERRLOC |
And correct the bits. | module.

16.17.1 MLC/SLC Write Page Operation Using PMECC

When an MLC write page operation is performed, the PMECC controller is configured with the NANDWR bit of the
PMECC Configuration (HSMC_PMECCFG) register set to one. When the NAND spare area contains file system
information and redundancy (PMECCx), the spare area is error-protected, then the HSMC_PMECCFG.SPAREEN bit
is set. When the NAND spare area contains only redundancy information, the SPAREEN bit is cleared.
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When the write page operation is terminated, the user writes the redundancy in the NAND spare area. This operation
can be done with DMA assistance.

Table 16-13. Relevant Redundancy Registers

BCH_ERR Field | Sector Size Set to 512 Bytes Sector Size Set to 1024 Bytes

0
1
2

PMECCO
PMECCO, PMECC1

PMECCO, PMECC1, PMECC2, PMECC3

PMECCO0, PMECC1, PMECC2, PMECCS,
PMECC4, PMECC5, PMECC6

PMECCO, PMECC1, PMECC2, PMECCS3,
PMECC4, PMECC5, PMECC6, PMECC?,

PMECCS8, PMECC9

PMECCO, PMECC1, PMECC2, PMECCS3,
PMECC4, PMECC5, PMECCG6, PMECC7,
PMECCS8, PMECC9, PMECC10, PMECC11,

PMECC12

PMECCO
PMECCO, PMECC1

PMECCO, PMECC1, PMECC2, PMECC3

PMECCO0, PMECC1, PMECC2, PMECCS,
PMECC4, PMECC5, PMECC6

PMECCO, PMECC1, PMECC2, PMECCS3,
PMECC4, PMECC5, PMECC6, PMECC?,
PMECCS8, PMECC9, PMECC10

PMECCO, PMECC1, PMECC2, PMECCS3,
PMECC4, PMECC5, PMECCG6, PMECC7,
PMECCS8, PMECC9, PMECC10, PMECC11,

PMECC12, PMECC13

Table 16-14. Number of Relevant ECC Bytes per Sector, Copied from LSByte to MSByte

BCH_ERR Field Sector Size Set to 512 Bytes Sector Size Set to 1024 Bytes

0
1

2
3
4
5

4 bytes
7 bytes
13 bytes
20 bytes
39 bytes
52 bytes

16.17.1.1 SLC/MLC Write Operation with Spare Enable Bit Set
When PMECCFG.SPAREEN is set, the spare area of the page is encoded with the data stream of the last sector of
the page. This mode is entered by setting PMECCTRL.DATA. When the encoding process is over, the redundancy is
written to the spare area in User mode. PMECCTRL.USER must be set.
Figure 16-35. NAND Write Operation with Spare Encoding

Write NAND operation with SPAREEN = 1

4 bytes
7 bytes
14 bytes
21 bytes
42 bytes
56 bytes

pagesize = n * sectorsize sparesize
Sector 0 Sector 1 Sector 2 Sector 3 Spare
| |
1 1
512 or 1024 bytes TN
L’ecc_area
start_addr end_addr
ECC computation enable signal
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16.17.1.2 SLC/MLC Write Operation with Spare Disable

When PMECCFG.SPAREEN is cleared, the spare area is not encoded with the data stream. This mode is entered by
setting PMECCTRL.DATA.

Figure 16-36. NAND Write Operation
Write NAND operation with SPAREEN =0

pagesize = n * sectorsize

Sector 0

Sector 1

Sector 2

Sector 3

512 or 1024 bytes

ECC computation enable signal

N

16.17.2 MLC/SLC Read Page Operation Using PMECC
Table 16-15. Relevant Remainder Registers

BCH_ERR Field | Sector Size Set to 512 Bytes Sector Size Set to 1024 Bytes

0
1

2

PMECCREMO
PMECCREMO, PMECCREM1

PMECCREMO0, PMECCREM1, PMECCREM2,
PMECCREMS3

PMECCREMO, PMECCREM1, PMECCREM2,
PMECCREM3, PMECCREM4, PMECCREMS,
PMECCREM6, PMECCREM7

PMECCREMO, PMECCREM1, PMECCREM2,
PMECCREM3, PMECCREM4, PMECCREMS,
PMECCREM6, PMECCREM7, PMECCREMS,
PMECCREM9, PMECCREM10,
PMECCREM11

PMECCREMO, PMECCREM1, PMECCREM2,
PMECCREM3, PMECCREM4, PMECCREMS,
PMECCREM6, PMECCREM7, PMECCREMS,
PMECCREM9, PMECCREM10,
PMECCREM11, PMECCREM12,
PMECCREM13, PMECCREM14,
PMECCREM15

16.17.2.1 MLC/SLC Read Operation with Spare Decoding
When the spare area is protected, it contains valid data. As redundancy may be included in the middle of the
information stream, program the start address and the end address of the ECC area. The controller will automatically
skip the ECC area. To enter this mode, write a 1 in HSMC_PMECCTRL.DATA. When the page is fully retrieved from
the NAND, the ECC area is read in User mode (write a 1 to PMECCTRL.USER to enter User mode).

L

PMECCREMO
PMECCREMO, PMECCREM1

PMECCREMO0, PMECCREM1, PMECCREM2,
PMECCREM3

PMECCREMO, PMECCREM1, PMECCREM2,
PMECCREM3, PMECCREM4, PMECCREMS,
PMECCREM6, PMECCREMY7

PMECCREMO, PMECCREM1, PMECCREM2,
PMECCREM3, PMECCREM4, PMECCREMS,
PMECCREM6, PMECCREM7, PMECCREMS,
PMECCREM9, PMECCREM10,
PMECCREM11

PMECCREMO, PMECCREM1, PMECCREM2,
PMECCREM3, PMECCREM4, PMECCREMS,
PMECCREM6, PMECCREM7, PMECCREMS,
PMECCREM9, PMECCREM10,
PMECCREM11, PMECCREM12,
PMECCREM13, PMECCREM14,
PMECCREM15
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Figure 16-37. Read Operation with Spare Decoding
Read NAND operation with SPAREEN set to One and AUTO set to Zero

pagesize = n * sectorsize sparesize
Sector 0 Sector 1 Sector 2 Sector 3 Spare
512 or 1024 bytes )

s N
,’ecc_area

start_addr end_addr

Remainder computation enable signal

] L L

16.17.2.2 MLC/SLC Read Operation
If the spare area is not protected with the error correcting code, the redundancy area is retrieved directly. To enter

this mode, write a 1 in PMECCTRL.DATA. When the AUTO field is set to one, the ECC is retrieved automatically;
otherwise, read ECC via User mode.

Figure 16-38. Read Operation
Read NAND operation with SPAREEN set to Zero and AUTO set to One

pagesize = n * sectorsize sparesize
Sector 0 Sector 1 Sector 2 Sector 3 Spare
| |
1 1
512 or 1024 bytes ,»‘ '\\
L-ecc_areas
start] addr end!addr
1 1
ST
a|a|ls]| s
O‘ OI OI (.)I
O (@] (@] (@]
LLI LLI LLI LLI

N

N
AN

N

Remainder computation enable signal \\ /,’

16.17.2.3 MLC/SLC User Read ECC Area
This mode allows a manual retrieve of the ECC. To enter the mode, write a 1 in PMECCTRL.USER.
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Figure 16-39. Read User Mode
ecc_area_size

ECC

€eCC_area

Remainder computation enable signal

16.17.2.4 MLC Controller Working with NFC

16.18

16.18.1

Table 16-16. MLC Controller Configuration when the Host Controller is Used

Transfer Type PMECC

T

spare is not protected, 0 0 0 0 Not used
spare is written manually

Program Page main area is protected,

Program Page main area is protected,
spare is protected, 0 1 1 0 Not used
spare is written by NFC

Read Page main area is protected,
spare is not protected, 0 0 0 0 Used
spare is not retrieved by NFC

Read Page main area is protected,
spare is not protected, 1 0 0 1 Not used
spare is retrieved by NFC

Read Page main area is protected,
spare is protected, 1 0 1 0 Used
spare is retrieved by NFC

Software Implementation

Remainder Substitution Procedure

The substitute function evaluates the remainder polynomial, with different values of the field primitive element. The
addition arithmetic operation is performed with the exclusive OR. The multiplication arithmetic operation is performed
through the gf log and gf_antilog lookup tables.

The REM2NP1 and REMN2NP3 fields of the PMECCREMN registers contain only odd remainders. Each bit
indicates whether the coefficient of the remainder polynomial is set to zero or not.

NB_ERROR_MAX defines the maximum value of the error correcting capability.
NB_ERROR defines the error correcting capability selected at encoding/decoding time.
NB_FIELD_ELEMENTS defines the number of elements in the field.
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si[] is a table that holds the current syndrome value. An element of that table belongs to the field. This is also a
shared variable for the next step of the decoding operation.

00[] is a table that contains the degree of the remainders.

int substitute()

{

int i;

int j;

for (i = 1; i < 2 * NB_ERROR MAX; i++)

for (i = 1; i < 2*NB_ERROR; i++)
for (j = 0; j < oo[i]; J++4)
if (REM2NPX[i][j])

si[i] = gf antilog[(i * j)$%$NB FIELD ELEMENTS] ~ si[i];

16.18.2 Finding the Error Location Polynomial Sigma(x)
The sample code below gives a Berlekamp iterative procedure for finding the value of the error location polynomial.
The input of the procedure is the si[] table defined in the remainder substitution procedure.

The output of the procedure is the error location polynomial named smu (sigma mu). The polynomial coefficients
belong to the field. The smu[NB_ERROR+1][] is a table that contains all these coefficients.

NB_ERROR_MAX defines the maximum value of the error correcting capability.
NB_ERROR defines the error correcting capability selected at encoding/decoding time.
NB_FIELD_ELEMENTS defines the number of elements in the field.

int get sigma ()
{
int i;
int j;
int k;
/* mu Y
int mu[NB ERROR MAX+2];
/* sigma ro =
int sro [Z*NBiERRORiMAX+l] 8
/* discrepancy */
int dmu[NB_FERROR MAX+2];
/* delta order */
int delta[NB_ERROR MAX+2];
/* index of largest delta */

int ro;
int largest;
int diff;
/% =/
/% First Row =/
A =Y
/* Mu */
mu[0] = -1; /* Actually -1/2 */
/* Sigma(x) set to 1 */
for (i = 0; i < (2*NB_ERROR MAX+1); i++)
smul[0] [i] = O;
smu[0] [0] = 1;
/* discrepancy set to 1 */
dmu([0] = 1;
/* polynom order set to 0 */
Imuf0] = 0;
/* delta set to -1 */
delta[0] = (mu[0] * 2 - Imu[O0]) >> 1;
A =/
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/% Second Row =/
/% )
/* Mu */

mu[l] = 0;

/* Sigma (x) set to 1 */
for (i = 0; i < (2*NB_ERROR MAX+1); i++)

smu[l][1i] = O;
smu[l] [0] = 1;
/* discrepancy set to Syndrome 1 */
dmu[l] = si[1l];
/* polynom order set to 0 */
Imul[l] = 0;
/* delta set to 0 */
delta[l] = (mu[l] * 2 - lmu[l])>> 1;

for (i=1; i <= NB_ERROR; i++)
{

mul[i+l] = 1 << 1;
/‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k***********************/
/% =/
/% =/
7% Compute Sigma (Mu+1) Wy
[* And L (mu) */

/* check if discrepancy is set to 0 */
if (dmu[i] == 0)
{
/* copy polynom */
for (j=0; j<2*NB_ERROR MAX+1; j++)
{
smuli+l][J] =
smuli] [J];
}

/* copy previous polynom order to the next */

Imuli+l] = lmulil;

}

else

{

ro = 0;

largest = -1;

/* find largest delta with dmu != 0 */

for (j=0; j<i; J++)
{
if (dmulj])
{
if (deltalj] > largest)
{
largest = deltaljl;
ro = 3j;
}
}
}
/* initialize signal ro */
for (k = 0; k < 2*NB_ERROR MAX+1; k +4+)
{
srol[k] = 0;
}
/* compute difference */
diff = (mu[i] - mul[ro]):;
/* compute X ~ (2 (mu-ro)) */
for (k = 0; k < (2*NB_ERROR MAX+1); k ++)
{
sro[k+diff] = smu[ro] [k];
}
/* multiply by dmu * dmu[ro]”-1 */
for (k = 0; k < 2*NB_ERROR MAX+1; k +4+)
{
/* dmu[ro] is not equal to zero by definition */
/* check that operand are different from 0 =
if (sro[k] && dmuli])

/* galois inverse */
sro[k] = gf antilog[(gf log[dmu[i]] + (NB_FIELD ELEMENTS-gf log[dmu[ro]]) +
gf loglsrol[k]]) %
NB_FIELD ELEMENTS I
}
}
/* multiply by dmu * dmul[ro]”-1 */
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for (k = 0; k < 2*NB_ERROR MAX+1; k++)
{

smul[i+1] [k] = smuli][k] ~ srolk]:;

if (smu[i+1][k])

/* find the order of the polynom */

Imuli+l] = k << 1;

}

}
}
/% )
7% =/
/* End Compute Sigma (Mu+l) =/
/* And L (mu) */

/*************************************************/

/* In either case compute delta */
delta[i+l] = (mul[i+l] * 2 - Imu[i+l]) >> 1;
/* In either case compute the discrepancy */
for (k = 0 ; k <= (Imu[i+1]>>1); k++)
{
if (k == 0)
dmu[i+1] = si[2*(i-1)+3];
/* check if one operand of the multiplier is null, its index is -1 */
else if (smu[i+1][k] && si[2*(i-1)+3-k])
dmu[i+l] = gf antilog[(gf log[smu[i+1][k]] + gf log[si[2*(i-1)+3-k]])%nn] ~ dmul[i+1];
}
}

return 0;

}

16.18.3 Finding the Error Position

The output of the get_sigma() procedure is a polynomial stored in the smu[NB_ERROR+1][] table. The error positions
are the roots of that polynomial. The degree of that polynomial is a very important information, as it gives the number
of errors. The PMERRLOC module provides hardware accelerator for that step.

16.18.3.1 Error Location

The PMECC Error Location controller provides hardware acceleration for determining roots of polynomials over two
finite fields: GF(2213) and GF(2*14). It integrates 32 fully programmable coefficients. These coefficients belong to
GF(2"3) or GF(2*14). The coefficient programmed in PMERRLOC({i} is the coefficient of X i in the polynomial.

The search operation is started as soon as a write access is detected in the PMECC Error Location Enable
(HSMC_ELEN) register and can be disabled by writing to the PMECC Error Location Disable (HSMC_ELDIS)
register. Initialize HSMC_ELEN.ENINIT with the number of galois field elements to test.

Table 16-17. ENINIT Field Value for a Sector Size of 512 Bytes

Error Correcting Capability ENINIT Value

2 4122
4 4148
8 4200
12 4252
24 4408
32 4512

Table 16-18. ENINIT Field Value for a Sector Size of 1024 Bytes

Error Correcting Capability ENINIT Value

2 8220
4 8248
8 8304
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........... continued
12 8360
24 8528
32 8640

While the PMECC engine searches for roots, the BUSY field in the PMECC Error Location Status register
(HSMC_ELSR) remains asserted. An interrupt is asserted at the end of the computation, and the DONE bit in the
PMECC Error Location Interrupt Status register (HSMC_ELSIR) is set. The HSMC_ELISR.ERR_CNT field shows the
number of errors. The PMECC Error Location x registers (HSMC_ERRLOCXx) show the error position.
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0x00

0x04

0x08

0x0C

0x10

0x14

0x18

0x1C

0x20
O0x6F

0x70

0x74

0x78

SAMA7GS5 Series
Static Memory Controller (SMC)

Notes: The following blocks of registers are instanced 8 times in the user interface:
+ HSMC_PMECCx[x=0..13]
*+ HSMCC_REMx[x=0..15]

N TN TN I NN R BT T BN I O

HSMC_CFG

HSMC_CTRL

HSMC_SR

HSMC_IER

HSMC_IDR

HSMC_IMR

HSMC_ADDR

HSMC_BANK

Reserved

HSMC_PMECCFG

HSMC_PMECCSAR
EA

HSMC_PMECCSAD
DR

31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0

31:24
23:16
15:8
7:0
31:24
23:16

7:0
31:24
23:16

15:8
7:0

NFCASE

NFCASE

NFCASE

NFCASE

AWB

AWB

AWB

AWB

NFCSPARESIZE[6:0]
DTOMUL[2:0] DTOCYC[3:0]
RBEDGE | EDGECTRL RSPARE | WSPARE
PAGESIZE[2:0]

NFCDIS NFCEN

RB_EDGEO

UNDEF DTOE CMDDONE | XFRDONE
NFCSID[2:0] NFCWR NFCBUSY
RB_FALL | RB_RISE SMCSTS

RB_EDGEO

UNDEF DTOE CMDDONE | XFRDONE

RB_FALL | RB_RISE
RB_EDGEO
UNDEF DTOE CMDDONE | XFRDONE

RB_FALL | RB_RISE
RB_EDGEO
UNDEF DTOE CMDDONE | XFRDONE

RB_FALL | RB_RISE

ADDR_CYCLEOQ[7:0]

BANK

AUTO SPAREEN
NANDWR PAGESIZE[1:0]
SECTORSZ BCH_ERR[2:0]

SPARESIZE[8

1
SPARESIZE[7:0]

STARTADDR[
8]
STARTADDR([7:0]
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........... continued

omet | Name JEeres ] 7 e | s e ] |2 | | o

31:24
HSMC_PMECCEAD  23:16
DR 15:8 ENDADDRI8]
7:0 ENDADDR[7:0]

0x7C

0x80
Reserved
0x83
31:24
23:16
15:8
7:0 DISABLE ENABLE USER DATA RST
31:24
23:16
15:8
7:0 ENABLE BUSY
31:24
23:16
15:8
7:0 ERRIE
31:24
23:16
15:8
7:0 ERRID
31:24
23:16
15:8
7:0 ERRIM
31:24
23:16
15:8
7:0 ERRIS[7:0]

0x84 |HSMC_PMECCTRL

0x88 HSMC_PMECCSR

0x8C  HSMC_PMECCIER

0x90 |HSMC_PMECCIDR

0x94 |HSMC_PMECCIMR

0x98 |HSMC_PMECCISR

0x9C
Reserved
OXAF
31:24 ECCI[31:24]
23:16 ECC[23:16]
15:8 ECC[15:8]
7:0 ECC[7:0]

0xBO HSMC_PMECCO

31:24 ECC[31:24]

23:16 ECC[23:16]
15:8 ECC[15:8]
7:0 ECCI7:0]

OxE4 HSMC_PMECC13

OxE8
Reserved
0x02AF
31:24 REM2NP3[13:8]
23:16 REM2NP3[7:0]
15:8 REM2NP1[13:8]
7:0 REM2NP1[7:0]

0x02B0 HSMC_REMO

31:24 REM2NP3[13:8]

23:16 REM2NP3[7:0]

15:8 REM2NP1[13:8]
7:0 REM2NP1[7:0]

0x02EC HSMC_REM15

0x02F0
Reserved
0x04FF
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........... continued

omet | Name JEeres ] 7 e | s e ] |2 | | o

0x0500

0x0504

0x0508

0x050C

0x0510

0x0514

0x0518

0x051C

0x0520

0x0524
0x0527

0x0528

0x052C

0x05A8

0x05AC

HSMC_ELCFG

HSMC_ELPRIM

HSMC_ELEN

HSMC_ELDIS

HSMC_ELSR

HSMC_ELIER

HSMC_ELIDR

HSMC_ELIMR

HSMC_ELISR

Reserved

HSMC_SIGMAO

HSMC_SIGMA1

HSMC_SIGMA32

HSMC_ERRLOCO

31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0

31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0

31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0

ERRNUM[4:0]

SECTORSZ

PRIMITIV[15:8]
PRIMITIV[7:0]

ENINIT[13:8]
ENINIT[7:0]

DIS

BUSY

DONE

DONE

DONE

ERR_CNTI[5:0]
DONE

SIGMAO[13:8]
SIGMAO[7:0]

SIGMAX[13:8]
SIGMAX[7:0]

SIGMAX[13:8]
SIGMAX[7:0]

ERRLOCN[13:8]
ERRLOCN[7:0]
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........... continued

omet | Name JEeres ] 7 e s e ]2 | | o

0x0628

0x062C

0x06FF

0x0700

0x0704

0x0708

0x070C

0x0710

0x0714

0x0718

0x071C

0x0720

0x0724

0x0728

HSMC_ERRLOC31

Reserved

HSMC_SETUPO

HSMC_PULSEO

HSMC_CYCLEQ

HSMC_TIMINGSO

HSMC_MODEO

HSMC_SETUP1

HSMC_PULSE1

HSMC_CYCLE1

HSMC_TIMINGS1

HSMC_MODE1

HSMC_SETUP2

31:24

23:16
15:8
7:0

31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0

31:24
23:16
15:8

7:0
31:24
23:16

15:8

7:0
31:24
23:16

15:8

7:0

31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0

31:24
23:16
15:8

7:0
31:24
23:16

15:8

7:0
31:24
23:16

15:8

7:0
31:24
23:16

15:8

7:0

NFSEL

NFSEL

TADL[3:0]

TADL[3:0]

ERRLOCN[13:8]

ERRLOCN[7:0]

NCS_RD_SETUP[5:0]
NRD_SETUP[5:0]
NCS_WR_SETUP[5:0]
NWE_SETUP[5:0]
NCS_RD_PULSE[6:0]
NRD_PULSE[6:0]

NCS_WR_PULSE[6:0]

NWE_PULSE[6:0]

NRD_CYCLE[
8]
NRD_CYCLE[7:0]
NWE_CYCLE]
8]
NWE_CYCLE[7:0]
TWB[3:0]
TRR([3:0]
ocMs TAR[3:0]
TCLR[3:0]
DBW BAT
EXNW_MODE[1:0] WR'TE—MOD READ_MODE
NCS_RD_SETUP[5:0]
NRD_SETUP[5:0]
NCS_WR_SETUP[5:0]
NWE_SETUP[5:0]
NCS_RD_PULSE[6:0]
NRD_PULSE[6:0]
NCS_WR_PULSE[6:0]
NWE_PULSE[6:0]
NRD_CYCLE[
8]
NRD_CYCLE[7:0]
NWE_CYCLE]
8]
NWE_CYCLE[7:0]
TWB[3:0]
TRR([3:0]
oCcMs TAR[3:0]
TCLR[3:0]
DBW BAT
EXNW_MODE[1:0] WR'TE—MOD READ_MODE

NCS_RD_SETUP[5:0]
NRD_SETUP[5:0]
NCS_WR_SETUP[5:0]
NWE_SETUP[5:0]
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........... continued

omet | Name JEwres ] 7 e s | e | s | 2| | o

0x072C

0x0730

0x0734

0x0738

0x073C

0x0740

0x0744

0x0748

0x074C

0x0750
0x079F
0x07A0

0x07A4

0x07A8

31:24 NCS_RD_PULSE[6:0]

23:16 NRD_PULSE[6:0]
15:8 NCS_WR_PULSE[6:0]
7:0 NWE_PULSE[6:0]

HSMC_PULSE2

31:24

23:16 NRD_CYCLE[7:0]

HSMC_CYCLE2
15:8

7:0 NWE_CYCLE[7:0]
31:24 NFSEL
23:16

15:8 OCMS

7:0 TADLI[3:0]
31:24
23:16
HSMC_MODE2 15:8

HSMC_TIMINGS2

DBW
7:0 EXNW_MODE[1:0]

31:24

23:16
HSMC_SETUP3

31:24 NCS_RD_PULSE[6:0]

23:16 NRD_PULSE[6:0]
15:8 NCS_WR_PULSE[6:0]
7:0 NWE_PULSE[6:0]

HSMC_PULSE3

31:24

23:16 NRD_CYCLE[7:0]

HSMC_CYCLE3
15:8

7:0 NWE_CYCLE[7:0]
31:24 NFSEL
23:16

15:8 OCMS

7:0 TADLI[3:0]
31:24
23:16
HSMC_MODE3 15:8

HSMC_TIMINGS3

DBW

7:0 EXNW_MODE[1:0]

Reserved

31:24
23:16
15:8
7:0
31:24 KEY1[31:24]
23:16 KEY1[23:16]
15:8 KEY1[15:8]
7:0 KEY1[7:0]
31:24 KEY2[31:24]
23:16 KEY2[23:16]
15:8 KEY2[15:8]
7:0 KEY2[7:0]

HSMC_OCMS

HSMC_KEY1

HSMC_KEY2

NRD_CYCLE[
8]

NWE_CYCLE]
8]

TWB(3:0]
TRR([3:0]
TAR[3:0]

TCLR[3:0]

BAT
WRITE_MOD

£ READ_MODE

NCS_RD_SETUP[5:0]
NRD_SETUP[5:0]
15:8 NCS_WR_SETUP[5:0]

7:0 NWE_SETUPI[5:0]

NRD_CYCLE[
8]

NWE_CYCLE]
8]

TWB(3:0]
TRR([3:0]
TAR[3:0]

TCLR[3:0]

BAT
WRITE_MOD

£ READ_MODE

SRSE SMSE
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........... continued

omet | Name JEeres ] 7 e | s e ] |2 | | o

0x07AC

0x07B0

0x07E3

0x07E4

0x07E8

31:24
23:16 CLKEDGE CLKEN
HSMC_CLKCFG
- 15:8 CLKDIV[8]
7.0 CLKDIV[7:0]
Reserved
31:24 WPKEY[23:16]
23:16 WPKEY[15:8]
HSMC_WPMR
- 15:8 WPKEY[7:0]
7:0 WPEN
31:24
23:16 WPVSRC[15:8]
HSMC_WPSR
- 15:8 WPVSRC[7:0]
7:0 WPVS
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16.19.1 NFC Configuration Register
Name: HSMC_CFG
Offset: 0x000
Reset: 0x00000000
Property: Read/Write
Bit 31 30 29 28 27 26 25 24
NFCSPARESIZE[6:0]
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
DTOMUL[2:0] DTOCYC[3:0]
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0
Bit 15 14 13 12 " 10 9 8
RBEDGE EDGECTRL RSPARE WSPARE
Access R/W R/W R/W R/W
Reset 0 0 0 0
Bit 7 6 5 4 3 2 1 0
PAGESIZE[2:0]
Access R/W R/W R/W
Reset 0 0 0

Bits 30:24 — NFCSPARESIZE[6:0] NAND Flash Spare Area Size Retrieved by the Host Controller
The spare size is set to (NFCSPARESIZE + 1) * 4 bytes. The spare area is only retrieved when RSPARE or
WSPARE is activated.

Bits 22:20 - DTOMUL[2:0] Data Timeout Multiplier

These fields determine the maximum number of main system bus clock cycles that the SMC waits until the detection
of a rising edge on Ready/Busy signal.

If the data timeout set by DTOCYC and DTOMUL has been exceeded, the Data Timeout Error flag (DTOE) in the
NFC Status Register (NFC_SR) raises.

Data Timeout Multiplier is defined by DTOMUL as shown in the following table:

Value Name Description

0 X1 DTOCYC

1 X16 DTOCYC x 16

2 X128 DTOCYC x 128

3 X256 DTOCYC x 256

4 X1024 DTOCYC x 1024

5 X4096 DTOCYC x 4096

6 X65536 DTOCYC x 65536

7 X1048576 DTOCYC x 1048576

Bits 19:16 — DTOCYC[3:0] Data Timeout Cycle Number

Bit 13 - RBEDGE Ready/Busy Signal Edge Detection

Value Description
0 Indicates the level of the Ready/Busy line.
1 Indicates that a transition has occurred on the Ready/Busy line.

Bit 12 - EDGECTRL Rising/Falling Edge Detection Control
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Value Description
0 Rising edge is detected.
1 Falling edge is detected.

Bit 9 —- RSPARE Read Spare Area

Value Description
0 The NFC skips the spare area in Read mode.
1 The NFC reads both main area and spare area in Read mode.

Bit 8 - WSPARE Write Spare Area

Value Description
0 The NFC skips the spare area in Write mode.
1 The NFC writes both main area and spare area in Write mode.

Bits 2:0 — PAGESIZE[2:0] Page Size of the NAND Flash Device

Value Name Description
0 PS512 Main area 512 bytes
1 PS1024 Main area 1024 bytes
2 PS2048 Main area 2048 bytes
3 PS4096 Main area 4096 bytes
4 PS8192 Main area 8192 bytes
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16.19.2 NFC Control Register

Name: HSMC_CTRL
Offset: 0x004
Reset: -

Property: Write-only

Bit 31 30 29 28 27 26 25 24
Access
Reset

Bit 23 22 21 20 19 18 17 16
Access
Reset

Bit 15 14 13 12 1" 10 9 8
Access
Reset

Bit 7 6 5 4 3 2 1 0

NFCDIS NFCEN
Access W W
Reset - -

Bit 1 — NFCDIS NAND Flash Controller Disable

Value Description

0 No effect.
1 Disables the NAND Flash controller.

Bit 0 — NFCEN NAND Flash Controller Enable

Value Description

0 No effect.
1 Enables the NAND Flash controller.
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16.19.3 NFC Status Register

Name: HSMC_SR
Offset: 0x008
Reset: 0x00000000
Property: Read-only
Bit 31 30 29 28 27 26 24
RB_EDGEO
Access R
Reset 0
Bit 23 22 21 20 19 18 16
NFCASE AWB UNDEF DTOE XFRDONE
Access R R R R R
Reset 0 0 0 0 0
Bit 15 14 13 12 11 10 8
NFCSID[2:0] NFCWR NFCBUSY
Access R R R R R
Reset 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
RB_FALL RB_RISE SMCSTS
Access R R R
Reset 0 0 0

Bit 24 - RB_EDGEO Ready/Busy Line 0 Edge Detected

If set to one, this flag indicates that an edge has been detected on the Ready/Busy Line 0. Depending on
HSMC_CFG.EDGECTRL, only the rising or the falling edge is detected. This flag is reset after a Status Read
operation.

Bit 23 - NFCASE NFC Access Size Error
If set to one, this flag indicates that an illegal access has been detected in the NFC Memory Area. Only Word access
is allowed within the NFC memory area. This flag is reset after a Status Read operation.

Bit 22 — AWB Accessing While Busy
If set to one, this flag indicates that an AHB host has performed an access during the busy phase. This flag is reset
after a Status Read operation.

Bit 21 — UNDEF Undefined Area Error
When set to one, this flag indicates that the processor performed an access in an undefined memory area. This flag
is reset after a Status Read operation.

Bit 20 - DTOE Data Timeout Error
When set to one, this flag indicates that the data timeout set by DTOMUL and DTOCYC has been exceeded. This
flag is reset after a Status Read operation.

Bit 17 - CMDDONE Command Done
When set to one, this flag indicates that the NFC has terminated the command. This flag is reset after a Status Read
operation.

Bit 16 — XFRDONE NFC Data Transfer Terminated
When set to one, this flag indicates that the NFC has terminated the data transfer. This flag is reset after a Status
Read operation.
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Bits 14:12 — NFCSID[2:0] NFC Chip Select ID (this field cannot be reset)
When a command is issued, this field indicates the value of the targeted chip select.

Bit 11 — NFCWR NFC Write/Read Operation (this field cannot be reset)
When a command is issued, this field indicates the current Read or Write operation.

Bit 8 - NFCBUSY NFC Busy (this field cannot be reset)
When set to one, this flag indicates that the controller is activated and accesses the memory device.

Bit 5 — RB_FALL Selected Ready Busy Falling Edge Detected
When set to one, this flag indicates that a falling edge on the Ready/Busy Line has been detected. This flag is reset
after a Status Read operation. The Ready/Busy line is selected through the decoding of field HSMC_SR.NFCSID.

Bit 4 - RB_RISE Selected Ready Busy Rising Edge Detected
When set to one, this flag indicates that a rising edge on the Ready/Busy Line has been detected. This flag is reset
after a Status Read operation. The Ready/Busy line is selected through the decoding of field HSMC_SR.NFCSID.

Bit 0 - SMCSTS NAND Flash Controller Status (this field cannot be reset)

Value Description

0 The NAND Flash controller is disabled.
1 The NAND Flash controller is enabled.
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16.19.4 NFC Interrupt Enable Register

Name: HSMC_IER
Offset: 0x00C
Reset: -
Property: Write-only

The following configuration values are valid for all listed bit names of this register:

0: No effect.

1: Enables the corresponding interrupt.

Bit 31 30 29 28 27 26 25 24
| | | RB_EDGEO
Access W
Reset -
Bit 23 22 21 20 19 18 17 16
NFCASE AWB UNDEF DTOE CMDDONE XFRDONE
Access W w W w W w
Reset — - — — - —
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
RB_FALL RB_RISE
Access w w
Reset - —

Bit 24 —- RB_EDGEO Ready/Busy Line 0 Interrupt Enable

Bit 23 - NFCASE NFC Access Size Error Interrupt Enable

Bit 22 - AWB Accessing While Busy Interrupt Enable

Bit 21 - UNDEF Undefined Area Access Interrupt Enable

Bit 20 — DTOE Data Timeout Error Interrupt Enable

Bit 177 — CMDDONE Command Done Interrupt Enable

Bit 16 — XFRDONE Transfer Done Interrupt Enable

Bit 5 — RB_FALL Ready Busy Falling Edge Detection Interrupt Enable

Bit 4 — RB_RISE Ready Busy Rising Edge Detection Interrupt Enable
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16.19.5 NFC Interrupt Disable Register

Name: HSMC_IDR
Offset: 0x010
Reset: -

Property: Write-only

The following configuration values are valid for all listed bit names of this register:
0: No effect.

1: Disables the corresponding interrupt.

Bit 31 30 29 28 27 26 25 24
| | | | RB_EDGEO
Access W
Reset -
Bit 23 22 21 20 19 18 17 16
NFCASE AWB UNDEF DTOE CMDDONE XFRDONE
Access W w W w W w
Reset — - — — - —
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
RB_FALL RB_RISE
Access w w
Reset - —

Bit 24 —- RB_EDGEO Ready/Busy Line 0 Interrupt Disable

Bit 23 - NFCASE NFC Access Size Error Interrupt Disable

Bit 22 - AWB Accessing While Busy Interrupt Disable

Bit 21 — UNDEF Undefined Area Access Interrupt Disable

Bit 20 — DTOE Data Timeout Error Interrupt Disable

Bit 177 — CMDDONE Command Done Interrupt Disable

Bit 16 — XFRDONE Transfer Done Interrupt Disable

Bit 5 — RB_FALL Ready Busy Falling Edge Detection Interrupt Disable

Bit 4 — RB_RISE Ready Busy Rising Edge Detection Interrupt Disable
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16.19.6 NFC Interrupt Mask Register

Name: HSMC_IMR
Offset: 0x014
Reset: 0x00000000
Property: Read-only

The following configuration values are valid for all listed bit names of this register:
0: Disables the corresponding interrupt.

1: Enables the corresponding interrupt.

Bit 31 30 29 28 27 26 25 24
| | | RB_EDGEO
Access R
Reset 0
Bit 23 22 21 20 19 18 17 16
NFCASE AWB UNDEF DTOE CMDDONE XFRDONE
Access R R R R R R
Reset 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
RB_FALL RB_RISE
Access R R
Reset 0 0

Bit 24 —- RB_EDGEO Ready/Busy Line 0 Interrupt Mask

Bit 23 - NFCASE NFC Access Size Error Interrupt Mask

Bit 22 - AWB Accessing While Busy Interrupt Mask

Bit 21 — UNDEF Undefined Area Access Interrupt Mask5

Bit 20 — DTOE Data Timeout Error Interrupt Mask

Bit 177 — CMDDONE Command Done Interrupt Mask

Bit 16 — XFRDONE Transfer Done Interrupt Mask

Bit 5 - RB_FALL Ready Busy Falling Edge Detection Interrupt Mask

Bit 4 — RB_RISE Ready Busy Rising Edge Detection Interrupt Mask
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16.19.7 NFC Address Cycle Zero Register

Name: HSMC_ADDR
Offset: 0x018
Reset: 0x00000000

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
ADDR_CYCLEQ[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:0 - ADDR_CYCLEO[7:0] NAND Flash Array Address Cycle 0
When five address cycles are used, ADDR_CYCLEQ is the first byte written to the NAND Flash (used by the NFC).
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16.19.8 NFC Bank Register

Name: HSMC_BANK
Offset: 0x01C
Reset: 0x00000000

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 1" 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
BANK
Access R/W
Reset 0

Bit 0 — BANK Bank Identifier

Value Description

0 Bank 0 is used.
1 Bank 1 is used.
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16.19.9 PMECC Configuration Register

Name: HSMC_PMECCFG
Offset: 0x070
Reset: 0x00000000

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
AUTO SPAREEN
Access R/W R/W
Reset 0 0
Bit 15 14 13 12 11 10 9 8
NANDWR PAGESIZE[1:0] |
Access R/W R/W R/W
Reset 0 0 0
Bit 7 6 5 4 3 2 1 0
SECTORSZ BCH_ERRJ[2:0]
Access R/W R/W R/W R/W
Reset 0 0 0 0

Bit 20 — AUTO Automatic Mode Enable
This bit is only relevant in NAND Read mode, when HSMC_PMECCFG.SPAREEN=0 and HSMC_CFG.RSPARE=1.

Value Description
0 Indicates that the ECC computation is not retrieved automatically and must be read via User mode.
1 Indicates that the ECC computation is retrieved automatically via Data mode.

Bit 16 —- SPAREEN Spare Enable

For NAND write access:

0: The spare area is not protected by ECC.

1: The spare area is protected with the last sector of data.
For NAND read access:

0: The spare area is not protected by ECC.

1: The spare area contains protected data.

Bit 12 — NANDWR NAND Write Access

Value Description
0 NAND read access.
1 NAND write access.

Bits 9:8 — PAGESIZE[1:0] Number of Sectors in the Page

Value Name Description

0 PAGESIZE_1SEC 1 sector for main area (512 or 1024 bytes).

1 PAGESIZE_2SEC 2 sectors for main area (1024 or 2048 bytes).
2 PAGESIZE_4SEC 4 sectors for main area (2048 or 4096 bytes).
3 PAGESIZE_8SEC 8 sectors for main area (4096 or 8192 bytes).

Bit 4 —- SECTORSZ Sector Size

Value Description
0 The ECC computation is based on a sector of 512 bytes.
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Value Description

1 The ECC computation is based on a sector of 1024 bytes.

Bits 2:0 - BCH_ERR[2:0] Error Correcting Capability

Value Name Description
0 BCH_ERR2 2 errors

1 BCH_ERR4 4 errors

2 BCH_ERRS 8 errors

3 BCH_ERR12 12 errors

4 BCH_ERR24 24 errors

5 BCH_ERR32 32 errors
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16.19.10 PMECC Spare Area Size Register

Name: HSMC_PMECCSAREA
Offset: 0x074
Reset: 0x00000000

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
SPARESIZE[8] |
Access R/W
Reset 0
Bit 7 6 5 4 3 2 1 0
SPARESIZE[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 8:0 — SPARESIZE[8:0] Spare Area Size
Number of bytes in the spare area. The spare area size is equal to (SPARESIZE + 1) bytes.
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16.19.11 PMECC Start Address Register

Name: HSMC_PMECCSADDR
Offset: 0x078
Reset: 0x00000000

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
STARTADDR8]|
Access R/W
Reset 0
Bit 7 6 5 4 3 2 1 0
STARTADDR[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 8:0 —- STARTADDR][8:0] ECC Area Start Address
This register is programmed with the start ECC start address. When STARTADDR is equal to 0, then the first ECC
byte is located at the first byte of the spare area.
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16.19.12 PMECC End Address Register

Name: HSMC_PMECCEADDR
Offset: 0x07C
Reset: 0x00000000

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
ENDADDR{8] |
Access R/W
Reset 0
Bit 7 6 5 4 3 2 1 0
ENDADDR[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 8:0 - ENDADDR[8:0] ECC Area End Address
This register is programmed with the start ECC end address. When ENDADDR is equal to N, then the first ECC byte
is located at byte N of the spare area.
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16.19.13

PMECC Control Register
Name: HSMC_PMECCTRL
Offset: 0x084

Reset: -

Property: Write-only

Bit 31 30 29 28 27 26 25 24
Access
Reset

Bit 23 22 21 20 19 18 17 16
Access
Reset

Bit 15 14 13 12 1" 10 9 8
Access
Reset

Bit 7 6 5 4 3 2 1 0

DISABLE ENABLE USER DATA RST
Access W w W W W
Reset - - - - -

Bit 5 — DISABLE PMECC Enable

Value Description
0 No effect.
1 Disables the PMECC controller.

Bit 4 - ENABLE PMECC Enable

Value Description
0 No effect.
1 Enables the PMECC controller.

Bit 2 - USER Start a User Mode Phase

Value Description
0 No effect.
1 The PMECC controller enters a User mode phase.

Bit 1 — DATA Start a Data Phase

Value Description
0 No effect.
1 The PMECC controller enters a Data phase.

Bit 0 — RST Reset the PMECC Module

Value Description
0 No effect.
1 Resets the PMECC controller.
© 2022 Microchip Technology Inc. Datasheet DS60001765A-page 361

and its subsidiaries



SAMA7GS5 Series
Static Memory Controller (SMC)

16.19.14 PMECC Status Register

Name: HSMC_PMECCSR
Offset: 0x088
Reset: 0x00000000

Property: Read-only

Bit 31 30 29 28 27 26 25 24
Access
Reset

Bit 23 22 21 20 19 18 17 16
Access
Reset

Bit 15 14 13 12 1" 10 9 8
Access
Reset

Bit 7 6 5 4 3 2 1 0

ENABLE BUSY
Access R R
Reset 0 0

Bit 4 - ENABLE PMECC Enable Bit

Value Description

0 PMECC controller disabled.
1 PMECC controller enabled.

Bit 0 - BUSY PMECC Kernel is Busy

Value Description

0 PMECC controller finite state machine reached idle state.
1 PMECC controller finite state machine is processing the incoming byte stream.
© 2022 Microchip Technology Inc. Datasheet DS60001765A-page 362

and its subsidiaries



SAMA7GS5 Series
Static Memory Controller (SMC)

16.19.15 PMECC Interrupt Enable Register

Name: HSMC_PMECCIER
Offset: 0x08C
Reset: -

Property: Write-only

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 1" 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
ERRIE
Access W
Reset -

Bit 0 — ERRIE Error Interrupt Enable

Value Description

0 No effect.
1 The Multibit error interrupt is enabled. An interrupt will be raised if at least one error is detected in at
least one sector.
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16.19.16 PMECC Interrupt Disable Register

Name: HSMC_PMECCIDR
Offset: 0x090
Reset: -

Property: Write-only

Bit 31 30 29 28 27 26 25 24
Access
Reset

Bit 23 22 21 20 19 18 17 16
Access
Reset

Bit 15 14 13 12 1" 10 9 8
Access
Reset

Bit 7 6 5 4 3 2 1 0

ERRID
Access W
Reset -

Bit 0 — ERRID Error Interrupt Disable

Value Description

0 No effect.
1 Multibit error interrupt disabled.
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16.19.17 PMECC Interrupt Mask Register

Name: HSMC_PMECCIMR
Offset: 0x094
Reset: 0x00000000

Property: Read-only

Bit 31 30 29 28 27 26 25 24
Access
Reset

Bit 23 22 21 20 19 18 17 16
Access
Reset

Bit 15 14 13 12 1" 10 9 8
Access
Reset

Bit 7 6 5 4 3 2 1 0

ERRIM
Access R
Reset 0

Bit 0 — ERRIM Error Interrupt Mask

Value Description

0 Multibit error disabled.
1 Multibit error enabled.
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SAMA7G5 Series

Static Memory Controller (SMC)

16.19.18 PMECC Interrupt Status Register

Name: HSMC_PMECCISR
Offset: 0x098
Reset: 0x00000000

Property: Read-only

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
ERRIS[7:0]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0

Bits 7:0 — ERRIS[7:0] Error Interrupt Status Register

When set to one, bit i of the HSMC_PMECCISR indicates that sector i is corrupted.
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SAMA7G5 Series

Static Memory Controller (SMC)

16.19.19 PMECC Redundancy x Register

Name: HSMC_PMECCx
Offset: 0xBO0 + x*0x04 [x=0..13]
Reset: 0x00000000

Property: Read-only

Note: The block of registers HSMC_PMECCx[x=0..13] is instanced 8 times in the user interface.

Bit 31 30 29 28 27 26 25 24
| ECC[31:24]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
ECC[23:16]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1 10 9 8
ECC[15:8]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
ECC[7:0]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0

Bits 31:0 — ECC[31:0] BCH Redundancy

This register contains the remainder of the division of the codeword by the generator polynomial.
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SAMA7GS5 Series
Static Memory Controller (SMC)

16.19.20 PMECC Remainder x Register

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Name: HSMC_REMx
Offset: 0x02B0 + x*0x04 [x=0..15]
Reset: 0x00000000

Property: Read-only

Note: The block of registers HSMC_REMXx[x=0..15] is instanced 8 times in the user interface.

31 30 29 28 27 26 25 24
| | REM2NP3[13:8]
R R R R R R
0 0 0 0 0 0
23 22 21 20 19 18 17 16
REM2NP3[7:0]
R R R R R R R R
0 0 0 0 0 0 0 0
15 14 13 12 1 10 9 8
REM2NP1[13:8]
R R R R R R
0 0 0 0 0 0
7 6 5 4 3 2 1 0
REM2NP1[7:0]
R R R R R R R R
0 0 0 0 0 0 0 0

Bits 29:16 — REM2NP3[13:0] BCH Remainder 2 * N + 3

When sector size is set to 512 bytes, bit REM2NP3[29] is not used and read as zero.
If bit i of the REM2NP3 field is set to one, then the coefficient of the X' is set to one; otherwise, the coefficient is zero.

Bits 13:0 - REM2NP1[13:0] BCH Remainder 2 * N + 1

When sector size is set to 512 bytes, bit REM2NP1[13] is not used and read as zero.
If bit i of the REM2NP1 field is set to one, then the coefficient of the Xi is set to one; otherwise, the coefficient is zero.
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SAMA7GS5 Series
Static Memory Controller (SMC)

16.19.21 PMECC Error Location Configuration Register

Name: HSMC_ELCFG
Offset: 0x500
Reset: 0x00000000

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
ERRNUM[4:0]
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
SECTORSZ
Access R/W
Reset 0

Bits 20:16 — ERRNUM[4:0] Number of Errors

Bit 0 —- SECTORSZ Sector Size

Value Description

0 The ECC computation is based on a 512-byte sector.
1 The ECC computation is based on a 1024-byte sector.
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SAMA7GS5 Series
Static Memory Controller (SMC)

16.19.22 PMECC Error Location Primitive Register

Name: HSMC_ELPRIM
Offset: 0x504
Reset: 0x401A

Property: Read-only

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
PRIMITIV[15:8]
Access R R R R R R R R
Reset 0 1 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
PRIMITIV[7:0]
Access R R R R R R R R
Reset 0 0 0 1 1 0 1 0

Bits 15:0 — PRIMITIV[15:0] Primitive Polynomial
This field indicates the Primitive Polynomial used in the ECC computation.
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SAMA7GS5 Series
Static Memory Controller (SMC)

16.19.23 PMECC Error Location Enable Register

Name: HSMC_ELEN
Offset: 0x508
Reset: -

Property: Write-only

Bit 31 30 29 28 27 26 25 24
Access
Reset

Bit 23 22 21 20 19 18 17 16
Access
Reset

Bit 15 14 13 12 11 10 9 8

ENINIT[13:8]

Access W w w W W w

Reset - - - — - -

Bit 7 6 5 4 3 2 1 0

ENINIT[7:0]
Access W w W w W w W W
Reset - - - - - - - -

Bits 13:0 — ENINIT[13:0] Error Location Enable
Initial bit number in the codeword.
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SAMA7GS5 Series
Static Memory Controller (SMC)

16.19.24 PMECC Error Location Disable Register

Name: HSMC_ELDIS
Offset: 0x50C
Reset: -

Property: Write-only

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 1" 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
DIS
Access W
Reset -

Bit 0 — DIS Disable Error Location Engine

Value Description

0 No effect.
1 Disables the Error location engine.
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SAMA7GS5 Series
Static Memory Controller (SMC)

16.19.25 PMECC Error Location Status Register

Name: HSMC_ELSR
Offset: 0x510
Reset: 0x00000000

Property: Read-only

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 1" 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
BUSY
Access R
Reset 0

Bit 0 — BUSY Error Location Engine Busy

Value Description

0 Error location engine is disabled.

1 Error location engine is enabled and is finding roots of the polynomial.

© 2022 Microchip Technology Inc.
and its subsidiaries

Datasheet

DS60001765A-page 373



SAMA7GS5 Series
Static Memory Controller (SMC)

16.19.26 PMECC Error Location Interrupt Enable Register

Name: HSMC_ELIER
Offset: 0x514
Reset: -

Property: Write-only

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 1" 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
DONE
Access W
Reset -

Bit 0 —- DONE Computation Terminated Interrupt Enable

Value Description

0 No effect.
1 Enables the interrupt.
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SAMA7GS5 Series
Static Memory Controller (SMC)

16.19.27 PMECC Error Location Interrupt Disable Register

Name: HSMC_ELIDR
Offset: 0x518
Reset: -

Property: Write-only

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 1" 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
DONE
Access W
Reset -

Bit 0 —- DONE Computation Terminated Interrupt Disable

Value Description

0 No effect.
1 Disables the interrupt.
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SAMA7GS5 Series
Static Memory Controller (SMC)

16.19.28 PMECC Error Location Interrupt Mask Register

Name: HSMC_ELIMR
Offset: 0x51C
Reset: 0x00000000

Property: Read-only

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 1" 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
DONE
Access R
Reset 0

Bit 0 - DONE Computation Terminated Interrupt Mask

Value Description

0 Computation Terminated interrupt disabled.
1 Computation Terminated interrupt enabled.
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SAMA7GS5 Series
Static Memory Controller (SMC)

16.19.29 PMECC Error Location Interrupt Status Register

Name: HSMC_ELISR
Offset: 0x520
Reset: 0x00000000

Property: Read-only

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
ERR_CNT[5:0]
Access R R R R R R
Reset 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
DONE
Access R
Reset 0

Bits 13:8 — ERR_CNT[5:0] Error Counter value
This field indicates the number of roots of the polynomial.

Bit 0 — DONE Computation Terminated Interrupt Status
When set to one, this indicates that the error location engine has completed the root finding algorithm.
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SAMA7GS5 Series
Static Memory Controller (SMC)

16.19.30 PMECC Error Location SIGMAO Register

Name: HSMC_SIGMAO
Offset: 0x528
Reset: 0x00000001

Property: Read-only

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
SIGMAO0[13:8]
Access R R R R R R
Reset 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
SIGMAO[7:0]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 1

Bits 13:0 — SIGMAO0[13:0] Coefficient of degree 0 in the SIGMA polynomial
SIGMAO belongs to the finite field GF(213) when the sector size is set to 512 bytes.
SIGMAO belongs to the finite field GF(2'4) when the sector size is set to 1024 bytes.
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SAMA7G5 Series

Static Memory Controller (SMC)

16.19.31 PMECC Error Location SIGMAXx Register

Name: HSMC_SIGMAXx
Offset: 0x052C + (x-1)*0x04 [x=1..32]
Reset: 0x00000000
Property: Read/Write
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
SIGMAX[13:8]
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
SIGMAX[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 13:0 — SIGMAXx[13:0] Coefficient of degree x in the SIGMA polynomial
SIGMAX belongs to the finite field GF(2'%) when the sector size is set to 512 bytes.

SIGMAX belongs to the finite field GF(2'4) when the sector size is set to 1024 bytes.
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SAMA7GS5 Series
Static Memory Controller (SMC)

16.19.32 PMECC Error Location x Register

Name: HSMC_ERRLOCXx
Offset: 0x05AC + x*0x04 [x=0..31]
Reset: 0x00000000

Property: Read-only

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
ERRLOCNJ[13:8]
Access R R R R R R
Reset 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
ERRLOCN]J7:0]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0

Bits 13:0 - ERRLOCN][13:0] Error Position within the Set {sector area, spare area}

ERRLOCN points to 1 when the first bit of the main area is corrupted.

If the sector size is set to 512 bytes, the ERRLOCN points to 4096 when the last bit of the sector area is corrupted.
If the sector size is set to 1024 bytes, the ERRLOCN points to 8192 when the last bit of the sector area is corrupted.
If the sector size is set to 512 bytes, the ERRLOCN points to 4097 when the first bit of the spare area is corrupted.
If the sector size is set to 1024 bytes, the ERRLOCN points to 8193 when the first bit of the spare area is corrupted.
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SAMA7GS5 Series
Static Memory Controller (SMC)

16.19.33

Setup Register

Name: HSMC_SETUPx

Offset: 0x0700 + x*0x14 [x=0..3]
Reset: 0x01010101

Property: Write-only

This register can only be written if the WPEN bit is cleared in the Write Protection Mode Register.

Bit 31 30 29 28 27 26 25 24
| | | NCS_RD_SETUP[5:0]
Access W W w w W w
Reset 0 0 0 0 0 1
Bit 23 22 21 20 19 18 17 16
NRD_SETUPI5:0]
Access W W W w W W
Reset 0 0 0 0 0 1
Bit 15 14 13 12 11 10 9 8
NCS_WR_SETUPI[5:0]
Access W W w w W w
Reset 0 0 0 0 0 1
Bit 7 6 5 4 3 2 1 0
NWE_SETUP[5:0]
Access W W W w W W
Reset 0 0 0 0 0 1

Bits 29:24 — NCS_RD_SETUP[5:0] NCS Setup Length in Read Access
In Read access, the NCS signal setup length is defined as:
NCS setup length = (128 * NCS_RD_SETUP[5] + NCS_RD_SETUP[4:0]) clock cycles.

Bits 21:16 — NRD_SETUP[5:0] NRD Setup Length
The NRD signal setup length is defined as:
NRD setup length = (128 * NRD_SETUPI[5] + NRD_SETUPI[4:0]) clock cycles.

Bits 13:8 - NCS_WR_SETUP[5:0] NCS Setup Length in Write Access
In write access, the NCS signal setup length is defined as:
NCS setup length = (128 * NCS_WR_SETUP[5] + NCS_WR_SETUP[4:0]) clock cycles.

Bits 5:0 - NWE_SETUP[5:0] NWE Setup Length
The NWE signal setup length is defined as:
NWE setup length = (128 * NWE_SETUP[5] + NWE_SETUPI[4:0]) clock cycles.
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SAMA7GS5 Series
Static Memory Controller (SMC)

16.19.34

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Pulse Register

Name: HSMC_PULSEXx

Offset: 0x0704 + x*0x14 [x=0..3]
Reset: 0x01010101

Property: Write-only

This register can only be written if the WPEN bit is cleared in the Write Protection Mode Register.

31 30 29 28 27 26 25 24
| | NCS_RD_PULSE[6:0]
W W W W W W W
0 0 0 0 0 0 1
23 22 21 20 19 18 17 16
NRD_PULSE[6:0]
W W W W W W W
0 0 0 0 0 0 1
15 14 13 12 11 10 9 8
NCS_WR_PULSE[6:0]
W W W W W W W
0 0 0 0 0 0 1
7 6 5 4 3 2 1 0
NWE_PULSE[6:0]
W W W W W W W
0 0 0 0 0 0 1

Bits 30:24 — NCS_RD_PULSE[6:0] NCS Pulse Length in READ Access
In READ mode, The NCS signal pulse length is defined as:
NCS pulse length = (256 * NCS_RD_PULSE[6] + NCS_RD_PULSE[5:0]) clock cycles.

Bits 22:16 — NRD_PULSE[6:0] NRD Pulse Length

The NRD signal pulse length is defined as:

NRD pulse length = (256 * NRD_PULSE[6] + NRD_PULSE[5:0]) clock cycles.
The NRD pulse width must be as least 1 clock cycle.

Bits 14:8 - NCS_WR_PULSE[6:0] NCS Pulse Length in WRITE Access

In Write access, The NCS signal pulse length is defined as:

NCS pulse length = (256 * NCS_WR_PULSE[6] + NCS_WR_PULSE[5:0]) clock cycles.
The NCS pulse must be at least one clock cycle.

Bits 6:0 - NWE_PULSE[6:0] NWE Pulse Length

The NWE signal pulse length is defined as:

NWE pulse length = (256 * NWE_PULSE[6]+NWE_PULSE[5:0]) clock cycles.
The NWE pulse must be at least one clock cycle.
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SAMA7GS5 Series
Static Memory Controller (SMC)

16.19.35 Cycle Register

Name: HSMC_CYCLEx
Offset: 0x0708 + x*0x14 [x=0..3]
Reset: 0x00030003

Property: Read/Write

This register can only be written if the WPEN bit is cleared in the Write Protection Mode Register.

Bit 31 30 29 28 27 26 25 24
| | | | | | | NRD_CYCLE[8]|
Access R/W
Reset 0
Bit 23 22 21 20 19 18 17 16
NRD_CYCLE[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 1 1
Bit 15 14 13 12 11 10 9 8
NWE_CYCLE[8
]
Access R/W
Reset 0
Bit 7 6 5 4 3 2 1 0
NWE_CYCLE[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 1 1

Bits 24:16 — NRD_CYCLE[8:0] Total Read Cycle Length

The total read cycle length is the total duration in clock cycles of the read cycle. It is equal to the sum of the setup,
pulse and hold steps of the NRD and NCS signals. It is defined as:

Read cycle length = (NRD_CYCLE[8:7] * 256) + NRD_CYCLE[6:0] clock cycles.

Bits 8:0 - NWE_CYCLE[8:0] Total Write Cycle Length

The total write cycle length is the total duration in clock cycles of the write cycle. It is equal to the sum of the setup,
pulse and hold steps of the NWE and NCS signals. It is defined as:

Write cycle length = (NWE_CYCLE[8:7] * 256) + NWE_CYCLE[6:0] clock cycles.
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SAMA7GS5 Series
Static Memory Controller (SMC)

16.19.36 Timings Register

Name: HSMC_TIMINGSXx
Offset: 0x070C + x*0x14 [x=0..3]
Reset: 0x00000000

Property: Read/Write

This register can only be written if the WPEN bit is cleared in the Write Protection Mode Register.

Bit 31 30 29 28 27 26 25 24
| NFSEL | | | | TWB(3:0]
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
TRR[3:0]
Access R/W R/W R/W R/W
Reset 0 0 0 0
Bit 15 14 13 12 11 10 9 8
OCMS TAR[3:0]
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
TADLJ[3:0] TCLR[3:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit 31 — NFSEL NAND Flash Selection
If this bit is set to one, the chip select is assigned to NAND Flash write enable and read enable lines drive the Error
Correcting Code module.

Bits 27:24 — TWBI[3:0] WEN High to REN to Busy
Write Enable rising edge to Ready/Busy falling edge timing.
Write Enable to Read/Busy = (TWB[3] * 64) + TWBJ[2:0] clock cycles.

Bits 19:16 — TRR[3:0] Ready to REN Low Delay
Ready/Busy signal to Read Enable falling edge timing.
Read to REN = (TRR[3] * 64) + TRR[2:0] clock cycles.

Bit 12 - OCMS Off Chip Memory Scrambling Enable
When set to one, the memory scrambling is activated. (Value must be zero if external memory is NAND Flash and
NFC is used).

Bits 11:8 — TAR[3:0] ALE to REN Low Delay
Address Latch Enable falling edge to Read Enable falling edge timing.
Address Latch Enable to Read Enable = (TAR[3] * 64) + TAR[2:0] clock cycles.

Bits 7:4 — TADL[3:0] ALE to Data Start
Last address latch cycle to the first rising edge of WEN for data input.
Last address latch to first rising edge of WEN = (TADL[3] * 64) + TADL[2:0] clock cycles.

Bits 3:0 — TCLR[3:0] CLE to REN Low Delay
Command Latch Enable falling edge to Read Enable falling edge timing.
Latch Enable Falling to Read Enable Falling = (TCLR[3] * 64) + TCLR[2:0] clock cycles.
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SAMA7GS5 Series
Static Memory Controller (SMC)

16.19.37

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Mode Register

Name: HSMC_MODEX

Offset: 0x0710 + x*0x14 [x=0..3]
Reset: 0x00001003

Property: Read/Write

This register can only be written if the WPEN bit is cleared in the Write Protection Mode Register.

31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
DBW BAT
RIW RIW
1 0
7 6 5 4 3 2 1 0
EXNW_MODE[1:0] | WRITE_MODE| READ_MODE
RIW RIW RIW RIW
0 0 1

Bit 12 — DBW Data Bus Width

Value Name Description
0 BIT_8 8-bit bus
1 BIT_16 16-bit bus

Bit 8 —- BAT Byte Access Type
This field is used only if DBW defines a 16-bit data bus.
Value Name Description
0 BYTE_SELECT Byte select access type:
» Write operation is controlled using NCS, NWE, NBSO, NBS1.
» Read operation is controlled using NCS, NRD, NBS0, NBS1.
1 BYTE_WRITE Byte write access type:
» Write operation is controlled using NCS, NWRO, NWR1.

* Read operation is controlled using NCS and NRD.

Bits 5:4 — EXNW_MODE[1:0] NWAIT Mode

The NWAIT signal is used to extend the current read or write signal. It is only taken into account during the pulse
phase Read and Write controlling signal. When the use of NWAIT is enabled, at least one cycle hold duration must
be programmed for the read and write controlling signal.
Value Name Description

0 DISABLED | Disabled—The NWAIT input signal is ignored on the corresponding Chip Select.
1 - Reserved

2 FROZEN | Frozen Mode—If asserted, the NWAIT signal freezes the current read or write cycle. After
deassertion, the read/write cycle is resumed from the point where it was stopped.
3 READY Ready Mode—The NWAIT signal indicates the availability of the external device at the

end of the pulse of the controlling read or write signal, to complete the access. If high, the
access normally completes. If low, the access is extended until NWAIT returns high.
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SAMA7GS5 Series
Static Memory Controller (SMC)

Bit 1 - WRITE_MODE Selection of the Control Signal for Write Operation

Value Name Description
0 NCS_CTRL The Write operation is controller by the NCS signal.
1 NWE_CTRL The Write operation is controlled by the NWE signal
Bit 0 - READ_MODE Selection of the Control Signal for Read Operation
Value Name Description
0 NCS_CTRL The Read operation is controlled by the NCS signal.
1 NRD_CTRL The Read operation is controlled by the NRD signal.
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SAMA7GS5 Series
Static Memory Controller (SMC)

16.19.38 Off Chip Memory Scrambling Register

Name: HSMC_OCMS
Offset: 0x7A0
Reset: 0x00000000

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 1" 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
SRSE SMSE
Access R/W R/W
Reset 0 0

Bit 1 —- SRSE NFC Internal SRAM Scrambling Enable
Value Description
0 Disable Scrambling for NFC internal SRAM access.
1 Enable Scrambling for NFC internal SRAM access. (OCMS bit must be cleared in the corresponding
HSMC_TIMINGSX register.)

Bit 0 — SMSE Static Memory Controller Scrambling Enable

Value Description
0 Disable “Off Chip” Scrambling for SMC access.
1 Enable “Off Chip” Scrambling for SMC access. (If OCMS bit is set in the corresponding
HSMC_TIMINGSXx register.)
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SAMA7GS5 Series
Static Memory Controller (SMC)

16.19.39 Off Chip Memory Scrambling Key1 Register

Name: HSMC_KEY1
Offset: Ox7A4
Reset: 0x00000000

Property: Write-once

Bit 31 30 29 28 27 26 25 24
KEY1[31:24]
Access W-Once W-Once W-Once W-Once W-Once W-Once W-Once W-Once
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
KEY1[23:16]
Access W-Once W-Once W-Once W-Once W-Once W-Once W-Once W-Once
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
KEY1[15:8]
Access W-Once W-Once W-Once W-Once W-Once W-Once W-Once W-Once
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
KEY1[7:0]
Access W-Once W-Once W-Once W-Once W-Once W-Once W-Once W-Once
Reset 0 0 0 0 0 0 0 0

Bits 31:0 — KEY1[31:0] Off Chip Memory Scrambling (OCMS) Key Part 1
When Off Chip Memory Scrambling is enabled by setting the HSMC_OCMS and HSMC_TIMINGS registers in
accordance, the data scrambling depends on KEY1 and KEY2 values.
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SAMA7G5 Series

Static Memory Controller (SMC)

16.19.40 Off Chip Memory Scrambling Key2 Register

Name: HSMC_KEY2
Offset: 0x7A8
Reset: 0x00000000
Property: Write-once
Bit 31 30 29 28 27 26 25 24
KEY2[31:24]
Access W-once W-once W-once W-once W-once W-once W-once W-once
Reset 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
KEY2[23:16]
Access W-once W-once W-once W-once W-once W-once W-once W-once
Reset 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 8
KEY2[15:8]
Access W-once W-once W-once W-once W-once W-once W-once W-once
Reset 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 0
KEYZ2[7:0]
Access W-once W-once W-once W-once W-once W-once W-once W-once
Reset 0 0 0 0 0 0 0

Bits 31:0 — KEY2[31:0] Off Chip Memory Scrambling (OCMS) Key Part 2
When Off Chip Memory Scrambling is enabled by setting the HSMC_OCMS and HSMC_TIMINGS registers in

accordance, the data scrambling depends on KEY2 and KEY1 values.
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16.19.41

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Clock Configuration Register
Name: HSMC_CLKCFG
Offset: 0x7AC

Reset: 0x00000000

Property: Read/Write

31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
CLKEDGE CLKEN
R/W R/W
0 0
15 14 13 12 11 10 9 8
CLKDIV[8] |
R/W
0
7 6 5 4 3 2 1 0
CLKDIV[7:0]
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0

Bit 17 — CLKEDGE SMC Clock Edge

Value Description

0 The start of the external bus access is aligned with the rising edge of the SMC clock output.
1 The start of the external bus access is aligned with the falling edge of the SMC clock output.

Bit 16 — CLKEN SMC Clock Enable

Value Description

0 The SMC clock is disabled.
1 The SMC clock is enabled.

Bits 8:0 — CLKDIV[8:0] SMC Clock Divider
The SMC clock output frequency is equal to periph_clk/(CLKDIV + 1). If CLKDIV = 0, the SMC clock output frequency
is equal to periph_clk/2.
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16.19.42 Write Protection Mode Register

Name: HSMC_WPMR
Offset: Ox7E4
Reset: 0x00000000

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
WPKEY[23:16]

Access W w w w w w W w

Reset 0 0 0 0 0 0 0 0

Bit 23 22 21 20 19 18 17 16
WPKEY[15:8]

Access W w W w w W W w

Reset 0 0 0 0 0 0 0 0

Bit 15 14 13 12 11 10 9 8

WPKEY[7:0]

Access W w w w w w W w

Reset 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0

WPEN
Access R/W
Reset 0

Bits 31:8 —- WPKEY[23:0] Write Protection Key

Value Name Description

0x534D43 | PASSWD | Writing any other value in this field aborts the write operation of bit WPEN. Always reads
as 0.

Bit 0 — WPEN Write Protection Enable
See Register Write Protection for list of write-protected registers.
Value Description

0 Disables write protection if WPKEY value corresponds to 0x534D43 (“SMC” in ASCII)
1 Enables write protection if WPKEY value corresponds to 0x534D43 (“SMC” in ASCII)
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16.19.43 Write Protection Status Register

Name: HSMC_WPSR
Offset: Ox7ES8
Reset: 0x00000000
Property: Read-only
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
WPVSRC[15:8]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
WPVSRCI[7:0]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
WPVS
Access R
Reset 0

Bits 23:8 - WPVSRC[15:0] Write Protection Violation Source
When WPVS = 1, WPVSRC indicates the register address offset at which a write access has been attempted.

Bit 0 —- WPVS Write Protection Violation Status

Value
0
1

Description

No write protect violation has occurred since the last read of the HSMC_WPSR.
A write protect violation has occurred since the last read of the HSMC_WPSR. If this violation is
an unauthorized attempt to write a protected register, the associated violation is reported into field

WPVSRC.
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Universal DDR Memory Controller (UDDRC)

Description

The SDRAM memory interface is made of:
» the Universal DDR Memory Controller (UDDRC) and
» the PHYsical layer interface (DDR3PHY).

The UDDRC receives transactions from the internal buses. These transactions are queued internally and scheduled
for access in order to the DDR-SDRAM while satisfying the DDR-SDRAM protocol timing requirements, transaction
priorities, and dependencies between transactions.

Embedded Characteristics
« Interface to DDR2, DDR3, LPDDR2, LPDDR3 Memories
» All Signals Supported on Control, Write Data and Read Data Interfaces
* Internal 5 AXI Ports Controller with Arbitration
» External 16-bit DDR Interface
» Support for 1 Memory Rank

» For DDR3, LPDDR2 and LPDDR3 Configurations: Direct Software Request Control or Programmable Internal
Control for ZQ Short Calibration Cycles

* For DDR3, LPDDR2 and LPDDR3 Configurations: Support for ZQ Long Calibration after Self-refresh Exit
* For LPDDR2 and LPDDR3 Configurations: Support for ZQ Reset Feature through Software
* Dynamic Scheduling to Optimize Bandwidth and Latency
* Read and Write Buffers in Fully Associative CAMs (Content Addressable Memories)
» Delayed Writes for Optimum Performance on SDRAM Data Bus
» Software-programmable Quality of Service (QoS) Support
» Control Options to Avoid Starvation of Lower Priorities
» Coherency for Write-After-Read (WAR) and Read-After-Write (RAW) Hazards
» Paging Policy Selectable by Configuration Registers:
— Leave pages open after accesses, or
— Close page when no further accesses are available in the controller for that page, or

— Auto-precharge with each access, with an optimization for Page Close mode which leaves the page open
after a flush for read-write and write-read collision cases

» Supports Automatic DDR-SDRAM Power-down Entry and Exit caused by Lack of Incoming Transaction for a
Programmable Time

» Supports Automatic Clock Stop (LPDDR2/LPDDR3) Entry and Exit caused by Lack of Incoming Transaction

» Supports Automatic UDDRC Low-power Mode Operation caused by Lack of Transaction Arrival for a
Programmable Time through the Hardware Low-power Interface

» Supports Self-refresh Entry and Exit as follows:

— Support for automatic self-refresh entry and exit caused by lack of incoming transaction for a
programmable time

— Support for self-refresh entry and exit under software control
— Support for self-refresh entry and exit using dedicated DDRC hardware low-power interface control
» Support for Dynamically Changing Clock Frequency while in Self-refresh:
— DDR3 DLL-off mode supported
— Shadow timing registers provided to allow fast frequency changing
» Support for Deep Power-down Entry and Exit under Software Control (LPDDR2/LPDDR3)
» Support for explicit SDRAM Mode Register Updates under Software Control
* Flexible Address Mapper Logic to allow Application-specific Mapping of Row, Column, Bank, and Rank Bits
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* Programmable Support for 1T or 2T Timing

* User-selectable Refresh Control Options:
— Controller-generated auto-refreshes at programmable average intervals
— Ability to disable controller-generated auto-refreshes
— Ability to issue a refresh through direct software request

— When LPDDR2/LPDDRS3 is used, user-selectable ability to perform per-bank refreshes rather than all-
banks refreshes

» Advanced Power-saving Design Includes No Unnecessary Toggling of Command, Address, and Data Pins
(RAS/CAS/WE/BA/A hold last state after each command; DDR_D does not transition on writes when bytes are
disabled)

* Support for DDR2, DDR3, DDR3L, LPDDR2, LPDDR3
» Leverages Out-of-order Requests to Maximize Throughout
* The UDDRC Implements the Following Standards:
— JEDEC DDR2 SDRAM Specification, JESD79-2
— JEDEC DDR3 SDRAM Specification, JESD79-3
— JEDEC LPDDR2 SDRAM Specification, JESD209-2
— JEDEC LPDDR3 SDRAM Specification, JESD209-3

17.3 Block Diagram
Figure 17-1. UDDRC Block Diagram

'
——> DDR_CLK

AXI Port 0 - DDR_CLKN
MCK4 ——> DDR_CKE
—— DDR_CS
AX] Port 1 —L» DDR_BA[2:0]
MCKA —5 DDR_WE
—+—> DDR_RAS
—4—> DDR_CAS
AXI Port 2 DFI ——> DDR_A[15:0]
MCKA1 <> DDR_D[15:0]
<«—> DDR_DQS[1:0]
<— DDR_DQSN[1:0]
AXI Port 3 — 5 bDR DOM[1:0]
MCK3 <« DpDR ZQ
<!> DDR_VREF
AXI| Port 4 —+—> DDR_RESETN
MCKA ——> DDR_ODT
Core DDRC Reset ~ AXI/APB Reset |
|
APB Port :
DDR_RST® '
DDR_PHY_RST®" . |
'

LPDDR2/ LPDDR3 / DDR2,3(L) up to 533 MHz -

DDR_RST and DDR_PHY_RST are driven by the reset controller. Refer to the “Reset Controller (RSTC)” section
for more details.

™
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1/0 Lines Description
Table 17-1. DDR/LPDDR /O Lines Description

VDDIODDR
DDR_VREF

DDR_ZQ

DDR_ODT
DDR_D[15:0]
DDR_A[15:0]
DDR_DQMI[1:0]
DDR_DQS[1:0]
DDR_DQSN[1:0]
DDR_CS
DDR_RESETN
DDR_CLK, DDR_CLKN
DDR_CKE

DDR_RAS

DDR_CAS

DDR_WE

DDR_BA[2:0]

Product Dependencies

DDR/LPDDR Controller
Power Supply of memory interface
Reference Voltage
Calibration reference
On-Die-Termination
Data Bus
Address Bus
Data Mask
Data Strobe
Negative Data Strobe
Chip Select
DDR3 Active Low Asynchronous Reset
Differential Clock
Clock enable
Row signal
Column signal
Write enable

Bank Select

The table below gives the connections to the various memory types.

Table 17-2. /0 Lines Usage vs. Operating Modes

Power
Input
Input

Output

1/0
Output
OQutput

I/0

1/0

Output

Output

Output

Output

Output

Output

Output

Output

Low

Low

High
Low
Low

Low

DDR_VREF VDDIODDR/2 VDDIODDR/2 VDDIODDR/2 VDDIODDR/2
DDR_ZQ GND via 240 Q GND via 240 Q GND via 240 Q GND via 240 Q
DDR_CK, DDR_CLKN CLK, CLKN CLK, CLKN CLK, CLKN CLK, CLKN
DDR_CKE CLKE CLKE CLKE CLKE
DDR_CS Cs Cs CS CS
DDR_RESETN Not connected DDR_RESETN DDR_RESETN Not connected
DDR_BA[2:0] BA[2:0] BA[2:0] BA[2:0] Not connected
DDR_WE WE WE WE Not connected
DDR_RAS, DDR_CAS RAS, CAS RAS, CAS RAS, CAS Not connected
DDR_A[15:0] A[15:0] A[15:0] A[15:0] CA[9:0]
Datasheet DS60001765A-page 395

© 2022 Microchip Technology Inc.
and its subsidiaries



17.4.2

17.5

17.51

SAMA7GS5 Series
Universal DDR Memory Controller (UDDRC)

........... continued
DDR_D[15:0] D[15:0] D[15:0] D[15:0] D[15:0]

DDR_DQS[1:0],

5% BESHIE LDQS,UDQS, DDR_VREF DQS[1:0], DQSN[1:0] DQS[1:0], DQSN[1:0] DQS[1:0], DQSN([1:0]

DDR_DQM[1:0] UDM, LDM DQM[1:0] DQM[1:0] DQM[1:0]

Implementation Example
Table 17-3. CAx LPDDR2 Signal Connections

DDR Controller Signal LPDDR2 Signal

DDR_AQ CAO0
DDR_A1 CA1
DDR_A2 CA2
DDR_A3 CA3
DDR_A4 CA4
DDR_A5 CA5
DDR_A6 CA6
DDR_A7 CA7
DDR_A8 CA8
DDR_A9 CA9
Higher addresses Higher CAs

Functional Description
The UDDRC converts system bus transactions into memory commands that are compliant with the DDR protocols.
The UDDRC performs the following functions:

» Accepts requests from the SoC core with system addresses and associated data for writes.

» Performs address mapping from system addresses to SDRAM addresses (rank, bank, bank group, row).

» Prioritizes requests to minimize the latency of reads (especially high priority reads) and maximize page hits.
» Ensures that the SDRAM is properly initialized.

» Ensures that all requests made to the SDRAM are legal (accounting for associated SDRAM constraints)

» Ensures that refreshes and other SDRAM maintenance requests are inserted as required.

» Controls when the SDRAM enters and exits the various power-saving modes appropriately.

AXI Port Interface (XPI)

The AXI protocol is burst-based with read and write request channels that specify the host ID for the request, start
byte address, burst length, burst size, and burst type. This information is processed by the interface and is used
subsequently by the UDDRC.

The XPI interfaces the AXI application port to the UDDRC and performs the following main functions:

* Read address generation

» Write address generation

* Write data generation

* Read data and response generation
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* Write response generation

The XPI converts AXI bursts into read and write requests, which are forwarded to the Port Arbiter (PA). In the
opposite direction, the XPI converts the responses from the DDRC into appropriate AXI responses.

The AXI Specification requires that transactions must not cross a 4K address boundary.

Read Address Channel
The AXI read address channel has the following features:

» The read transaction can be of any length up to 256 for incremental bursts, 16 for wrapping bursts.

» The burst types supported are incremental and wrapping.

» The burst start address can be unaligned to the AXI data width boundaries.

» The size of the burst can be less than the full width of the AXI data bus (also known as subsized transfers).

The signals on the read address channel are registered into the XPI in accordance with the AXI valid/read
handshaking protocol and are synchronous with the AXI clock (aclk).

Read requests are accepted if the request can be written into the Read Address Queue (RAQ). This is used to store
all the read address requests. There is a single address queue on a given port.
Each AXI port can store in its RAQ up to:

» Port 0: 8 addresses

» Port 1: 2 addresses

» Port 2: 16 addresses

» Port 3: 2 addresses

* Port4: 16 addresses

Write Address Channel
Write Address Queue (WAQ) is used to store all the addresses for write requests from a given port. There is a single
queue for all AXI IDs from a given port. The write address channel behavior is similar to the read address channel.
Each AXI port can stored in its WAQ up to:

» Port 0: 8 addresses

* Port1: 2 addresses

» Port 2: 8 addresses

» Port 3: 4 addresses

* Port4: 16 addresses

Write address and read address channels are independent and the ordering between the write and read requests
may not be preserved.

To preserve the sequence, a higher-level protocol needs to wait for read/write response before sending the next
transaction.

Transactions across the ports are independent and can be issued in any order.

Wrap Burst Expansion

A WRAP burst may be expanded by the XPI into multiple SDRAM transactions. This is also true for cases where
WRAP bursts, which could be accommodated by a single transaction on the SDRAM interface.

Software Coherency for AXI Ports
The Address Collision Handling section describes how the DDRC handles in-order execution of commands to the
same address.

For the commands issued at the AXI port, the logic in the DDRC protects against all types of software coherency
hazards when the AXI host waits for write (read) response before sending the next same address read (same
address write) or vice-versa.

Port Arbiter (PA)

The Port Arbiter block arbitrates command requests from the AXI ports to the HIF of the DDR Controller (DDRC). PA
is comprised of multiple tiers of arbitration stages which include:
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* Read/write arbitration

« 2-priority level arbitration based on port aging and expired-VPR/expired-VPW commands (timeout-priority0)

« 2-priority level arbitration for read requests based on DDRC read priorities

» 32-priority level arbitration based on internal port aging or 16-priority level arbitration based external AXl QoS
inputs

» Round-robin arbitration to resolve ports having the same priority after passing all stages of arbitration

Registers Related to Port Arbiter
The following are the registers related to the Port Arbiter:

+ UDDRC_SCHED
+ UDDRC_SCHED1
+ UDDRC_SCHED2

For more information about these registers, see Register Descriptions.

Address Mapper

Read and write requests are provided to the UDDRC with a system address. The system address is the command
address of a transaction as presented on one of the data ports. The UDDRC converts this system address to a
physical address. It maps the system address to the SDRAM rank, bank, row, and column addresses.

The first part of the mapping is conversion of system address to AXI byte address. The controller maps disjoint
address regions to internal consecutive addresses. Otherwise, the controller assumes that the DRAM is always
mapped as a monolithic block. For more information about this, see System Address Regions.

The second part of this mapping is the conversion of AXI byte address to HIF word address. This is performed in
the XPI block, and is applicable to AXI configurations only. For more information about this, see Application to HIF
Address Mapping.

The last part is the conversion of HIF word address to SDRAM address. A flexible address mapper maps the HIF
word address to the SDRAM rank/bank/bank group/row/column address. This address mapper is located within the
DDRC.

The address mapping to be used depends on the use-case. The UDDRC provides a set of registers that allows
flexible re-programming of logical to physical address mapping. For more information about this, see HIF Address to
SDRAM Address Mapping.

The following figure explains the conversion of AXI to HIF to the SDRAM rank/bank/row/column/bank group
addresses.

Figure 17-2. Conversion of AXI to HIF to SDRAM Rank/Bank/Row/Column/Bank Group Addresses

Controller
DDRC
——p Rank
User |AX|Address| || opn i | HIF Address Address [ Bank
Logic Mapper | p Row
—— > Column

System Address Regions
The system address regions add the capability to define up to four disjoint memory regions mapping to the DRAM as
consecutive addresses.

Each region is defined by:
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» Base Address: starting address of the region aligned to the minimum block size.
* Number of Blocks: size of the region in multiples of minimum block size.

The base address of each region is specified by the register SARBASEn.base_addr and the total number of blocks is
specified by the register SARSIZEn.nblocks (see Register Descriptions).

System address region specification is the same for all ports. Error response is not generated by the controller for
addresses falling outside the specified address regions and the same address translation is applied from one base
address to the next base address.

The base addresses must be specified such that they are in the ascending order (SARBASEO < SARBASE1 <
SARBASE2 < SARBASE3) and such that regions do not overlap.

Application to HIF Address Mapping

The {ARADDR | AWADDRY} is a byte address. XPl| maps the MSB bits of the application address to the HIF address
(hif_cmd_addr) in the following ways:

+ hif_cmd_addr [36:3] = {ARADDR | AWADDR} [31:4]

» hif_cmd_addr[2] is internally generated by XPI

* hif_cmd_addr[1:0]=0

HIF Address to SDRAM Address Mapping

The address mapper maps HIF word addresses to SDRAM addresses by selecting the HIF address bit that maps to
each and every applicable SDRAM address bit. While it is possible to map HIF address bits to an SDRAM address

in any desired manner, the full available address space is accessible only when no two SDRAM address bits are
determined by the same HIF address bit. Each SDRAM address bit has an associated register vector to determine its
source.

Registers ADDRMAPX (x = 0 to 11) are used to program the address mapper. For more information on ADDRMAP
registers, see Register Descriptions.

The HIF address bit number is determined by adding the internal base of the ADDRMAPX (x = 0 to 11) register to the
programmed value for that register, as described in the following equation:

HIF address bit number = [internal base] + [register value]

For example, for ADDRMAP3.addrmap_col_b7, the internal base is 7. When full data bus is in use, column bit 7 is
determined by the following equation:

7 + [register value]
If this register is programmed to 2, the HIF address bit can be calculated by using following equation:
[HIF address bit number]=7+2=9

In other words, the column address bit 7 sent to SDRAM would always be equal to hif_cmd_addr[9] of the
corresponding HIF source address.

Notes:

1. All of the column bits shift up 1 bit when only half of the data bus is in use. In this case, you need to look at
ADDRMAP3.addrmap_col_b6 instead to determine the value of column address bit 7.

2. All of the column bits shift up 2 bits when only a quarter of the data bus is in use. In this case, you need to look
at ADDRMAP2.addrmap_col_b5 instead to determine the value of column address bit 7.

3. The addressing for column bits is independent of hardware configuration. The column bits do not shift up by an
additional 1 bit.

4. The register ADDRMAPS5.addrmap_row_b2_10 can map multiple HIF address bits (if the value set is lesser
than 15). If set to 15, then ADDRMAP9, ADDRMAP10, and ADDRMAP11 registers are used, which provide
individual mapping for the HIF address bits (rows 2 to 10).

5. For any address bits which cannot be in use in all cases, all bits of the associated address map register must
be set to 1 when the associated SDRAM address bit is not in use.

The system address to physical address mapping can be done by choosing any one of the possible combinations
from the following figure. It explains the different possible ways to map the HIF address bits to the SDRAM rank/bank/
bank group/row/column address.
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Figure 17-3. System Address to Physical Address Mapping

AXI |35 34 33 32 31 30 29 28 27 26 2524 23 2221 2019181716 151413121110 9 8 7 6 5 4 3 2 1/0

HIF (34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 151413121110 9 8 7 6 5 4 3 2 1 0

Register Name

Row

Row

Ba 2 UDDRC_ADDRMAP1.ADDRMAP_BANK_B2
Ba 1 UDDRC_ADDRMAP1.ADDRMAP_BANK_B1
Ba 0 UDDRC_ADDRMAP1.ADDRMAP_BANK_BO
Col 13
Col 12 Unused
Col 11 UDDRC_ADDRMAP4.ADDRMAP_COL_B11
The yellow boxes shift up

Col 10 by 1 for DDR2/3. UDDRC_ADDRMAP4.ADDRMAP_COL_B10
Col 9 UDDRC_ADDRMAP3.ADDRMAP_COL_B9
Col 8 HEEEEEEE UDDRC_ADDRMAP3.ADDRMAP_COL_B8
Col 7 EEEEEEEE UDDRC_ADDRMAP3.ADDRMAP_COL_B7
Col 6 UDDRC_ADDRMAP3.ADDRMAP_COL_B6
Col 5 UDDRC_ADDRMAP2.ADDRMAP_COL_BS
Col 4 EEEEEEEE UDDRC_ADDRMAP2.ADDRMAP_COL_B4
Col 3 EEEEEEEE UDDRC_ADDRMAP2. ADDRMAP_COL_B3
Col 2 EEEEEEEE UDDRC_ADDRMAP2. ADDRMAP_COL_B2
Col} 1 Setting ADDRMAP_COL_B2 E
co o e | o con Tgyd
Row 15 Width mode and by 2 for that it maps to HIF(2] in Ful S |UDDRC_ADDRMAP6.ADDRMAP_ROW_B15
Row 14 Quarter Bus Width mode. Bus Width mode. UDDRC_ADDRMAP6.ADDRMAP_ROW_B14
Row 13 UDDRC_ADDRMAP6.ADDRMAP_ROW_B13
Row 12 UDDRC_ADDRMAP6.ADDRMAP_ROW_B12
Row 11 UDDRC_ADDRMAPS.ADDRMAP_ROW_B11
Row 10 UDDRC_ADDRMAP11.ADDRMAP_ROW_B10
Row 9 UDDRC_ADDRMAP10.ADDRMAP_ROW_B9
Row 8 UDDRC_ADDRMAP10.ADDRMAP_ROW_B8
Row 7 UDDRC_ADDRMAP10.ADDRMAP_ROW_B7
Row 6 UDDRC_ADDRMAP10.ADDRMAP_ROW_B6
Row 5 UDDRC_ADDRMAP9.ADDRMAP_ROW_B5
Row 4 UDDRC_ADDRMAP9.ADDRMAP_ROW_B4
Row 3 UDDRC_ADDRMAP9.ADDRMAP_ROW_B3

2

1

0

UDDRC_ADDRMAP9.ADDRMAP_ROW_B2
UDDRC_ADDRMAPS.ADDRMAP_ROW_B1
UDDRC_ADDRMAPS.ADDRMAP_ROW_BO

HIF |34 33 32 31 30 29 28 27 26 2524 23 22 212019181716 151413121110 9 8 7 6 5 4 3 2 1 0

The following are the registers related to the Address Mapper:

UDDRC_ADDRMAP1
UDDRC_ADDRMAP2
UDDRC_ADDRMAP3
UDDRC_ADDRMAP4
UDDRC_ADDRMAPS
UDDRC_ADDRMAPG6
UDDRC_ADDRMAP9

UDDRC_ADDRMAP10
UDDRC_ADDRMAP11

For more information about these registers, see Register Descriptions.

Address Collision Handling

The UDDRC can execute transactions out-of-order while ensuring that all transactions appear as if they are executed
in the order in which they are received. Every transaction that requires a response from the UDDRC arrives with

a token number which is provided back to the SoC core as part of the response. Since the UDDRC queues
transactions prior to execution, it is possible that multiple transactions to the same SDRAM address arrive before the

first transaction to that address is issued.

For address collision, two HIF addresses are considered the same address if all of the HIF address bits (except
for the LSB column values) are the same. That is, the “collision” ignores the LSB column values when comparing
addresses. The following HIF address bits are ignored during comparison:

HIF[2+addrmap_col_b2]

HIF[1:0]
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17.5.5 Quality of Service (QoS)

Quality of Service is extremely important in distributing the available resources (bandwidth or latency) amongst the
different devices in a fair mechanism to meet the overall performance requirements.

In the circuit, there are multiple hosts trying to communicate with different clients through Interconnect. Interconnect
is used to route the traffic between the hosts and clients. There are potential chances of bandwidth sensitive host
starving for data and latency sensitive host requirements are not met. This impacts the overall performance of the
subsystem. QoS addresses these kinds of performance issues in subsystem.

17.5.5.1 Traffic Classes
The UDDRC supports different traffic classes that are distinguished from each other by the internal ‘arqos’ signal.

17.5.5.1.1 Read Classes

» Low Priority Read (LPR): also called “the best effort traffic”. There is no resource allocation and it shares the
resources with the other traffic types. LPR is always treated as low priority in the PA and in the DDRC. There
are timeout mechanisms that can be used to prevent starvation for both the PA and the DDRC. When there is a
timeout in the PA, that port becomes the highest priority (priority0). When there is a timeout in the LPR store in
the DDRC (in other words, LPR store becomes critical), the LPR entries are served before HPR entries.

+ Variable Priority Read (VPR): also called “the maximum latency bound traffic” for meeting real time deadlines in
video or audio applications. VPR traffic shares the same resources with LPR in the DDRC. But, based on the
configuration, it may have a dedicated queue (red or blue) in the XPI. It has the same priority as LPR, but lower
priority than HPR for the PA. For the DDRC, VPR has the same initial priority as LPR. Each command tagged as
VPR has an associated latency timer. When expired, VPR transactions have the highest priority in the controller,
both in the PA and in the DDRC. The purpose of this traffic class is to limit the maximum latency, where this
latency bound is expected to be a few hundred clock cycles.

» High Priority Read (HPR): it has allocated resources. If the XPIs are configured to have dual read address
queues, then the red queue can be allocated to HPR. For DDRC, HPR traffic goes to its own dedicated store.
HPR traffic has higher priority than LPR. HPR is meant for latency critical but not real time applications such as
CPU.

17.5.5.1.2 Write Classes

* Normal Priority Write (NPW): it is also called as the best effort traffic. There is no resource allocation and it
shares the resources with the other traffic types. It is always treated as normal priority in the PA and DDRC.
There are timeout mechanisms that can be used to prevent starvation for the PA. When there is a timeout in the
PA, that port becomes the highest priority (priority0).

» Variable Priority Write (VPW): it is also called as the maximum latency bound traffic to meet real time deadlines
in video or audio applications. VPW ftraffic shares the same resources with NPW in the DDRC. For the DDRC,
VPW has the same initial priority as NPW. Each command tagged as VPW has an associated latency timer.
When expired, VPW transactions have the highest priority in the controller, both in the PA and in the DDRC. The
purpose of this traffic class is to limit the maximum latency, where this latency bound is expected to be a few
hundred clock cycles.

17.5.5.1.3 QoS Mapping
The priority of an initiator (host) is susceptible to change by the intermediate agents (for example, interconnect)
before reaching the destination client depending on the service levels provided with respect to the required targets.
Therefore, the relationship between the IDs and their class representations must be dynamically determined.

Arqos/awqos internal signal determines both port priorities and DDRC priorities dynamically. 16 QoS levels are
divided to three regions for reads, two regions for writes. Each region can be assigned to any of the following traffic
class—LPR, VPR, and HPR for reads, NPW and VPW for writes.

Regions 0 and 1 are assigned to the blue address queue (see Dual Read Address Queue). Typically, LPR/NPW and
VPR/VPW may share this resource.

Region 2 is assigned to the red queue (see Dual Read Address Queue) for reads (when dual queue is selected),
while for writes it is assigned to the same queue as Region 0 and Region 1 (being writes, always single queue).
Region 2 can be mapped to HPR or VPR traffic for reads, VPW or NPW traffic for writes. In the DDRC, LPR/NPW
and VPR/VPW share the same CAM store called LPR/NPW store. HPR has its own store in the DDRC.

The regions are mapped per port using PCFGQOS0_n and PCFGWQOSO0_n registers (see Register Descriptions).
Fields for PCFGQOSO_n register are as follows:
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* rqos_map_level<x> (where x is 1 to 2) indicates two separation levels for three regions. Possible values 0
to 14 correspond to an arqos value. These registers indicate the upper end of the region. For example, if
rqos_map_level2 is set to 14, then Region 2 is identified as all transactions with arqos value of 15.

* rgos_map_region<y> (where y is 0 to 2) for region identifier. This register indicates the traffic class of each of
the three regions. rqos_map_region2 is present only in dual read queue configurations (see Dual Read Address
Queue).

Valid values are:

- O0-LPR
- 1-VPR
- 2-HPR
For single address queue configurations, Region 0 and Region 1 map to the blue queue. Being single queue, Region

2 is not present. In this case registers rqos_map_level2 and rqos_map_region2 do not exist. In this case Region 0
can be set to HPR or VPR, Region 1 to VPR or LPR.Fields for PCFGWQOSO0_n register are as follows:

* wgos_map_level<x> (where x is 1 to 2) indicates the separation level for three regions Possible values 0
to 14 correspond to an awqos value. These registers indicate the upper end of the region. For example, if
wqgos_map_level2 is set to 14, then Region 2 is identified as all transactions with awqos value of 15.

* wqos_map_region<y> (where y is 0 to 2) for region identifier. This register indicates the traffic class of each of
the two regions.

Valid values are:

- 0-NPW
. 1-VPW

Writes are always single queue: Region 0, Region 1 and Region 2 map all to the same queue. All fields always exist.

17.5.5.1.4 Dual Read Address Queue

In this circuit, the function is enabled for port 2, not for ports 0, 1, 3, 4.

When enabled, there are two separate read address queues in the XPI block—red queue and blue queue.

Both read queues request independently to the PA.

Red queue can be used for one traffic class only and associated to Region 2 in the QoS mapper (HPR or VPR).

Blue queue can be used for two traffic classes and associated to Region 0 and Region 1 in the QoS mapper (VPR
and/or LPR).

There are separate time-outs for the blue and red queues. Timers are started to down count when the transaction is
accepted in the XPI, which are then forwarded to DDRC together with the command.

17.5.5.1.5 ID Collisions

17.5.5.2

Due to the dynamic nature of the QoS with respect to the IDs, two transactions of the same ID can potentially exist in
two queues. The collisions can be classified as:

* Blue after Red (BAR): a command with ID x is presented to the blue queue where a command with the same 1D
x is outstanding in the red queue.

* Red after Blue (RAB): a command with ID x is presented to the red queue where a command with same ID x is
outstanding in the blue queue.

In the XPI, for both collision types, the ordering consistency within a given ID is preserved by stalling the incoming
transaction to be pushed into the address queue it is mapped to until the colliding transaction in the opposite queue
exists. This is required for functional correctness.

In case of any ID collision, the UDDRC does not speed up the drain of the stored transactions in the address queue
causing collision even if the incoming transaction is HPR. In other words, address queues request arbitration to the
Port Arbiter with their normal mapped priorities.

VPR/VPW Timeout

There are separate timeouts for the blue and red queues for read transactions, and one timeout for write
transactions. Timers are started to down count when the transaction is accepted in the XPI, which are then forwarded
to DDRC together with the command.
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Timeouts are set per port and queue using PCFGQOS1_n and PCFGWQOS1_n registers (see
UDDRC_PCFGQOS1_0 and UDDRC_PCFGWQOS1_0).

For PCFGQOS1_n register:

*+ RQOS_MAP_TIMEOUTB: specifies the timeout value for transactions mapped to the blue queue.
*+ RQOS_MAP_TIMEOUTR: specifies the timeout value for transactions mapped to the red queue.

For PCFGWQOS1_n register:
+ WQOS_MAP_TIMEOUT: specifies the timeout value for write transactions.

When expired, VPR/VPW transactions from XPI are tagged as expired-VPR or expired-VPW instead of LPR/NPW
during normal priority transaction flow. The Port Arbiter treats these transactions with the highest priority (priority0).

In addition, the Port Arbiter asserts hif_goZ2critical_lpr signal to the DDRC if there are no LPR credits available (LPR
store of the read CAM is full) when an expired-VPR port is pending, and hif_goZ2critical_wr signal to the DDRC if
there are no write credits available when an expired-VPW is pending. If an expired-VPW is issued as RMW at the HIF
interface, the Port Arbiter asserts hif_goZ2critical_Ipr signal to the DDRC if there are no LPR credits hif_goZ2critical_Ipr
and hif_go2critical_wr are asserted at the same time, priority in the DDRC is given to the read.

If VPR/VPW timeout registers are set to 0, the VPR/VPW transactions expire immediately as they enter the DDRMC,
thereby making them the highest priority transaction class within the device. If multiple VPR/VPW transactions expire
at the same time in the XPI, they are executed by the PA in round-robin order.

Registers Related to QoS
The following are the registers related to the QoS:

- UDDRC_PCFGQOS0_x
- UDDRC_PCFGQOS1_x

- UDDRC_PCFGWQOSO0_x
- UDDRC_PCFGWQOS1_x

Five AXI ports are available, so x can vary from 0 to 4. For more information about these registers, see Register
Descriptions.

Bypass Operation
The bypass engine in the UDDRC handles high-priority, low-latency read requests.

The UDDRC supports two priority levels for read commands — high priority reads (HPR) and low priority reads (LPR).
The Read CAM can be split into low and high priority sections using the SCHED.Ipr_num_entries register. Generally,
all the read commands of the controller are stored in the Read CAM. HPR commands are directed to the HP section
and LPR commands directed to the LP section. The commands are then scheduled based on several factors such
as priority, page match, and oldest entry. The HPR commands in the CAM are given higher priority over the LPR
commands by the scheduling engine. However, the HPR commands can be present in the CAM for longer duration
due to several factors.

If the bypass operation is enabled, the HPR commands can bypass the CAM and go directly to the PHY interface
engine, thereby saving several clocks in latency.

The bypass and the CAM paths are shown in the following figure.
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Figure 17-4. Bypass and CAM Paths
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There are two types of bypass operations:

» Activate Bypass operation: if a HP Read command comes to a closed page, then the Activate request for this
command is sent through the Bypass path. The command is still sent to the CAM and the Read part of this
request happens through the CAM scheduling logic.

» Read Bypass operation: if a HP Read command comes to a page that is already open, then the Activate request
is not necessary for this command. The Read is sent through the Bypass path.

Even if the input command satisfies the above mentioned conditions for the bypass operation, the command may not
go through the Bypass path.

There are several reasons for this:

* The Controller is in Write mode.

* The Controller is performing critical maintenance commands such as Refresh, ZQ Calibration, MRW/MRR, and
Critical Pre-charge.

» The Controller is handling a collision scenario.
» The Controller is performing a DFI Control Update request.

The idle latency through the DDRC for an Activate or a Read command going through the CAM path is 4 cycles. The
idle latency when the same command goes through the Bypass path is 2 cycles.
Enabling Bypass Operation
To enable the bypass operation, DBGO0.disable_act_bypass and DBGO.disable_rd_bypass registers should be 0 (see
Register Descriptions).
Registers Related to Bypass Operation
The following are the registers related to the Bypass Operation:
+ UDDRC_DBGO0.DISABLE_ACT_BYPASS
+ UDDRC_DBGO0.DISABLE_RD_BYPASS

For more information about these registers, see Register Descriptions.

Burst Mode Operation

An abnormal read or write transaction on the host interface contains enough data for one DDR BLS8 transaction in Full
Bus Width mode. The actual burst length used on the DFI interface is controlled by MSTR.burst_rdwr[3:0] and the

data bus width (MSTR.data_bus_width). When the Pl (PHY interface block before DFI) splits read/write commands, it
sends them back-to-back (or as close as is allowed by the protocol). This means that no other reads/writes/activates/
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precharges can be sent to that bank, and no refreshes can be sent to that rank, between these commands. However,
it is possible for a refresh to be sent to another rank at this time.

Refresh Controls

Refresh can be issued using the auto-refresh feature in the UDDRC or using the direct software request of

the refresh command. The RFSHCTL3.dis_auto_refresh register bit selects the refresh method (see Register
Descriptions). When this bit is set to 1, UDDRC uses direct software request of refresh command. When it is set
to 0, the internal auto-refresh feature is used.

The purpose of refresh control is to:

* Reduce the bandwidth impact of refresh cycles
* Increase the likelihood of refreshes being serviced during idle periods

» Provide fine-gain control of the trading-off the above benefits (to gather refreshes) versus the increased worst
case latencies associated with gathering refreshes

Refresh Using Direct Software Request of Refresh Command
Follow these steps to put the UDDRC in direct software request of Refresh Command mode:

1. Setthe RFSHCTL3.dis_auto_refresh bit to 1. When the register bit is set, the UDDRC checks for any pending
refreshes. Any pending refreshes are issued right away using the ‘critical refresh’ feature inside the UDDRC.
After these refreshes are issued, all the refresh timers inside the UDDRC are reset to 0. They are re-activated
only when the auto-refresh feature is enabled.

2. The SoC core must keep track of the refresh requirements of the SDRAM.

3. The refresh command can be issued by setting the register bits DBGCMD.rank*_refresh to 1 (see
Register Descriptions). When the rank*_refresh request is stored in the UDDRC, the corresponding
register bit is automatically cleared. The SoC core can initiate a rank*_refresh operation only if
DBGSTAT.rank*_refresh_busy is low. The UDDRC issues refresh to the SDRAM at the earliest.

4. Software-driven refresh commands for each rank are loaded into a 9-entry buffer, and are issued by the
UDDRC on the DFI as soon as it is legal to do so (the UDDRC controller must wait trrc(min) between
each refresh request). If the buffer saturates, the DBGSTAT.rank*_refresh_busy remains asserted to prevent
software from initiating further refreshes.

Refresh Using Auto Refresh Feature Inside the UDDRC

The UDDRC provides advanced refresh controls. Besides fully-configurable refresh constraints (trrc(min) and treri),
the UDDRC can also be programmed to gather refreshes to each rank of SDRAM to reduce the bandwidth consumed
by refreshes and to increase the likelihood that refreshes can be serviced during an idle period.

Fine-grain control of the refreshes ensures these benefits can be balanced against worst case latencies associated
with servicing refreshes together. Staggered refresh timers for multi-rank configurations of the UDDRC allow
transactions to continue to other ranks while refreshes are taking place to just one rank.

To minimize the worst case impact of a forced refresh cycle, the UDDRC can be programmed to issue

single refreshes at a time by forcing RFSHCTLO.refresh_burst = 0 (see Register Descriptions). It can be
programmed to burst up to 8 refreshes (RFSHCTLO.refresh_burst = 7). In LPDDR2/3 mode, with per-bank

refresh enabled (RFSHCTLO.per_bank_refresh = 1), the maximum refresh burst supported by UDDRC is 64
(RFSHCTLO.refresh_burst = 63). Burst refresh can be used to minimize the bandwidth lost to closing pages for
refresh and to increase the likelihood that refreshes can be serviced during idle periods. It can also be programmed
to any number in between to trade-off the benefits of each.

17.5.8.2.1 Single Refresh

When using single refresh (RFSHCTLO.refresh_burst = 0), the UDDRC issues refreshes every time the refresh timer
(treF)) expires. This is the optimal mode of operation for systems that minimize the maximum latency associated with
refresh cycles.

17.5.8.2.2 Burst Refresh

When burst refresh is enabled (RFSHCTLO.refresh_burst > 0), the UDDRC issues refreshes in bursts of
(RFSHCTLO.refresh_burst+1) refreshes at one time. Bursting refreshes reduce the total latency associated with those
refreshes by reducing the number of precharges and activates required for refresh, as banks must be precharged
only once to perform the entire group of refreshes, instead of once for each refresh.
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17.5.8.2.3 Speculative Refresh
When the burst refresh is enabled (RFSHCTLO.refresh_burst > 0), you can also make use of a feature called
speculative refresh.

Burst refresh is implemented by counting the number of times trer expires and issuing a group of refreshes when
that number reaches the refresh burst number. Once trer has expired at least once, the UDDRC can also perform
speculative refreshes. This is done by automatically inserting refreshes when there are no transactions pending in the
CAM to a rank/bank address.

The RFSHCTLO.refresh_to_x1_x32 register determines how long the UDDRC must be idle before considering
inserting these speculative refreshes. Each time a speculative refresh is performed, the count of trer| expirations is
decremented, thereby increasing the time before a burst of refreshes is required. This also ensures that speculative
refreshes never occur more often than is required to keep the SDRAM properly refreshed.

If a new read or write transaction is accepted by the UDDRC during speculative refresh, the UDDRC services it as
soon as legally possible. Most often it entails waiting for the required NOP cycles after a refresh before performing an
activate and then servicing the read or write. If the UDDRC has begun closing pages for a speculative refresh but has
not yet issued the refresh when the new transaction arrives, the speculative refresh is canceled.

17.5.8.2.4 Per-bank Refresh (LPDDR2/LPDDR3 only)
If RFSHCTLO.per_bank_refresh is set to 1 (see Register Descriptions), the UDDRC performs per-bank refreshes
instead of all-bank refreshes. In this case, RFSHTMG.t_rfc_nom_x1_x32 and RFSHTMG.t_rfc_min should be set to
the appropriate values for per-bank refresh (tREFIpb and tRFCpb respectively). In this mode, the UDDRC keeps
track of which bank is being refreshed at any time, and is able to schedule commands to other banks immediately
before and after the per-bank refresh commands, resulting in potential efficiency gains. To improve the accuracy
of per-bank refresh timing, set RFSHTMG.t_rfc_nom_x1_sel to 1 and program RFSHTMG.t_rfc_nom_x1_x32
accordingly (see Register Descriptions).

If the refresh burst (RFSHCTLO.refresh_burst) is programmed with a large value in per-bank Refresh mode, and
bursting per-bank refreshes start, it may take a longer time than bursting all-bank refreshes. The three possible cases
where bursting per-bank refreshes may occur are:

1. Random ftraffic
The UDDRC may not be able to issue a speculative refresh because the CAM always has transactions on
some banks. This can be avoided with appropriate register settings. For example, setting smaller values to
RFSHCTLO.refresh_burst or RFSHCTLO.refresh_to_x1_x32.

2. Toggling RFSHCTL3.refresh_update_level
3. Hardware Fast Frequency Change (HWFFC)

After operation 2 or 3, the UDDRC starts bursting refreshes to compensate for any updated refresh timing
parameters.

17.5.8.2.5 Constraints on refresh_timerX_start_value_x32
The refresh_timerX_start_value_x32 register fields control the relative timing of refreshes to different ranks.

The register fields must obey the following constraint:
refresh_timerX_start_value_x32 + RoundUp(RFSHTMG.t_rfc_min/32) < RFSHTMG.t_rfc_nom_x1_x32

If RFSHTMG.t_rfc_nom_x1_sel is set, RoundDown(RFSHTMG.t_rfc_nom_x1_x32/32) should be used in the above
constraint.

Also, note that the register field refresh_timerX_start_value_x32 cannot be changed after initialization. So the value
of the register RFSHTMG.t_rfc_nom_x1_x32 used above should be anticipated as the minimum value which will be
used, considering frequency change, fine granularity refresh, etc.

For LPDDR2/3, if DERATEEN.derate_enable =1, use minimum RFSHTMG.t_rfc_ nom_x1_x32/4 as value in
calculation of refresh_timerX_star_value_x32 to consider possible effect of derating in high temperature case.

17.5.8.2.6 Registers Related to Refresh Controls
+ UDDRC_RFSHCTLO
+ UDDRC_RFSHCTL1
+ UDDRC_RFSHCTL2
+ UDDRC_RFSHCTL4
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+ UDDRC_RFSHCTL3
+ UDDRC_RFSHTMG
+ UDDRC_RFSHTMG1

For more information about these registers, see Register Descriptions.

ZQ Calibration

This feature is applicable to DDR3 and LPDDR2/LPDDRS3. The UDDRC controller uses the ZQ calibration command
to calibrate SDRAM RON (Resistor On) and ODT (On-Die Termination) values over PVT (Process, Voltage,
Temperature). DDR3 and LPDDR2/LPDDR3 SDRAMs need more time to calibrate RON and ODT at initialization
and relatively less time to perform periodic calibrations. For more information, refer to the following specifications:

+ DDRS3 (JEDEC JESD79-3F)
+ LPDDR2 (JEDEC JESD209-2E)
+ LPDDRS3 (JEDEC JESD209-3B)

DDR3 Devices
ZQCL (ZQ Calibration Long) command is used as follows:

» To perform the initial calibration during the power-up initialization sequence. This command is allowed a timing
period of tZQinit determined by INIT5. dev_zqinit_x32 (see Register Descriptions) to perform full calibration and
the transfer of values.

» To perform long ZQ Calibration after exiting from Self-refresh mode. This command is allowed a timing
period of tZQOPER, determined by ZQCTLO._t_zq_long_nop. This command is automatically issued when
ZQCTLO.dis_srx_zqcl (ZQCTLO.dis_mpsmx_zqcl) is set to 0. To disable issuing ZQCL after self-refresh exit, set
ZQCTLO.dis_srx_zqcl (ZQCTLO.dis_mpsmx_zqcl) to 1.

ZQCS (ZQ Calibration Short) command is used to perform periodic calibration to account for VT (Voltage/
Temperature) variations. A shorter timing window is provided to perform calibration and transfer of values as defined
by the timing parameter tZQCS (determined by ZQCTLO._t_zq_short_nop). ZQCS can be performed automatically
on a regular interval or through direct software request. For more information, see Automatic and Software Initiated
ZQCS.

In DDR3 mode, the ZQ Calibration commands are sent out encoded on the DFI command bus as mentioned in the
JEDEC Specification. The UDDRC performs no other activities for the duration of tZQinit, tZQOPER and tZQCS. The
quiet time on the SDRAM channel helps in accurate calibration of SDRAM RON and ODT. All banks are precharged
and tgp met before the UDDRC issues the ZQ Calibration commands.

LPDDR2/LPDDR3 Devices
The UDDRC supports all the ZQ Calibration commands that are supported by the JEDEC Specification.

« ZQInit (ZQ Initial Calibration) command performs the initial calibration during the power-up initialization
sequence. This command is allowed a time period of tZQinit (determined by INIT5.dev_zgqinit_x32).

+ ZQCL (ZQ Long Calibration) command performs long ZQ Calibration after exiting from Self-refresh mode. This
command is allowed a timing period of tZQCL (determined by ZQCTLO._t_zq_long_nop). This command is
issued automatically when ZQCTLO. dis_srx_zqcl is set to 0. To disable issuing of ZQCL after self-refresh exit,
set ZQCTLO. dis_srx_zqcl to 1.

» ZQCS (ZQ Short Calibration) command is used to perform periodic calibration to account for VT (Voltage/
Temperature) variations. A shorter timing window is provided to perform calibration and transfer of values as
defined by the timing parameter tZQCS (determined by ZQCTLO._t_zq_short_nop). ZQCS can be performed
automatically on a regular interval or through direct software request. For more information, see Automatic and
Software Initiated ZQCS.

* ZQReset (ZQ Calibration Reset) command is used to reset the RON calibration to a default accuracy of +30%
across process, voltage and temperature. This command is used to ensure RON accuracy of +30% when ZQCS
and ZQCL are not used and is allowed a time period of tZQRESET, determined by ZQCTL1.t_zq_reset_nop.
The command is issued by using the registers ZQCTL2.zq_reset and ZQSTAT.zq_reset_busy (see Register
Descriptions). For more information, see LPDDR2/LPDDR3 ZQ Reset Command.

In LPDDR2/LPDDR3 mode, ZQ Calibration commands are sent out as Mode Register Write commands to the
DRAM. The MRW is done to MR10 and the calibration codes for the different commands are as follows:

ZQInit — OxFF, ZQCL - 0xAB, ZQCS - 0x56 and ZQRest — 0xC3
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The UDDRC performs no other activities for the duration of tZQinit, tZQCL, tZQCS, and tZQRESET. The quiet time
on the SDRAM channel helps in accurate calibration of SDRAM RON and ODT. All banks are precharged and tgp
met before the UDDRC issues the ZQ Calibration commands.

Automatic and Software Initiated ZQCS
The UDDRC issues a ZQCS command in the following ways:

» Automatic ZQCS by the UDDRC: in this case, UDDRC sends ZQCS commands to SDRAM periodically. The
interval is determined by ZQCTL1.t_zq_short_interval_x1024. This method is used if ZQCTLO0.dis_auto_zq is set
to 0 (see Register Descriptions).

» ZQCS using direct software request: in this case, the SoC core sends a ZQCS command through software

by setting DBGCMD.zq_calib_short to 1. When the ZQCS request is stored in the UDDRC, the register bit is
automatically cleared. It is recommended not to set DBGCMD.zq_calib_short signal, in Init, Self-refresh, Deep
Power-down operating modes or Maximum Power Saving mode (MPSM). The SoC core can initiate a ZQCS
operation only if DBGSTAT.zq_calib_short_busy is low. The DBGSTAT.zq_calib_short_busy signal goes high in
the clock after the UDDRC accepts a ZQCS request. It goes low when the ZQCS operation is initiated in the
UDDRC. For proper SDRAM operation, user/SoC core should schedule this command frequently. This method
is used if ZQCTLO.dis_auto_zq is set to 1.

For self-refresh, command is scheduled after SR/SR-Powerdown is exited. For Deep Power Down or MPSM,
command is not scheduled although ZQSTAT.zq_calib_short_busy is de-asserted.

LPDDR2/LPDDR3 ZQ Reset Command

In LPDDR2/LPDDR3 mode, the ZQ Reset command is issued by setting ZQCTL2.zq_reset to 1 (see Register
Descriptions). When the ZQ Reset operation is complete, the UDDRC automatically clears this register bit. In
LPDDR2/LPDDR3 mode, it is recommended not to set this signal in Init, Self-refresh or Deep Power-down operating
modes. The SoC core can initiate a ZQ Reset operation only if ZQSTAT.zq_reset_busy is low. This signal goes high
in the clock after the UDDRC accepts a ZQ Reset request. It goes low when the ZQ reset command is issued to the
SDRAM and the associated NOP period is completed.

For self-refresh, command is scheduled after SR/SR-Powerdown is exited. For Deep Power Down, command is not
scheduled although ZQSTAT.zq_reset_busy is de-asserted.

Registers Related to ZQ Calibration
- UDDRC_ZQCTLO
+ UDDRC_zZQCTL1
+ UDDRC_zQCTL2
- UDDRC_ZQSTAT

For more information about these registers, see Register Descriptions.

ODT Control
By default, ODT to memories is driven to all zeros.

The register inputs control the following:

+ ODTMAP.rank*_wr_odt: the value desired for ODT following a write command (see Register Descriptions).

+ ODTCFG.wr_odt_delay: the number of cycles to delay following a write command before driving the
programmed values for write ODT, which depends primarily on CAS latency.

* ODTCFG.wr_odt_hold: the number of cycles to hold the programmed write value after it is first driven.
+ ODTMAP.rank*_rd_odt: the value desired for ODT following a read command.

» ODTCFG.rd_odt_delay: the number of cycles to delay following a read command before driving the
programmed values for write ODT, which depends primarily on CAS latency.

* ODTCFG.rd_odt_hold: the number of cycles to hold the programmed read value after it is first driven.

Notes:
1. ODT control for memories is not required for LPDDR2. It is a DDR2/DDR3/LPDDR3 specific feature.
2. For LPDDR2, set ODTMAP.rank*_wr/rd_odt to all zeroes.

All of these must be set by the SoC core before taking the UDDRC out of reset. They are then applied to every read
or write issued by the UDDRC.
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For recommended settings for ODT-related registers in each protocol, see Register Descriptions.

17.5.10.1 Registers Related to ODT Control
The following are the registers related to the ODT Control:

UDDRC_ODTCFG
UDDRC_ODTMAP

For more information about these registers, see Register Descriptions.

17.5.11 High-Level SDRAM Initialization Procedure

Proceed as follows to initialize the SDRAM. Code example is given in provided software (Linux, Harmony).

Note: This sequence can also be used as a re-initialization phase from Self-refresh mode. In such case, some
commands must be skipped or added. See SDRAM Self-Refresh Mode in the section "Electrical Characteristics" for
more details.

17.5.11.1 Global Configuration

1.

rowbd

Update the SFRBU DDR Power Control register (SFRBU_DDRPWR) to take the DDR 1I/Os out of Retention
state.

— Wait for the command to complete by polling bit SFRBU_DDRPWR.RETENTION until it sets to 1.
Update the RSTC Generic Reset register (RSTC_GRSTR) to reset the DDR PHY and DDR controllers.
Perform a dummy read to allow 128 cycles for synchronization.

Update RSTC_GRSTR to release the DDR3PHY reset.
Perform a dummy read to allow 128 cycles for synchronization.

17.5.11.2 Step 1

1.
2.

10.
1.

Clear the DFI Miscellaneous Control register (UDDRC_DFIMISC).

Update the Host register 0 (UDDRC_MSTR) to enter details about the DDR used, indicate whether
BURSTCHOP is used and set the required burst length.

If using LPDDR2/3 above 85°C: program the Temperature Derate Enable (UDDRC_DERATEEN) and
Temperature Derate Interval (UDDRC_DERATEINT) registers.

Update the Low Power Control register (UDDRC_PWRCTL) to enable assertion of en_dfi_dram_clk_disable.
Update the Low Power Timing register (UDDRC_PWRTMG) with:

— Number of clocks with command channel idle before UDDRC automatically puts SDRAM into Self-refresh
mode

— Number of clocks with command channel idle before UDDRC automatically puts SDRAM into Power-
down mode

— Minimum number of DFI clocks in Deep Power-down mode once PWRCTL.DEEPPOWERDOWN_EN is
de-asserted

Update the Hardware Low Power Control register (UDDRC_HWLPCTL) to:
— enable exiting from Automatic Clock Stop, Automatic Power-down or Automatic Self-refresh mode,

— program the number of DFI clock cycles necessary once the command channel is idle before the
active_ddrc output is driven low.

Update the Refresh Control register 0 (UDDRC_RFSHCTLO) with:
— Refresh burst value
— Refresh period
— Critical refresh threshold margin value
Clear the UDDRC Refresh Control register 3 (UDDRC_RFSHCTL3).

According to the memory type, fill the following fields in the UDDRC Refresh Timing register
(UDDRC_RFSHTMG):

— T_RFC_MIN
— T_RFC_NOM_X1_X32
Clear the CRC Parity Control register 0 (UDDRC_CRCPARCTLO).
Update SDRAM Initialization registers 0 to 5 (UDDRC_INITO to UDDRC_INIT5).

© 2022 Microchip Technology Inc. Datasheet DS60001765A-page 409

and its subsidiaries



SAMA7GS5 Series
Universal DDR Memory Controller (UDDRC)

12.
13.

14.
15.
16.
17.
18.
19.
20.
21.

22.

23.
24,
25.
26.

27.
28.
29.

Clear the DIMM Control register (UDDRC_DIMMCTL).

Update SDRAM Timing registers 0 to 8 (UDDRC_DRAMTMGO to UDDRC_DRAMTMGS) (and
UDDRC_DRAMTMG14 for LPDDR1/2/3).

Update ZQ Control registers 0 and 1 (UDDRC_ZQCTLO and UDDRC_ZQCTL1).

Update DFI Timing registers 0 and 1 (UDDRC_DFITMGO and UDDRC_DFITMG1).

Update the DFI Low Power Configuration register 0 (UDDRC_DFILPCFGO).

Update DFI Update registers 0 to 2 (UDDRC_DFIUPDO to UDDRC_DFIUPD2).

Disable the PHY host interface by clearing the DFI PHY Host register (UDDRC_DFIPHYMSTR).
Update the SAR Base Address register 0 (UDDRC_SARBASEDO).

Update the SAR Size register 0 (UDDRC_SARSIZEO).

Update Address Map registers 1 to 11 (UDDRC_ADDRMAP1 to UDDRC_ADDRMAP11) depending on the
type of DDR memory used.

If a DDR2 or DDR3 is being configured, update the ODT Configuration (UDDRC_ODTCFG) and ODT/Rank
Map (UDDRC_ODTMARP) registers.
Update Scheduler Control registers 0 and 1 (UDDRC_SCHED and UDDRC_SCHED1).
Update the High Priority Read CAM register 1 (UDDRC_PERFHPR1).
Update the Low Priority Read CAM register 1 (UDDRC_PERFLPR1).
Update the Write CAM register 1 (UDDRC_PERFWR1) so that a low priority write timeout will be the same as
a high priority write.
Update the Debug register 0 (UDDRC_DBGO).
Update the Port Common Configuration register (UDDRC_PCCFG).
For each port (0 to 4), update:
— Port Configuration Read register
— Port Configuration Write register
— Port Read QoS Configuration registers 0 and 1
— Port Write QoS Configuration registers 0 and 1

In case of re-initialization only:

1.

2.
3.

Update the SDRAM Initialization register 0 (UDDRC_INITO) to skip the SDRAM initialization while keeping the
controller in Self-refresh mode.

Update UDDRC_PWRCTL to keep the memory in Self-refresh mode.
Clear UDDRC_DFIMISC.

17.5.11.3 Step 2
Update the RSTC Generic Reset register (RSTC_GRSTR) to bring the DDR Controller out of Reset state.

17.5.11.4 Step 3
Update:

—_

© e Nk WD

DDR3PHY DRAM Configuration register

DDR3PHY PHY General Configuration register

DDR3PHY PHY Timing registers 0 to 2

DDR3PHY Mode registers 0 to 3

DDR3PHY ODT Configuration register

DDR3PHY DRAM Timing Parameters registers 0 to 2

DDR3PHY DDR System General Configuration register

DDR3PHY DATX8 Common Configuration register

DDR3PHY ZQ Impedance Control register 1 (if a DDR2 or DDR3 is being configured)

In case of re-initialization only: bypass the impedance calibration of ZQ control blocks by setting ZCALBYP in the
DDRS3PHY Initialization register (DDR3PHY_PIR).

17.5.11.5 Step 4

1.

Wait for the DDR3PHY initialization to complete by polling the IDONE bit in the DDR3PHY PHY General
Status register (DDR3PHY_PGSR).
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2. In case of re-initialization only: override the ZQ Control impedance calibration by:
— writing 1 to ZDEN in DDR3PHY ZQ Impedance Control register 0 (DDR3PHY_ZQOCRO),
— filling the ZQ impedance field with the previously saved impedance values,
— restoring data corrupted by the training.

17.5.11.6 Step 5

1. Start the DDR system initialization. Use the controller by setting the DDR3PHY_PIR.INIT and
DDR3PHY_PIR.CTLDINIT bits.

2. Wait for the DDR PHY initialization to complete by polling DDR3PHY_PGSR.IDONE.
3. In case of re-initialization only:

— Update the SFRBU DDR Power Control register (SFRBU_DDRPWR) to clear the
SFRBU_DDRPWR.RETENTION bit and take the DDR 1/Os out of Retention state.

— Wait for the command to complete by polling the SFRBU_DDRPWR.RETENTION bit until it sets to 1.
— Remove the ZQ calibration override by writing 0 to DDR3PHY_ZQOCRO.ZDEN.
— Trigger ZQ calibration.
— Wait for calibration to finish.
— Read DDR3PHY_ZQOCRO0.ZCAL to check for a ZQ calibration error.
4. For full strength (18-Ohm) DDR2, perform a custom calibration. Refer to the provided sample initialization

code.
17.5.11.7 Step 6
Update the Software Register Programming Control Enable register (UDDRC_SWCTL) to enable quasi-dynamic
register programming.
17.5.11.8 Step 7
Update UDDRC_DFIMISC to set the DFI_INIT_COMPLETE_EN bit.

17.5.11.9 Step 8
Set UDDRC_SWCTL.SW_DONE to indicate that UDDRC programming is completed.

17.5.11.10 Step 9
In the Software Register Programming Control Status register (UDDRC_SWSTAT), poll the SW_DONE_ACK bit until
it changes to 1, acknowledging that programming is complete.
In case of re-initialization only:
1.  Update UDDRC_PWRCTL.SELFREF_SW to exit Self-refresh mode.
— Wait until OPERATING MODE, in the Operating Mode Status register (UDDRC_STAT), changes to Ox1.

17.5.11.11 Step 10
Wait until UDDRC_STAT.OPERATING MODE changes to 0x1.

17.5.11.12 Step 11
1.  Update UDDRC_RFSHCTLS to disable auto-refreshes by setting DIS_AUTO_REFRESH to 1.

Toggle UDDRC_RFSHCTL3.REFRESH_UPDATE_LEVEL.

Update UDDRC_SWCTL to enable quasi-dynamic register programming.

Update UDDRC_DFIMISC to set DFI_INIT_COMPLETE_EN.

Set UDDRC_SWCTL.SW_DONE to indicate that UDDRC programming is completed.

— Poll the UDDRC_SWSTAT.SW_DONE_ACK bit until it changes to 1, acknowledging that programming is

complete.

6. Update Port Control registers for ports 0 to 4 (UDDRC_PCTRL_0 to UDDRC_PCTRL_4) to enable the AXI
ports.

ok wbd

17.5.11.13 Step 12

In the DDR3PHY PHY General Configuration register (DDR3PHY_PGCR), set the RANKEN field to enable training
for rank 1.
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4 Step 13
Update DDR3PHY_PIR to launch RV and QS trainings.
» Wait for the DDR3PHY initialization to complete by polling DDR3PHY_PGSR.IDONE.

5 Step 14
Read DDR3PHY_PGSR to check whether the training was successful or if errors occurred.

In case of re-initialization only: restore data corrupted by the training using the DCU command cache.

6 Step 15
1.  Update UDDRC_RFSHCTLS3 to enable auto-refreshes by clearing DIS_AUTO_REFRESH.
2. Toggle UDDRC_RFSHCTL3.REFRESH_UPDATE_LEVEL.
3. Update UDDRC_SWCTL to enable quasi-dynamic register programming.
4. Update UDDRC_DFIMISC to set DFI_INIT_COMPLETE_EN.
5. Set UDDRC_SWCTL.SW_DONE to indicate that UDDRC programming is completed.
— Poll the UDDRC_SWSTAT.SW_DONE_ACK bit until it changes to 1, acknowledging that programming is
complete.
6. Update Port Control registers for ports 0 to 4 (UDDRC_PCTRL_0 to UDDRC_PCTRL_4) to enable the AXI
ports.
7 Step 16

Program the TrustZone controllers to enable SDRAM use.
This initialization allows TZC400 to accept all accesses (secure or not secure) in the DDR address space.

Note: If TZC400 is not programmed, all accesses are blocked (without any response error).

Mode Register Reads and Writes

This section explains how to perform mode register reads and writes through software. Mode Register Reads (MRR)
are applicable only to LPDDR2/LPDDRS3, and are used to read configuration and status data from mode registers in
the SDRAM. Mode Register Writes (MRW or MRS) are applicable to all supported DDR protocols, and are used to
write configuration data to mode registers in the SDRAM. Access to the mode register is initiated by programming the
MRCTRLO and MRCTRLA1 registers (see Register Descriptions). This must be done in three steps:

1. Poll MRSTAT.mr_wr_busy until it is ‘0’. This checks that there is no outstanding MR transaction. No writes
should be performed to MRCTRLO and MRCTRL1 if MRSTAT.mr_wr_busy = 1.

2. Write the MRCTRLO.mr_type, MRCTRLO.mr_addr, MRCTRLO.mr_rank and (for MRWs) MRCTRL1.mr_data to
define the MR transaction.

3. In a separate APB transaction, write the MRCTRLO.mr_wr to 1. This bit is self-clearing, and triggers the
MR transaction. The UDDRC then asserts the MRSTAT.mr_wr_busy while it performs the MR transaction to
SDRAM, and no further accesses can be initiated until it is deasserted.

Mode Register Write

MRW transactions can be specified for either any single rank, or any combination of several ranks, by programming
MRCTRLO.mr_rank.

If any part of the SDRAM'’s MR register is updated by software, it is also the responsibility of the software to update
corresponding INIT*.*mr* so that it is aligned to the SDRAM’s MR register. For LPDDR2/3, INIT* registers are used to
perform SDRAM initialization after DPDX.

17.5.12.2 Mode Register Read

MRR transactions should only be performed to one rank at a time, to avoid bus contention. When an MRR is
performed, the Mode register contents are available on hif_mrr_data, qualified by hif_mrr_data_valid, after the Mode
register read command is issued by the UDDRC to the SDRAM. Note that the entire width of the SDRAM data is
mapped to hif_mrr_data. You must select the appropriate byte, depending on whether the bytes are swapped on the
board or not.

17.5.12.3 Registers Related to Mode Register Reads and Writes

The following are the registers related to the Mode register reads and writes:
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+ UDDRC_MRCTRLO
+ UDDRC_MRCTRL1
+ UDDRC_INITO
+ UDDRC_INIT1
+ UDDRC_INIT2
+ UDDRC_INIT3
+ UDDRC_INIT4
+ UDDRC_INIT5
+ UDDRC_INIT6
+ UDDRC_INIT7

For more information about these registers, see Register Descriptions.

2T Memory Command Timing
Memory command duration is one memory clock cycle, which is referred to as 1T command timing.

Optionally, to provide sufficient address setup time in heavily loaded memory bus configurations, memory address
and memory command are asserted for two memory clock cycles which is referred to as 2T command timing.

Figure 17-5. 1T Memory Command Timing

TO T1 T2 T3

memory_clk m

cs_n

Figure 17-6. 2T Memory Command Timing

TO T1 T2 T3

memory_clk N A N/ N
address/bank -< addr
ras_n/cas_n/we_n [ cmd

cs_n

Notes:
1. 2T mode is not supported when BL2 is selected.
2. 2T mode is not supported in LPDDR2/LPDDR3 modes.

Enabling 2T Memory Command Timing:

This feature is enabled using the register MSTR.en_2t_timing_mode.

For more information about these registers, see Register Descriptions.

Power Saving Features

The UDDRC supports various SDRAM power saving modes, such as Precharge Power-down, Self-refresh, Deep
Power-down, Maximum Power Saving, and support for disabling clock to the DRAM through dfi_dram_clk_disable.

Refer to Self-refresh mode entering and exiting procedures in the section "Electrical Characteristics".
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17.5.14.1 SDRAM Power Saving Features

17.5.14.1.1 Precharge Power-down
Entering Precharge Power-down

When PWRCTL.powerdown_en = 1 (see Register Descriptions), UDDRC automatically enters precharge power-
down when the period specified by PWRTMG.powerdown_to_x32 has passed while the UDDRC is idle (except for
issuing refreshes).

Entering Precharge Power-down mode involves the following steps:

1. Ifthere is a self-refresh exit previously, wait for at least one refresh command (or 8 per-bank refresh
commands if LPDDR2/3 per-bank refresh is enabled) to all active ranks. Auto-refresh logic must be
enabled, or refresh should be issued using direct software requests of refresh command through
DBGCMD.rank*_refresh.

Precharging (closing) all open pages. Pages are closed one-at-a-time in no specified order.

Waiting for tgp (row precharge) idle period.

Issuing the command to enter precharge power-down (NOP/deselect with CKE = 0).

This step occurs only if DFI low-power interface for power-down is enabled (DFILPCFGO.dfi_Ip_en_pd).
Attempts an entry to Low-power mode through DFI low-power interface and with dfi_Ip_wakeup set by
DFILPCFGO.dfi_Ip_wakeup_pd. The low power entry attempt is delayed with DFITMGO.dfi_t_ctrl_delay +
DRAMTMG?7.t_ckpde clock cycles. This is needed to satisfy SDRAM timings related to disabling clocks when
the PHY is programmed to gate the clock to save maximum power.

o~ wbd

If the UDDRC receives a read or write request from the SoC core during step 2 or step 3 above, the power-down
entry is immediately aborted. The same is true if PWRCTL.powerdown_en is driven to ‘0’ during step 2 or step 3.
Once the power-down entry command is issued, then proper power-down exit is required, as described in “Entering
Precharge Power-down” below.

Exiting Precharge Power-down

Once the UDDRC has put the DDR SDRAM device(s) in Precharge Power-down mode, the UDDRC automatically
performs the precharge power-down exit sequence for any of the following reasons:

» Arrefresh cycle is required to any rank in the system.

» The UDDRC receives a new request from the SoC core.

* A self-refresh entry is requested.

» PWRCTL.powerdown_en is set to 0 (see Register Descriptions).

The UDDRC follows these steps when exiting Precharge Power-down mode:

1. Inserting any NOP/deselect commands required to satisfy the tcke requirement after entering precharge
power-down.

2. This step occurs only if DFI Low-power mode entry during power-down entry is successful. Performs
an exit from DFI Low-power mode. DFI Low-power mode is exited after the wakeup time specified by
DFILPCFGO.dfi_Ip_wakeup_pd, but not earlier than DFITMG1.dfi_t_dram_clk_enable + DRAMTMG6.t_ckpdx
clock cycles.

3. Issuing the power-down exit command (NOP/deselect with CKE = 1).

4. Issuing NOP/deselect for the period defined by txp.

Notes:
1. DDR2: Fast Exit versus Slow Exit Active Power-down
The DDR2 Specification describes two different variations on active power-down exit, depending on the
programmed value of MR bit 12. As the UDDRC uses precharge power-down rather than active power-down,
this programming has no effect on the UDDRC or th SDRAM devices.

2. DDRS3: Fast Exit versus Slow Exit Precharge Power-down
The DDR3 Specification describes two different variations on precharge power-down exit, depending on the
programmed value of MRO bit 12. If slow precharge power-down is used (MRO[12] = 0), DRAMTMG1.t_xp
should be set to tXPDLL. If fast precharge power-down is used (MR0O[12] = 1), DRAMTMGH1.t_xp should be set
to tXP.

3.  Other supported DDR protocols do not specify the difference between fast and slow power-down exit.
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17.5.14.1.2 Deep Power-Down
This power saving mode is applicable for LPDDR2 and LPDDRS3 devices only.

Entering Deep Power-down

By setting the PWRCTL.deeppowerdown_en bit (see Register Descriptions), you can put the SDRAM device(s) into
Deep Power-down mode, if all the following conditions are true:

* The period specified by PWRTMG.powerdown_to_x32 has passed while the UDDRC is idle (except for issuing
refreshes).

+ PWRCTL.selfref_ sw=0

« PWRCTL.selfref en=0

« IfHWLPCTL.hw_Ip_en =1, DPD is entered only when the hardware low-power interface has completed a
self-refresh exit. (This can be checked by observing STAT.operating_mode and STAT.selfref_type).

« IfHWLPCTL.hw_Ip_exit_idle_en = 1, DPD is entered only when all bits of cactive_in_ddrc =0

Entering Deep power-down involves the following steps:

1. Ifthere is a self-refresh exit previously, wait for at least one refresh command (or 8 per-bank refresh
commands if LPDDR2/3 per-bank refresh is enabled) to all active ranks. Auto-refresh logic must be
enabled, or refresh should be issued using direct software requests of refresh command through
DBGCMD.rank*_refresh.

2. Precharging (closing) all open pages. Pages are closed one-at-a-time in no specified order.

Waiting for trp (row precharge) idle period.

4. Issuing the command to enter deep power-down. For multi-rank systems, all chip-selects are asserted so that
all ranks enter deep power-down simultaneously. The deep power-down entry command is:
CKE=0,CSN=0,CA0=1,CA1=1,CA2=0

5. This step occurs only if DFI low-power interface for deep power-down is enabled (DFILPCFGO.dfi_lp_en_dpd).
It attempts an entry to Low-power mode through DFI low-power interface with dfi_Ip_wakeup set by
DFILPCFGO.dfi_Ip_wakeup_dpd. The low power entry attempt is delayed with DFITMGO.dfi_t_ctrl_delay +
DRAMTMGG6.t_ckdpde clock cycles, this is needed to satisfy SDRAM timings related to disabling clocks when
the PHY is programmed to gate the clock, to save maximum power.

w

If the UDDRC receives a read or write request from the SoC core during step 1 or step 3 above, the deep
power-down entry is immediately aborted. The same is true if PWRCTL.deep_powerdown_en is driven to ‘0’ during
step 1 or step 3. Once the deep power-down entry command is issued, proper deep power-down exit is required, as
described in the following section.

Note: Contents of SDRAM may be lost upon entry into Deep Power-down mode.

Exiting Deep Power-down

Once the UDDRC puts the DDR SDRAM device(s) in Deep Power-down mode, the UDDRC automatically exits deep
power-down and re-runs the initialization sequence when PWRCTL.deeppowerdown_en is reset to 0 (see Register
Descriptions). An exit from DFI Low-power mode is performed prior to exiting deep power-down (this occurs only if
DFI Low- power mode entry during deep power-down entry is successful). DFI Low-power mode is exited after the
wakeup time specified by DFILPCFGO.dfi_Ip_wakeup_dpd, but not earlier than DFITMG1.dfi_t_dram_clk_enable +
DRAMTMGS6.t_ckdpdx clock cycles.

Exiting Deep power-down involves the following steps when SDRAM initialization is performed by the PHY
(INITO.skip_dram_init = 2’b01 or 2’b11):

1. To prevent the UDDRC asserting dfi_cke before the SDRAM initialization is complete, it is necessary to set
INITO.skip_dram_init = 2’b11 before clearing PWRCTL.deeppowerdown_en.

2. If step 1 is performed, to ensure that controller updates will not occur when INITO.skip_dram_init will be
changed back to 2’b01 (which could make DFI bus active when dfi_ctrlupd_req), it is necessary to set
DFIUPDO.dis_auto_ctrlupd and DBG1.dis_hif and to stop sending software controller updates before clearing
PWRCTL.deeppowerdown_en.

3. Clear DFIMISC.dfi_init_complete_en="0" register, before clearing PWRCTL.deeppowerdown_en to ensure that
the UDDRC will wait until the PHY completes its initialization.

4. Reset PWRCTL.deeppowerdown_en to 0 and poll STAT.operating mode to detect when the UDDRC exits from
DPD and then start the SDRAM initialization by setting the PUB_PIR register.
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5. Once PHY Init is started and PIR is programmed, set back the old value of skip_dram_init, if it was updated as
described in step 1.

6. Poll the relevant PUB’s PGSR register to detect when the PUB Initialization is complete.

7. Change back the DFIUPDO.dis_auto_ctrlupd and DBG1.dis_hif values and/or restart sending software
controller updates, if they were disabled as described in step 2.

8. Set DFIMISC.dfi_init_complete_en to 1 in order to allow the UDDRC'’s state machine to exit the Initialization
state.

For more information, see SDRAM Initialization Sequence.

17.5.14.1.3 Assertion of dfi_dram_clk_disable
Assertion of dfi_dram_clk_disable occurs only if PWRTL.en_dfi_dram_clk_disable = 1.

dfi_dram_clk_disable is also dependent on the operating mode:

» In DDR2/DDR3, dfi_dram_clk_disable can be asserted only in Self-refresh mode.
* In LPDDR2/LPDDRS, dfi_dram_clk_disable can be asserted in the following modes:
— in Self-refresh
— in Power-down
— in Deep Power-down
— in Normal mode (“Clock Stop” feature)

The timing of the assertion and de-assertion of dfi_dram_clk_disable in various modes is as follows:

¢ In Self-refresh or Self-refresh Power-down mode:

— Asserted at least DFITMGO.dfi_t_ctrl_delay + DRAMTMGS5.t_cksre DFITMG1.dfi_t_dram_clk_disable
cycles after SRE command.
— De-asserted at least DFITMG1.dfi_t_dram_clk_enable + DRAMTMGS5.t_cksrx - DFITMGO.dfi_t_ctrl_delay
cycles before SRX command.
* In Power-down:
— Asserted at least DFITMGO.dfi_t_ctrl_delay + DRAMTMG7.t_ckpde -DFITMG1.dfi_t_dram_clk_disable
cycles after PDE command.

— De-asserted at least DFITMG1.dfi_t_dram_clk_enable + DRAMTMGY7.t_ckpdx -DFITMGO.dfi_t_ctrl_delay
cycles before PDX command.

* In Deep Power-down:

— Asserted at least DFITMGO.dfi_t_ctrl_delay + DRAMTMGG6.t_ckdpde - DFITMG1.dfi_t_dram_clk_disable
cycles after DPDE command.

— De-asserted at least DFITMG1.dfi_t_dram_clk_enable + DRAMTMGS6.t_ckdpdx -DFITMGO.dfi_t_ctrl_delay
cycles before DPDX command.

* In Normal mode (Clock Stop):

— Asserted at least DFITMGO.dfi_t_ctrl_delay - DFITMGO.dfi_t_dram_clk_disable cycles after any command
other than SRE/PDE/DPDE.

— De-asserted at least DFITMG1.dfi_t_dram_clk_enable + DRAMTMGG6.t_ckcsx - DFITMGO.dfi_t_ctrl_delay
cycles before any command other than SRX/PDX/DPDX.

For more information about the above modes, see Register Descriptions.

17.5.14.1.4 DLL-off Mode (DDR3)
DLL-off mode enables DDR3 SDRAM s to be operated at low frequencies. The UDDRC supports DLL-off mode, and
transitions between DLL-on and DLL-off mode, under software control.

To enable DLL-off mode from initialization, the following register fields must be set:

* INIT3.emr[0], so that the SDRAM mode register is set for DLL-off mode
« MSTR.dIl_off mode =1
* The DDR PHY should be put in PLL-bypass mode

To perform a transition between DLL-off and DLL-on modes, the software must implement the sequence specified in
the JEDEC specification.

Note that geardown and programmable preamble are not supported in DLL-off mode.
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17.5.14.2 Power Saving in PHY through DFI Low-Power Interface

Based on whether SDRAM is in Precharge Power-down, Self-refresh, Self-refresh Power-down or Deep Power-down
mode (see SDRAM Power Saving Features), the PHY can be placed in power saving modes through the DFI
low-power interface.

17.5.14.3 Software Sequence for Removal of Clocks
Software can be used to keep the SDRAM in self-refresh. The AXIl and DDRC clocks can be removed when in
self-refresh by following the sequence described in the following table.

Note: Dynamic and quasi dynamic registers cannot be programmed if any of the clocks has been removed. Clocks
must be turned back on before starting the programming sequence. Also, the clock gating logic must ensure there
are no glitches on the clocks when they are removed/enabled.

Table 17-4. Software Clock Removal Sequence

Siep omsron——commen

1 Write 0 to PCTRL_n.port_en Blocks AXI ports from taking any more transactions
2 ,28:: ﬁgﬂ:ﬁ—j‘;ﬁ—_ﬁz‘;—;} Z% Waits until all AXI ports are idle

3 Write 1 to PWRCTL.selfref_sw Causes the system to move to Self-refresh state

4 Poll STAT.selfref_type= 2'b10 Waits until Self-refresh state is entered

5 Remove AXI clocks -

6 Remove DDRC core clock -

The clocks should be re-enabled by following the sequence described in the following table.

Table 17-5. Re-enabling the Clocks

Sep Jooserpion ————Lcanmen

1 Enable AXI clocks -

2 Enable DDRC core clock -

3 Write 0 to PWRCTL.selfref_sw Causes the system to exit from Self-refresh state

4 Poll STAT.selfref_type = 2'b00 Waits until Self-refresh state is exited

5 Write 1 to PCTRL_n.port_en AXI ports are no longer blocked from taking transactions

17.5.14.4 Power Removal Flow
Table 17-6. Power Removal

Sep Jovsron ————Gomman_——————

1 Write 0 to PCTRL_n.port_en Blocks AXI ports from taking any more transactions
Poll PSTAT.rd_port_busy n=0

2 Poll PSTAT.wr_port_busy_n = 0 Waits unit all AXI ports are idle
3 Write 1 to PWRCTL.selfref_sw Causes system to move to Self-refresh state
4 Poll STAT.selfref_type= 2’'b10 Waits until Self-refresh state is entered
5 Place 10s in Retention mode Refer to the section “DDR/LPDDR Physical Interface (DDR3PHY)”
6 Remove power -
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Table 17-7. Re-enabling the Power

Siep Doserpion e

1

2

10
11
12

13

Enable Power

Reset controller/PHY by driving core_ddrc_rstn = 1°b0, aresetn_n

= 1'b0, presetn =’b0

Remove APB reset, presetn =1’b1, and rereprogram the registers B

to pre-power removal values
Program INITO.skip_dram_init = 2’'b11

Programs PWRCTL.selfref_sw = 1’b1

Program DFIMISC.dfi_init_complete_en to
1’b0

Remove the core reset core_ddrc_rstn = 1'b1 aresetn_n = 1’b1

Run PHY initialization/training as required, including removing the

I0s from Retention mode

Program DFIMISC.dfi_init_complete_en to
1'b1

Program PWRCTL.selfref_sw = 1'b0
Poll STAT.selfref_type = 2'b00

Poll STAT.operating_mode for Normal mode entry

Write PCTRL.port_en = 1

17.5.14.5 Registers Related to Power-Saving Features
The following registers are related to the power saving features:

UDDRC_DRAMTMGS5.t_cke

Precharge power-down controls:

— UDDRC_PWRCTL.POWERDOWN_EN

— UDDRC_PWRTMG.POWERDOWN_TO_X32
— UDDRC_DRAMTMG1.T_XP

Self-refresh controls:

— UDDRC_PWRCTL.SELFREF_SW

— UDDRC_PWRCTL.SELFREF_EN

— UDDRC_HWLPCTL.HW_LP_EN

Hardware low-power interface: csysreq_*/csysack_*/cactive_*
— UDDRC_PWRTMG.SELFREF_TO_x32

— UDDRC_STAT.SELFREF_TYPE

— UDDRC_PWRCTL.STAY_IN_SELFREF

— UDDRC_STAT.SELFREF_STATE

Hardware low-power interface:

— UDDRC_HWLPCTL.HW_LP_EXIT_IDLE_EN
— UDDRC_HWLPCTL.HW_LP_IDLE_X32
Deep power-down controls:

— UDDRC_PWRCTL.DEEPPOWERDOWN_EN
— UDDRC_PWRTMG.T_DPD_X4096

Skips the DRAM init routine and starts up
in Self-refresh mode

Keeps the controller in Self-refresh mode

PHY initialization needs to be rerun, so
set to 0 until initialization complete

Refer to the section “DDR3PHY”
Indicates to controller that PHY has
completed re-training/initialization

Triggers Self-refresh exit
Wait until Self-refresh state is exited

AXI ports are no longer blocked from
taking transactions
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* Maximum Power-saving mode controls:
UDDRC_PWRCTL.MPSM_EN
UDDRC_DRAMTMG11.T_MPX_LH
UDDRC_DRAMTMG11.T_MPX_S
UDDRC_DRAMTMG11.T_CKMPE
» Assertion of dfi_dram_clk_disable to disable the clocks to the DRAM controls:
— UDDRC_WRCTL.EN_DFI_DRAM_CLK_DISABLE
— UDDRC_DFITMG1.DFI_T_DRAM_CLK_DISABLE
— UDDRC_DFITMG1.DFI_T_DRAM_CLK_ENABLE
— UDDRC_DRAMTMG5.T_CKSRE
— UDDRC_DRAMTMG5.T_CKSRX
— UDDRC_DRAMTMG6.T_CKPDE
— UDDRC_DRAMTMG6.T_CKPDX
— UDDRC_RAMTMG6.T_CKDPDE
— UDDRC_DRAMTMG6.T_CKDPDX
— UDDRC_DRAMTMG6.T_CKCSX

For more information about these registers, see Register Descriptions.
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17.6  Register Summary

In the following register descriptions, "Programming Mode" specifies the register type:

« Static: can be written only when the controller is in reset.
» Dynamic: can be written at any time during operation.

* Quasi-dynamic: can be written when the controller is in reset and some specific conditions outside reset. There
are four groups this type.
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0x00

0x04

0x08
0xO0F

0x10

0x14

0x18

0x1C

Ox1F

0x20

0x24

0x28

0x2B

0x2C

UDDRC_MSTR

UDDRC_STAT

Reserved

UDDRC_MRCTRLO

UDDRC_MRCTRL1

UDDRC_MRSTAT

Reserved

UDDRC_DERATEEN

UDDRC_DERATEINT

Reserved

UDDRC_DERATECTL

31:24
23:16

15:8

7:0
31:24
23:16

15:8
7:0

31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0

31:24
23:16

15:8

7:0
31:24
23:16

15:8

7:0

31:24
23:16
15:8

7:0

DLL_OFF_MODE

MR_WR

DATA_BUS_WIDTH[1:0]
LPDDR3

SELFREF_CAM_N
OT_EMPTY
SELFREF_TYPE[1:0]

MR_ADDR[3:0]
MR_RANK

MR_DATA[15:8]
MR_DATA[7:0]

DERATE_MR4_TU
F DIS
DERATE_BYTE[3:0]
MR4_READ_INTERVAL[31:24]
MR4_READ_INTERVAL[23:16]
MR4_READ_INTERVAL[15:8]
MR4_READ_INTERVAL[7:0]

BURST_RDWR[3:0]
EN_2T TIMING M

ODE BURSTCHOP
LPDDR2 DDR3
OPERATING_MODE[2:0]
MR_TYPE
MR_WR_BUSY

DERATE_VALUE[1:0] DERATE_ENABLE

DERATE_TEMP_LIDERATE_TEMP_LIDERATE_TEMP_LI
MIT_INTR_FORCE MIT_INTR_CLR | MIT_INTR_EN
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0x30

0x34

0x38
0x3C
Ox4F
0x50

0x54

Ox5F

0x60

0x64

0x68

OxBF

0xCO0

UDDRC_PWRCTL

UDDRC_PWRTMG

UDDRC_HWLPCTL

Reserved

UDDRC_RFSHCTLO

Reserved

UDDRC_RFSHCTL3

UDDRC_RFSHTMG

Reserved

UDDRC_CRCPARCTLO

31:24
23:16
15:8

7:0

31:24
23:16
15:8
7:0
31:24
23:16
15:8

7:0

31:24

23:16
15:8
7:0

31:24
23:16
15:8

7:0

31:24

23:16
15:8
7:0

31:24
23:16
15:8

7:0

DIS_CAM_DRAIN_
SELFREF

T_RFC_NOM_X1_
SEL

LPDDR3_TREFBW
_EN

SELFREF_SW

REFRESH_MARGIN[3:0]
REFRESH_TO_X1_X32[3:0]
REFRESH_BURST([3:0]

EN_DFI_DRAM_C DEEPPOWERDO POWERDOWN_E

LK_DISABLE WN_EN N SELFREF_EN
SELFREF_TO_X32[7:0]
T_DPD_X4096[7:0]
POWERDOWN_TO_X32[4:0]
HW_LP_IDLE_X32[11:8]
HW_LP_IDLE_X32[7:0]
HW_LP_EXITIDL 0 o ey

E_EN

REFRESH_TO_X1
_X32[4]
REFRESH_BURST[5:4]
PER_BANK_REFR
ESH

REFRESH_UPDAT DIS_AUTO_REFR
E_LEVEL ESH

T_RFC_NOM_X1_X32[11:8]
T_RFC_NOM_X1_X32[7:0]
T_RFC_MIN[9:8]
T_RFC_MIN[7:0]

DFI_ALERT_ERR_|DFI_ALERT_ERR_DFI_ALERT_ERR_
CNT_CLR INT_CLR INT_EN
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0xC4

0xCB

0xCC

0xDO0

0xD4

0xD8

0xDC

OxEO

OxE4

OxE8

OxEF
0xFO

O0xF4

OxFF

Reserved

UDDRC_CRCPARSTAT

UDDRC_INITO

UDDRC_INIT1

UDDRC_INIT2

UDDRC_INIT3

UDDRC_INIT4

UDDRC_INIT5

Reserved

UDDRC_DIMMCTL

Reserved

31:24
23:16

15:8
7:0
31:24
23:16
15:8
7:0

31:24

23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0

31:24
23:16
15:8

7:0

SKIP_DRAM_INIT[1:0]

DFI_ALERT_ERR_CNT[15:8]
DFI_ALERT_ERR_CNT[7:0]

POST_CKE_X1024[7:0]

PRE_CKE_X1024[7:0]

DRAM_RSTN_X1024[7:0]

IDLE_AFTER_RESET_X32[7:0]

MR[15:8]
MR[7:0]
EMR[15:8]
EMR[7:0]
EMR2[15:8]
EMR2[7:0]
EMR3[15:8]
EMR3([7:0]

DEV_ZQINIT_X32[7:0]

MAX_AUTO_INIT_X1024[7:0]

DFI_ALERT ERR_
INT

POST_CKE_X1024[9:8]
PRE_CKE_X1024[11:8]
DRAM_RSTN_X10

24[8]

PRE_OCD_X32[3:0]

MIN_STABLE_CLOCK_X1[3:0]

MAX_AUTO_INIT_X1024[9:8]

DIMM_ADDR_MIR DIMM_STAGGER _
R_EN CS_EN
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0x0100

0x0104

0x0108

0x010C

0x0110

0x0114

0x0118

0x011C

0x0120

0x0124

0x0137

0x0138

UDDRC_DRAMTMGO

UDDRC_DRAMTMGH1

UDDRC_DRAMTMG2

UDDRC_DRAMTMG3

UDDRC_DRAMTMG4

UDDRC_DRAMTMG5

UDDRC_DRAMTMG6

UDDRC_DRAMTMG7

UDDRC_DRAMTMG8

Reserved

UDDRC_DRAMTMG14

31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0

31:24

23:16
15:8
7:0

T_MRW[3:0]
T_MRD[3:0]

WR2PRE[6:0]
T_FAW[5:0]
T_RAS_MAX[6:0]
T_RAS_MIN[5:0]

T_XP[4:0]
RD2PRE[5:0]
T_RC[6:0]
WRITE_LATENCY([5:0]
READ_LATENCY[5:0]

RD2WR(5:0]
WR2RD[5:0]
T_MRW[9:4]
T_MRD[5:4]
T_MODI[9:8]
T_MODJ7:0]
T_RCD[4:0]
T_CCD[3:0]
T_RRD[3:0]
T_RP[4:0]
T_CKSRX[3:0]
T_CKSRE[3:0]
T_CKESR[5:0]
T_CKE[4:0]
T_CKDPDE[3:0]
T_CKDPDX][3:0]
T_CKCSX[3:0]
T_CKPDE[3:0]
T_CKPDX[3:0]
T XS _DLL_X32[6:0]
T_XS_X32[6:0]
T_XSR[11:8]
T_XSR[7:0]
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0x013C

0x0140

0x017F

0x0180

0x0184

0x0188

0x018C

0x0190

0x0194

0x0198

0x019C

0x019F

UDDRC_DRAMTMG15

Reserved

UDDRC_ZQCTLO

UDDRC_ZQCTLA1

UDDRC_ZQCTL2

UDDRC_ZQSTAT

UDDRC_DFITMGO

UDDRC_DFITMG1

UDDRC_DFILPCFGO

Reserved

31:24

23:16
15:8
7:0

31:24

23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24

23:16

15:8

7:0
31:24
23:16

15:8

7:0
31:24
23:16

15:8

7:0

EN_DFI_LP_T ST
AB

DIS_AUTO_ZQ

DFI_RDDATA_US
E_DFI_PHY_CLK
DFI_WRDATA_US
E_DFI_PHY_CLK

ZQ_RESISTOR_S

DIS_SRX_ZQCL HARED

T_ZQ_RESET_NOP[3:0]

DFI_LP_WAKEUP_DPDI[3:0]
DFI_LP_WAKEUP_SR[3:0]
DFI_LP_WAKEUP_PD[3:0]

T_STAB_X32[7:0]

T_ZQ_LONG_NOP[10:8]

T_ZQ_LONG_NOP[7:0]

T_ZQ_SHORT_NOP[9:8]

T_ZQ_SHORT_NOPJ[7:0]
T_ZQ_RESET_NOP[9:4]

T_ZQ_SHORT_INTERVAL_X1024[19:16]

T_ZQ_SHORT_INTERVAL_X1024[15:8]
T ZQ_SHORT_INTERVAL_X1024[7:0]

DFI_T_CTRL_DELAY[4:0]
DFI_T_RDDATA_EN[6:0]

DFI_TPHY_WRDATA[5:0]
DFI_TPHY_WRLAT[5:0]

DFI_T_WRDATA_DELAY[4:0]
DFI_T_DRAM_CLK_DISABLE[4:0]
DFI_T_DRAM_CLK_ENABLE[4:0]

DFI_TLP_RESPI[4:0]

ZQ_RESET

7Q_RESET_BUSY

DFI_T_PARIN_LAT[1:0]

DFI_LP_EN_DPD
DFI_LP_EN_SR
DFI_LP_EN_PD

(o¥aan) 19j1043u0 Atowsy ¥AQ [esIdAIUN

SolJo

S GOLVINVS



seleIpISqns S)I pue

*ou| ABojouyos] diyooIoIN 2202 ©

joaysejeq

9z 9bed-y59/10009Sd

........... continued

B TN T I R R B R IR B B

0x01A0

0x01A4

0x01A8

0x01AC

O0x01AF
0x01B0

0x01B4

0x01BB
0x01BC

0x01CO

0x01C3
0x01C4

0x01C8

0x0203

0x0204

UDDRC_DFIUPDO

UDDRC_DFIUPD1

UDDRC_DFIUPD2

Reserved

UDDRC_DFIMISC

Reserved

UDDRC_DFISTAT

Reserved

UDDRC_DFIPHYMSTR

Reserved

UDDRC_ADDRMAP1

31:24

23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0

31:24
23:16
15:8

7:0

31:24
23:16
15:8

7:0

31:24
23:16
15:8

7:0

31:24
23:16
15:8
7:0

DIS_AUTO_CTRL | DIS_AUTO_CTRL CTRLUPD_PRE_S ]
UPD UPD_ SRX X DFI_T_CTRLUP_MAX[9:8]
DFI_T_CTRLUP_MAX[7:0]
DFI_T_CTRLUP_MIN[9:8]

DFI_T_CTRLUP_MIN[7:0]

DFI_T_CTRLUPD_INTERVAL_MIN_X1024[7:0]

DFI_T_CTRLUPD_INTERVAL_MAX_X1024[7:0]
DFI_PHYUPD_EN

DFI_FREQUENCY[4:0]
DFI_INIT_COMPL

DFI_INIT_START | CTL_IDLE_EN ETE_EN

DFI_INIT_COMPL

DFI_LP_ACK ETE

DFI_PHYMSTR_E
N

ADDRMAP_BANK_B2[5:0]
ADDRMAP_BANK_B1[5:0]
ADDRMAP_BANK_BO[5:0]
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31:24 ADDRMAP_COL_B5[3:0]
0x0208 UDDRC ADDRMAP2 23:16 ADDRMAP_COL_B4[3:0]
- 15:8 ADDRMAP_COL_B3[4:0]
7:0 ADDRMAP_COL_B2[3:0]
31:24 ADDRMAP_COL_B9[4:0]
0x020C UDDRC ADDRMAP3 23:16 ADDRMAP_COL_B8[4:0]
- 15:8 ADDRMAP_COL_B7[4:0]
7:0 ADDRMAP_COL_B6[4:0]
31:24
23:16
0x0210 UDDRC_ADDRMAP4
- 15:8 ADDRMAP_COL_B11[4:0]
7:0 ADDRMAP_COL_B10[4:0]
31:24 ADDRMAP_ROW_B11[3:0]
0x0214 UDDRC ADDRMAPS 23:16 ADDRMAP_ROW_B2_10[3:0]
- 15:8 ADDRMAP_ROW_B1[3:0]
7:0 ADDRMAP_ROW_B0[3:0]
31:24 LPDDRé—;GBJZ ADDRMAP_ROW_B15[3:0]
0x0218 UDDRC_ADDRMAP6 23:16 ADDRMAP_ROW_B14[3:0]
15:8 ADDRMAP_ROW_B13[3:0]
7:0 ADDRMAP_ROW_B12[3:0]
0x021C
Reserved
0x0223
31:24 ADDRMAP_ROW_B5[3:0]
23:16 ADDRMAP_ROW_B4[3:0]
0x0224 UDDRC_ADDRMAP9
- 15:8 ADDRMAP_ROW_B3[3:0]
7:0 ADDRMAP_ROW_B2[3:0]
31:24 ADDRMAP_ROW_B9[3:0]
23:16 ADDRMAP_ROW_B3[3:0]
0x0228 UDDRC_ADDRMAP10
- 15:8 ADDRMAP_ROW_B7[3:0]
7:0 ADDRMAP_ROW_B6[3:0]
31:24
0x022C UDDRC_ADDRMAP11 2135: _186
7:0 ADDRMAP_ROW_B10[3:0]
0x0230
Reserved
0x023F
31:24 WR_ODT_HOLDI[3:0]
0x0240 UDDRC ODTCFG 23:16 WR_ODT_DELAY[4:0]
- 15:8 RD_ODT_HOLDI[3:0]
7:0 RD_ODT_DELAY[4:0]
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0x0244
0x0248

0x024F

0x0250

0x0254

0x0258

0x025B
0x025C

0x0260

0x0263
0x0264

0x0268
0x026B
0x026C
0x0270

0x02FF

0x0300

UDDRC_ODTMAP

Reserved

UDDRC_SCHED

UDDRC_SCHED1

Reserved

UDDRC_PERFHPR1

Reserved

UDDRC_PERFLPR1

Reserved

UDDRC_PERFWR1

Reserved

UDDRC_DBGO

31:24
23:16
15:8
7:0

31:24
23:16
15:8

7:0

31:24
23:16
15:8
7:0

31:24
23:16
15:8
7:0

31:24
23:16
15:8
7:0

31:24
23:16
15:8
7:0

31:24
23:16
15:8

7:0

RANKO_RD_ODT RANKO_WR_ODT

RDWR_IDLE_GAP[6:0]
GO2CRITICAL_HYSTERESIS[7:0]
LPR_NUM_ENTRIES[4:0]
FORCE_LOW_PRI
N

PAGECLOSE | PREFER_WRITE

PAGECLOSE_TIMER([7:0]

HPR_XACT_RUN_LENGTH([7:0]

HPR_MAX_STARVE[15:8]
HPR_MAX_STARVE[7:0]

LPR_XACT_RUN_LENGTH(7:0]

LPR_MAX_STARVE[15:8]
LPR_MAX_STARVE[7:0]

W_XACT_RUN_LENGTH[7:0]

W_MAX_STARVE[15:8]
W_MAX_STARVE[7:0]

DIS_COLLISION_

PAGE_OPT DIS_ACT_BYPASS DIS_RD_BYPASS DIS_WC
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0x0304

0x0308

0x030C

0x0310

0x0314

0x031F

0x0320

0x0324

0x0328

0x036B

0x036C

UDDRC_DBG1

UDDRC_DBGCAM

UDDRC_DBGCMD

UDDRC_DBGSTAT

Reserved

UDDRC_SWCTL

UDDRC_SWSTAT

Reserved

UDDRC_POISONCFG

31:24
23:16
15:8
7:0

31:24

23:16
15:8
7:0
31:24
23:16
15:8

7:0
31:24

23:16
15:8

7:0

31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0

31:24

23:16

15:8

7:0

WR_DATA_PIPELI|RD_DATA_PIPELI
NE_EMPTY NE_EMPTY

ZQ_CALIB_SHOR

TRLUPD
C U T

ZQ_CALIB_SHOR
CTRLUPD_BUSY T BUSY

RD_POISON_INT
R_EN

WR_POISON_INT
R_EN

DIS_HIF DIS_DQ
DBG_WR_Q_EMP DBG_RD_Q_EMP
v v DBG_STALL

DBG_W_Q_DEPTH[5:0]
DBG_LPR_Q_DEPTH([5:0]
DBG_HPR_Q_DEPTHI[5:0]

RANKO_REFRESH

RANKO_REFRESH
_BUSY

SW_DONE

SW_DONE_ACK

RD_POISON_INT
R_CLR
RD_POISON_SLV
ERR_EN
WR_POISON_INT
R_CLR
WR_POISON_SLV
ERR_EN
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0x0370

0x0374

O0x03EF
0x03F0

0x03F4

0x03FB

0x03FC

0x0400

0x0404

0x0408

0x040C

0x048F

0x0490

UDDRC_POISONSTAT

Reserved

UDDRC_DERATESTAT

Reserved

UDDRC_PSTAT

UDDRC_PCCFG

UDDRC_PCFGR_0

UDDRC_PCFGW 0

Reserved

UDDRC_PCTRL_0

31:24
23:16
15:8
7:0

31:24
23:16
15:8

7:0

31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8

7:0
31:24
23:16

15:8
7:0

31:24

23:16
15:8
7:0

RD_POISON_INT | RD_POISON_INT | RD_POISON_INT | RD_POISON_INT | RD_POISON_INT
R 4 R 3 R 2 R 1 RO

WR_POISON_INT|WR_POISON_INT|WR_POISON_INT|WR_POISON_INT|WR_POISON_INT
R 4 R 3 R 2 R_1 R O

DERATE_TEMP_LI
MIT_INTR

WR_PORT_BUSY | WR_PORT BUSY WR_PORT BUSY WR_PORT BUSY WR_PORT BUSY
4 3 2 1 0
RD_PORT_BUSY_RD_PORT BUSY_|RD_PORT BUSY_|RD_PORT BUSY_|RD_PORT BUSY_
4 3 2 1 0

BL_EXP_MODE
PAGEMATCH_LIMI

T GO2CRITICAL_EN

RD_PORT_PAGE |RD_PORT_URGE RD_PORT AGING
MATCH_EN NT_EN EN

RD_PORT_PRIORITY[7:0]

RD_PORT_PRIORITY[9:8]

WR_PORT_PAGE WR_PORT_URGE| WR_PORT_AGIN
MATCH_EN NT_EN G_EN
WR_PORT_PRIORITY[7:0]

WR_PORT_PRIORITY[9:8]

PORT_EN
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0x0494

0x0498

0x049C

0x04A0

0x04A4

0x04B3

0x04B4

0x04B8

0x04BC
0x053F
0x0540

0x0544

0x0548

UDDRC_PCFGQO0SO0_0

UDDRC_PCFGQOS1_0

UDDRC_PCFGWQO0S0_0

UDDRC_PCFGWQOS1_0

Reserved

UDDRC_PCFGR 1

UDDRC_PCFGW._1

Reserved

UDDRC_PCTRL_1

UDDRC_PCFGQOS0_1

UDDRC_PCFGQOS1_1

31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0

31:24
23:16

15:8

7:0
31:24
23:16

15:8
7:0

31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0

RQOS_MAP_REGION1[1:0]

RQOS_MAP_TIMEOUTRJ[7:0]

RQOS_MAP_TIMEOUTB(7:0]

WQOS_MAP_REGION1[1:0]

WQOS_MAP_TIMEOUTZ2[7:0]

WQOS_MAP_TIMEOUT1[7:0]

RD_PORT_PAGE |RD_PORT URGE RD_PORT AGING
MATCH_EN NT_EN _EN
RD_PORT_PRIORITY[7:0]

WR_PORT_PAGE WR_PORT_URGE| WR_PORT_AGIN
MATCH_EN NT_EN G_EN
WR_PORT_PRIORITY[7:0]

RQOS_MAP_REGION1[1:0]

RQOS_MAP_TIMEOUTR([7:0]

RQOS_MAP_TIMEOUTB[7:0]

RQOS_MAP_REGIONO[1:0]

RQOS_MAP_LEVEL1[3:0]
RQOS_MAP_TIMEOUTR[10:8]

RQOS_MAP_TIMEOUTB[10:8]
WQOS_MAP_REGION2[1:0]
WQOS_MAP_REGIONO[1:0]

WQOS_MAP_LEVEL2[3:0]

WQOS_MAP_LEVEL1[3:0]

WQOS_MAP_TIMEOUT2[10:8]

WQOS_MAP_TIMEOUT1[10:8]

RD_PORT_PRIORITY[9:8]

WR_PORT_PRIORITY[9:8]

PORT_EN

RQOS_MAP_REGIONO[1:0]

RQOS_MAP_LEVEL1[3:0]
RQOS_MAP_TIMEOUTR[10:8]

RQOS_MAP_TIMEOUTB[10:8]
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0x054C

0x0550

0x0554

0x0563

0x0564

0x0568

0x056C

Ox05EF

0x05F0

0x05F4

0x05F8

0x05FC

0x0600

UDDRC_PCFGWQO0S0_1

UDDRC_PCFGWQOS1_1

Reserved

UDDRC_PCFGR 2

UDDRC_PCFGW 2

Reserved

UDDRC_PCTRL_2

UDDRC_PCFGQOS0_2

UDDRC_PCFGQOS1_2

UDDRC_PCFGWQOS0_2

UDDRC_PCFGWQOS1_2

31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0

31:24
23:16

15:8

7:0
31:24
23:16

15:8
7:0

31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0

WQOS_MAP_REGION1[1:0]

WQOS_MAP_TIMEOUTZ2[7:0]

WQOS_MAP_TIMEOUT1[7:0]

RD_PORT_PAGE |RD_PORT URGE RD_PORT AGING
MATCH_EN NT_EN EN

RD_PORT_PRIORITY[7:0]

WR_PORT_PAGE WR_PORT_URGE| WR_PORT_AGIN
MATCH_EN NT_EN G_EN
WR_PORT_PRIORITY[7:0]

RQOS_MAP_REGION1[1:0]

RQOS_MAP_TIMEOUTR([7:0]

RQOS_MAP_TIMEOUTB[7:0]

WQOS_MAP_REGION1[1:0]

WQOS_MAP_TIMEOUT2[7:0]

WQOS_MAP_TIMEOUT1[7:0]

WQOS_MAP_REGION2[1:0]
WQOS_MAP_REGIONO[1:0]
WQOS_MAP_LEVEL2[3:0]
WQOS_MAP_LEVEL1[3:0]
WQOS_MAP_TIMEOUT2[10:8]

WQOS_MAP_TIMEOUT1[10:8]

RD_PORT_PRIORITY[9:8]

WR_PORT_PRIORITY[9:8]

PORT_EN
RQOS_MAP_REGION2[1:0]
RQOS_MAP_REGIONO[1:0]

RQOS_MAP_LEVEL2[3:0]

RQOS_MAP_LEVEL1[3:0]

RQOS_MAP_TIMEOUTR[10:8]

RQOS_MAP_TIMEOUTB[10:8]

WQOS_MAP_REGION2[1:0]
WQOS_MAP_REGIONO[1:0]
WQOS_MAP_LEVEL2[3:0]
WQOS_MAP_LEVEL1[3:0]
WQOS_MAP_TIMEOUT2[10:8]

WQOS_MAP_TIMEOUT1[10:8]
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0x0604

0x0613

0x0614

0x0618

0x061C

0x069F

0x06A0

0x06A4

0x06A8

0x06AC

0x06B0

0x06B4

0x06C3

0x06C4

Reserved

UDDRC_PCFGR_3

UDDRC_PCFGW_3

Reserved

UDDRC_PCTRL_3

UDDRC_PCFGQOS0_3

UDDRC_PCFGQOS1_3

UDDRC_PCFGWQOS0_3

UDDRC_PCFGWQOS1_3

Reserved

UDDRC_PCFGR _4

31:24
23:16

15:8

7:0
31:24
23:16

15:8
7:0

31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0

31:24
23:16

15:8
7:0

RD_PORT_PAGE |RD_PORT URGE RD_PORT AGING
MATCH_EN NT_EN EN

RD_PORT_PRIORITY[7:0]

RD_PORT_PRIORITY[9:8]

WR_PORT_PAGE WR_PORT_URGE| WR_PORT_AGIN
MATCH_EN NT_EN G_EN
WR_PORT_PRIORITY[7:0]

WR_PORT_PRIORITY[9:8]

PORT_EN

RQOS_MAP_REGION1[1:0] RQOS_MAP_REGIONO[1:0]
RQOS_MAP_LEVEL1[3:0]
RQOS_MAP_TIMEOUTR[10:8]
RQOS_MAP_TIMEOUTR([7:0]
RQOS_MAP_TIMEOUTB[10:8]
RQOS_MAP_TIMEOUTB(7:0]
WQOS_MAP_REGION2[1:0]
WQOS_MAP_REGIONO[1:0]
WQOS_MAP_LEVEL2[3:0]
WQOS_MAP_LEVEL1[3:0]
WQOS_MAP_TIMEOUT2[10:8]

WQOS_MAP_REGION1[1:0]

WQOS_MAP_TIMEOUT2[7:0]
WQOS_MAP_TIMEOUT1[10:8]
WQOS_MAP_TIMEOUT1[7:0]

RD_PORT_PAGE |RD_PORT_URGE RD_PORT_AGING
MATCH_EN NT_EN EN

RD_PORT_PRIORITY[7:0]

RD_PORT_PRIORITY[9:8]
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0x06C8

0x06CC

0x074F

0x0750

0x0754

0x0758

0x075C

0x0760

0x0764

0x0F03

0x0F04

0x0F08

UDDRC_PCFGW 4

Reserved

UDDRC_PCTRL_4

UDDRC_PCFGQOSO0_4

UDDRC_PCFGQOS1_4

UDDRC_PCFGWQOS0_4

UDDRC_PCFGWQOS1_4

Reserved

UDDRC_SARBASEO

UDDRC_SARSIZEO

31:24
23:16

15:8
7:0

31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0

31:24
23:16
15:8
7:0
31:24
23:16
15:8
7:0

WR_PORT_PAGE WR_PORT URGE| WR_PORT AGIN

MATCH_EN

NT EN G EN WR_PORT_PRIORITY[9:8]

WR_PORT_PRIORITY[7:0]

PORT_EN

RQOS_MAP_REGION1[1:0] RQOS_MAP_REGIONO[1:0]
RQOS_MAP_LEVEL1[3:0]
RQOS_MAP_TIMEOUTR[10:8]
RQOS_MAP_TIMEOUTR([7:0]
RQOS_MAP_TIMEOUTB[10:8]
RQOS_MAP_TIMEOUTB(7:0]
WQOS_MAP_REGION2[1:0]
WQOS_MAP_REGIONO[1:0]
WQOS_MAP_LEVEL2[3:0]
WQOS_MAP_LEVEL1[3:0]
WQOS_MAP_TIMEOUT2[10:8]

WQOS_MAP_REGION1[1:0]

WQOS_MAP_TIMEOUT2[7:0]
WQOS_MAP_TIMEOUT1[10:8]
WQOS_MAP_TIMEOUT1[7:0]

BASE_ADDRI[2:0]

NBLOCKS[7:0]
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SAMA7GS5 Series
Universal DDR Memory Controller (UDDRC)

17.6.1 UDDRC Host Register 0
Name: UDDRC_MSTR
Offset: 0x000
Reset: 0x00040001
Property: Read/Write
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
BURST_RDWR([3:0]
Access R/W R/W R/W R/W
Reset 0 1 0 0
Bit 15 14 13 12 11 10 9 8
DLL_OFF_MO DATA _BUS_WIDTH[1:0] EN_2T TIMING| BURSTCHOP
DE _MODE
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
LPDDR3 LPDDR2 DDR3
Access R/W R/W R/W
Reset 0 0 1

Bits 19:16 —- BURST_RDWR[3:0] SDRAM burst length used
This controls the burst size used to access the SDRAM. This must match the burst length mode register setting in the
SDRAM. (For BC4/8 on-the-fly mode of DDR3, set this field to 0x0100). Burst length of 2 is not supported.

Burst length of 2 is only supported when the controller is operating in 1:1 frequency mode.

For DDR3 and LPDDRS3, this must be set to 0x0100 (BL8).

Programming mode: Static

Value Description

0001 Reserved

0010 Burst length of 4
0100 Burst length of 8
1000

= All other values are reserved.

Bit 15 — DLL_OFF_MODE

Burst length of 16 (only supported for LPDDR2)

Set to 1 when the UDDRC and DRAM has to be put in DLL-off mode for low frequency operation.
Set to 0 to put UDDRC and DRAM in DLL-on mode for normal frequency operation.
Programming mode: Quasi-dynamic Group 2

Bits 13:12 — DATA_BUS_WIDTH[1:0]
Selects proportion of DQ bus width that is used by the SDRAM.
Note that half bus width mode is only supported when the SDRAM bus width is a multiple of 16. Bus width refers to
DQ bus width.

Programming mode: Static

Value Description

00 Full DQ bus width to SDRAM

01 Half DQ bus width to SDRAM

10 Quarter DQ bus width to SDRAM
11 Reserved

© 2022 Microchip Technology Inc.
and its subsidiaries
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SAMA7GS5 Series
Universal DDR Memory Controller (UDDRC)

Bit 10 — EN_2T_TIMING_MODE
If 1, then UDDRC uses 2T timing. Otherwise, uses 1T timing. In 2T timing, all command signals (except chip select)
are held for 2 clocks on the SDRAM bus. Chip select is asserted on the second cycle of the command.
2T timing is not supported in the following cases:
* in LPDDR2/LPDDR3 mode
* in Shared-AC dual channel mode and the register value is don't care.

Programming mode: Static

Bit 9 - BURSTCHOP

When set, enable burst-chop (BC4 or 8 on-the-fly) in DDR3. Burst Chop for Reads is not exercised. Burst Chop for
Writes is exercised.

BC4 (fixed) mode is not supported.

Programming mode: Static

Bit 3 — LPDDR3 Select LPDDR3 SDRAM
Present only in designs configured to support LPDDRS3.
Programming mode: Static

0 Non-LPDDR3 device in use.

1 LPDDR3 SDRAM device in use.

Bit 2 - LPDDR2 Select LPDDR2 SDRAM
Present only in designs configured to support LPDDR2.
Programming mode: Static

0 Non-LPDDR?2 device in use

1 LPDDR2 SDRAM device in use.

Bit 0 — DDR3 Select DDR3 SDRAM
Only present in designs that support DDR3.
Programming mode: Static

Value Description

0 Non-DDR3 SDRAM device in use
1 DDR3 SDRAM device in use

© 2022 Microchip Technology Inc. Datasheet DS60001765A-page 436
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SAMA7GS5 Series
Universal DDR Memory Controller (UDDRC)

17.6.2 UDDRC Operating Mode Status Register
Name: UDDRC_STAT
Offset: 0x004
Reset: 0x00000000
Property: Read-only
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
SELFREF_CA
M_NOT_EMPT
Y
Access R
Reset 0
Bit 7 6 5 4 3 2 1 0
SELFREF_TYPE[1:0] | OPERATING_MODE[2:0]
Access R R R R R
Reset 0 0 0 0 0

Bit 12 - SELFREF_CAM_NOT_EMPTY Self-refresh with CAMs not empty
Set to 1 when Self-refresh is entered but CAMs are not drained. Cleared after exiting Self-refresh.
Programming Mode: Static

Bits 5:4 - SELFREF_TYPE[1:0]
Flags if Self-refresh is entered and if it was under Automatic Self-refresh control only or not.
Programming Mode: Static

Value Description

00 SDRAM is not in Self-refresh. If retry is enabled by CRCPARCTRL1.crc_parity_retry_enable, this also
indicates the SRE command is still in parity error window or retry is in progress.

11 SDRAM is in Self-refresh, which was caused by Automatic Self-refresh only. If retry is enabled, this
ensures the SRE command is executed correctly without parity error.

10 SDRAM is in Self-refresh, which was not caused solely under Automatic Self-refresh control. It could

have been caused by Hardware Low Power Interface and/or Software (PWRCTL.selfref_sw). If retry is
enabled, this ensures the SRE command is executed correctly without parity error.
01 SDRAM is in Self-refresh, which was caused by PHY Host Request.

Bits 2:0 - OPERATING_MODE[2:0] Operating mode
This is 3-bit wide in configurations with LPDDR2/LPDDR3 support and 2-bit wide in all other configurations.
Programming Mode: Static

Value Description
Non-LPDDR2/LPDDR3 designs:

00 Init

01 Normal

10 Power-down
11 Self-refresh

LPDDR2/LPDDRS3 designs:

© 2022 Microchip Technology Inc. Datasheet DS60001765A-page 437
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Value Description

000 Init
001 Normal
010 Power-down
011 Self-refresh
1XX Deep Power-down / Maximum Power Saving mode
© 2022 Microchip Technology Inc. Datasheet DS60001 765A-page 438
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SAMA7GS5 Series
Universal DDR Memory Controller (UDDRC)

17.6.3 UDDRC Mode Register Read/Write Control Register 0
Name: UDDRC_MRCTRLO
Offset: 0x010
Reset: 0x00000010
Property: R/W
Bit 31 30 29 28 27 26 25 24
[ MRWR |
Access R/W
Reset 0
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
MR_ADDR]3:0]
Access R/W R/W R/W R/W
Reset 0 0 0 0
Bit 7 6 5 4 3 2 1 0
MR_RANK MR_TYPE
Access R/W R/W
Reset 1 0

Bit 31 - MR_WR

Setting this register bit to 1 triggers a mode register read or write operation. When the MR operation is complete, the
UDDRC automatically clears this bit.

The other register fields of this register must be written in a separate APB transaction, before setting this mr_wr bit. It
is recommended NOT to set this signal if in Init, Deep Power-down or MPSM operating modes.

Programming mode: Dynamic

Bits 15:12 — MR_ADDR[3:0] Address of the Mode register that is to be written to.

Don't Care for LPDDR2/LPDDRS3 (see UDDRC_MRCTRL1.MR_DATA for mode register addressing in LPDDR2/
LPDDR3).

This signal is also used for writing to control words of the register chip on RDIMMs/LRDIMMs. In that case, it
corresponds to the bank address bits sent to the RDIMM/LRDIMM.

Programming mode: Dynamic

Value Description

0000 MRO

0001 MR1
0010 MR2
0011 MR3
0100 MR4
0101 MR5
0110 MR6
0111 MR7

Bit 4 — MR_RANK

Controls which rank is accessed by MRCTRLO.mr_wr. Normally, it is desired to access all ranks, so all bits should
be set to 1. However, for multi-rank UDIMMs/RDIMMs/LRDIMMs which implement address mirroring, it may be
necessary to access ranks individually.

Examples (assume UDDRC is configured for 4 ranks):

Programming mode: Dynamic
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0x1 Select rank 0 only

0x2 Select rank 1 only

0x5 Select ranks 0 and 2

0xA Select ranks 1 and 3

OxF Selectranks 0, 1, 2 and 3

Bit 0 — MR_TYPE

Indicates whether the Mode register operation is read or write. Only used for LPDDR2/LPDDR3.
Programming mode: Dynamic

0 Write

1 Read

© 2022 Microchip Technology Inc. Datasheet DS60001765A-page 440
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SAMA7GS5 Series
Universal DDR Memory Controller (UDDRC)

17.6.4 UDDRC Mode Register Read/Write Control Register 1

Name: UDDRC_MRCTRLA1
Offset: 0x014
Reset: 0x00000000

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
MR_DATA[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
MR_DATA[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:0 - MR_DATA[15:0]

Mode register write data for all non-LPDDR2/non-LPDDR3 modes.

For LPDDR2/LPDDR3, MRCTRL1[15:0] are interpreted as

[15:8] MR Address

[7:0] MR data for writes, don't care for reads. This is 16-bit wide for all configurations.
Programming mode: Dynamic
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17.6.5 UDDRC Mode Register Read/Write Status Register

Name: UDDRC_MRSTAT
Offset: 0x018
Reset: 0x00000000

Property: Read-only

Bit 31 30 29 28 27 26 25 24
Access
Reset

Bit 23 22 21 20 19 18 17 16
Access
Reset

Bit 15 14 13 12 11 10 9 8
Access
Reset

Bit 7 6 5 4 3 2 1 0

MR_WR_BUSY
Access R
Reset 0

Bit 0 - MR_WR_BUSY

The SoC core may initiate a MR write operation only if this signal is low. This signal goes high in the clock after the
UDDRC accepts the MRW/MRR request. It goes low when the MRW/MRR command is issued to the SDRAM. It is
recommended not to perform MRW/MRR commands when 'MRSTAT.mr_wr_busy' is high.

Programming mode: Dynamic

Value Description

0 Indicates that the SoC core can initiate a mode register write operation.
1 Indicates that mode register write operation is in progress.
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17.6.6

Bit

Access
Reset

Bit

Access
Reset

Bit

Access

Reset

Bit

Access
Reset

UDDRC Temperature Derate Enable Register

Name: UDDRC_DERATEEN
Offset: 0x020
Reset: 0x00000000

Property: Read/Write

31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8

DERATE_MR4 |
TUF_DIS
RIW
0
7 6 5 4 3 2 1 0
DERATE_BYTE[3:0] DERATE_VALUE[1:0] DERATE_ENA

BLE
RIW RIW RIW RIW RIW RIW RIW

0 0 0 0 0 0 0

Bit 12 —- DERATE_MR4_TUF_DIS

Disable use of MR4 TUF flag (MR4[7]) bit.

For LPDDR2 and LPDDR3, contact your memory vendor for recommended usage.

This affects both the periodic derate logic (DERATEEN.derate_enable) and the derate_temp_limit_intr.
Programming mode: Quasi-dynamic Group 2, Group 4

Value Description
0 Use MR4 TUF flag (MR4[7]).
1 Do not use MR4 TUF Flag (MR4[7]).

Bits 7:4 — DERATE_BYTE[3:0] Derate byte

Present only in designs configured to support LPDDR2/LPDDR3.

Indicates which byte of the MRR data is used for derating. The maximum valid value is 1.
Programming mode: Static

Bits 2:1 — DERATE_VALUE[1:0] Derate value
Present only in designs configured to support LPDDR2/LPDDRS3.
Set to O for all LPDDR2 speed grades as derating value of +1.875 ns is less than a core_ddrc_core_clk period.
For LPDDR3, if the period of core_ddrc_core_clk is less than 1.875ns, this register field should be set to 1; otherwise
it should be set to 0.
Programming mode: Quasi-dynamic Group 2, Group 4
0 Derating uses +1
1 Derating uses +2

Bit 0 —- DERATE_ENABLE Enables derating

Present only in designs configured to support LPDDR2/LPDDR3.
This field must be set to '0' for non-LPDDR2/LPDDR3 mode.
Programming mode: Dynamic
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Value Description

0 Timing parameter derating is disabled.
1 Timing parameter derating is enabled using MR4 read value.
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17.6.7 UDDRC Temperature Derate Interval Register

Name: UDDRC_DERATEINT
Offset: 0x024
Reset: 0x00800000

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
| MR4_READ_INTERVAL[31:24]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
MR4_READ_INTERVAL[23:16]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 1 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
MR4_READ_INTERVAL[15:8]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
MR4_READ_INTERVAL[7:0]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

Bits 31:0 - MR4_READ_INTERVAL[31:0] Interval between two MR4 reads

Used to derate the timing parameters.

Present only in designs configured to support LPDDR2/LPDDRS3. This register must not be set to zero.
Unit: DFI clock cycles.

Programming mode: Static
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17.6.8 UDDRC Temperature Derate Control Register

Name: UDDRC_DERATECTL
Offset: 0x02C
Reset: 0x00000001

Property: Read/Write

Bit 31 30 29 28 27 26 25 24

Access
Reset

Bit 23 22 21 20 19 18 17 16

Access
Reset

Bit 15 14 13 12 1 10 9 8

Access
Reset

Bit 7 6 5 4 3 2 1 0
DERATE_TEM [DERATE_TEM | DERATE_TEM
P_LIMIT_INTR_P_LIMIT_INTR_P_LIMIT_INTR |

FORCE CLR EN
Access R/W R/W R/W
Reset 0 0 1

Bit 2 —- DERATE_TEMP_LIMIT_INTR_FORCE Interrupt force bit for derate_temp_limit_intr
Setting this register to 1 will cause the derate_temp_limit_intr output pin to be asserted.

At the end of the interrupt force operation, the UDDRC automatically clears this bit.
Programming mode: Dynamic

Bit 1 — DERATE_TEMP_LIMIT_INTR_CLR Interrupt clear bit for derate_temp_limit_intr
At the end of the interrupt clear operation, the UDDRC automatically clears this bit.
Programming mode: Dynamic

Bit 0 - DERATE_TEMP_LIMIT_INTR_EN Interrupt enable bit for derate_temp_limit_intr output pin
Programming mode: Dynamic

Value Description

0 Enabled

1 Disabled
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17.6.9

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

UDDRC Low Power Control Register

Name: UDDRC_PWRCTL
Offset: 0x030
Reset: 0x00000000

Property: Read/Write

31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
DIS_CAM_DRA SELFREF_SW EN_DFI_DRAM|DEEPPOWERD|POWERDOWN| SELFREF_EN
IN_SELFREF _CLK_DISABL| OWN_EN _EN
E
RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0

Bit 7 — DIS_CAM_DRAIN_SELFREF

Indicates whether skipping CAM draining is allowed when entering Self-refresh.

This register field cannot be modified while PWRCTL.selfref_sw=1.

Note: PWRCTL.dis_cam_drain_selfref=1 is unsupported in this release. PWRCTL.dis_cam_drain_selfref=0 is
required.

Programming mode: Dynamic

0 CAMs must be empty before entering SR.

1 CAMs are not emptied before entering SR (unsupported).

Bit 5 - SELFREF_SW

A value of 1 to this register causes system to move to Self-refresh state immediately, as long as it is not in Init or
DPD/MPSM operating_mode. This is referred to as software entry/exit to Self-refresh.

Programming mode: Dynamic

Value Description

0 Software entry to Self-refresh

1 Software exit from Self-refresh

Bit 3 — EN_DFI_DRAM_CLK_DISABLE

Enable the assertion of dfi_dram_clk_disable whenever a clock is not required by the SDRAM.
If set to 0, dfi_dram_clk_disable is never asserted.

Assertion of dfi_dram_clk_disable is as follows:

* In DDR2/DDRS, can only be asserted in Self-refresh.

+ In LPDDR2/LPDDRS3, can be asserted in the following cases:
— in Self-refresh
— in Power-down
— in Deep Power-down
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— during normal operation (clock stop)

Programming mode: Dynamic

Bit 2 —- DEEPPOWERDOWN_EN

When this is 1, UDDRC puts the SDRAM into Deep Power-down mode when the transaction store is empty.

This register must be reset to '0' to bring UDDRC out of Deep Power-down mode. Controller performs automatic
SDRAM initialization on deep power-down exit.

Present only in designs configured to support LPDDR2 or LPDDR3. For non-LPDDR2/non-LPDDR3, this register
should not be set to 1.

For performance only.

Programming mode: Dynamic

Bit 1 - POWERDOWN_EN

If true then the UDDRC goes into Power-down after a programmable number of cycles "maximum idle clocks before
power down" (PWRTMG.powerdown_to_x32).

This register bit may be re-programmed during the course of normal operation.

Programming mode: Dynamic

Bit 0 — SELFREF_EN

If true then the UDDRC puts the SDRAM into Self-refresh after a programmable number of cycles "maximum idle
clocks before Self Refresh (PWRTMG.selfref_to_x32)". This register bit may be re-programmed during the course of
normal operation.

Programming mode: Dynamic
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17.6.10 UDDRC Low Power Timing Register

Name: UDDRC_PWRTMG
Offset: 0x034
Reset: 0x00402010
Property: Read/Write
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
SELFREF_TO_X32[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 1 0 0 0 0 0
Bit 15 14 13 12 11 10 8
T_DPD_X4096[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 1 0 0 0 0
Bit 7 6 5 4 3 2 0
POWERDOWN_TO_X32[4:0]
Access R/W R/W R/W R/W R/W
Reset 1 0 0 0

Bits 23:16 — SELFREF_TO_X32[7:0]
After this many clocks of the DDRC command channel being idle the UDDRC automatically puts the SDRAM into

Self-refresh.

The DDRC command channel is considered idle when there are no HIF commands outstanding. This must be
enabled in the PWRCTL.selfref_en.
For performance only.
Unit: Multiples of 32 DFI clock cycles.

Programming mode: Quasi-dynamic Group 4

Bits 15:8 — T_DPD_X4096[7:0] Minimum deep power-down time
For LPDDR2/LPDDRS3, value from the JEDEC specification is 500 ps.
Present only in designs configured to support LPDDR2 or LPDDR3.
For performance only.

Unit: Multiples of 4096 DFI clock cycles.
Programming mode: Quasi-dynamic Group 4

Bits 4:0 - POWERDOWN_TO_X32[4:0]

After this many clocks of the DDRC command channel being idle the UDDRC automatically puts the SDRAM into

Power-down. The DDRC command channel is considered idle when there are no HIF commands outstanding. This
must be enabled in the PWRCTL.powerdown_en.
For performance only.
Unit: Multiples of 32 DFI clock cycles.

Programming mode: Quasi-dynamic Group 4
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17.6.11

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

UDDRC Hardware Low Power Control Register

Name: UDDRC_HWLPCTL
Offset: 0x038
Reset: 0x00000003

Property: Read/Write

31 30 29 28 27 26 25 24
| | | HW_LP_IDLE_X32[11:8]
R/W R/W RIW R/W
0 0 0 0
23 22 21 20 19 18 17 16
HW_LP_IDLE_X32[7:0]
R/W RIW R/W R/W RIW R/W RIW R/W
0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
HW_LP_EXIT_I| HW_LP_EN
DLE_EN
R/W R/W

1 1

Bits 27:16 — HW_LP_IDLE_X32[11:0] Hardware Idle Period

The cactive_ddrc output is driven low if the DDRC command channel is idle for hw_Ip_idle * 32 cycles if not in Init

or DPD/MPSM operating_mode. The DDRC command channel is considered idle when there are no HIF commands
outstanding. The hardware idle function is disabled when hw_lIp_idle_x32=0. hw_lIp_idle_x32=1 is an illegal value.
For performance only.

Unit: Multiples of 32 DFI clock cycles.

Programming mode: Static

Bit 1 — HW_LP_EXIT_IDLE_EN

When this bit is programmed to 1 the cactive_in_ddrc pin of the DDRC can be used to exit from the Automatic Clock
Stop, Automatic Power-down or Automatic Self-refresh modes. Note, it will not cause exit of Self-refresh that was
caused by hardware low-power Interface and/or software (PWRCTL.selfref_sw).

Programming mode: Static

Bit 0 — HW_LP_EN Enable for Hardware Low Power Interface
Programming mode: Quasi-dynamic Group 2
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17.6.12 UDDRC Refresh Control Register 0
Name: UDDRC_RFSHCTLO
Offset: 0x050
Reset: 0x00210000
Property: Read/Write
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
REFRESH_MARGINI[3:0] REFRESH_TO
_X1_X32[4]
Access R/W R/W R/W R/W R/W
Reset 0 0 1 0 1
Bit 15 14 13 12 11 10 9 8
REFRESH_TO_X1_X32[3:0] REFRESH_BURSTI[5:4] |
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
REFRESH_BURSTI[3:0] PER_BANK R
EFRESH
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0

Bits 23:20 — REFRESH_MARGIN[3:0]

Threshold value in number of DFI clock cycles before the critical refresh or page timer expires. A critical refresh is

to be issued before this threshold is reached. It is recommended that this not be changed from the default value,
currently shown as 0x2. It must always be less than internally used t_rfc_nom/32.

Note that internally used t_rfc_nom is equal to RFSHTMG.t_rfc_nom_x1_x32 * 32 if RFSHTMG.t_rfc_nom_x1_sel=0.
If RFSHTMG.t_rfc_nom_x1_sel=1 (for LPDDR2/LPDDRS3 per-bank refresh only), internally used t_rfc_nom is equal to
RFSHTMG.t_rfc_nom_x1_x32. Note that, in LPDDR2/LPDDRS, internally used t_rfc_nom may be divided by four if
derating is enabled (DERATEEN.derate_enable=1).

Unit: Multiples of 32 DFI clock cycles.

Programming mode: Dynamic - Refresh Related

Bits 16:12 — REFRESH_TO_X1_X32[4:0]

If the refresh timer (tRFCnom, also known as tREFI) has expired at least once, then a speculative refresh may

be performed. A speculative refresh is a refresh performed at a time when refresh would be useful. When the
SDRAM bus is idle for a period of time determined by this RFSHCTLO.refresh_to_x1_x32 and the refresh timer has
expired at least once since the last refresh, then a speculative refresh is performed. Speculative refreshes continues
successively until there are no refreshes pending or until new reads or writes are issued to the UDDRC.

For performance only.

Unit: DFI clock cycles or multiples of 32 DFI clock cycles, depending on RFSHTMG.t_rfc_nom_x1_sel.
Programming mode: Dynamic - Refresh Related

Bits 9:4 - REFRESH_BURSTI[5:0]

The programmed value + 1 is the number of refresh timeouts that is allowed to accumulate before traffic is blocked
and the refreshes are forced to execute. Closing pages to perform a refresh is a one-time penalty that must be

paid for each group of refreshes. Therefore, performing refreshes in a burst reduces the per-refresh penalty of these
page closings. Higher numbers for RFSHCTL.refresh_burst slightly increases utilization; lower numbers decreases
the worst-case latency associated with refreshes.

For information on burst refresh feature refer to section 3.9 of DDR2 JEDEC specification - JESD79-2F.pdf.
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For DDR2/3, the refresh is always per-rank and not per-bank. The rank refresh can be accumulated over 8*tREFI

cycles using the burst refresh feature.
In per-bank refresh mode of LPDDR2/LPDDR3 (RFSHCTLO.per_bank_refresh = 1), 64 refreshes can be postponed.
Programming mode: Dynamic - Refresh Related

Value Description

0 Single refresh
1 Burst-of-2 refresh
7 Burst-of-8 refresh

Bit 2 - PER_BANK_REFRESH
Per-bank refresh allows traffic to flow to other banks. Per-bank refresh is not supported by all LPDDR2 devices but
should be supported by all LPDDRS3 devices. Present only in designs configured to support LPDDR2/LPDDR3.
Programming mode: Static

0 All-bank refresh

1 Per-bank refresh
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17.6.13 UDDRC Refresh Control Register 3

Name: UDDRC_RFSHCTL3
Offset: 0x060
Reset: 0x00000000

Property: Read/Write

Bit 31 30 29 28 27 26 25 24

Access
Reset

Bit 23 22 21 20 19 18 17 16

Access
Reset

Bit 15 14 13 12 1 10 9 8

Access
Reset

Bit 7 6 5 4 3 2 1 0

REFRESH_UP [DIS_AUTO_RE

DATE_LEVEL FRESH

Access R/W R/W
Reset 0 0

Bit 1 - REFRESH_UPDATE_LEVEL

Toggle this signal (either from 0 to 1 or from 1 to 0) to indicate that the refresh register(s) have been updated.
refresh_update_level must not be toggled when the DDRC is in reset (core_ddrc_rstn = 0).

The refresh register(s) are automatically updated when exiting reset.

Programming mode: Dynamic

Bit 0 — DIS_AUTO_REFRESH

When '1', disable Auto-refresh generated by the UDDRC. When Auto-refresh is disabled, the SoC core must
generate refreshes using the registers DBGCMD.rankn_refresh.

When dis_auto_refresh transitions from 0 to 1, any pending refreshes are immediately scheduled by the UDDRC.
This register field is changeable on the fly.

Programming mode: Dynamic - Refresh Related

© 2022 Microchip Technology Inc. Datasheet DS60001765A-page 453
and its subsidiaries



SAMA7GS5 Series
Universal DDR Memory Controller (UDDRC)

17.6.14 UDDRC Refresh Timing Register

Name: UDDRC_RFSHTMG
Offset: 0x064
Reset: 0x0062008C

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
T_RFC_NOM_ T_RFC_NOM_X1_X32[11:8]
X1_SEL
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
T_RFC_NOM_X1_X32[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 1 1 0 0 0 1 0
Bit 15 14 13 12 11 10 9 8
LPDDR3_TREF T_RFC_MIN[9:8]
BW_EN
Access R/W R/W R/W
Reset 0 0 0
Bit 7 6 5 4 3 2 1 0
T_RFC_MIN[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 1 0 0 0 1 1 0 0

Bit 31 - T_RFC_NOM_X1_SEL

Specifies whether the RFSHTMG.t_rfc_nom_x1_x32 and RFSHCTLO.refresh_to_x1_x32 register values are x1 or
x32.

This applies only when per-bank refresh is enabled (RFSHCTLO.per_bank_refresh=1); if per-bank refresh is not
enabled, the x32 register values are used and this register field is ignored.

Programming mode: Dynamic - Refresh Related

Value Description

0 x32 register values are used.
1 x1 register values are used.

Bits 27:16 — T_RFC_NOM_X1_X32[11:0]

Average time interval between refreshes per rank (Specification: 7.8 us for DDR2 and DDR3. See JEDEC
specification for LPDDR2 and LPDDR3).

When the controller is operating in 1:1 mode, set this register to RoundDown(tREFI/tCK).

When the controller is operating in 1:2 mode, set this register to RoundDown(RoundDown(tREFI/tCK)/2).

In both the above cases, if RFSHTMG.t_rfc_nom_x1_sel = 0, divide the above result by 32 and round down.
For LPDDR2/LPDDRS:

» If using all-bank refreshes (RFSHCTLO.per_bank_refresh = 0), use tREFIab in the above calculations.
* If using per-bank refreshes (RFSHCTLO.per_bank_refresh = 1), use tREFIpb in the above calculations.

Note that:
*» RFSHTMG.t_rfc_nom_x1_x32 must be greater than 0x1.
* If RFSHTMG.t_rfc_nom_x1_sel == 1, RFSHTMG.t_rfc_nom_x1_x32 must be greater than RFSHTMG.t_rfc_min.

* If RFSHTMG.t_rfc_nom_x1_sel == 0, RFSHTMG.t_rfc_nom_x1_x32 * 32 must be greater than
RFSHTMG.t_rfc_min.

* In Fixed 1x mode: RFSHTMG.t_rfc_nom_x1_x32 must be less than or equal to OXFFE.
Unit: DFI clock cycles or multiples of 32 DFI clock cycles, depending on RFSHTMG.t_rfc_nom_x1_sel.
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Programming mode: Dynamic - Refresh Related

Bit 15— LPDDR3_TREFBW_EN
Used only when LPDDR3 memory type is connected. Should only be changed when UDDRC is in reset. Specifies
whether to use the tREFBW parameter (required by some LPDDRS3 devices which comply with earlier versions of the
LPDDR3 JEDEC specification) or not.
Programming mode: Static

0 tREFBW parameter not used.

1 tREFBW parameter used.

Bits 9:0 — T_RFC_MIN[9:0] tRFC (min): Minimum time from refresh to refresh or activate.

When the controller is operating in 1:1 mode, t_rfc_min should be set to RoundUp(tRFCmin/tCK).

When the controller is operating in 1:2 mode, t_rfc_min should be set to RoundUp(RoundUp(tRFCmin/tCK)/2).
In LPDDR2/LPDDR3 mode:

» If using all-bank refreshes, the tRFCmin value in the above equations is equal to tRFCab.
» If using per-bank refreshes, the tRFCmin value in the above equations is equal to tRFCpb.

Unit: DFI clock cycles.
Programming mode: Dynamic - Refresh Related
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17.6.15 UDDRC CRC Parity Control Register 0

Name: UDDRC_CRCPARCTLO
Offset: 0x0CO0
Reset: 0x00000000

Property: Read/Write

Note: Do not perform any APB access to CRCPARCTLO within 32 pclk cycles of previous access to CRCPARCTLO,
as this might lead to data loss.

Bit 31 30 29 28 27 26 25 24

Access
Reset

Bit 23 22 21 20 19 18 17 16

Access
Reset

Bit 15 14 13 12 11 10 9 8

Access
Reset

Bit 7 6 5 4 3 2 1 0

DFI_ALERT_E |DFI_ALERT_E | DFI_ALERT_E

RR_CNT_CLR| RR_INT_CLR | RR_INT_EN

Access R/W R/W R/W
Reset 0 0 0

Bit 2 - DFI_ALERT_ERR_CNT_CLR DFI Alert Error Count Clear

Clear bit for DFI alert error counter. Asserting this bit will clear the DFI alert error counter,
CRCPARSTAT.dAfi_alert_err_cnt. UDDRC automatically clears this bit.

Programming mode: Dynamic

Bit 1 — DFI_ALERT_ERR_INT_CLR Interrupt Clear Bit for DFI Alert Error

If this bit is set, the alert error interrupt on CRCPARSTAT.dfi_alert_err_int will be cleared. UDDRC automatically
clears this bit.

Programming mode: Dynamic

Bit 0 — DFI_ALERT_ERR_INT_EN Interrupt enable bit for DFI alert error

If this bit is set, any parity/CRC error detected on the dfi_alert_n input will result in an interrupt being set on
CRCPARSTAT.Afi_alert_err_int.

Programming mode: Dynamic
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17.6.16 UDDRC CRC Parity Status Register

Name: UDDRC_CRCPARSTAT
Offset: 0x0CC
Reset: 0x00000000

Property: Read-only

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
DFI_ALERT_E
RR_INT
Access R
Reset 0
Bit 15 14 13 12 11 10 9 8
DFI_ALERT_ERR_CNTI[15:8]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
DFI_ALERT_ERR_CNTJ7:0]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0

Bit 16 — DFI_ALERT_ERR_INT DFI Alert Error Interrupt

If a parity/CRC error is detected on dfi_alert_n, and the interrupt is enabled by CRCPARCTLO.dfi_alert_err_int_en,
this interrupt bit will be set. It will remain set until cleared by CRCPARCTLO.dfi_alert_err_int_clr.

Programming Mode: Static

Bits 15:0 — DFI_ALERT_ERR_CNT[15:0] DFI Alert Error Count

If a parity/CRC error is detected on dfi_alert_n, this counter be incremented. This is independent of the
setting of CRCPARCTLO.dfi_alert_err_int_en. It will saturate at OXFFFF, and can be cleared by asserting
CRCPARCTLO.dfi_alert_err_cnt_clr.

Programming Mode: Static
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17.6.17 UDDRC SDRAM Initialization Register 0

Name: UDDRC_INITO
Offset: 0x0DO0
Reset: 0x0002004E
Property: Read/Write
Bit 31 30 29 28 27 26 25 24
|  SKIP_DRAM_INIT[1:0] | POST_CKE_X1024[9:8] |
Access R/W R/W R/W R/W
Reset 0 0 0 0
Bit 23 22 21 20 19 18 17 16
POST_CKE_X1024[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 1 0
Bit 15 14 13 12 11 10 9 8
PRE_CKE_X1024[11:8]
Access R/W R/W R/W R/W
Reset 0 0 0 0
Bit 7 6 5 4 3 2 1 0
PRE_CKE_X1024[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 1 0 0 1 1 1 0

Bits 31:30 — SKIP_DRAM_INIT[1:0]

If lower bit is enabled the SDRAM initialization routine is skipped. The upper bit decides what state the controller
starts up in when reset is removed.

Programming mode: Quasi-dynamic Group 2

Value Description

00 SDRAM Initialization routine is run after power-up.

01 SDRAM Initialization routine is skipped after power-up. Controller starts up in Normal mode.

11 SDRAM Initialization routine is skipped after power-up. Controller starts up in Self-refresh mode.
10 Reserved

Bits 25:16 — POST_CKE_X1024[9:0]

Cycles to wait after driving CKE high to start the SDRAM initialization sequence.

DDR2 typically requires a 400 ns delay, requiring this value to be programmed to 2 at all clock speeds.
LPDDR2/LPDDRS typically requires this to be programmed for a delay of 200 ps.

When the controller is operating in 1:2 frequency ratio mode, program this to JEDEC spec value divided by 2, and
round it up to the next integer value.

Unit: Multiples of 1024 DFI clock cycles.

Programming mode: Static

Bits 11:0 — PRE_CKE_X1024[11:0]

Cycles to wait after reset before driving CKE high to start the SDRAM initialization sequence.

DDR2 specifications typically require this to be programmed for a delay of =200 ps.

LPDDR2/LPDDRS: tINIT1 of 100 ns (min)

When the controller is operating in 1:2 frequency ratio mode, program this to JEDEC spec value divided by 2, and
round it up to the next integer value.

For DDR3 RDIMMSs, this should include the time needed to satisfy tSTAB.

Unit: Multiples of 1024 DFI clock cycles.

Programming mode: Static
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17.6.18 UDDRC SDRAM Initialization Register 1

Bit

Access

Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Name: UDDRC_INIT1
Offset: 0x0D4
Reset: 0x00000000

Property: Read/Write

31 30 29 28 27 26 25 24
DRAM_RSTN_
X1024]8]
RIW
0
23 22 21 20 19 18 17 16
DRAM_RSTN_X1024[7:0]
RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
PRE_OCD_X32[3:0]
RIW RIW RIW RIW
0 0 0 0

Bits 24:16 — DRAM_RSTN_X1024[8:0]
Number of cycles to assert SDRAM reset signal during init sequence.

This is only present for designs supporting DDR3 devices. For use with a DDR PHY, this should be set to a minimum

of 1.

When the controller is operating in 1:2 frequency ratio mode, program this to JEDEC spec value divided by 2, and
round it up to the next integer value.

Unit: Multiples of 1024 DFI clock cycles.
Programming mode: Static

Bits 3:0 - PRE_OCD_X32[3:0]

Wait period before driving the OCD complete command to SDRAM.

There is no known specific requirement for this; it may be set to zero.

Unit: Multiples of 32 DFI clock cycles.

Programming mode: Static
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17.6.19 UDDRC SDRAM Initialization Register 2

Name: UDDRC_INIT2
Offset: 0x0D8
Reset: 0x00000D05

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
IDLE_AFTER_RESET_X32[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 1 1 0 1
Bit 7 6 5 4 3 2 1 0
MIN_STABLE_CLOCK_X1[3:0]
Access R/W R/W R/W R/W
Reset 0 1 0 1

Bits 15:8 — IDLE_AFTER_RESET_X32[7:0] Idle time after the reset command, tINIT4

Present only in designs configured to support LPDDR2.

When the controller is operating in 1:2 frequency ratio mode, program this to JEDEC spec value divided by 2, and
round it up to the next integer value.

Unit: Multiples of 32 DFI clock cycles.

Programming mode: Static

Bits 3:0 — MIN_STABLE_CLOCK_X1[3:0] Time to wait after the first CKE high, tINIT2

Present only in designs configured to support LPDDR2/LPDDRS3.

LPDDR2/LPDDRS typically requires 5 x tCK delay.

When the controller is operating in 1:2 frequency ratio mode, program this to JEDEC spec value divided by 2, and
round it up to the next integer value.

Unit: DFI clock cycles.

Programming mode: Static
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17.6.20 UDDRC SDRAM Initialization Register 3

Name: UDDRC_INIT3
Offset: 0x0DC
Reset: 0x00000510
Property: Read/Write
Bit 31 30 29 28 27 26 25 24
| MR[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
MR[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
EMR[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 1 0 1
Bit 7 6 5 4 3 2 1 0
EMR[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 1 0 0 0 0

Bits 31:16 — MR[15:0]
DDR2: value to write to MR register. Bit 8 is for DLL and the setting here is ignored. The UDDRC sets this bit

appropriately.

DDR3: value loaded into MRO register.

LPDDR2/LPDDRS: value to write to MR1 register

Programming mode: Quasi-dynamic Group 1, Group 4

Bits 15:0 - EMR[15:0]
DDR2: Value to write to EMR register. Bits 9:7 are for OCD and the setting in this register is ignored. The UDDRC
sets those bits appropriately.
DDR3: value to write to MR1 register. Set bit 7 to 0.

LPDDR2/LPDDRS: value to write to MR2 register
Programming mode: Quasi-dynamic Group 4
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17.6.21 UDDRC SDRAM Initialization Register 4

Name: UDDRC_INIT4
Offset: 0x0EO
Reset: 0x00000000
Property: Read/Write
Bit 31 30 29 28 27 26 25 24
| EMR2[15:8]
Access R/W R/W R/W R/W R/W R/W R/wW RW
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
EMR2[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1 10 9 8
EMR3[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
EMRS3[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 31:16 — EMR2[15:0] DDR2: Value to write to EMR2 register.
DDR3: Value to write to MR2 register

LPDDR2/LPDDR3: Value to write to MR3 register
Programming Mode: Quasi-dynamic Group 4

Bits 15:0 — EMR3[15:0] DDR2: Value to write to EMR3 register.
DDR3: Value to write to MR3 register
LPDDR2/LPDDR3: Unused
Programming Mode: Quasi-dynamic Group 2, Group 4
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17.6.22 UDDRC SDRAM Initialization Register 5

Name: UDDRC_INIT5
Offset: 0x0E4
Reset: 0x00100004

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
DEV_ZQINIT_X32[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 1 0 0 0 0
Bit 15 14 13 12 11 10 9 8
MAX_AUTO_INIT_X1024[9:8] |
Access R/W R/W
Reset 0 0
Bit 7 6 5 4 3 2 1 0
MAX_AUTO_INIT_X1024[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 1 0 0

Bits 23:16 — DEV_ZQINIT_X32[7:0] ZQ initial calibration, tZQINIT. Present only in designs configured to support
DDRS3 or LPDDR2/LPDDRS3.

DDR3 typically requires 512 SDRAM clock cycles.

LPDDR2/LPDDR3 requires 1 ps.

When the controller is operating in 1:2 frequency ratio mode, program this to JEDEC spec value divided by 2, and
round it up to the next integer value.

Unit: Multiples of 32 DFI clock cycles.

Programming Mode: Static

Bits 9:0 - MAX_AUTO_INIT_X1024[9:0] Maximum duration of the auto initialization, tINIT5. Present only in designs
configured to support LPDDR2/LPDDR3.

LPDDR2/LPDDRS typically requires 10 ps.

Unit: Multiples of 1024 DFI clock cycles.

Programming Mode: Static
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17.6.23 UDDRC DIMM Control Register

Name: UDDRC_DIMMCTL
Offset: 0x0F0
Reset: 0x00000000

Property: Read/Write

Bit 31 30 29 28 27 26 25 24

Access
Reset

Bit 23 22 21 20 19 18 17 16

Access
Reset

Bit 15 14 13 12 1" 10 9 8

Access
Reset

Bit 7 6 5 4 3 2 1 0
DIMM_ADDR_ | DIMM_STAGG
MIRR_EN ER_CS_EN
Access R/W R/W
Reset 0 0

Bit 1 — DIMM_ADDR_MIRR_EN Address Mirroring Enable (for multi-rank UDIMM implementations).

Some UDIMMs implement address mirroring for odd ranks, which means that the following address, bank address
and bank group bits are swapped: (A3, A4), (A5, A6), (A7, A8), (BAO, BA1). Setting this bit ensures that, for

mode register accesses during the automatic initialization routine, these bits are swapped within the UDDRC to
compensate for this UDIMM/RDIMM/LRDIMM swapping.

This is not supported for LPDDR2 or LPDDR3 SDRAMs.

Programming Mode: Static

Note: This has no effect on the address of any other memory accesses, or of software-driven mode register

accesses.

Value Description

0 For odd ranks, implement address mirroring for MRS commands to during initialization
1 Do not implement address mirroring

Bit 0 - DIMM_STAGGER_CS_EN Staggering enable for multi-rank accesses (for multi-rank UDIMM, RDIMM and
LRDIMM implementations only). This is not supported for LPDDR2 or LPDDR3 SDRAMs.

Programming Mode: Static

Note: Even if this bit is set it does not take care of software driven MR commands (via MRCTRLO/MRCTRL1),
where software is responsible to send them to separate ranks as appropriate.

Value Description

0 Send all commands to even and odd ranks separately
1 Do not stagger accesses
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17.6.24 UDDRC SDRAM Timing Register 0

Name: UDDRC_DRAMTMGO
Offset: 0x100
Reset: 0x0F101BOF

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
| | WR2PRE[6:0]
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 1 1 1 1
Bit 23 22 21 20 19 18 17 16
T_FAW[5:0]
Access R/W R/W R/W R/W R/W R/W
Reset 0 1 0 0 0 0
Bit 15 14 13 12 11 10 9 8
T_RAS_MAX][6:0]
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 1 1 0 1 1
Bit 7 6 5 4 3 2 1 0
T_RAS_MIN[5:0]
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 1 1 1 1

Bits 30:24 — WR2PRE[6:0] Minimum time between write and precharge to same bank.

Specifications: WL + BL/2 + tWR = approximately 8 cycles + 15 ns = 14 clocks @400MHz and less for lower
frequencies

where:

- WL = write latency

- BL = burst length. This must match the value programmed in the BL bit of the mode register to the SDRAM. BST
(burst terminate) is not supported at present.

- tWR = Write recovery time. This comes directly from the SDRAM specification.

Add one extra cycle for LPDDR2/LPDDRS for this parameter.

When the controller is operating in 1:2 frequency ratio mode, 1T mode, divide the above value by 2. No rounding up.
When the controller is operating in 1:2 frequency ratio mode or 2T mode, divide the above value by 2 and round it up
to the next integer value.

Note that, depending on the PHY, if using LRDIMM, it may be necessary to adjust the value of this parameter to
compensate for the extra cycle of latency through the LRDIMM.

Unit: DFI clock cycles.

Programming Mode: Quasi-dynamic Group 1, Group 2, Group 4

Bits 21:16 — T_FAW[5:0] tFAW: Valid only when 8 or more banks (or banks x bank groups) are present.

In 8-bank design, at most 4 banks must be activated in a rolling window of tFAW cycles.

When the controller is operating in 1:2 frequency ratio mode, program this to (tFAW/2) and round up to next integer
value.

In a 4-bank design, set this register to 0x1 independent of the 1:1/1:2 frequency mode.

Unit: DFI clock cycles.

Programming Mode: Quasi-dynamic Group 2, Group 4

Bits 14:8 — T_RAS_MAX][6:0] tRAS(max): Maximum time between activate and precharge to same bank. This is the
maximum time that a page can be kept open

Minimum value of this register is 1. Zero is invalid.

When the controller is operating in 1:1 frequency ratio mode, t_ras_max should be set to
RoundDown(tRAS(max)/tCK/1024).
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When the controller is operating in 1:2 frequency ratio mode, t_ras_max should be set to
RoundDown((RoundDown(tRAS(max)/tCK/1024)-1)/2).

Unit: Multiples of 1024 DFI clock cycles.

Programming Mode: Quasi-dynamic Group 2, Group 4

Bits 5:0 — T_RAS_MIN[5:0] tRAS(min): Minimum time between activate and precharge to the same bank.

When the controller is operating in 1:2 frequency mode, 1T mode, program this to tRAS(min)/2. No rounding up.
When the controller is operating in 1:2 frequency ratio mode or 2T mode, program this to (tRAS(min)/2) and round it
up to the next integer value.

Unit: DFI clock cycles.

Programming Mode: Quasi-dynamic Group 2, Group 4
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17.6.25 UDDRC SDRAM Timing Register 1

Name: UDDRC_DRAMTMG1
Offset: 0x104
Reset: 0x00080414

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
T_XP[4:0]
Access R/W R/W R/W R/W R/W
Reset 0 1 0 0 0
Bit 15 14 13 12 11 10 9 8
RD2PRE[5:0]
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 1 0 0
Bit 7 6 5 4 3 2 1 0
T_RCI[6:0]
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 1 0 1 0 0

Bits 20:16 — T_XP[4:0] tXP: Minimum time after power-down exit to any operation. For DDR3, this should be
programmed to tXPDLL if slow powerdown exit is selected in MRO[12].

When the controller is operating in 1:2 frequency ratio mode, program this to (tXP/2) and round it up to the next
integer value.

Units: DFI clock cycles.

Programming Mode: Quasi-dynamic Group 2, Group 4

Bits 13:8 — RD2PRE[5:0] tRTP: Minimum time from read to precharge of same bank.

- DDR2: tAL + BL/2 + max(tRTP, 2) - 2

- DDR3: tAL + max (tRTP, 4)

- LPDDR2: Depends on if it's LPDDR2-S2 or LPDDR2-S4:

LPDDR2-S2: BL/2 + tRTP - 1.

LPDDR2-S4: BL/2 + max(tRTP,2) - 2.

- LPDDRS3: BL/2 + max(tRTP4) - 4

When the controller is operating in 1:2 mode, 1T mode, divide the above value by 2. No rounding up.
When the controller is operating in 1:2 mode or 2T mode, divide the above value by 2 and round it up to the next
integer value.

Unit: DFI clock cycles.

Programming Mode: Quasi-dynamic Group 1, Group 2, Group 4

Bits 6:0 — T_RC[6:0] tRC: Minimum time between activates to same bank.

When the controller is operating in 1:2 frequency ratio mode, program this to (tRC/2) and round up to next integer
value.

Unit: DFI clock cycles.

Programming Mode: Quasi-dynamic Group 2, Group 4
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17.6.26 UDDRC SDRAM Timing Register 2

Name: UDDRC_DRAMTMG2
Offset: 0x108
Reset: 0x0305060D

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
| | | WRITE_LATENCY/[5:0]
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 1 1
Bit 23 22 21 20 19 18 17 16
READ_LATENCY[5:0]
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 1 0 1
Bit 15 14 13 12 11 10 9 8
RD2WR[5:0]
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 1 1 0
Bit 7 6 5 4 3 2 1 0
WR2RD[5:0]
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 1 1 0 1

Bits 29:24 — WRITE_LATENCY[5:0] Set to WL

Time from write command to write data on SDRAM interface. This must be set to WL.

Note that, depending on the PHY, if using RDIMM/LRDIMM, it may be necessary to adjust the value of WL to
compensate for the extra cycle of latency through the RDIMM/LRDIMM.

When the controller is operating in 1:2 frequency ratio mode, divide the value calculated using the above equation by
2, and round it up to next integer.

This register field is not required for DDR2 and DDR3, as the DFI read and write latencies defined in DFITMGO and
DFITMG1 are sufficient for those protocols

For all protocols, in addition to programming this register field, it is necessary to program DFITMGO and DFITMG1 to
control the read and write latencies

Unit: DFI clock cycles.

Programming Mode: Quasi-dynamic Group 1, Group 2, Group 4

Bits 21:16 — READ_LATENCY[5:0] Setto RL

Time from read command to read data on SDRAM interface. This must be set to RL.

Note that, depending on the PHY, if using RDIMM/LRDIMM, it may be necessary to adjust the value of RL to
compensate for the extra cycle of latency through the RDIMM/LRDIMM.

When the controller is operating in 1:2 frequency ratio mode, divide the value calculated using the above equation by
2, and round it up to next integer.

This register field is not required for DDR2 and DDR3, as the DFI read and write latencies defined in DFITMGO and
DFITMG1 are sufficient for those protocols

For all protocols, in addition to programming this register field, it is necessary to program DFITMGO and DFITMG1 to
control the read and write latencies

Unit: DFI clock cycles.

Programming Mode: Quasi-dynamic Group 1, Group 2, Group 4

Bits 13:8 — RD2WR([5:0]
DDR2/3: RL +BL/2 +2 - WL
LPDDR2/LPDDR3: RL + BL/2 + RU(tDQSCKmax/tCK) + 1 - WL
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Minimum time from read command to write command. Include time for bus turnaround and all per-bank, per-rank,
and global constraints.

Please see the relevant PHY databook for details of what should be included here.

Where:

- WL = write latency

- BL = burst length. This must match the value programmed in the BL bit of the mode register to the SDRAM

- RL = read latency = CAS latency

After PHY has completed training the value programmed may need to be increased. Refer to relevant PHY
documentation.

For LPDDR2/LPDDRS, if derating is enabled (DERATEEN.derate_enable=1), derated tDQSCKmax should be used.
When the controller is operating in 1:2 frequency ratio mode, divide the value calculated using the above equation by
2, and round it up to next integer.

Note that, depending on the PHY, if using LRDIMM, it may be necessary to adjust the value of this parameter to
compensate for the extra cycle of latency through the LRDIMM.

Unit: DFI clock cycles.

Programming Mode: Quasi-dynamic Group 1, Group 2, Group 4

Bits 5:0 - WR2RD[5:0]

LPDDR2/3: WL + BL/2 + tWTR + 1

Others: CWL + BL/2 + tWTR

Please see the relevant PHY databook for details of what should be included here.

Where:

- CWL = CAS write latency

- WL = Write latency

- PL = Parity latency

- BL = burst length. This must match the value programmed in the BL bit of the mode register to the SDRAM
- tWTR_L = internal write to read command delay for same bank group. This comes directly from the SDRAM
specification.

- tWTR = internal write to read command delay. This comes directly from the SDRAM specification.

After PHY has completed training the value programmed may need to be increased. Refer to relevant PHY
documentation.

Add one extra cycle for LPDDR2/LPDDRS3 operation.

When the controller is operating in 1:2 mode, divide the value calculated using the above equation by 2, and round it
up to next integer.

Unit: DFI clock cycles.

Programming Mode: Quasi-dynamic Group 1, Group 2, Group 4
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17.6.27 UDDRC SDRAM Timing Register 3
Name: UDDRC_DRAMTMG3
Offset: 0x10C
Reset: 0x0050400C
Property: Read/Write
Bit 31 30 29 28 27 26 25 24
| | | T_MRWI[9:4]
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
T_MRW[3:0] T_MRD[5:4]
Access R/W R/W R/W R/W R/W R/W
Reset 0 1 0 1 0 0
Bit 15 14 13 12 11 10 9 8
T_MRD[3:0] T_MOD[9:8]
Access R/W R/W R/W R/W R/W R/W
Reset 0 1 0 0 0 0
Bit 7 6 5 4 3 2 1 0
T_MOD[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 1 1 0 0

Bits 29:20 — T_MRWI[9:0] Time to wait after a mode register write or read (MRW or MRR).

Present only in designs configured to support LPDDR2 or LPDDR3.

LPDDR?2 typically requires value of 5.

LPDDRa3 typically requires value of 10.

For LPDDR2, this register is used for the time from a MRW/MRR to all other commands.

When the controller is operating in 1:2 frequency ratio mode, program this to the above values divided by 2 and
round it up to the next integer value.

For LDPDRS, this register is used for the time from a MRW/MRR to a MRW/MRR.

Unit: DFI clock cycles.

Programming Mode: Quasi-dynamic Group 2, Group 4

Bits 17:12 — T_MRD[5:0] tMRD: Cycles to wait after a mode register write or read. Depending on the connected
SDRAM, tMRD represents:

DDR2: Time from MRS to any command

DDR3: Time from MRS to MRS command

LPDDR2: not used

LPDDR3: Time from MRS to non-MRS command.

When the controller is operating in 1:2 frequency ratio mode, program this to (tMRD/2) and round it up to the next
integer value.

If CAL mode is enabled (DFITMG1.dfi_t_cmd_lat > 0), tCAL (=DFITMG1.dfi_cmd_lat) should be added to the above
calculations.

Unit: DFI clock cycles.

Programming Mode: Quasi-dynamic Group 2, Group 4

Bits 9:0 — T_MODI[9:0] tMOD: Parameter used only in DDR3. Cycles between load mode command and following
non-load mode command.

If CAL mode is enabled (DFITMG1.dfi_t_cmd_lat > 0), tCAL (=DFITMG1.dfi_cmd_lat) should be added to the above
calculations.

Set to tMOD if controller is operating in 1:1 frequency ratio mode, or tMOD/2 (rounded up to next integer) if controller
is operating in 1:2 frequency ratio mode. Note that if using RDIMM/LRDIMM, depending on the PHY, it may be
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necessary to adjust the value of this parameter to compensate for the extra cycle of latency applied to mode register
writes by the RDIMM/LRDIMM chip.

Also note that if using LRDIMM, the minimum value of this register is tMRD_L2 if controller is operating in 1:1
frequency ratio mode, or tMRD_L2/2 (rounded up to next integer) if controller is operating in 1:2 frequency ratio
mode.

Unit: DFI clock cycles.

Programming Mode: Quasi-dynamic Group 2, Group 4
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17.6.28 UDDRC SDRAM Timing Register 4

Name: UDDRC_DRAMTMG4
Offset: 0x110
Reset: 0x05040405

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
| | | T_RCD[4:0]
Access R/W R/W R/W R/W R/W
Reset 0 0 1 0 1
Bit 23 22 21 20 19 18 17 16
T_CCD[3:0]
Access R/W R/W R/W R/W
Reset 0 1 0 0
Bit 15 14 13 12 11 10 9 8
T_RRD[3:0]
Access R/W R/W R/W R/W
Reset 0 1 0 0
Bit 7 6 5 4 3 2 1 0
T_RP[4:0]
Access R/W R/W R/W R/W R/W
Reset 0 0 1 0 1

Bits 28:24 — T_RCD[4:0] tRCD - tAL: Minimum time from activate to read or write command to same bank.

When the controller is operating in 1:2 frequency ratio mode, program this to ((tRCD - tAL)/2) and round it up to the
next integer value.

Minimum value allowed for this register is 1, which implies minimum (tRCD - tAL) value to be 2 when the controller is
operating in 1:2 frequency ratio mode.

Unit: DFI clock cycles.

Programming Mode: Quasi-dynamic Group 1, Group 2, Group 4

Bits 19:16 — T_CCD[3:0] tCCD: This is the minimum time between two reads or two writes

When the controller is operating in 1:2 frequency ratio mode, program this to (tCCD_L/2 or tCCD/2) and round it up to
the next integer value.

Unit: DFI clock cycles.

Programming Mode: Quasi-dynamic Group 2, Group 4

Bits 11:8 — T_RRD[3:0] tRRD: Minimum time between activates from bank "a" to bank "b"

When the controller is operating in 1:2 frequency ratio mode, program this to (tRRD_L/2 or tRRD/2) and round it up to
the next integer value.

Unit: DFI clock cycles.

Programming Mode: Quasi-dynamic Group 2, Group 4

Bits 4:0 — T_RP[4:0] tRP: Minimum time from single-bank precharge to activate of same bank.

When the controller is operating in 1:1 frequency ratio mode, t_rp should be set to RoundUp(tRP/tCK).

When the controller is operating in 1:2 frequency ratio mode, t_rp should be set to RoundDown(RoundUp(tRP/tCK)/2)
+1.

Unit: DFI clock cycles.

Programming Mode: Quasi-dynamic Group 2, Group 4
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17.6.29 UDDRC SDRAM Timing Register 5
Name: UDDRC_DRAMTMG5
Offset: 0x114
Reset: 0x05050403
Property: Read/Write
Bit 31 30 29 28 27 26 25 24
| | | T_CKSRX][3:0]
Access R/W R/W R/W R/W
Reset 0 1 0 1
Bit 23 22 21 20 19 18 17 16
T_CKSRE[3:0]
Access R/W R/W R/W R/W
Reset 0 1 0 1
Bit 15 14 13 12 11 10 9 8
T_CKESRI[5:0]
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 1 0 0
Bit 7 6 5 4 3 2 1 0
T_CKE[4:0]
Access R/W R/W R/W R/W R/W
Reset 0 0 0 1 1

Bits 27:24 — T_CKSRX[3:0] This is the time before Self Refresh Exit that CK is maintained as a valid clock before
issuing SRX. Specifies the clock stable time before SRX.

Recommended settings:

- LPDDR2: 2

- LPDDR3: 2

- DDR2: 1

- DDRS: tCKSRX

When the controller is operating in 1:2 frequency ratio mode, program this to recommended value divided by two and
round it up to next integer.

Unit: DFI clock cycles.

Programming Mode: Quasi-dynamic Group 2, Group 4

Bits 19:16 — T_CKSRE[3:0] This is the time after Self Refresh Down Entry that CK is maintained as a valid clock.
Specifies the clock disable delay after SRE.

Recommended settings:

- LPDDR2: 2

- LPDDRS3: 2

- DDR2: 1

- DDR3: max (10 ns, 5 tCK)

Unit: DFI clock cycles.

Programming Mode: Quasi-dynamic Group 2, Group 4

Bits 13:8 — T_CKESR[5:0] Minimum CKE low width for Self refresh or Self refresh power down entry to exit timing in
memory clock cycles.

Recommended settings:

- LPDDR2: tCKESR

- LPDDR3: tCKESR

- DDR2: tCKE

- DDR3: tCKE + 1

Unit: DFI clock cycles.
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Programming Mode: Quasi-dynamic Group 2, Group 4

Bits 4:0 — T_CKE[4:0] Minimum number of cycles of CKE HIGH/LOW during power-down and self refresh.

- LPDDR2/LPDDR3 mode: Set this to the larger of tCKE or tCKESR

- Non-LPDDR2/non-LPDDR3 designs: Set this to tCKE value.

When the controller is operating in 1:2 frequency ratio mode, program this to (value described above)/2 and round it
up to the next integer value.

Unit: DFI clock cycles.

Programming Mode: Quasi-dynamic Group 2, Group 4
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17.6.30

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

UDDRC SDRAM Timing Register 6

Name: UDDRC_DRAMTMG6
Offset: 0x118
Reset: 0x02020005

Property: Read/Write

31 30 29 28 27 26 25 24
| | [ T_CKDPDE[3:0]
RIW RIW RIW RIW
0 0 1 0
23 22 21 20 19 18 17 16
T _CKDPDX[3:0]
RIW RIW RIW RIW
0 0 1 0
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
T_CKCSX[3.0]
RIW RIW RIW RIW
0 1 0 1

Bits 27:24 — T_CKDPDE[3:0] This is the time after Deep Power Down Entry that CK is maintained as a valid clock.
Specifies the clock disable delay after DPDE.

Recommended settings:

- LPDDR2: 2

- LPDDR3: 2

When the controller is operating in 1:2 frequency ratio mode, program this to recommended value divided by two and
round it up to next integer.

This is only present for designs supporting LPDDR2/LPDDR3 devices.

Unit: DFI clock cycles.

Programming Mode: Quasi-dynamic Group 2, Group 4

Bits 19:16 — T_CKDPDX[3:0] This is the time before Deep Power Down Exit that CK is maintained as a valid clock
before issuing DPDX. Specifies the clock stable time before DPDX.

Recommended settings:

- LPDDR2: 2

- LPDDRS3: 2

When the controller is operating in 1:2 frequency ratio mode, program this to recommended value divided by two and
round it up to next integer.

This is only present for designs supporting LPDDR2 devices.

Unit: DFI clock cycles.

Programming Mode: Quasi-dynamic Group 2, Group 4

Bits 3:0 — T_CKCSX[3:0] This is the time before Clock Stop Exit that CK is maintained as a valid clock before
issuing Clock Stop Exit. Specifies the clock stable time before next command after Clock Stop Exit.

Recommended settings:

- LPDDR2: tXP + 2

- LPDDRS3: tXP + 2

When the controller is operating in 1:2 frequency ratio mode, program this to recommended value divided by two and
round it up to next integer.

This is only present for designs supporting LPDDR2/LPDDR3 devices.
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Unit: DFI clock cycles.
Programming Mode: Quasi-dynamic Group 2, Group 4
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17.6.31 UDDRC SDRAM Timing Register 7

Name: UDDRC_DRAMTMG7
Offset: 0x11C
Reset: 0x00000202

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
T_CKPDE[3:0]
Access R/W R/W R/W R/W
Reset 0 0 1 0
Bit 7 6 5 4 3 2 1 0
T_CKPDX[3:0]
Access R/W R/W R/W R/W
Reset 0 0 1 0

Bits 11:8 — T_CKPDE[3:0] This is the time after Power Down Entry that CK is maintained as a valid clock. Specifies
the clock disable delay after PDE.

Recommended settings:

- LPDDR2: 2

- LPDDR3: 2

When using DDR2/3 SDRAM, this register should be set to the same value as DRAMTMGS.t_cksre.

When the controller is operating in 1:2 frequency ratio mode, program this to recommended value divided by two and
round it up to next integer.

This is only present for designs supporting LPDDR2/LPDDR3 devices.

Unit: DFI clock cycles.

Programming Mode: Quasi-dynamic Group 2, Group 4

Bits 3:0 — T_CKPDX[3:0] This is the time before Power Down Exit that CK is maintained as a valid clock before
issuing PDX. Specifies the clock stable time before PDX.

Recommended settings:

- LPDDR2: 2

- LPDDRS3: 2

When using DDR2/3 SDRAM, this register should be set to the same value as DRAMTMGS5.t_cksrx.

When the controller is operating in 1:2 frequency ratio mode, program this to recommended value divided by two and
round it up to next integer.

This is only present for designs supporting LPDDR2/LPDDR3 devices.

Unit: DFI clock cycles.

Programming Mode: Quasi-dynamic Group 2, Group 4
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17.6.32 UDDRC SDRAM Timing Register 8

Name: UDDRC_DRAMTMGS8
Offset: 0x120
Reset: 0x00004405

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
T_XS_DLL_X32[6:0]
Access R/W R/W R/W R/W R/W R/W R/W
Reset 1 0 0 0 1 0 0
Bit 7 6 5 4 3 2 1 0
T_XS_X32[6:0]
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 1 0 1

Bits 14:8 — T_XS_DLL_X32[6:0] tXSDLL: Exit Self Refresh to commands requiring a locked DLL.

When the controller is operating in 1:2 frequency ratio mode, program this to the above value divided by 2 and round
up to next integer value.

Unit: Multiples of 32 DFI clock cycles.

Programming Mode: Quasi-dynamic Group 2, Group 4

Note: Used only for DDR2 and DDR3 SDRAMs.

Bits 6:0 — T_XS_X32[6:0] tXS: Exit Self Refresh to commands not requiring a locked DLL.

When the controller is operating in 1:2 frequency ratio mode, program this to the above value divided by 2 and round
up to next integer value.

Unit: Multiples of 32 DFI clock cycles.

Programming Mode: Quasi-dynamic Group 2, Group 4

Note: Used only for DDR2 and DDR3 SDRAMs.
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17.6.33 UDDRC SDRAM Timing Register 14

Name: UDDRC_DRAMTMG14
Offset: 0x138
Reset: 0x000000A0

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
T_XSR[11:8]
Access R/W R/W R/W R/W
Reset 0 0 0 0
Bit 7 6 5 4 3 2 1 0
T_XSR[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 1 0 1 0 0 0 0 0

Bits 11:0 — T_XSR[11:0] tXSR: Exit Self Refresh to any command.

When the controller is operating in 1:2 frequency ratio mode, program this to the above value divided by 2 and round
up to next integer value.

The value 0xfff is illegal for this register field.

Unit: DFI clock cycles.

Programming Mode: Quasi-dynamic Group 2, Group 4

Note: Used only for LPDDR2/LPDDR3 mode.
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17.6.34 UDDRC SDRAM Timing Register 15

Name: UDDRC_DRAMTMG15
Offset: 0x13C
Reset: 0x00000000

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
EN_DFI_LP_T_|
STAB
Access R/W
Reset 0
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
T_STAB_X32[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit 31 - EN_DFI_LP_T_STAB
Programming Mode: Quasi-dynamic Group 2, Group 4

Value Description

0 Disable using tSTAB when exiting DFI LP.
1 Enable using tSTAB when exiting DFI LP. Needs to be set when the PHY is stopping the clock during
DFI LP to save maximum power.

Bits 7:0 — T_STAB_X32[7:0] tSTAB: Stabilization time.
It is required in the following two cases for DDR3 RDIMM:

* when exiting power saving mode, if the clock was stopped, after re-enabling it the clock must be stable for a
time specified by tSTAB

» after issuing control words that refers to clock timing

(Specification: 6 ps for DDR3)

When the controller is operating in 1:2 frequency ratio mode, program this to recommended value divided by two and
round it up to next integer.

Unit: Multiples of 32 DFI clock cycles.

Programming Mode: Quasi-dynamic Group 2, Group 4
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17.6.35

Bit

Access

Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

UDDRC ZQ Control Register 0

Name: UDDRC_ZQCTLO
Offset: 0x180
Reset: 0x02000040

Property: Read/Write

31 30 29 28 27 26 25 24
DIS_AUTO_ZQ[DIS_SRX_ZQC|ZQ_RESISTOR T_ZQ_LONG_NOP[10:8]
L _SHARED
R/W R/W R/W R/W R/W R/W
0 0 0 0 1 0
23 22 21 20 19 18 17 16
T_ZQ_LONG_NOP[7:0]
R/W R/W RIW R/W RIW R/W RIW R/W
0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
| T ZQ SHORT NOP[9:8] |
R/W R/W
0 0
7 6 5 4 3 2 1 0
T_ZQ_SHORT_NOP[7:0]
R/W R/W RIW R/W RIW R/W RIW R/W
0 1 0 0 0 0 0 0

Bit 31 — DIS_AUTO_ZQ
This is only present for designs supporting DDR3 or LPDDR2/LPDDR3 devices.
Programming Mode: Dynamic

Value Description

0 Internally generate ZQCS/MPC(ZQ calibration) commands based on
ZQCTLA1.t_zq_short_interval_x1024.

1 Disable UDDRC generation of ZQCS/MPC(ZQ calibration) command. Register

DBGCMD.zqg_calib_short can be used instead to issue ZQ calibration request from APB module.

Bit 30 — DIS_SRX_ZQCL
This is only present for designs supporting DDR3 or LPDDR2/LPDDR3 devices.
Programming Mode: Quasi-dynamic Group 2, Group 4

Value Description

0 Enable issuing of ZQCL/MPC(ZQ calibration) command at Self-Refresh/SR-Powerdown exit. Only
applicable when run in DDR3, LPDDR2 or LPDDR3 mode.
1 Disable issuing of ZQCL/MPC(ZQ calibration) command at Self-Refresh/SR-Powerdown exit. Only

applicable when run in DDR3, LPDDR2 or LPDDR3 mode.

Bit 29 — ZQ_RESISTOR_SHARED
This is only present for designs supporting DDR3 or LPDDR2/LPDDR3 devices.
Programming Mode: Static
Value Description
0 ZQ resistor is not shared.
1 Denotes that ZQ resistor is shared between ranks. Means ZQinit/ZQCL/ZQCS/MPC(ZQ calibration)
commands are sent to one rank at a time with tZQinit/tZQCL/tZQCS/tZQCAL/tZQLAT timing met
between commands so that commands to different ranks do not overlap.
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Bits 26:16 — T_ZQ_LONG_NOP[10:0] tZQoper for DDR3, tZQCL for LPDDR2/LPDDR3: Number of DFI clock
cycles of NOP required after a ZQCL (ZQ calibration long)/MPC(ZQ Start) command is issued to SDRAM.
When the controller is operating in 1:2 frequency ratio mode:

DDR3: program this to tZQoper/2 and round it up to the next integer value.

LPDDR2/LPDDR3: program this to tZQCL/2 and round it up to the next integer value.

This is only present for designs supporting DDR3 or LPDDR2/LPDDRS3 devices.

Unit: DFI clock cycles.

Programming Mode: Static

Bits 9:0 — T_ZQ_SHORT_NOP[9:0] tZQCS for DDR3/DD4/LPDDR2/LPDDR3: Number of DFI clock cycles of NOP
required after a ZQCS (ZQ calibration short)/MPC(ZQ Latch) command is issued to SDRAM.

When the controller is operating in 1:2 frequency ratio mode, program this to tZQCS/2 and round it up to the next
integer value.

This is only present for designs supporting DDR3 or LPDDR2/LPDDR3 devices.

Unit: DFI clock cycles.

Programming Mode: Static
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17.6.36 UDDRC ZQ Control Register 1

Name: UDDRC_ZQCTLA1
Offset: 0x184
Reset: 0x02000100
Property: Read/Write
Bit 31 30 29 28 27 26 25 24
| | | T_ZQ_RESET_NOP[9:4]
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 1 0
Bit 23 22 21 20 19 18 17 16
T_ZQ_RESET_NOP[3:0] T_ZQ_SHORT_INTERVAL_X1024[19:16]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
T_ZQ_SHORT_INTERVAL_X1024[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 1
Bit 7 6 5 4 3 2 1 0
T_ZQ_SHORT_INTERVAL_X1024[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 29:20 - T_ZQ_RESET_NOP[9:0] tZQReset: Number of DFI clock cycles of NOP required after a ZQReset (ZQ

calibration Reset) command is issued to

SDRAM.

When the controller is operating in 1:2 frequency ratio mode, program this to tZQReset/2 and round it up to the next

integer value.

This is only present for designs supporting LPDDR2/LPDDR3 devices.

Unit: DFI clock cycles.
Programming Mode: Static

Bits 19:0 - T_ZQ_SHORT_INTERVAL_X1024[19:0] Average interval to wait between automatically issuing ZQCS
(ZQ calibration short)/MPC(ZQ calibration) commands to DDR3/LPDDR2/LPDDR3 devices.

Meaningless, if ZQCTLO.dis_auto_zq=1.

This is only present for designs supporting DDR3 or LPDDR2/LPDDR3 devices.

Unit: Multiples of 1024 DFI clock cycles.
Programming Mode: Static
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17.6.37 UDDRC ZQ Control Register 2

Name: UDDRC_ZQCTL2
Offset: 0x188
Reset: 0x00000000

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
| ZQ_RESET
Access R/W
Reset 0

Bit 0 - ZQ_RESET

Setting this register bit to 1 triggers a ZQ Reset operation. When the ZQ Reset operation is complete, the UDDRC
automatically clears this bit. It is recommended NOT to set this register bit if in Init, in Self-Refresh or Deep
power-down operating modes.

For Self-Refresh or SR-Powerdown it will be scheduled after SR has been exited.

For Deep power down, it will not be scheduled, although ZQSTAT.zq_reset_busy will be de-asserted.

This is only present for designs supporting LPDDR2/LPDDRS3 devices.

Programming Mode: Dynamic
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17.6.38 UDDRC ZQ Status Register

Name: UDDRC_ZQSTAT
Offset: 0x18C
Reset: 0x00000000

Property: Read-only

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 1 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
ZQ_RESET_BU
SY
Access R
Reset 0

Bit 0 - ZQ_RESET_BUSY SoC core may initiate a ZQ Reset operation only if this signal is low. This signal goes
high in the clock after the UDDRC accepts the ZQ Reset request. It goes low when the ZQ Reset command is issued
to the SDRAM and the associated NOP period is over. It is recommended not to perform ZQ Reset commands when
this signal is high.

Programming Mode: Dynamic

Value Description

0 Indicates that the SoC core can initiate a ZQ Reset operation.
1 Indicates that ZQ Reset operation is in progress.
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17.6.39 UDDRC DFI Timing Register 0

Name: UDDRC_DFITMGO
Offset: 0x190
Reset: 0x07020002

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
| | | DFI_T_CTRL_DELAY[4:0]
Access R/W R/W R/W R/W R/W
Reset 0 0 1 1 1
Bit 23 22 21 20 19 18 17 16
DFI_RDDATA_ DFI_T_RDDATA_EN[6:0]
USE_DFI_PHY
_CLK
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 1 0
Bit 15 14 13 12 1" 10 9 8
DFI_WRDATA_ DFI_TPHY_WRDATA[5:0]
USE_DFI_PHY
_CLK
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
DFI_TPHY_WRLAT[5:0]
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 1 0

Bits 28:24 — DFI_T_CTRL_DELAY[4:0] Specifies the number of DFI clock cycles after an assertion or de-assertion
of the DFI control signals that the control signals at the PHY-DRAM interface reflect the assertion or de-assertion. If
the DFI clock and the memory clock are not phase-aligned, this timing parameter should be rounded up to the next
integer value. Note that if using RDIMM/LRDIMM, it is necessary to increment this parameter by RDIMM's/LRDIMM's
extra cycle of latency in terms of DFI clock.

Unit: DFI clock cycles.

Programming Mode: Quasi-dynamic Group 4

Bit 23 — DFI_RDDATA_USE_DFI_PHY_CLK Defines whether dfi_rddata_en/dfi_rddata/dfi_rddata_valid is
generated using HDR (DFI clock) or SDR (DFI PHY clock) values.

Selects whether value in DFITMGO.dfi_t_rddata_en is in terms of HDR (DFI clock) or SDR (DFI PHY clock) cycles:
- 0 in terms of HDR (DFI clock) cycles

- 1in terms of SDR (DFI PHY clock) cycles

Refer to PHY specification for correct value.

Programming Mode: Static

Bits 22:16 — DFI_T_RDDATA_EN[6:0] Time from the assertion of a read command on the DFI interface to the
assertion of the dfi_rddata_en signal.

Refer to PHY specification for correct value.

This corresponds to the DFI parameter trddata_en. Note that, depending on the PHY, if using RDIMM/LRDIMM, it
may be necessary to use the adjusted value of CL in the calculation of trddata_en. This is to compensate for the
extra cycle(s) of latency through the RDIMM/LRDIMM.

Unit: DFI clock cycles or DFI PHY clock cycles, depending on DFITMGO.dfi_rddata_use_dfi_phy_clk.
Programming Mode: Quasi-dynamic Group 1, Group 4
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Bit 15 — DFI_WRDATA_USE_DFI_PHY_CLK Defines whether dfi_wrdata_en/dfi_wrdata/dfi_wrdata_mask is
generated using HDR (DFI clock) or SDR (DFI PHY clock) values

Selects whether value in DFITMGO.dfi_tphy_wrlat is in terms of HDR (DFI clock) or SDR (DFI PHY clock) cycles
Selects whether value in DFITMGO.dfi_tphy_wrdata is in terms of HDR (DFI clock) or SDR (DFI PHY clock) cycles
- 0 in terms of HDR (DFI clock) cycles

- 1in terms of SDR (DFI PHY clock) cycles

Refer to PHY specification for correct value.

Programming Mode: Static

Bits 13:8 — DFI_TPHY_WRDATA[5:0] Specifies the number of clock cycles between when dfi_wrdata_en is
asserted to when the associated write data is driven on the dfi_wrdata signal. This corresponds to the DFI timing
parameter tphy_wrdata. Refer to PHY specification for correct value. Note, max supported value is 8.

Unit: DFI clock cycles or DFI PHY clock cycles, depending on DFITMGO.dfi_wrdata_use_dfi_phy_clk.
Programming Mode: Quasi-dynamic Group 4

Bits 5:0 — DFI_TPHY_WRLAT[5:0] Write latency

Number of clocks from the write command to write data enable (dfi_wrdata_en). This corresponds to the DFI timing
parameter tphy_wrlat.

Refer to PHY specification for correct value. Note that, depending on the PHY, if using RDIMM/LRDIMM, it may be
necessary to use the adjusted value of CL in the calculation of tphy_wrlat. This is to compensate for the extra cycle(s)
of latency through the RDIMM/LRDIMM.

Unit: DFI clock cycles or DFI PHY clock cycles, depending on DFITMGO.dfi_wrdata_use_dfi_phy_clk.

Programming Mode: Quasi-dynamic Group 1, Group 4
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17.6.40

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

UDDRC DFI Timing Register 1

Name: UDDRC_DFITMG1
Offset: 0x194
Reset: 0x00000404

Property: Read/Write

31 30 29 28 27 26 25 24
| | | DFI_T_PARIN_LAT[1:0] |
R/W R/W
0 0
23 22 21 20 19 18 17 16
DFI_T_WRDATA_DELAY[4:0]
R/W R/W R/W R/W R/W
0 0 0 0 0
15 14 13 12 1 10 9 8
DFI_T_DRAM_CLK_DISABLE[4:0]
R/W R/W R/W R/W R/W
0 0 1 0 0
7 6 5 4 3 2 1 0
DFI_T_DRAM_CLK_ENABLE[4:0]
R/W R/W R/W R/W R/W
0 0 1 0 0

Bits 25:24 — DFI_T_PARIN_LAT[1:0] Specifies the number of DFI PHY clock cycles between when the dfi_cs signal
is asserted and when the associated dfi_parity_in signal is driven.

Unit: DFI PHY clock cycles.

Programming Mode: Quasi-dynamic Group 4

Bits 20:16 — DFI_T_WRDATA_DELAY[4:0] Specifies the number of DFI clock cycles between when the
dfi_wrdata_en signal is asserted and when the corresponding write data transfer is completed on the DRAM bus.
This corresponds to the DFI timing parameter twrdata_delay. Refer to PHY specification for correct value.

For DFI 3.0 PHY, set to twrdata_delay, a new timing parameter introduced in DFI 3.0.

For DFI 2.1 PHY, set to tphy_wrdata + (delay of DFI write data to the DRAM).

Value to be programmed is in terms of DFI clocks, not PHY clocks.

In FREQ_RATIO=2, divide PHY's value by 2 and round up to next integer.

If using DFITMGO.dfi_wrdata_use_dfi_phy_clk=1, add 1 to the value.

Unit: DFI clock cycles.

Programming Mode: Quasi-dynamic Group 4

Bits 12:8 — DFI_T_DRAM_CLK_DISABLE[4:0] Specifies the number of DFI clock cycles from the assertion of the
dfi_dram_clk_disable signal on the DFI until the clock to the DRAM memory devices, at the PHY-DRAM boundary,
maintains a low value. If the DFI clock and the memory clock are not phase aligned, this timing parameter should be
rounded up to the next integer value.

Unit: DFI clock cycles.

Programming Mode: Quasi-dynamic Group 4

Bits 4:0 — DFI_T_DRAM_CLK_ENABLE[4:0] Specifies the number of DFI clock cycles from the de-assertion of the
dfi_dram_clk_disable signal on the DFI until the first valid rising edge of the clock to the DRAM memory devices, at
the PHY-DRAM boundary. If the DFI clock and the memory clock are not phase aligned, this timing parameter should
be rounded up to the next integer value.

Unit: DFI clock cycles.

Programming Mode: Quasi-dynamic Group 4
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17.6.41 UDDRC DFI Low Power Configuration Register 0

Name: UDDRC_DFILPCFGO
Offset: 0x198
Reset: 0x07000000

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
| | | DFI_TLP_RESP[4:0]
Access R/W R/W R/W R/W R/W
Reset 0 0 1 1 1
Bit 23 22 21 20 19 18 17 16
DFI_LP_WAKEUP_DPDI[3:0] DFI_LP EN D
PD
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
DFI_LP_WAKEUP_SR[3:0] DFI_LP_EN_S
R
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
DFI_LP_WAKEUP_PDI[3:0] DFI_LP_EN_P
D
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0

Bits 28:24 — DFI_TLP_RESP[4:0] Setting in DFI clock cycles for DFI's tlp_resp time.

Same value is used for both Power Down, Self Refresh, Deep Power Down and Maximum Power Saving modes.
Refer to PHY databook for recommended values

Unit: DFI clock cycles.

Programming Mode: Static

Bits 23:20 — DFI_LP_WAKEUP_DPD[3:0] Value in DFI clock cycles to drive on dfi_Ip_wakeup signal when Deep
Power Down mode is entered.
Determines the DFI's tip_wakeup time:
- 0x0 - 16 cycles

- 0x1 - 32 cycles

- 0x2 - 64 cycles

- 0x3 - 128 cycles

- Ox4 - 256 cycles

- 0x5 - 512 cycles

- 0x6 - 1024 cycles

- 0x7 - 2048 cycles

- 0x8 - 4096 cycles

- 0x9 - 8192 cycles

- OxA - 16384 cycles

- OxB - 32768 cycles

- OxC - 65536 cycles

- 0xD - 131072 cycles

- OxE - 262144 cycles

- OxF - Unlimited

This is only present for designs supporting LPDDR2/LPDDR3 devices.
Unit: DFI clock cycles.
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Programming Mode: Static

Bit 16 — DFI_LP_EN_DPD Enables DFI Low Power interface handshaking during Deep Power Down Entry/Exit.
This is only present for designs supporting LPDDR2/LPDDR3 devices.

Programming Mode: Static

0 Disabled

1 Enabled

Bits 15:12 — DFI_LP_WAKEUP_SR[3:0] Value in DFI clock cycles to drive on dfi_lp_wakeup signal when Self
Refresh mode is entered.
Determines the DFI's tlp_wakeup time:
- 0x0 - 16 cycles

- 0x1 - 32 cycles

- 0x2 - 64 cycles

- 0x3 - 128 cycles

- Ox4 - 256 cycles

- 0x5 - 512 cycles

- 0x6 - 1024 cycles

- 0x7 - 2048 cycles

- 0x8 - 4096 cycles

- 0x9 - 8192 cycles

- OxA - 16384 cycles

- OxB - 32768 cycles

- OxC - 65536 cycles

- 0xD - 131072 cycles

- OxE - 262144 cycles

- OxF - Unlimited

Unit: DFI clock cycles.
Programming Mode: Static

Bit 8 — DFI_LP_EN_SR Enables DFI Low Power interface handshaking during Self Refresh Entry/Exit.
Programming Mode: Static

Value Description

0 Disabled

1 Enabled

Bits 7:4 — DFI_LP_WAKEUP_PDI[3:0] Value in DFI clock cycles to drive on dfi_lp_wakeup signal when Power Down
mode is entered.
Determines the DFI's tip_wakeup time:
- 0x0 - 16 cycles

- 0x1 - 32 cycles

- 0x2 - 64 cycles

- 0x3 - 128 cycles

- Ox4 - 256 cycles

- 0x5 - 512 cycles

- 0x6 - 1024 cycles

- 0x7 - 2048 cycles

- 0x8 - 4096 cycles

- 0x9 - 8192 cycles

- OxA - 16384 cycles

- OxB - 32768 cycles

- OxC - 65536 cycles

- 0xD - 131072 cycles

- OxE - 262144 cycles

- OxF - Unlimited

Unit: DFI clock cycles.
Programming Mode: Static
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Bit 0 — DFI_LP_EN_PD Enables DFI Low Power interface handshaking during Power Down Entry/Exit.
Programming Mode: Static

Value Description

0 Disabled
1 Enabled
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17.6.42 UDDRC DFI Update Register 0

Name: UDDRC_DFIUPDO
Offset: 0x1A0
Reset: 0x00400003

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
DIS_AUTO_CT|DIS_AUTO _CT|CTRLUPD_PR DFI_T_CTRLUP_MAX[9:8]
RLUPD RLUPD_SRX E_SRX
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
DFI_T_CTRLUP_MAX][7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 1 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
DFI_T_CTRLUP_MINI[9:8] |
Access R/W R/W
Reset 0 0
Bit 7 6 5 4 3 2 1 0
DFI_T_CTRLUP_MINJ[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 1 1

Bit 31 — DIS_AUTO_CTRLUPD When '1", disable the automatic dfi_ctrlupd_req generation by the UDDRC. The core
must issue the dfi_ctrlupd_req signal using register DBGCMD.ctrlupd.

When '0', UDDRC issues dfi_ctrlupd_req periodically.

Programming Mode: Quasi-dynamic Group 3

Bit 30 — DIS_AUTO_CTRLUPD_SRX When '1', disable the automatic dfi_ctrlupd_req generation by the UDDRC at
self-refresh exit.

When '0', UDDRC issues a dfi_ctrlupd_req before or after exiting self-refresh, depending on
DFIUPDO.ctrlupd_pre_srx.

Programming Mode: Static

Bit 29 — CTRLUPD_PRE_SRX Selects dfi_ctrlupd_req requirements at SRX:
If DFIUPDO.dis_auto_ctrlupd_srx=1, this register has no impact, because no dfi_ctrlupd_req will be issued when
SRX.
Programming Mode: Static
0 Send ctrlupd after SRX.
1 Send ctrlupd before SRX.

Bits 25:16 — DFI_T_CTRLUP_MAX|9:0] Specifies the maximum number of DFI clock cycles that the dfi_ctrlupd_req
signal can assert. Lowest value to assign to this variable is 0x40.

Unit: DFI clock cycles.

Programming Mode: Static

Bits 9:0 — DFI_T_CTRLUP_MIN[9:0] Specifies the minimum number of DFI clock cycles that the dfi_ctrlupd_req
signal must be asserted. The UDDRC expects the PHY to respond within this time. If the PHY does not respond, the
UDDRC will de-assert dfi_ctrlupd_req after dfi_t_ctrlup_min + 2 cycles. Lowest value to assign to this variable is 0x3.
Unit: DFI clock cycles.
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Programming Mode: Static
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17.6.43 UDDRC DFI Update Register 1

Name: UDDRC_DFIUPD1
Offset: 0x1A4
Reset: 0x00010001
Property: Read/Write
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
DFI_T_CTRLUPD_INTERVAL_MIN_X1024[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 1
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
DFI_T_CTRLUPD_INTERVAL_MAX_X1024[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 1

Bits 23:16 — DFI_T_CTRLUPD_INTERVAL_MIN_X1024[7:0] This is the minimum amount of time between UDDRC
initiated DFI update requests (which is executed whenever the UDDRC is idle). Set this number higher to reduce

the frequency of update requests, which can have a small impact on the latency of the first read request when the
UDDRC is idle. Minimum allowed value for this field is 1.
Unit: Multiples of 1024 DFI clock cycles.

Programming Mode: Static

Bits 7:0 — DFI_T_CTRLUPD_INTERVAL_MAX_X1024[7:0] This is the maximum amount of time between UDDRC
initiated DFI update requests. This timer resets with each update request; when the timer expires dfi_ctrlupd_req is
sent and traffic is blocked until the dfi_ctrlupd_ackx is received. PHY can use this idle time to recalibrate the delay
lines to the DLLs. The DFI controller update is also used to reset PHY FIFO pointers in case of data capture errors.
Updates are required to maintain calibration over PVT, but frequent updates may impact performance. Minimum

allowed value for this field is 1.

Unit: Multiples of 1024 DFI clock cycles.

Programming Mode: Static

Note: Value programmed for DFIUPD1.dfi_t_ctrlupd_interval_max_x1024 must be greater than
DFIUPD1.dfi_t_ctrlupd_interval_min_x1024.
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17.6.44 UDDRC DFI Update Register 2

Name: UDDRC_DFIUPD2
Offset: 0x1A8
Reset: 0x80000000

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
DFI_PHYUPD _
EN
Access R/W
Reset 1
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
Access
Reset

Bit 31 — DFI_PHYUPD_EN Enables the support for acknowledging PHY-initiated updates.
Programming Mode: Static

Value Description

0 Disabled
1 Enabled
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17.6.45 UDDRC DFI Miscellaneous Control Register

Name: UDDRC_DFIMISC
Offset: 0x1B0
Reset: 0x00000001

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
DFI_FREQUENCY[4:0]
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
DFI_INIT_STAR|CTL_IDLE_EN DFI_INIT_COM
T PLETE_EN
Access R/W R/W R/W
Reset 0 0 1

Bits 12:8 — DFI_FREQUENCY[4:0] Indicates the operating frequency of the system. The number of supported
frequencies and the mapping of signal values to clock frequencies are defined by the PHY.
Programming Mode: Quasi-dynamic Group 1

Bit 5 — DFI_INIT_START PHY init start request signal. When asserted it triggers the PHY init start request.
Programming Mode: Quasi-dynamic Group 3

Bit4 — CTL_IDLE_EN Enables support of ctl_idle signal.
Programming Mode: Static

Bit 0 — DFI_INIT_COMPLETE_EN PHY initialization complete enable signal.
When asserted the dfi_init_complete signal can be used to trigger SDRAM initialisation
Programming Mode: Quasi-dynamic Group 3
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17.6.46 UDDRC DFI Status Register

Name: UDDRC_DFISTAT
Offset: 0x1BC
Reset: 0x00000000

Property: Read-only

Bit 31 30 29 28 27 26 25 24
Access
Reset

Bit 23 22 21 20 19 18 17 16
Access
Reset

Bit 15 14 13 12 11 10 9 8
Access
Reset

Bit 7 6 5 4 3 2 1 0

DFI_LP_ACK [DFI_INIT_COM
PLETE
Access R R
Reset 0 0

Bit 1 — DFI_LP_ACK Stores the value of the dfi_Ip_ack input to the controller.
Programming Mode: Dynamic

Bit 0 — DFI_INIT_COMPLETE The status flag register which announces when the DFl initialization has been
completed. The DFI INIT triggered by dfi_init_start signal and then the dfi_init_complete flag is polled to know when
the initialization is done.

Programming Mode: Dynamic
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17.6.47 UDDRC DFI PHY Host

Name: UDDRC_DFIPHYMSTR
Offset: 0x1C4
Reset: 0x00000001

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 1 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
DFI_PHYMSTR
_EN
Access R/W
Reset 1

Bit 0 — DFI_PHYMSTR_EN Enables the PHY Host Interface
Programming Mode: Static

Value Description

0 Disabled
1 Enabled
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17.6.48 UDDRC Address Map Register 1

Name: UDDRC_ADDRMAP1
Offset: 0x204
Reset: 0x00000000

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
ADDRMAP_BANK_B2[5:0]
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
ADDRMAP_BANK_B1[5:0]
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
ADDRMAP_BANK_BO0[5:0]
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0

Bits 21:16 — ADDRMAP_BANK_B2[5:0] Selects the HIF address bit used as bank address bit 2.
Valid Range: 0 to 31, and 63

Internal Base: 4

The selected HIF address bit is determined by adding the internal base to the value of this field.

If unused, set to 63 and then bank address bit 2 is set to 0.

Programming Mode: Static

Bits 13:8 - ADDRMAP_BANK_B1[5:0] Selects the HIF address bits used as bank address bit 1.

Valid Range: 0 to 32, and 63

Internal Base: 3

The selected HIF address bit for each of the bank address bits is determined by adding the internal base to the value
of this field.

If unused, set to 63 and then bank address bit 1 is set to 0.

Programming Mode: Static

Bits 5:0 - ADDRMAP_BANK_BO0[5:0] Selects the HIF address bits used as bank address bit 0.

Valid Range: 0 to 32, and 63

Internal Base: 2

The selected HIF address bit for each of the bank address bits is determined by adding the internal base to the value
of this field.

If unused, set to 63 and then bank address bit 0 is set to 0.

Programming Mode: Static
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17.6.49 UDDRC Address Map Register 2

Name: UDDRC_ADDRMAP2
Offset: 0x208
Reset: 0x00000000

Property: Read/Write

Bit 31 30 29 28 27 26 25 24
| | | ADDRMAP_COL_B5[3:0]
Access R/W R/W R/W R/W
Reset 0 0 0 0
Bit 23 22 21 20 19 18 17 16
ADDRMAP_COL_B4[3:0]
Access R/W R/W R/W R/W
Reset 0 0 0 0
Bit 15 14 13 12 11 10 9 8
ADDRMAP_COL_B3[4:0]
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
ADDRMAP_COL_B2[3:0]
Access R/W R/W R/W R/W
Reset 0 0 0 0

Bits 27:24 - ADDRMAP_COL_B5[3:0]
» Full bus width mode: Selects the HIF address bit used as column address bit 5.
» Half bus width mode: Selects the HIF address bit used as column address bit 6.
* Quarter bus width mode: Selects the HIF address bit used as column address bit 7.
Valid Range: 0 to 7, and 15
Internal Base: 5
The selected HIF address bit is determined by adding the internal base to the value of this field.

If unused, set to 15 and then this column address bit is set to 0.
Programming Mode: Static

Bits 19:16 — ADDRMAP_COL_B4[3:0]
» Full bus width mode: Selects the HIF address bit used as column address bit 4.
» Half bus width mode: Selects the HIF address bit used as column address bit 5.
* Quarter bus width mode: Selects the HIF address bit used as column address bit 6.
Valid Range: 0 to 7, and 15
Internal Base: 4
The selected HIF address bit is determined by adding the internal base to the value of this field.

If unused, set to 15 and then this column address bit is set to 0.
Programming Mode: Static

Bits 12:8 - ADDRMAP_COL_B3[4:0]

» Full bus width mode: Selects the HIF address bit used as column address bit 3.

» Half bus width mode: Selects the HIF address bit used as column address bit 4.

* Quarter bus width mode: Selects the HIF address bit used as column address bit 5.
Valid Range: O to 7.

Internal Base: 3
The selected HIF address bit is determined by adding the internal base to the value of this field.
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Programming Mode: Static

Bits 3:0 - ADDRMAP_COL_B2[3:0]
* Full bus width mode: Selects the HIF address bit used as column address bit 2.
» Half bus width mode: Selects the HIF address bit used as column address bit 3.
Valid Range: 0 to 7
Internal Base: 2

The selected HIF address bit is determined by adding the internal base to the value of this field.
Note it is required to program this to 0 unless:

* in Half bus width (MSTR.data_bus_width!=00) and
* PCCFG.bl_exp_mode==
Otherwise, if Full Bus Width (MSTR.data_bus_width)==00), it is recommended to program this to 0 so that HIF[2]

maps to column address bit 2.
Programming Mode: Static
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17.6.50 UDDRC Address Map Register 3

Name: UDDRC_ADDRMAP3
Offset: 0x20C
Reset: 0x00000000

Property: Read/Write

Access
Reset

Access
Reset

Access
Reset

Access

Bit 31 30 29 28 27 26 25 24
| | | ADDRMAP_COL_B9[4:0]
R/W R/W R/W RIW R/W
0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
ADDRMAP_COL_B8[4:0]
R/W RIW R/W RIW R/W
0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
ADDRMAP_COL_B7[4:0]
R/W R/W R/W RIW R/W
0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
ADDRMAP_COL_B6[4:0]
R/W RIW R/W RIW R/W
0 0 0 0 0

Reset

Bits 28:24 — ADDRMAP_COL_B9[4:0]

- Full bus width mode: Selects the HIF address bit used as column address bit 9.
- Half bus width mode: Selects the HIF address bit used as column address bit 11 (10 in LPDDR2/LPDDR3 mode).
- Quarter bus width mode: Selects the HIF address bit used as column address bit 13 (11 in LPDDR2/LPDDR3

mode).
Valid Range: 0 to 7, and 31.
Internal Base: 9

The selected HIF address bit is determined by adding the internal base to the value of this field.

In LPDDR2/LPDDRS, there is a dedicated bit for auto-precharge in the CA bus and hence column bit 10 is used.
If column bit 9 is the highest column address bit, it must map to the highest valid HIF address bit. (x = the highest
valid HIF address bit - internal base)
If column bit 9 is the second highest column address bit, it must map to the second highest valid HIF address bit. (x =
the highest valid HIF address bit - 1 - internal base)

If column bit 9 is the third highest column address bit, it must map to the third highest valid HIF address bit. (x = the
highest valid HIF address bit - 2 - internal base)

If unused, set to 31 and then this column address bit is set to 0.

Programming Mode: Static

Note: Per JEDEC DDRZ2/3 specification, column address bit 10 is reserved for indicating auto-precharge, and hence
no source address bit can be mapped to column address bit 10.

Bits 20:16 — ADDRMAP_COL_B8[4:0]

- Full bus width mode: Selects the HIF address bit used as column address bit 8.
- Half bus width mode: Selects the HIF address bit used as column address bit 9.
- Quarter bus width mode: Selects the HIF address bit used as column address bit 11 (10 in LPDDR2/LPDDR3

mode).
Valid Range: 0 to 7, and 31.
Internal Base: 8

The selected HIF address bit is determined by adding the internal base to the value of this field.
In LPDDR2/LPDDRS, there is a dedicated bit for auto-precharge in the CA bus and hence column bit 10 is used.
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If column bit 8 is the second highest column address bit, it must map to the second highest valid HIF address bit. (x =
the highest valid HIF address bit - 1 - internal base)

If column bit 8 is the third highest column address bit, it must map to the third highest valid HIF address bit. (x = the
highest valid HIF address bit - 2 - internal base)

If unused, set to 31 and then this column address bit is set to 0.

Programming Mode: Static

Note: Per JEDEC DDRZ2/3 specification, column address bit 10 is reserved for indicating auto-precharge, and hence
no source address bit can be mapped to column address bit 10.

Bits 12:8 - ADDRMAP_COL_B7[4:0]

- Full bus width mode: Selects the HIF address bit used as column address bit 7.

- Half bus width mode: Selects the HIF address bit used as column address bit 8.

- Quarter bus width mode: Selects the HIF address bit used as column address bit 9.

Valid Range: 0 to 7, and 31.

Internal Base: 7

The selected HIF address bit is determined by adding the internal base to the value of this field.
If column bit 7 is the third highest column address bit, it must map to the third highest valid HIF address bit. (x = the
highest valid HIF address bit - 2 - internal base)

If unused, set to 31 and then this column address bit is set to 0.

Programming Mode: Static

Bits 4:0 - ADDRMAP_COL_B6[4:0]

- Full bus width mode: Selects the HIF address bit used as column address bit 6.

- Half bus width mode: Selects the HIF address bit used as column address bit 7.

- Quarter bus width mode: Selects the HIF address bit used as column address bit 8.

Valid Range: 0 to 7.

Internal Base: 6

The selected HIF address bit is determined by adding the internal base to the value of this field.
If unused, set to 31 and then this column address bit is set to 0.

Programming Mode: Static
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17.6.51
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Reset

UDDRC Address Map Register 4

Name: UDDRC_ADDRMAP4
Offset: 0x210
Reset: 0x00000000

Property: Read/Write

31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
ADDRMAP_COL_B11[4:0]
RIW RIW RIW RIW RIW
0 0 0 0 0
7 6 5 4 3 2 1 0
ADDRMAP_COL_B10[4:0]
RIW RIW RIW RIW RIW
0 0 0 0 0

Bits 12:8 - ADDRMAP_COL_B11[4:0]

- Full bus width mode: Selects the HIF address bit used as column address bit 13 (11 in LPDDR2/LPDDR3 mode).
- Half bus width mode: UNUSED. See later in this description for value you need to set to make it unused.

- Quarter bus width mode: UNUSED. See later in this description for value you need to set to make it unused.
Valid Range: 0 to 7, and 31.

Internal Base: 11

The selected HIF address bit is determined by adding the internal base to the value of this field.

In LPDDR2/LPDDRS, there is a dedicated bit for auto-precharge in the CA bus and hence column bit 10 is used.
If column bit 11 is the highest column address bit, it must map to the highest valid HIF address bit. (x = the highest

valid HIF address bit - internal base)

If column bit 11 is the second highest column address bit, it must map to the second highest valid HIF address bit. (x
= the highest valid HIF address bit - 1 - internal base)

If column bit 11 is the third highest column address bit, it must map to the third highest valid HIF address bit. (x = the
highest valid HIF address bit - 2 - internal base)

If unused, set to 31 and then this column address bit is set to 0.

Programming Mode: Static

Note: Per JEDEC DDRZ2/3 specification, column address bit 10 is reserved for indicating auto-precharge, and hence
no source address bit can be mapped to column address bit 10.

Bits 4:0 - ADDRMAP_COL_B10[4:0]

- Full bus width mode: Selects the HIF address bit used as column address bit 11 (10 in LPDDR2/LPDDR3 mode).
- Half bus width mode: Selects the HIF address bit used as column address bit 13 (11 in LPDDR2/LPDDR3 mode).
- Quarter bus width mode: UNUSED. See later in this description for value you need to set to make it unused.

Valid Range: 0 to 7, and 31.

Internal Base: 10

The selected HIF address bit is determined by adding the internal base to the value of this field.

In LPDDR2/LPDDRS, there is a dedicated bit for auto-precharge in the CA bus and hence column bit 10 is used.
If column bit 10 is the highest column address bit, it must map to the highest valid HIF address bit. (x = the highest

valid HIF address bit - internal base)
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If column bit 10 is the second highest column address bit, it must map to the second highest valid HIF address bit. (x

= the highest valid HIF address bit - 1 - internal base)

If column bit 10 is the third highest column address bit, it must map to the third highest valid HIF address bit. (x = the

highest valid HIF address bit - 2 - internal base)

If unused, set to 31 and then this column address bit is set to 0.

Programming Mode: Static

Note: Per JEDEC DDRZ2/3 specification, column address bit 10 is reserved for indicating auto-precharge, and hence
no source address bit can be mapped to column address bit 10.
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17.6.52 UDDRC Address Map Register 5

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Name: UDDRC_ADDRMAP5
Offset: 0x214
Reset: 0x00000000
Property: Read/Write
31 30 29 28 27 26 25 24
| | | ADDRMAP_ROW_B11[3:0]
R/W R/W R/W R/W
0 0 0 0
23 22 21 20 19 18 17 16
ADDRMAP_ROW_B2_10[3:0]
R/W R/W R/W R/W
0 0 0 0
15 14 13 12 11 10 9 8
ADDRMAP_ROW_B1[3:0]
R/W R/W R/W R/W
0 0 0 0
7 6 5 4 3 2 1 0
ADDRMAP_ROW_BO0[3:0]
R/W R/W R/W R/W
0 0 0 0

Bits 27:24 - ADDRMAP_ROW_B11[3:0] Selects the HIF address bit used as row address bit 11.
Valid Range: 0 to 11, and 15
Internal Base: 17

The selected HIF address bit is determined by adding the internal base to the value of this field.
If unused, set to 15 and then row address bit 11 is set to 0.
Programming Mode: Static

Bits 19:16 — ADDRMAP_ROW_B2_10[3:0] Selects the HIF address bits used as row address bits 2 to 10.
Valid Range: 0 to 11, and 15
Internal Base: 8 (for row address bit 2), 9 (for row address bit 3), 10 (for row address bit 4) etc increasing to 16 (for
row address bit 10)
The selected HIF address bit for each of the row address bits is determined by adding the internal base to the value

of this field.

When set to 15, the values of row address bits 2 to 10 are defined by registers ADDRMAP9, ADDRMAP10,
ADDRMAP11.
Programming Mode: Static

Bits 11:8 —- ADDRMAP_ROW_B1[3:0] Selects the HIF address bits used as row address bit 1.
Valid Range: 0 to 11
Internal Base: 7

The selected HIF address bit for each of the row address bits is determined by adding the internal base to the value

of this field.

Programming Mode: Static

Bits 3:0 - ADDRMAP_ROW_BO0[3:0] Selects the HIF address bits used as row address bit 0.
Valid Range: 0 to 11
Internal Base: 6

The selected HIF address bit for each of the row address bits is determined by adding the internal base to the value

of this field.

Programming Mode: Static

© 2022 Microchip Technology Inc.
and its subsidiaries

Datasheet

DS60001765A-page 506



SAMA7GS5 Series