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Chapter 1

About This Document

1.1 Overview

1.1.1 Purpose

This document describes the features, architecture, and programming model of the
Freescale VFxxx Controller microprocessor (MPU).

1.1.2 Audience

This document is primarily for system architects and software application developers

who are using or considering using this device in a system.

1.1.3 Related Resources

Type

Description

Resource

Data Sheet

The Data Sheet includes electrical
characteristics and signal connections.

VYBRIDFSERIESEC - !

Reference Manual

The Reference Manual contains a
comprehensive description of the
structure and function (operation) of the
device.

VYBRIDFSERIESRM!'

Chip Errata

The chip mask set Errata provides
additional or corrective information for a
particular device mask set.

VFxxx Controller Chip Errata’

Application Notes

Application Notes are engineering
support documents that assist the user
in evaluating the operation of a device
product line, package type, or general
application topic.

e AN4651 ' - TFT Panel Support in
the Vybrid Microcontroller Family
» AN4672 ' - Using the Run-Length

Decoding Features on Vybrid
Devices
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Type Description Resource

» AN4647 ' - Configuring and Using
the 2D-ACE on Vybrid
Microcontrollers

* AN4635 ! - Using the Vybrid
TCON Module

e AN4512 ' - Quad Serial Peripheral
Interface (QuadSPI) Module
Updates

* AN4947 ' - Understanding Vybrid
Architecture

» AN4807 ! - Vybrid Power
Consumption and Options

1. To find the associated resource, go to www.freescale.com and perform a search using this term.

1.2 Conventions

1.2.1 Numbering systems

The following suffixes identify different numbering systems:

This suffix Identifies a

b Binary number. For example, the binary equivalent of the
number 5 is written 101b. In some cases, binary numbers are
shown with the prefix 0b.

d Decimal number. Decimal numbers are followed by this suffix
only when the possibility of confusion exists. In general,
decimal numbers are shown without a suffix.

h Hexadecimal number. For example, the hexadecimal
equivalent of the number 60 is written 3Ch. In some cases,
hexadecimal numbers are shown with the prefix Ox.

1.2.2 Typographic notation

The following typographic notation is used throughout this document:

Example Description

placeholder, x Items in italics are placeholders for information that you provide. Italicized text is also used for
the titles of publications and for emphasis. Plain lowercase letters are also used as
placeholders for single letters and numbers.

code Fixed-width type indicates text that must be typed exactly as shown. It is used for instruction
mnemonics, directives, symbols, subcommands, parameters, and operators. Fixed-width type

Table continues on the next page...
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Example

Description

is also used for example code. Instruction mnemonics and directives in text and tables are
shown in all caps; for example, BSR.

SR[SCM]

A mnemonic in brackets represents a named field in a register. This example refers to the
Scaling Mode (SCM) field in the Status Register (SR).

REVNQI[6:4], XADI[7:0]

Numbers in brackets and separated by a colon represent either:
* A subset of a register's named field

For example, REVNQ[6:4] refers to bits 6—4 that are part of the COREREYV field that
occupies bits 60 of the REVNO register.

* A continuous range of individual signals of a bus
For example, XADI[7:0] refers to signals 7—0 of the XAD bus.

1.2.3 Special terms

The following terms have special meanings:

Term Meaning
asserted Refers to the state of a signal as follows:
¢ An active-high signal is asserted when high (1).
* An active-low signal is asserted when low (0).
deasserted Refers to the state of a signal as follows:
* An active-high signal is deasserted when low (0).
¢ An active-low signal is deasserted when high (1).
In some cases, deasserted signals are described as negated.
reserved Refers to a memory space, register, or field that is either
reserved for future use or for which, when written to, the
module or chip behavior is unpredictable.
wic Write 1 to clear: Refers to a register bitfield that must be

written as 1 to be "cleared.”

VFxxx Controller Reference Manual, Rev. 8, 11/2015

Freescale Semiconductor, Inc.

135



PR 4

vounventions

VFxxx Controller Reference Manual, Rev. 8, 11/2015

136 Freescale Semiconductor, Inc.



Chapter 2
Introduction

2.1 VFxxx Controller Platform

This family of devices is Freescale’s latest Dual Core offering with ARM® Cortex®-A5
and ARM® Cortex®-M4 based processors for high end industrial and general purpose
applications.

NOTE
Throughout this manual, ARM® Cortex®-A5 is referred to as
Cortex-A5 or CAS. Also, ARM® Cortex®-M4 is referred to as
Cortex-M4 or CM4.

These devices are highly integrated reducing system cost for target applications. Main
features include

e Cortex-AS5 @500 MHz (1.57 DMIPS/MHz) with TrustZone with 32 KB I-Cache/32
KB D-Cache

* Neon Media Processing Engine (MPE) co-processor and double precision Floating
Point Unit (FPU)

e Cortex-M4 @167 MHz with 16 KB [-Cache/16 KB D-Cache

* 1.5 MB on-chip SRAM of which 512 KB optionally supports ECC

 Support for LPDDR2/DDR3

e Dual TFT display up to SVGA and optional 40x4 and 38x6 Segmented LCD

e Dual 10/100 Ethernet with on-chip L2 Switch

e Dual USB OTG with on-chip HS PHY and on-chip HS/FS/LS PHY

* Advanced Security supporting Symmetric with on-chip Tamper detection

* Rich set of communication peripherals and general purpose features

» Advanced digital audio support with multiple audio interfaces and hardware

asynchronous sample-rate converter co-processor.
* Multiple package options that include 176 LQFP, and 364 BGA

This family of devices is manufactured utilizing 40nm low-power process.
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2.2 Feature Set

This family of devices supports the following features:

Table 2-1. Feature Set

Operating Characteristics * Voltage range 3.0 V-3.6 V
e Temperature range (T;) -40 to 105 °C
¢ Flexible modes of operation

Up to 500 MHz ARM Cortex-A5

32 KB/32 KB I-/D- L1 Cache

1.57 DMIPS/MHz based on ARMv7 architecture
NEON MPE co-processor

Dual precision FPU

Optional 512K L2 Cache

Up to 167 MHz ARM Cortex M4

Build-in DSP capability

16KB/16KB I-/D- L1 Cache

1.25 DMIPS/MHz based on ARMv7 architecture

6 Phase Locked Loops (PLLs)
¢ 2 external crystal oscillators (XOSC)
* 2internal RC (IRC) oscillators

System, protection and power management features ¢ Flexible stop, wait, and run modes to provide lower
power based on application needs.

* Peripheral clock enable register can disable clocks to
unused modules, thereby reducing currents

* Low voltage warning and detect

¢ Hardware CRC module to support fast cyclic

redundancy checks (CRC)

64-bit unique chip identifier

Hardware watchdog

External Watchdog Monitor (EWM)

Dual DMA controller with 32 channels (with DMAMUX)

Debug » Standard JTAG
¢ 16 bit Trace port

Timers ¢ Low Power Timer (LPTMR)
¢ One Periodic Interrupt Timer (PIT) with 8 channels
* |[EEE® 1588 Timers (part of Ethernet Subsystem)

UART(IrDA, and hardware flow control)

Serial peripheral interface (SPI)

[2C with SMBUS support

Dual USB 2.0 HS OTG Controller (Supports LS/FS/HS)
with integrated PHYs

* 4/8 bit Secure Digital Host controller

* Dual 10/100 Ethernet with L2 Switch

* FlexCAN3

Memory Interfaces ¢ 8/16 bit DRAM Controller with support for LPDDR2/
DDR3 - Up to 800MT/s (400 MHz)
¢ 8/16-bit NAND Flash controller with ECC

Table continues on the next page...

ARM Cortex-A5 Core

ARM Cortex-M4 Core

Clocks

Communications
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Table 2-1. Feature Set (continued)

e 8/16/32 bit External bus (Flexbus)

* Dual QuadSPI supporting Execute-In-Place (XIP),
which mean two ports can be used simultaneously. XIP
mode on QuadSPI interface works in all modes: Single
(1-bit data), Dual (2-bit data), or Quad (4-bit data)

Graphics Display and Video e Dual Display Control Unit (DCU) with support for color
TFT displays up to SVGA

* Segment LCD (3V Glass only) configurable as 40x4,
38x6, and 36x8

* Video Interface Unit (VIU) for camera input

* Run Length Endoded (RLE) Decoder

* Composite Video Decoder supporting PAL and NTSC

Analog ¢ 12-bit SAR ADC
¢ 12-bit DAC
Audio e Synchronous Audio Interfaces (SAl) supporting 12S,

AC97 and Codec/DSP interfaces
* Enhanced Serial Audio Interface (ESAI)
» Sony/Philips Digital Interface (SPDIF), Rx and Tx
¢ Asynchronous Sample Rate Converter (ASRC)

Human-Machine Interface (HMI) ¢ GPIO pins with interrupt support, DMA request
capability, digital glitch filter.

¢ Hysteresis and configurable pull up/down device on all
input pins

* Configurable slew rate and drive strength on all output
pins

On-Chip RAM/ROM * 512 KB On-Chip SRAM with ECC

* 1 MB On-Chip Graphics SRAM without ECC

¢ 96KB On-Chip ROM

Power Consumption e Low power modes (LP/ULPRUN, STOP, LPSTOP1,
LPSTOP2 and LPSTOP3)

2.3 Detailed Block Diagram
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Figure 2-1. Detailed Block Diagram

NOTE
Throughout this manual, ARM® Cortex®-AS is referred to as
Cortex-AS5 or CA5. ARM® Cortex®-M4 1s referred to as
Cortex-M4 or CM4.

2.4 Device Configuration
The following table lists the superset configuration for each package within the device.

Table 2-2. Device Configuration

Device | VF3XX | VF5XX | VF6XX
General

Cortex®-A5 Core Frequency 266 MHz Up to 500 MHz Up to 500 MHz
Cortex®-M4 Core Frequency N/A N/A Up to 167 MHz
Package 176 LQFP 364 BGA 364 BGA
Package Dimensions (mm3) 24 x 24 17 x17 17 x17

Table continues on the next page...
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Table 2-2. Device Configuration (continued)

Device VF3XX VF5XX VF6XX
Pitch (0.5 mm) Pitch (0.8mm) Pitch (0.8 mm)
Core, Platform and Debug
DMA (with DMA Mux) 2 x 32 ch DMA Controllers 2 x 32 ch DMA Controllers 2 x 32 ch DMA Controllers
4 x 64 to 16 DMA Muxes 4 x 64 to 16 DMA Muxes 4 x 64 to 16 DMA Muxes

Trace Port 8 bit Output Trace 16 bit Output Trace 16 bit Output Trace
Security Subsystem
Random number generator 1, (NIST SP 800-90) 1, (NIST SP 800-90) 1, (NIST SP 800-90)
accelerator (RNG)
External Tamper inputs 2 6 6
On-Chip Memories
On-chip RAM 1.5 MB 1.5 MB SRAM or 1 MB SRAM | 1.5 MB SRAM or 1 MB SRAM

+ 512 KB L2 Cache + 512 KB L2 Cache
ECC on On-chip RAM (512K) 1 1 1
On-Chip ROM 96 KB 96 KB 96 KB
Memory Interfaces
DRAM Controller (LPDDR2/ No 16 bit 16 bit
DDRS) 8 bit 8 bit
NAND Flash Controller 1 (8 bit) 1 (16 bit) 1 (16 bit)
Quad SPI 2 2 2
Timers/PWM
FlexTimer (FTMO) channel 8 Ch 8 Ch 8 Ch
pins
FlexTimer (FTM1) channel 2Ch 2Ch 2Ch
pins
FlexTimer (FTM2) channel 2Ch 2Ch 2Ch
pins
FlexTimer (FTM3) channel None 8 Ch 8 Ch
pins
IEEE® 1588 Timers 4 Ch 8 Ch 8 Ch
Periodic Interrupt 4 Ch 8 Ch 8 Ch
Timers(PITs)
Low power timer (LPTMR) 1 1 1
Communication Interfaces
10/100 ENET with 2 2 2
IEEE®1588
eSDHC 1 (8 bit) 2 (8 bit and 4 bit) 2 (8 bit and 4 bit)
FlexCAN 2 2 2
USB 2.0 HS OTG Controller 1 2 2
UART (SCI) 4 6 6
DSPI (16-bit) 3 4 4
12C 3 4 4
Display and Video

Table continues on the next page...
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Table 2-2. Device Configuration (continued)

Device VF3XX VF5XX VF6XX

TFT Display Control Unit 1 2 2

(DCU)

Segmented LCD (40x4) 1 0 0

Video Interface Unit (VIU) 1 (digital input only) 1 (digital input only) 1 (with digital or analog video
input)

RLE Decoder 1 1 1

Analog

12 bit SAR ADC 2 (12 Ch) 2 (16 Ch) 2 (16 Ch)

Video ADC (Channels) 0 0 4

USB HS PHY (OTG) 1 2 2

12-bit DAC 2 2 2

Audio

Asynchronous Sample Rate 1 1 1

converter(ASRC)

SAl 3 4 4

ESAI

SDPIF 1 1 1

Human Machine Interface

Total GPIO pins (with Upto 115 Up to 135 Up to 135

Interrupt capability)

2.5 Modules on the device

2.5.1 Clocks

The following clock modules are available on this device.

Table 2-3. Clock modules

Module

Description

Reference links to the related information 1

Clock Controller Module
(CCM)

The Clock Controller Module controls the
following functions:

» Uses the available clock sources to
generate clock roots to various parts of the
device

* Uses programmable bits to control
frequencies of the clock roots

» Controls the low power mechanism

* Provides control signals to Low Power
Clock Gating module (LPCG) for gating
clocks

* Clocking Overview to read about the
overall clock distribution on this device. It
provides an overview about the different
clock sources their typical configuration,
and module clocks on this device.

¢ Clock Controller Module (CCM) to read
about module features, programming
model, Low Power Clock gating, and
auxiliary clocks on this device.

Table continues on the next page...
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Table 2-3. Clock modules (continued)

Module

Description

Reference links to the related information 1

¢ Provides handshake with System Reset
Controller (SRC) for reset performance

¢ Provides handshake with Global Power
Controller (GPC) for low power mode
operations

Analog components
control interface
(ANADIG)

ANADIG is collection of digital interfaces and
controllers of analog components, which include
control registers for controlling analog
components like device PLLs, PFDs, and
regulators.

* Clocking Overview.

¢ ANADIG to read about the registers that
control the PLLs, PFDs, and regulators on
this device.

Slow Clock Source
Controller (SCSC)

Controls the module configures the Slow internal
RC oscillator 128 KHz (SIRC) and Slow external
crystal oscillator 32 KHz (SXOSC) on the device.

* Clocking Overview.
¢ Introduction Slow Clock Source Controller
(SCSC)

Clock Monitor Unit
(CMU)

Measures the frequency of clock sources

e Clocking Overview.

* Clock Monitor Unit (CMU) to read about
module features, programming model, and
signals.

e CMU Chip Signals section to view the
mapping between CMU module signals
and the chip-level signals.

1. ltis recommended to read the information in the order below.

2.5.2 Platform Modules

The following table lists all platform modules available on this device.

NOTE

Shaded modules are ARM modules. For the detailed description
about them, refer to the ARM website.

Table 2-4. Platform modules

Module

Description

Reference

ARM Cortex-A5

The Cortex-A5 processor is a high-performance,
low-power ARM macrocell with an L1 cache
subsystem that provides full virtual memory
capabilities. It supports:
* ARMv7-A instruction set architecture
including
* Includes Vector Floating-Point v4
(VFPv4) architecture
* NEON Media Processing Engine
(MPE)
e TrustZone security
» 8-stage single issue pipeline
implementation operating at 266.6, 400
MHz speeds
* 1.57 DMIPS per MHz integer
performance

For ARM Cortex-A5 processor documentation,
refer to Cortex-A5 MPCore rOp1 Technical
Reference Manual, DDI0434B at http://
www.arm.com

Table continues on the next page...
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Table 2-4. Platform modules (continued)

Module Description Reference

* 4-stage load/store pipeline
» 5-stage FPU/MPE pipeline

* 64-bit AXI System Bus Interface supporting
multiple outstanding transactions

* Processor-local Memories

* 2 way set-associative 32 KB
Instruction Cache with 32 byte line
size

* 4 way set-associative 32 KB Data
Cache with 32 byte line size

e Standard Cortex-A5 Memory
Management Unit 64-bit AXI System
Bus Interface supporting multiple
outstanding transactions

CoreLink™ Level 2 The addition of an on-chip secondary cache, also |For ARM Cache Controller documentation, refer
Cache Controller referred to as a Level 2 or L2 cache, is a to DDI0246F _I2¢310_r3p2_trm at http:/
recognized method of improving the performance |www.arm.com

of ARM-based systems when significant memory
traffic is generated by the processor. By definition
a secondary cache assumes the presence of a
Level 1 or primary cache, closely coupled or
internal to the processor.

ARM Cortex-M4 Core | The Cortex-M4 processor core brings next For ARM Cortex-M4 processor documentation,
generation capabilities to its predecessor, the refer to Cortex-M4 User Guide Reference
Cortex-M3. lts new capabilities provide backward |Material, DUIO553A at http://www.arm.com
compatibility with the Cortex-M3, while adding
important features.

e Supports ARMv7-M instruction set

architecture
* Includes the single precision FPU

» 3-stage single issue pipeline
implementation
* 1.25 DMIPS per MHz integer
performance
* Processor-local Memories
¢ All local memories operate at core
frequency and provide 0 wait state
response on “hits”
* 64 KB of Tightly-Coupled Memory
split equally between TCM{Lower,
Upper}
e 2 way set-associative 16KB
CodeCache
* 2 way set-associative 16 KB
SystemCache
* Modified Harvard 64-bit AHB System Bus
Interface + 64-bit AHB backdoor port to

TCM
Local Memory The Local Memory Controller provides the ARM
Controller Cortex-M4 processor with tightly coupled

processor-local memories and bus paths to all
slave memory spaces.

Table continues on the next page...
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Table 2-4. Platform modules (continued)

Module

Description

Reference

The local memory controller includes four
memory controllers and their attached memories:
* SRAM lower (SRAM_L) controller via the
PC bus
e SRAM upper (SRAM_U) controller via the
PS bus
e Cache memory controller via the PC bus
e Cache memory controller via the PS bus

CoreLink™ System Bus
Interconnect (NIC301)

The CoreLink™ Network Interconnect (NIC301)
is a 2nd generation highly configurable IP
component that enables the creation of a
complete high performance, optimized AMBA-
compliant network infrastructure.
e 1-128 AXI or AHB-Lite slave interfaces for
bus master connections
¢ 1-64 master interfaces that can be AXI,
AHB-Lite, APB2, or APBS3 for bus slave
connections
¢ Single-cycle arbitration
* Full pipelining to prevent master stalls
e Programmable control for FIFO transaction
release
* Multiple switch networks
e AXI or AHB-Lite masters and slaves
* Non-contiguous APB slave address map
for a single master interface
* Independent widths of user-defined
sideband signals for each channel
» Global Programmers View (GPV) for the
entire infrastructure, configurable for
customizing the memory mapped visibility
¢ Highly flexible timing closure options

For NIC301 documentation, refer to
DDI0397H_corelink_network_interconnect_nic30
1_r2p2_trm.pdf at http://www.arm.com

ARM Generic Interrupt
Controller (GIC)

Generic Interrupt Controller (GIC) is a centralized
resource for supporting and managing interrupts
in a system that includes at least one processor.
It provides:

e registers for managing interrupt sources,
interrupt behavior, and interrupt routing to
one or more processors

e support for the following:

» the ARM architecture Security
Extensions

¢ the ARM architecture Virtualization
Extensions

* enabling, disabling, and generating
processor interrupts from hardware
(peripheral) interrupt sources

» Software-generated Interrupts (SGls)

* interrupt masking and prioritization

¢ uniprocessor and multiprocessor
environments

* wakeup events in power-
management environments.

For ARM GIC documentation, refer to
IHI0048B_gic_architecture_specification.pdf at
http://www.arm.com

Table continues on the next page...
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Table 2-4. Platform modules (continued)

Module

Description

Reference

Debug Interfaces

The device debug and trace is based on ARM
CoreSight™ architecture supplemented with the
Secured JTAG controller (SJC) to allow security
features. Debug interfaces supported are:

* |EEE 1149.1 System JTAG Controller
(SJC) that provides the security
authentication for debug access to the
chip.

e |IEEE 1149.7 JTAG. Also known as
compact JTAG (cJTAG).

e ARM Serial Wire Debug (SWD)

e Support for Secured and non secured
invasive/ non invasive debug to allow
further granularity in debug accesses.

» Support for field return parts to open
access for debug and test to allow failure
analysis.

» Cross Trigger supported between the two
cores as recommended by ARM.

* Program trace support

* Data trace supported by the Cortex-A5

For ARM debug documentation, refer to ARM
Debug Interface -
IHI0031A_ARM_debug_interface_v5.pdf at http://
www.arm.com

eDMA

¢ 32 channels support independent

e 8-, 16-, or 32-bit single value or block
transfers

¢ Supports variable sized queues and
circular queues

* Source and destination address registers
are independently configured to
postincrement or remain constant

» Each transfer is initiated by a peripheral,
CPU, periodic timer interrupt or eDMA
channel request

e Each DMA channel can optionally send an
interrupt request to the CPU on completion
of a single value or block transfer

* DMA transfers possible between
memories, General Purpose I/Os (GPIOs)
and Slave Peripherals that support DMA

* Programmable DMA Channel Mux allows
assignment of any DMA source to any
available DMA channel with up to a total of
64 potential request sources

Refer to the Direct Memory Access Controller
(eDMA) chapter of this manual.

Peripheral Bridge
(AIPS-Lite)

e Supports up to 160 peripherals and two
global external peripheral spaces

¢ Supports 8-, 16-, and 32-bit width
peripheral slots

» Supports a pair of 32-bit transactions for
selected 64-bit memory accesses

* Each independently configurable peripheral
includes a clock enable, which allows
peripherals to operate at any speed less
than the system clock rate.

Refer to the AIPS-lite chapter of this manual.

Table continues on the next page...
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Table 2-4. Platform modules (continued)

Module

Description

Reference

Semaphores (SEMA4)

The Semaphores module implements hardware-
enforced semaphores as an IPS-mapped slave
peripheral device. The feature set includes:
¢ Support for 16 hardware-enforced gates in
a dual-processor configuration
e Each hardware gate appears as a 3-
state, 2-bit state machine, with all 16
gates mapped as a byte-size array
e Optional interrupt notification after a
failed lock write provides a
mechanism to indicate when the gate
is unlocked
¢ Secure reset mechanisms are
supported to clear the contents of
individual gates or notification logic,
as well as a clear_all capability
* Memory-mapped IPS slave peripheral
platform module
¢ Interface to the IPS bus for
programming-model accesses
e Two outputs (one per processor) for
interrupt notification of failed lock
writes

Refer to the IPS_Semaphore chapter of this
manual.

2.5.3 System Modules

The following system modules are available on this device.

Table 2-5. System modules

Module

Description

Reference links to the chip related
information

Power management
controller (PMC)

The PMC provides the user with multiple power
options. Ten different modes are supported that
allow the user to optimize power consumption for
the level of functionality needed. Includes power-
on-reset (POR) and integrated low voltage detect
(LVD) with reset (brownout) capability.

Peripheral bridges

The peripheral bridge converts the crossbar
switch interface to an interface to access a
majority of peripherals on the device.

DMA multiplexer
(DMAMUX)

The DMA multiplexer selects from many DMA
requests down to 16 for the DMA controller.
There are 2 DMA multiplexers associated with
each 32-channel DMA.

DMAMUX Request Sources

Direct memory access
(DMA) controller

The DMA controller provides programmable
channels with transfer control descriptors for data
movement via dual-address transfers for 8-, 16-,
32- and 128-bit data values.

Table continues on the next page...

VFxxx Controller Reference Manual, Rev. 8, 11/2015

Freescale Semiconductor, Inc.

147



wivuules on the device

Table 2-5. System modules (continued)

Module Description Reference links to the chip related
information

External watchdog The EWM is a redundant mechanism to the
monitor (EWM) software watchdog module that monitors both
internal and external system operation for fail
conditions.

Software watchdog The WDOG monitors internal system operation
(WDOG) and forces a reset in case of failure. It operates
on SXOSC 32 KHz clock with a programmable
refresh window to detect deviations in program
flow or system frequency.

2.5.4 Memories and Memory Interfaces
The following memories and memory interfaces are available on this device.

Table 2-6. Memories and memory interfaces

Module Description Reference links to chip related information

On-chip memory ¢ The device Includes:

¢ 512 KB On-Chip SRAM with error
correcting code (ECC)

* 1 MB On-Chip Graphics SRAM
without ECC

* 96 KB On-Chip ROM

Programmable Cyclic | The module generates 16/32-bit CRC code for
Redundancy Check error detection. The CRC module provides a
(CRC32) programmable polynomial, SEED, and other
parameters required to implement a 16-bit or 32-
bit CRC standard. The 16/32-bit code is
calculated for 8/16/32-bit data at a time. The data
width and transpose features are selectable by a
parameter.

DRAM Memory DDRMC is a complete embedded memory DDR maximum address space
Controller (DDRMC) controller that interfaces to a PHY.
The features of this Memory Controller include:

* Supports interfacing to LPDDR2 and DDR3
memory types. It supports 8-bit and 16-bit
memory interface.

¢ Fully pipelined command, read and write
data interfaces to the memory controller.

* Advanced bank look-ahead features for
high memory throughput.

¢ Front-end interface to 2 standard AXI ports.
A programmable register interface to
control memory parameters and protocols
including auto pre-charge.

Table continues on the next page...
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Table 2-6. Memories and memory interfaces (continued)

Module

Description

Reference links to chip related information

* Full initialization of memory on memory
controller reset.

» ECC functionality with single bit and double
bit error reporting and automatic correction
of single bit error events. 10-bit memory
interface is required for ECC (8-bit user
data + 2-bit ECC).

¢ ECC functionality with single bit and double
bit error reporting and automatic correction
of single bit error events.

» Clock frequencies from 100 MHz to 400
MHz supported.

* Back-end interface to a PHY.

¢ Integrates support for DDR pad calibration
logic - both software and hardware auto
modes

FlexBus

External bus interface with multiple independent,
user-programmable chip-select signals that can
interface with external SRAM, PROM, EPROM,
EEPROM, flash, and other peripherals via 8-, 16-
and 32-bit port sizes. Configurations include
multiplexed or non-multiplexed address and data
buses using 8-bit, 16-bit, 32-bit, and 16-byte line-
sized transfers. Maximum frequency that FlexBus
supports is 57 MHz

FlexBus signal multiplexing

FlexBus external signal

FlexBus security

Instantiation Information

FlexBus Chip Select Control Register
(CSCRO0) Reset Value

* Bus Timeout

NAND flash controller

8-bit and 16-bit NAND flash interface with 32-bit
ECC error correction.
¢ Supports all NAND Flash products
regardless of density/organization (with
page size of 512 K+16B/2 K+64B/4 K
+128B/4 K+218B/8 K)
* Two Configurable DMA channels
* Maximum serial clock frequency 80 MHz

Instantiation

QuadSPI

Interface for up to two external quad serial flash
memories for code / data storage and code
execution
¢ Supports industry standard single, dual and
quad mode serial flashes
» Supports Double Data Rate (DDR) serial
flash for high performance
e Maximum serial clock frequency 80 MHz
* Dual controller architecture enables
simultaneous access to two external
flashes resulting peak read bandwidth of
160 Mbytes/s
* Flexible buffering scheme, multi-master,
prioritized access

QuadSPI Instances
QuadSPI Memory Interface
QuadSPI Buffer

Booting from QuadSPI
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2.5.5 Audio modules
The following audio modules are available on this device:

Table 2-7. Audio modules

Module

Description

Reference links to chip related information

Enhanced Serial Audio
Interface (ESAI)

Provides a full-duplex serial port for serial
communication with a variety of serial devices,
including industry-standard codecs, Sony/Phillips
Digital Interface (SPDIF) transceivers, and other
DSPs. The ESAI consists of independent
transmitter and receiver sections, each section
with its own clock generator.

¢ Enhanced Serial Audio Interface (ESAI)
e ESAI Bus Interface and FIFO
(ESAI_BIFIFO)

Sony/Philips Digital
Interface (SPDIF)

The SPDIF is composed of two parts:

¢ SPDIF Receiver: The SPDIF receiver
extracts the audio data from each SPDIF
frame and places the data in the SPDIF Rx
left and right FIFOs. The Channel Status
and User Bits are also extracted from each
frame and placed in the corresponding
registers. The SPDIF receiver also
provides a bypass option for direct transfer
of the SPDIF input signal to the SPDIF
transmitter.

e SPDIF Transmitter. For the SPDIF
transmitter, the audio data is provided by
the processor via the SPDIFTxLeft and
SPDIFTxRight registers. The Channel
Status bits are also provided via the
corresponding registers.

Asynchronous Sample
Rate Converter (ASRC)

Converts the sampling rate of a signal associated
to an input clock into a signal associated to a
different output clock.The ASRC supports
concurrent sample rate conversion of up to 10
channels of about -120dB THD+N. The ASRC
supports up to 3 sampling rate pairs. The ASRC
is hard-coded implemented, as a co-processor,
with minimal CPU intervention.

Synchronous Audio
Interface (SAl)

Implements supports full-duplex serial interfaces
with frame synchronization such as 12S, AC97,
and CODEC/ DSP interfaces.

Synchronous Audio Interface (SAl)
SAI3 register details

Simultaneous SAI DMA requests

SAl transmitter and receiver options for
MCLK selection

e SAlin Stop mode

2.5.6 Timer modules

The following timer modules are available on this device:
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Table 2-8. Timer modules

Module Description Reference links to chip related information
Programmable delay * 16-bit resolution * PDB Instantiation
block (PDB) e 3-bit prescaler e PDB Module Interconnections
» Positive transition of trigger event signal * DMA support on PDB
initiates the counter e PDB in Low-Power modes
» Supports two triggered delay output * PDB implementation with ADC

signals, each with an independently-
controlled delay from the trigger event

* Outputs can be OR'd together to schedule
two conversions from one input trigger
event and can schedule precise edge
placement for a pulsed output. This feature
is used to generate the control signal for
the CMP windowing feature and output to a
package pin if needed for applications,
such as critical conductive mode power
factor correction.

» Continuous-pulse output or single-shot
mode supported, each output is
independently enabled, with possible
trigger events

¢ Supports bypass mode

¢ Supports DMA

Flexible timer modules ¢ Selectable FTM source clock, e FTM Instantiation
(FTM) programmable prescaler e FTM output triggers for other modules
* 16-bit counter supporting free-running or * FTM Global Time Base
initial/final value, and counting is up or up- e FTM Hardware Triggers
down e FTM Fault Detection Inputs

¢ Input capture, output compare, and edge-
aligned and center-aligned PWM modes

* Operation of FTM channels as pairs with
equal outputs, pairs with complimentary
outputs, or independent channels with
independent outputs

* Deadtime insertion is available for each
complementary pair

* Generation of hardware triggers

¢ Software control of PWM outputs

e Up to 4 fault inputs for global fault control

» Configurable channel polarity

* Programmable interrupt on input capture,
reference compare, overflowed counter, or
detected fault condition

* Quadrature decoder with input filters,
relative position counting, and interrupt on
position count or capture of position count
on external event

¢ DMA support for FTM events

Periodic interrupt timer e 8 channels ¢ PIT Instantiations

(PIT) * Interrupt timers for triggering ADC * PIT/DMA Periodic Trigger Assignments
conversions

¢ 32-bit counter resolution

* Clocked at system clock frequency

* 4 channels connected to DMA

Table continues on the next page...
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Table 2-8. Timer modules (continued)

Module

Description

Reference links to chip related information

Low-power timer
(LPTimer)

* Selectable clock for prescaler/glitch filter of
1 kHz (internal LPO), 32.768 kHz (external
crystal), or internal reference clock

¢ Configurable Glitch Filter or Prescaler with
16-bit counter

* 16-bit time or pulse counter with compare

* Interrupt generated on Timer Compare

* Hardware trigger generated on Timer
Compare

LPTMR prescaler/glitch filter clocking options

Real-time clock (RTC)

* Independent power supply, POR, and 32
kHz Crystal Oscillator

* 32-bit seconds counter with 32-bit Alarm

¢ 16-bit Prescaler with compensation that
can correct errors between 0.12 ppm and
3906 ppm

2.5.7 Communication interfaces

The following communication interfaces are available on this device:

Table 2-9. Communication modules

Module

Description

Reference links to the chip related
information

Ethernet MAC with
IEEE 1588 capability
(ENET)

Ethernet Subsystem on VFxxx Controller include
the following blocks:
e Dual 10/100 Ethernet MAC (MAC-NET
From MTIP)
¢ Hardware support for IEEE Standard
for a Precision Clock Synchronization
Protocol for Networked Measurement
and Control Systems IEEE 1588
¢ Reduced media independent
interface (RMII) support
¢ Interfaces with Unified DMA
* Supports wake-up from low power
mode through magic packets
¢ Multiple clock source options for
time-stamping clock
e 10/100 L2 Ethernet Switch (From MTIP)
* 3-Port Switch
¢ Supports two MAC-NETs
* Supports 64-bit Atlantic/FIFO ports
and IEEE 1588 support
¢ Fast cut-through mode
¢ QoS with 8-queues per port and port
mirroring
* Level 3 IP snooping
¢ Dual Unified DMA
¢ On-chip transmit and receive FIFOs

Instantiation Information

MIl and RMII configuration

IEEE 1588 Timers

Ethernet Operation in Low Power Modes
Ethernet Subsystem Interrupts

Ethernet switch register reset values

Table continues on the next page...
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Table 2-9. Communication modules (continued)

Module

Description

Reference links to the chip related
information

Universal Serial Bus
Controller (USB)

USB 2.0 compliant module with support for host,
device, and On-The-Go modes. Includes an on-
chip transceiver for full and low speeds. The
registers and data structures are based on the
Enhanced Host Controller Interface Specification
for Universal Serial Bus (EHCI) from Intel
Corporation.

NOTE: OTG controller should be treated as
Dual role controller that allows the
controller to act as either a Host or a
device with no support for HNP/SRP.

* USB Configuration and Options
e SOF for USB Audio
* OverCurrent and VBUS Connection

Controller Area Network
(CAN)

Supports the full implementation of the CAN
Specification Version 2.0, Part B

FlexCAN Instantiation

Serial Peripheral
Interface (SPI)

Synchronous serial bus for communication to an
external device

¢ SPI Instantiation
¢ Number of PCS

Inter-Integrated Circuit
(12C)

Allows communication between a number of
devices. Also supports the System Management
Bus (SMBus) Specification, version 2.

Instantiation Information

Universal asynchronous
receiver/transmitters
(UART)

Asynchronous serial bus communication
interface with programmable 8- or 9-bit data
format and support of ISO 7816 smart card
interface

UART configuration information
UART wakeup

UART interrupts

UART Instances Register Difference

Secure Digital host
controller (SDHC)

Interface between the host system and the SD,
SDIO, MMC, or CE-ATA cards. The SDHC acts
as a bridge, passing host bus transactions to the
cards by sending commands and performing
data accesses to/from the cards. It handles the
SD, SDIO, MMC, and CE-ATA protocols at the
transmission level.

SD bus pullup/pulldown constraints
e SDHC Wakeup
* SDHC Software Guidelines

2.5.8 Graphics Modules

The following core modules are available on this device.

Table 2-10. Graphics/Display Modules

Module

Description

Reference links to chip related information

Display Controller Unit
(DCU4)

It is a system master that fetches graphics stored
in internal or external memory and displays them
on a TFT LCD panel. It supports:
* Full RGB888 output to TFT LCD panel
e 64 graphics layers, a default background
color layer and a cursor layer with
integrated blinking option
¢ Blending of each pixel using up to 6 source
layers dependent on size of panel

DCU Instantiation

Table continues on the next page...
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Table 2-10. Graphics/Display Modules (continued)

Module

Description

Reference links to chip related information

* Programmable panel size up to XGA
(1008x768)

e Gamma correction with 8-bit resolution on
each color component

* Safety mode for tagging pixels on highest
priority layers

¢ Dedicated memory blocks to store a cursor
and Color Look Up Tables (CLUTSs)

* Temporal Dithering

RLE

Decodes data that has been compressed using a
Run Length Encoding (RLE) scheme. It has input
and output FIFO buffers directly connected to the
crossbar switch and requires the CPU or DMA to
push in the encoded data and then extract the
decoded result. The module configuration is
optimized for decoding data stored in a two-
dimensional image format but can also be used
to extract data stored as a linear array.
* 32 channels support independent
* 8/16/32-bit single value or block transfers
e Supports variable sized queues and
circular queues
* Source and destination address registers
are independently configured to
postincrement or remain constant
¢ Each transfer is initiated by a peripheral,
CPU, periodic timer interrupt or eDMA
channel request
e Each DMA channel can optionally send an
interrupt request to the CPU on completion
of a single value or block transfer
¢ DMA transfers possible between system
memories, General Purpose I/Os (GPIOs)
and Slave Peripherals that support DMA
* Programmable DMA Channel Mux allows
assignment of any DMA source to any
available DMA channel with up to a total of
64 potential request sources

RLE Instantiation

TCON

The Timing Controller module (TCON) provides
an alternative interface for the DCU that provides
RGB data and timing signals for "raw" TFT
panels which have no embedded TCON.

* Flexible timing generation unit supporting
12 timing signal channels

» Supports bit mapping of 8-bit or 6-bit color
depth

¢ Blanking of RGB data during inactive
period (driven to all "0" or all "1")

TCON Instantiation

VFxxx Controller Reference Manual, Rev. 8, 11/2015

154

Freescale Semiconductor, Inc.



g |

2.5.9 Analog modules

Chapter 2 Introduction

The following analog modules are available on this device:

Table 2-11. Analog modules

Module

Description

Reference links to chip related information

12-bit analog-to-digital

It is a successive approximation ADC designed

¢ ADC Instantiation

converter (ADC) for operation within an integrated microcontroller * Voltage reference selection (REFSEL
system-on-chip. settings)
* DMA Support on ADC
* ADC Channel Assignments
¢ ADC interconnections
Video ADC The VideoADC module comprises an analog Instantiation

front end and video decoder block allowing up to
4 composite video sources to be connected. The
Video ADC accepts NTSC and PAL format
composite video, digitises, filters and decode this
video and outputs a digital video stream to the
VIU module for further processing.

Temperature Voltage
Monitor

It contains the voltage and temperature monitor
circuits. These circuits are put into a separate
power domain. Its features are:
* Low power designs to support the coin
battery
* Trimmable Voltage and Temperature
detector thresholds

Power Management
Unit (PMU)

The PMU of the device includes:
* High power or main regulator (HPREG)
Voltage reference for HPREG
Low power regulator (LPREG)
Ultra low power regulator (ULPREG)
Voltage reference for LPREG and
ULPREG
Low voltage detector for 3.3V supply
¢ Separate Low voltage detectors for
HPREG ,LPREG ,ULPREG output voltages
- Power on Reset(POR)
* Power up sequencing and testing
* N-well bias circuit
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Chapter 3
Chip Configuration

3.1 Introduction
This chapter provides details on the individual modules of the device. It includes:

* specific module-to-module interactions not necessarily discussed in the individual
module chapters

e number of instances of the module in the device and their features

e number of instances of the module in the device and the differences in the features (if

any)
* register differences between the multiple instances of a module

3.2 Core modules

3.2.1 Cortex-M4 Processor Core

Cortex-M4 implements the ARMv7-ME instruction set architecture (ISA): this is the
Thumb?2 definition - it provides compatibility with Cortex-M3 and adds significant new
capabilities with DSP and SIMD extensions. The basic multiply-accumulate instructions
support operations up to 32 x 32 + 64. Cortex-M4 also includes a single-precision
floating-point unit (FPU), which includes an extension register file of thirty-two 32-bit
floating-point data registers. Cortex-M4 complex includes the FPU and two 32-bit system
bus interfaces. The device Cortex-M4 implementations include two tightly-coupled local
memories and two cache memories connected to these bus interfaces although the device
implementation connects to the 64-bit system bus interconnect and supports a 32-byte
cache line size.

e L1 2-way set-associative 16kB Instruction cache with 32B line size length

* L1 2-way set-associative 16kB Data cache with 32B line size length
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Figure 3-1. Cortex-M4 Block Diagram

Cortex-M4 core features a single issue, three stage pipeline microarchitecture. A high-
level spatial pipeline block diagram of the CPU is shown below. The stages of the
pipeline include:
* Fe - Instruction fetch stage where data is returned from instruction memory
* De - Instruction decode stage, generation of L.oad/Store Unit (LSU) address using
forwarded register ports and immediate offset of LR register branch forwarding
* Ex - Instruction execute stage, single pipeline with multi-cycle stalls, LSU address/
data pipelining to AHB interface, multiply/divide and ALU with branch result
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Figure 3-2. Cortex-M4 Pipeline Block Diagram

3.2.2 Cortex-M4 Instruction Fetches on the System Bus

The Cortex-M4 processors implement multiple 32-bit bus interfaces that support a
Harvard memory architecture. Specifically, the cores provide a modified Harvard
connection with 2-cycle pipelined AMBA-AHB code and system buses. The modified
Harvard memory architecture results since the bus interfaces are activated by address
range and include both instruction fetches and operand data references on a given bus
port. A traditional Harvard architecture separates instruction fetches and operand data
references onto specific bus ports regardless of access address.

The code bus is typically used for instruction fetching and data accesses of PC-relative
data, while the system bus is typically used for operand data references to the on- and off-
chip memories and peripheral accesses. This bus structure fully supports concurrent
instruction fetch and data accesses, but the Cortex-M4 implementations can generate both
types of references on each bus. Additionally, there is a separate 32-bit Private Peripheral
Bus (PPB) connection to several important modules (for example, the Nested Vectored
Interrupt Controller) accessible to only the core. By placing the various code and data
sections in the appropriate locations within the memory map, overall system performance
can be maximized.
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To provide a “clean timing interface” on the core's system bus, instruction and vector
fetch requests to this bus are registered. This increases fetch time by an additional cycle
of latency because instructions fetched from the system bus take a minimum of two
cycles. This also means that back-to-back instruction fetches from the system bus are not
possible.

Instruction fetch requests to the code bus are not registered. It is recommended that
performance critical code be located such that it fetches from the ICode bus interface as
defined by addresses < 0x2000_0000 (the system bus interface includes the addresses > =
0x2000_0000 and < 0xE000_0000 and the Private Peripheral Bus is used for addresses
>= 0xE000_0000).

NOTE
In the device, the memory map includes aliased address spaces
that are mapped into the ICode region for code sections that
reside in the system address space. As a simple example, the
DDR address space is located in the system region of the
memory map, but a subset of this space is aliased so that it
appears in the ICode region that instructions mapped into the
DDR space can be executed as maximum performance.

3.2.3 Cortex-A5 Processor Core

The Cortex-AS processor is a high-performance, low-power ARM macrocell with an L1
cache subsystem that provides full virtual memory capabilities. The core supports the
ARMV7-A instruction set architecture (supporting 32-bit ARM plus 16- and 32-bit
Thumb{-2} instructions) and the microarchitecture has been optimized for area,
performance/power efficiency, scalability and flexibility. It is architecturally compatible
with the Cortex-A9.

It includes both an FPU and the NEON Media Processing Engine. The Cortex-AS
Floating Point Unit (FPU) is a VFPv4-D16 implementation of the ARM v7 floating-point
architecture. The unit provides floating-point computation functionality that is compliant
with the ANSI/IEEE Std 754-1985, IEEE Standard for Binary Floating-Point Arithmetic
(IEEE 754).

The FPU includes all data processing instructions and data types in the VFPv4
architecture and fully supports single-precision and double-precision add, subtract,
multiply, divide, multiply and accumulate, and square root operations. It also provides
conversions between fixed-point and floating-point data formats, and floating-point
constant instructions. The FPU is tightly integrated to the Cortex-AS processor pipeline.
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The NEON Media Processing Engine (MPE) extends the capabilities of the FPU with an
implementation of the ARM NEON Advanced SIMD v2 instruction set for further
acceleration of media and signal processing functions. It includes an additional register
set supporting a rich set of SIMD operations over 8, 16, and 32-bit integer and 32-bit
floating-point data types. The Cortex-AS implements TrustZone® Technology to ensure
reliable implementation of security applications ranging from digital rights management
to electronic payment.

Embedded trace macrocell

(ETM) interface APB interface
F 3 F 3
Cortex-AS5
processor
Debug
F 3
Y
Data processing unit (DPU) L "| Prefetch unit and branch predictor (PFU)
| Data micro-TLE Instruction micro-TLE ‘
t F Y F 3 r
Y ¥ r
Data store |« Eill‘a {EEEBT + Main translation *| [nstruction cache
buffer (STB) |« . lookaside buffer (TLB) unit (ICU)
CP15
1 | r Y I T 1
b 4 b 4
Bus interface unit (BIU)

L J
AXl interface

Figure 3-3. Cortex-A5 Processor Core Block Diagram

The processor microarchitecture implements a single issue, 8-stage pipeline design
capable of 1.57 DMIPS per MHz performance. For the device, the configurable L1
caches are defined as 32K I- and 32K D-Caches and the system bus interface is a high
performance 64-bit AXI bus that supports multiple outstanding transactions and has over
3x the memory bandwidth of the ARM1176JZ-S.

* L1 2-way set-associative 32 KB Instruction cache with 32B line size length

e L1 4-way set-associative 32 KB Data cache with 32B line size length

» L2 8-way set associative 512 KB cache with 32B line size length
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Flgure 3. ARM Cortex-A5 pipelines. The basic integer pipeline is eight stages deep, including three prefetch stages that set up branch prediction. An
Instruction queue decouples the prefetch stages from the ALU section of the pipeline. A three-stage multiplier can execute 32- x 32-bit multiplies
at a throughput rate of one Instruction per cycle. Load/store instructions distribute the cache accesses over multiple stages to reduce critical timing
paths. If the optional FPU or Neon extensions are present, a separate five-stage pipeline handles those operations.

3.2.4

Figure 3-4. Cortex-A5 Processor Pipeline Organization

Interrupt Assignments

Cortex-AS uses the ARM Generic Interrupts Controller (GIC) architecture version 1.0.

Cortex-M4 uses the Nested Vectored Interrupt Controller (NVIC).

All peripheral interrupts on the device will be directed to a specific interrupt controller
(GIC or NVIC) through an Interrupt Router module. In addition to the shared peripheral
interrupts, there are CPU-to-CPU interrupts that will pass through the Interrupt Router.
Finally, a small number of private peripheral interrupts to each core will connect directly
to the NVIC or the GIC. For example, the L2 cache interrupts that are only relevant to the
CortexAS core. The GIC can support up to 16 Private Peripheral Interrupts (PPIs).

Table 3-1. Interrupt Assignment

Vector Cortex-M4 NVIC Name Cortex-A5 | GIC Interrupt Type Name
Offset Vector Interrupt ID Vector ID
Address
0x0000_0000 0 Initial Stack 0 h/w Reset
Pointer
0x0000_0004 1 Initial Program 1 h/w Undefined
Counter Instruction
0x0000_0008 2 NMI 2 h/w Supervisor
Call
0x0000_000C Hard Fault 3 h/w Prefetch Abort
0x0000_0010 4 h/w Data Abort

Table continues on the next page...
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Table 3-1. Interrupt Assignment (continued)

Vector Cortex-M4 NVIC Name Cortex-A5 | GIC Interrupt Type Name
Offset Vector Interrupt ID Vector ID
Address
0x0000_0014 5 Bus Fault 5 h/w
0x0000_0018 6 Usage Fault 6 IRQ h/w IRQ
0x0000_001C 7 7 FIQ h/w FIQ
0x0000_0020 8 8 h/w
0x0000_0024 9 9 SMC h/w Secure
Monitor Call
0x0000_0028 10 10 h/w
0x0000_002C 11 SVCall 11 h/w
0x0000_0030 12 Debug 12 h/w
Monitor
0x0000_0034 13 13 h/w
0x0000_0038 14 PendableSrvR 14 h/w
€q
0x0000_003C 15 SysTick 15 h/w
16 0 SGl Software-
generated int
17 1 SGl Software-
generated int
18 2 SGI Software-
generated int
19 3 SGl Software-
generated int
20 4 SGl Software-
generated int
21 5 SGl Software-
generated int
22 6 SGl Software-
generated int
23 7 SGl Software-
generated int
24 8 SGlI Software-
generated int
25 9 SGl Software-
generated int
26 10 SGlI Software-
generated int
27 11 SGl Software-
generated int
28 12 SGl Software-
generated int
29 13 SGlI Software-

generated int

VFxxx Controller Reference Manual, Rev. 8, 11/2015

Table continues on the next page...

Freescale Semiconductor, Inc.

163



r
4\ |

vure modules

Table 3-1. Interrupt Assignment (continued)

Vector Cortex-M4 NVIC Name Cortex-A5 | GIC Interrupt Type Name
Offset Vector Interrupt ID Vector ID
Address
30 14 SGl Software-
generated int
31 15 SGl Software-
generated int
32 16 PPI Private
peripheral int
33 17 PPI Private
peripheral int
34 18 PPI Private
peripheral int
35 19 PPI Private
peripheral int
36 20 PPI Private
peripheral int
37 21 PPI Private
peripheral int
38 22 PPI Private
peripheral int
39 23 PPI Private
peripheral int
40 24 PPI Private
peripheral int
41 25 PPI Private
peripheral int
42 26 PPI Private
peripheral int
43 27 Global Timer Private
peripheral int
44 28 Legacy nFlQ Private
peripheral int
45 29 Core Timer Private
peripheral int
46 30 Core Private
Watchdog peripheral int
47 31 Legacy nIRQ Private
peripheral int
CPU to CPU and Directed Interrupts (CPU to CPU interrupts pass through the Interrupt Router)
0x0000_0040 16 0 CPU to CPU 48 32 Peripheral CPU to CPU
int0 Shared int0
Interrupts
(PSI)
0x0000_0044 17 1 CPU to CPU 49 33 PSI CPU to CPU
int1 int1
0x0000_0048 18 2 CPU to CPU 50 34 PSI CPU to CPU
int2 int2

Table continues on the next page...
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Table 3-1. Interrupt Assignment (continued)
Vector Cortex-M4 NVIC Name Cortex-A5 | GIC Interrupt Type Name
Offset Vector Interrupt ID Vector ID
Address
0x0000_004C 19 3 CPU to CPU 51 35 PSI CPU to CPU
int3 int3
0x0000_0050 20 4 Directed 52 36 PSI Directed
Cortex-M4(= Cortex-A5(=
SEMA4) SEMA4)
0x0000_0054 21 5 Directed 53 37 PSI Directed
Cortex-M4 (= Cortex-A5 (=
MCM) DBG)
0x0000_0058 22 6 Directed 54 38 PSI Directed
Cortex-M4 Cortex-A5(=
L2CC)
0x0000_005C 23 7 Directed 55 39 PSI Directed
Cortex-M4 Cortex-A5(=
PMU)
SHARED PERIPHERAL INTERRUPTS (Inputs to Interrupt Router)
On-Platform Vectors
0x0000_0060 24 8 56 40 DMAO DMA transfer
complete
CHO-31
0x0000_0064 25 9 57 41 DMA Error
Interrupt
Channels
0-31
0x0000_0068 26 10 58 42 DMAT1 DMA transfer
complete
CHO-31
0x0000_006C 27 11 59 43 DMA Error
Interrupt
Channels
0-31
0x0000_0070 28 12 60 44
0x0000_0074 29 13 61 45
0x0000_0078 30 14 62 46 MSCM-ECCO
0x0000_007C 31 15 63 47 MSCM-ECCA1
0x0000_0080 32 16 64 48 CSU_Alarm
0x0000_0084 33 17 65 49
0x0000_0088 34 18 66 50 MSCM_ACTZ| Al CSLn +
S TZASC
0x0000_008C 35 19 67 51
Off-Platform Vectors
0x0000_0090 36 20 68 52 WDOG-A5
0x0000_0094 37 21 69 53 WDOG-M4
0x0000_0098 38 22 70 54 WDOG-SNVS
0x0000_009C 39 23 71 55 CP1 Boot Fail
Table continues on the next page...
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Table 3-1. Interrupt Assignment (continued)

Vector Cortex-M4 NVIC Name Cortex-A5 | GIC Interrupt Type Name
Offset Vector Interrupt ID Vector ID
Address

0x0000_00A0 40 24 72 56 QuadSPI0
0x0000_00A4 41 25 73 57 QuadSPI1
0x0000_00A8 42 26 74 58 DDRMC
0x0000_00AC 43 27 75 59 SDHCO
0x0000_00B0 44 28 76 60 SDHCA
0x0000_00B4 45 29 77 61 Reserved
0x0000_00B8 46 30 78 62 DCUO
0x0000_00BC 47 31 79 63 DCU1
0x0000_00CO 48 32 80 64 ViU
0x0000_00C4 49 33 81 65 Reserved
0x0000_00C8 50 34 82 66 Reserved
0x0000_00CC 51 35 83 67 RLE
0x0000_00D0 52 36 84 68 SEG LCD
0x0000_00D4 53 37 85 69 Reserved
0x0000_00D8 54 38 86 70 Reserved
0x0000_00DC 55 39 87 71 PIT
0x0000_00EO0 56 40 88 72 LPTimer0
0x0000_0O0E4 57 41 89 73 Reserved
0x0000_00E8 58 42 90 74 FlexTimer0
0x0000_00EC 59 43 91 75 FlexTimer1
0x0000_00F0 60 44 92 76 FlexTimer2
0x0000_00F4 61 45 93 77 FlexTimer3
0x0000_00F8 62 46 94 78 Reserved
0x0000_00FC 63 47 95 79 Reserved
0x0000_0100 64 48 96 80 Reserved
0x0000_0104 65 49 97 81 Reserved
0x0000_0108 66 50 98 82 ANADIG USBPHY 0
0x0000_010C 67 51 99 83 ANADIG USBPHY 1
0x0000_0110 68 52 100 84 Reserved
0x0000_0114 69 53 101 85 ADCO
0x0000_0118 70 54 102 86 ADCH1
0x0000_011C 71 55 103 87 DACO
0x0000_0120 72 56 104 88 DACH1
0x0000_0124 73 57 105 89 Reserved
0x0000_0128 74 58 106 90 FlexCANO
0x0000_012C 75 59 107 91 FlexCAN1
0x0000_0130 76 60 108 92 -
0x0000_0134 77 61 109 93 UARTO

Table continues on the next page...
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Table 3-1. Interrupt Assignment (continued)

Vector Cortex-M4 NVIC Name Cortex-A5 | GIC Interrupt Type Name
Offset Vector Interrupt ID Vector ID
Address

0x0000_0138 78 62 110 94 UART1

0x0000_013C 79 63 111 95 UART2

0x0000_0140 80 64 112 96 UART3

0x0000_0144 81 65 113 97 UART4

0x0000_0148 82 66 114 98 UART5

0x0000_014C 83 67 115 99 SPIO

0x0000_0150 84 68 116 100 SPI1

0x0000_0154 85 69 117 101 SPI2

0x0000_0158 86 70 118 102 SPI3

0x0000_015C 87 71 119 103 12C0

0x0000_0160 88 72 120 104 12C1

0x0000_0164 89 73 121 105 12C2

0x0000_0168 90 74 122 106 12C3

0x0000_016C 91 75 123 107 USBCO

0x0000_0170 92 76 124 108 USBCH1

0x0000_0174 93 77 125 109 Reserved

0x0000_0178 94 78 126 110 ENETO

0x0000_017C 95 79 127 111 ENET1

0x0000_0180 96 80 128 112 1588 Timer O

0x0000_0184 97 81 129 113 1588 Timer 1

0x0000_0188 98 82 130 114 ENET Switch

0x0000_018C 99 83 131 115 NFC

0x0000_0190 100 84 132 116 SAIO

0x0000_0194 101 85 133 117 SAI1

0x0000_0198 102 86 134 118 SAI2

0x0000_019C 103 87 135 119 SAI3

0x0000_01A0 104 88 136 120 ESAI_BIFIFO

0x0000_01A4 105 89 137 121 SPDIF

0x0000_01A8 106 90 138 122 ASRC

0x0000_01AC 107 91 139 123 VREG HVD Interrupt

0x0000_01B0O 108 92 140 124 WKPUO

0x0000_01B4 109 93 141 125 Reserved

0x0000_01B8 110 94 142 126 CCM FXOSC ready

interrupt

0x0000_01BC 111 95 143 127 CCM Logical OR of

LRF of PLL1,
PLL2, PLL3
and PLL4
0x0000_01CO0 112 96 144 128 SRC
Table continues on the next page...
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Table 3-1. Interrupt Assignment (continued)

Vector Cortex-M4 NVIC Name Cortex-A5 | GIC Interrupt Type Name
Offset Vector Interrupt ID Vector ID
Address

0x0000_01C4 113 97 145 129 PDB

0x0000_01C8 114 98 146 130 EWM

0x0000_01CC 115 99 147 131 Reserved

0x0000_01D0 116 100 148 132 Reserved Reserved

0x0000_01D4 117 101 149 133 Reserved Reserved

0x0000_01D8 118 102 150 134 Reserved

0x0000_01DC 119 103 151 135 Reserved

0x0000_01EO 120 104 152 136 Reserved

0x0000_01E4 121 105 153 137 Reserved

0x0000_01E8 122 106 154 138 Reserved

0x0000_0O1EC 123 107 155 139 GPIO0 Pin
Interrupts /
Wake-ups

0x0000_01F0 124 108 156 140 GPIO1 Pin
Interrupts /
Wake-ups

0x0000_01F4 125 109 157 141 GPIO2 Pin
Interrupts /
Wake-ups

0x0000_01F8 126 110 158 142 GPIO3 Pin
Interrupts /
Wake-ups

0x0000_01FC 127 111 159 143 GPIO4 Pin
Interrupts /
Wake-ups

The following diagram shows the high level architecture of the device interrupts.

Cortex-M4
A
(NVIC) (GIC) <— FIQ
Nested vectored Generic interrupt controller
interrupt controller PSI sal ppi < IRQ
A A
) 4 n 4 n 4 4
Private Cortex-A5
Cortex-M4 private peripheral
|nt|\(jlrrl|</rlJts interrupts (PPls)
-MC . - L2 cache
— debug specific — debug specific
Peripheral Shared A A
interrupts (PSls) Interrupt
— on platform router
— off platform n (part of 4 CPU-to-CPU
platform) interrupts
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3.3 DMAMUX Request Sources

3.3.1 DMAMUX Request Sources

This device includes a DMA request mux that allows up to 64 DMA request signals to be
mapped to any of the 16 DMA channels. The first four channels of DMAMUX provide
periodic triggering capability. The trigger is generated by Periodic Interrupt Timer
(PIT[3:0]).

Each DMA includes two DMA request MUXes that allows up to 126 DMA request
signals. As shown in the figure below, requests from MUXO can be mapped to any of the
first 16 DMAO channels [15:0] and from MUXI, to any of the upper 16 DMAO channels
[31:16]. Likewise, MUX2 can be mapped to any of the first 16 DMAT1 channels [15:0]
and from MUX3 to any of the upper 16 DMA1 channels [31:16].
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Figure 3-5. DMA Request MUX/DMA Structure

To allow for flexibility and optimal usage of the available DMA channels some of the
DMA request sources are available on both muxes.

Because of the mux there is not a hard correlation between any of the DMA request
sources and a specific DMA channel.

NOTE
Two duplicate Channel Muxes cannot be enabled
simultaneously for two (same) peripherals.
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Table 3-2. DMA request sources - DMAO (MUX 0)/DMA1 (MUX3)

Source Source module Source description
number
0 — Channel disabled’
1 Reserved Not used
2 UARTO Receive
3 UARTO Transmit
4 UART1 Receive
5 UART1 Transmit
6 UART2 Receive
7 UART2 Transmit
8 UARTS3 Receive
9 UART3 Transmit
10 Reserved —
11 Reserved —
12 SPIO Receive
13 SPIO Transmit
14 SPI Receive
15 SPI Transmit
16 SAIO (12S0) Receive
17 SAI0(12S0) Transmit
18 SAI1 (1281) Receive
19 SAI1 (12S1) Transmit
20 SAI2 (1282) Receive
21 SAI2 (1282) Transmit
22 PDB —
23 Reserved —
24 FTMO Channel 0
25 FTMO Channel 1
26 FTMO Channel 2
27 FTMO Channel 3
28 FTMO Channel 4
29 FTMO Channel 5
30 FTMO Channel 6
31 FTMO Channel 7
32 FTMA1 Channel 0
33 FTM1 Channel 1
34 ADCO —
35 Reserved —
36 QuadSPI0 —
37 Reserved —
38 Port control module Port A

Table continues on the next page...
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Table 3-2. DMA request sources - DMAO (MUX 0)/DMA1 (MUX3) (continued)

Source Source module Source description
number
39 Port control module Port B
40 Port control module Port C
41 Port control module Port D
42 Port control module Port E
43 Reserved —
44 Reserved -
45 RLE-RX Receive
46 RLE-TX Transmit
47 SPDIF Receive
48 SPDIF Transmit
49 Reserved
50 12C0 Receive
51 12C0 Transmit
52 12C1 Receive
53 12C1 Transmit
54 DMA MUX Always enabled
55 DMA MUX Always enabled
56 DMA MUX Always enabled
57 DMA MUX Always enabled
58 DMA MUX Always enabled
59 DMA MUX Always enabled
60 DMA MUX Always enabled
61 DMA MUX Always enabled
62 DMA MUX Always enabled
63 DMA MUX Always enabled

1. Configuring a DMA channel to select source 0 or any of the reserved sources disables that DMA channel.

Table 3-3. DMA request sources - DMA1 (MUX 2)/DMAO (MUX1)

Source Source module Source description
number

0 — Channel disabled"

1 Reserved Not used

2 UART4 Receive

3 UART4 Transmit

4 UART5 Receive

5 UART5 Transmit

6 Reserved —

7 Reserved —

Table continues on the next page...
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Table 3-3. DMA request sources - DMA1 (MUX 2)/DMAO (MUX1) (continued)

Source Source module Source description
number
8 SAI3 (12S3) Receive
9 SAI3 (12S3) Transmit
10 SPI2 Receive
11 SPI2 Transmit
12 SPI3 Receive
13 SPI3 Transmit
14 Reserved -
15 Reserved —
16 FTM2 Channel 0
17 FTM2 Channel 1
18 FTM3 Channel 0
19 FTM3 Channel 1
20 FTM3 Channel 2
21 FTM3 Channel 3
22 FTM3 Channel 4
23 FTM3 Channel 5
24 FTM3 Channel 6
25 FTM3 Channel 7
26 ADC1 —
27 QuadSPI1 —
28 Reserved —
29 Reserved —
30 Reserved —
31 Reserved —
32 DACO —
33 DACH1 —
34 ESAI_BIFIFO Transmit
35 ESAI_BIFIFO Receive
36 12C2 Receive
37 12C2 Transmit
38 12C3 Receive
39 12C3 Transmit
40 ASRC 1
41 ASRC 4
42 ASRC 2
43 ASRC 5
44 Reserved —
45 Reserved
46 Reserved —

Table continues on the next page...
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Table 3-3. DMA request sources - DMA1 (MUX 2)/DMAO (MUX1) (continued)

Source Source module Source description
number
47 Reserved
48 Reserved
49 Reserved
50 Reserved
51 Reserved —
52 ASRC 3
53 ASRC 6
54 DMA MUX Always enabled
55 DMA MUX Always enabled
56 DMA MUX Always enabled
57 DMA MUX Always enabled
58 DMA MUX Always enabled
59 DMA MUX Always enabled
60 DMA MUX Always enabled
61 DMA MUX Always enabled
62 DMA MUX Always enabled
63 DMA MUX Always enabled

1. Configuring a DMA channel to select source 0 or any of the reserved sources disables that DMA channel.

3.4 Wakeup Unit (WKPU)

3.4.1 WKPU configuration
The WKPU includes the following features.

One NMI source

17 external interrupt sources with glitch filtering
One external interrupt vector

Four on-chip wakeup sources

12-bit address width

00000000b NMI default destination address
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The table below shows the internal and external inputs to the WKUP module supported
by the device. The signals are in the order that they appear in the wakeup unit Enable and
Status registers. The first signal in the table corresponds to bit bO.

Table 3-4. WKUP Pins

Wakeup Source NVIC Interrupt ID NMI
WKPU_PO PTBO INT92 No
WKPU_P1 PTB1 INT92 No
WKPU_P2 PTB2 INT92 No
WKPU_P3 PTB3 INT92 No
WKPU_P4 PTB4 INT92 No
WKPU_P5 PTB5 INT92 No
WKPU_P6 PTB6 INT92 No
WKPU_P7 PTB7 INT92 No
WKPU_P8 PTB11 INT92 No
WKPU_P9 PTB12 INT92 Yes
WKPU_P10 PTB14 INT92 No
WKPU_P11 PTB16 INT92 No
WKPU_P12 PTB19 INT92 No
WKPU_P13 PTB20 INT92 No
WKPU_P14 PTB27 INT92 No
WKPU_P15 PTC30 INT92 No
WKPU_P16 PTE20 INT92 No
WKPU_MOIF LPTIMER NA NA
WKPU_M1IF NA NA NA
WKPU_M2IF ADCO NA NA
WKPU_MB3IF ADC1 NA NA
WKPU_M4IF - NA NA

NOTE

The wakeup unit cannot wake the core from STOP mode as it
needs the IPG-CLK to generate the wakeup interrupt.

3.5 CMU Chip Signals

3.5.1 CMU Chip Signals

This table correlate the chip-level signal name with the signal name used in the module's
chapter.
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Table 3-5. CMU Signals Mapping

Chip Signal Name Module Signal Name
Bus Clock CLKMN1f

FXOSC CLKMNO_RMT

FIRC CLKMTO_RMN

SIRC CLKMTH1

Tiedto 0 CLKMT2

3.6 Cyclic Redundancy Check (CRC)

3.6.1 CRC Reverse Logic Functions

Reverse logic functions are not available in this implementation.

3.7 External Watchdog Monitor

The external watchdog monitor (EWM) has support for 4 clock sources, selectable in the
EWM module's EWM_CLKCTRL register. In this device, only the 32-KHz clock is used
as source and is always selected.

The EWM input is pin PTE20 and the output pin is PTE28. To use these pins for EWM
functionality, they must be configured in the IOMUX.
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3.8 Timers

3.8.1 FlexTimer

3.8.1.1 Instantiation Information

The following table shows how these modules are configured, including the number of
channels supported.

Table 3-6. FTM Instantiations

176 LQFP 364 BGA Features/Usage
FTMO 8 8 3-phase motor + 2 general
purpose or stepper motor
FTM1 2 2 Quadrature decoder or
general purpose
FTM2 2 2 Quadrature decoder or
general purpose
FTM3 0 8 3-phase motor + 2 general
purpose or stepper motor

The FTM1 and FTM2 configuration differs from the FTMO0 and FTM3 configuration by
reduced number of channels and adding Quadrature decoder.

3.8.1.2 FTM Clock Input

The FTM module's external clock input can be sourced from any of the slow oscillators,
the fast oscillator, or the external audio master clock (EXT_AUDIO_MCLK).

For details, see FTM clocking.

3.8.1.3 FTM Hardware Triggers

Following table provides the hardware trigger options for FTMs.
Table 3-7. FTM Hardware Trigger options

Hardware Triggers FTMO FTMA1 FTM2 FTM3
Trigger 1 ADCO ADCO ADCO ADCO

Table continues on the next page...
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Table 3-7. FTM Hardware Trigger options (continued)
Hardware Triggers FTMO FTM1 FTM2 FTM3
Trigger 2 ADCA1 ADCA1 ADC1 or USB1 SOF ADC1 or USB1 SOF
Trigger 3 EXTRIG or USB0 SOF |EXTRIG or USB0O SOF |EXTRIG or USBO SOF |EXTRIG or USBO SOF

Each flextimer has 3 trigger inputs (0/1/2) which are configured using SRC_MISCO
register.

The following figures show the flextimer triggers for each instance.

ADCO Conversion Complete
»{ TRIGO
ADC1 Conversion Complete
» TRIG1
USBOSOF —»N
» TRIG2
EXTRIG ——> 1
SRC_MISCO0[26] FTMO
Figure 3-6. FTMO Triggers
ADCO Conversion Complete
» TRIGO
ADC1 Conversion Complete
» TRIG1
USBOSOF —»N
> TRIG2
EXTRIG ——> 1
SRC_MISCO0[27] FTMA1

Figure 3-7. FTM1 Triggers
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ADCO Conversion Complete
»{ TRIGO
USB1SOF —>N
> TRIG1
ADC1 Conversion
Complete —1
SRC_MISCO0[28]
USBOSOF —»N
> TRIG2
EXTRIG ——> 1/H
SRC_MISCO[29] FTM2

Figure 3-8. FTM2 Triggers
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ADCO Conversion Complete
»{ TRIGO
USB1SOF —>N
> TRIG1
ADC1 Conversion
Complete —1
SRC_MISCO[30]
USBOSOF —»N
> TRIG2
EXTRIG ——> 1/H
SRC_MISCO[31] FTM3

Figure 3-9. FTM3 Triggers

3.8.1.4 FTM output triggers for other modules

Following are the FTM Output Triggers options

* ADCO
* ADC1
« DACO
* DACI

3.8.1.5 FTM Global Time Base

This chip provides the optional FTM global time base feature (see Global time base
(GTB)).

FTMO provides the only source for the FTM global time base. The other FTM modules
can share the time base as shown in the following figure:
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FTMA

CONF Register

GTBEOUT =0
FTMO GTBEEN =1

CONF Register

gtb_in gtb_in
CAECOLTE FTM Counter |
GTBEEN =1

FTM2

gtb_out

CONF Register

GTBEOUT =0
GTBEEN =1

gtb_in

FTM3

CONF Register

GTBEOUT =0
GTBEEN =1

O]18] @

gtb_in

Figure 3-10. FTM Global Time Base Configuration

3.8.1.6 FTM Fault Detection Inputs

Fault inputs are useful for motor control. For motor control applications, the inputs come
from a comparator. This device doesn’t have an on-chip comparator; however, this device
can still be used for Motor control. External interrupts (or GPIOs) from a comparator on
the board can be used to indicate Fault inputs from the Motor.

In this case, the SRC would include the four Fault Inputs bits. Whenever a fault is
asserted, software can write the appropriate register in SRC and this value will be driven
internally to FTM.

3.8.2 Programmable Interrupt Timer(PIT)

3.8.2.1 PIT Instantiations

This device contains one PIT module with eight channels.

3.8.2.2 PIT/DMA Periodic Trigger Assignments
The PIT generates periodic trigger events to the DMA Mux as shown in the table below.
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Table 3-8. PIT channel assignments for periodic DMA triggering

DMA Channel Number PIT Channel
DMA Channel 0 PIT Channel 0
DMA Channel 1 PIT Channel 1
DMA Channel 2 PIT Channel 2
DMA Channel 3 PIT Channel 3
NOTE

When DMA channel is enabled with periodic triggering
capability, and using "always enabled" DMA sources, PIT

trigger 1s ignored.

NOTE

To implement gating the request from "always enabled" source,

follow the steps below to re-assert the request:

1. Set DREQ bit in DMA_TCDn_CSR register and
DMAMUX_CHCFGn[ENBL] =0

2. Set DMAMUX_CHCFGn[ENBL] = 1, DMASREQ =
channel in your DMA DONE interrupt service routine so
that "always enabled" source could negate its request.
Then, DMA request could be negated.

3.8.3 Programmable Delay Block (PDB)

3.8.3.1 PDB Instantiation

This device has one instance of PDB.

3.8.3.1.1 PDB Output Triggers
Table 3-9. PDB Output Triggers

PDB Parameter Value
Number of ADC channels 2
Number of pre-triggers per ADC channel 2
Number of DAC interval triggers 2
PulseOut channels None

VFxxx Controller Reference Manual, Rev. 8, 11/2015

182

Freescale Semiconductor, Inc.



g |

Y
Chapter 3 Chip Configuration

3.8.3.1.2 PDB Input Trigger Connections
Table 3-10. PDB Input Trigger Options

PDB Trigger PDB Input
0000 External Trigger at RGPIO[25]
0001 PIT Ch 0 Output
0010 PIT Ch 1 Output
0011 PIT Ch 2 Output
0100 PIT Ch 3 Output
0101 PIT Ch 4 Output
0110 PIT Ch 5 Output
0111 PIT Ch 6 Output
1000 Init and Ext Triggers from FTMO
1001 Init and Ext Triggers from FTM1
1010 Init and Ext Triggers from FTM2
1011 Init and Ext Triggers from FTM3
1101 RTC Alarm
1110 LPT Output
1111 Software Trigger

3.8.3.2 PDB Module Interconnections

PDB trigger outputs Connection
Channel 0 triggers ADCO trigger

Channel 1 triggers ADCH1 trigger

3.8.3.3 DMA support on PDB
The PDB supports the DMA request functionality. One DMA request is supported.

3.8.3.4 PDB in Low-Power modes

PDB is available in the WAIT, LPRUN, UPLRUN, and STOP modes. However, the PDB
1s in power-gated domain and is not available in the LPSTOP1, LPSTOP2, and LPSTOP3

Low-Power Stop modes. In Low-Power Stop modes, the ADC is triggered using the
Low-Power Timer (LPTMR).
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3.8.3.5 PDB implementation with ADC

The following figure illustrates the implementation of the PDB interface with ADC.
There is one back-to-back acknowledgement from the ADCO to channel O of the PDB. In
this MCU, PDB back-to-back acknowledgment connection is implemented as follows:

e PDB channel 1 pre-trigger 0 acknowledgement input: ADCOSC1B_COCO

) ADC
PDB trigger 0 >0 conversion
- Alternate trigger complete
> ADCO >
> 1
/i» SRC_MISC1[25] \
LPTMR _ |
trigger L
2
Alternate trigger
Channel 0 , >1 > ADC1
back-to-back PDB trigger 1 | 0
acknowledgement - ]i
(tied to 0) SRC_MISC1[27:26]
11 1 External hardware trigger support
PDB Sr?egﬂgger /0
SRC_MISC1[28] ADCO
bagkrl?c?-g?cl 0 External hardware trigger support
acknowledgement -
> 1'b1 —>1
/i» SRC_MISC1[29]
1b1 1 External hardware trigger support ‘
ADCH1 0
-tri /]i>
pre-mager SRC_MISC1[30] ADCH

0 External hardware trigger support

11 —>{ 1
/ﬁ» SRC_MISC1[31]

Figure 3-11. PDB implementation with ADC

Y
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3.8.4 Low-Power Timer (LPTMR)

3.8.4.1 LPTMR prescaler/glitch filter clocking options

The prescaler and glitch filter of the LPTMR module can be clocked from one of four
sources determined by the LPTMRO_PSR[PCS] bitfield. The following table shows the
chip-specific clock assignments for this bitfield.

NOTE
The chosen clock must remain enabled if the LPTMR is to
continue operating in all required low-power modes.

LPTMRO_PSR[PCS] Prescaler/glitch filter clock Chip clock
number
00 0 24MHz FIRC
01 1 1KHz Derived from SIRC
10 2 32KHz SXOSC
11 3 128KHz SIRC

To read about clocking on this device, refer to Clocking Overview.

3.9 External memory interfaces

3.9.1 Quad SPI

3.9.1.1 QuadSPI Instances

There are two instances of the QuadSPI module on this device. QuadSPIO supports two
serial flash ports, while QuadSPI1 supports a single serial flash port. Each QuadSPI port
implements two chip-selects (CS) enabling two separate serial flashes to be attached to
each individual port. The dual CS arrangement also allows dual-die packaged serial flash
to be connected to a single port of a QuadSPI. The 2-port configuration of QuadSPI0
allows two external flash devices to operate in a parallel read mode with read data from
the flashes being recombined automatically in the QuadSPI module. This effectively
enables an 8-bit flash interface, doubling the read bandwidth and is particularly useful for
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XiP operation of fast fetch of graphics data from the external flash. Each QuadSPI
implements a flexible 1 KB AHB buffer which can be configured in accordance with
application needs.

Table 3-11. Module Instances
QuadSPI Serial Flash Ports # CS per Port Parallel Mode AHB Buffer Size | Peak DDR Read
Bandwidth
QuadSPI0 2 2 Yes 1 KB 132 MB
QuadSPI1 1 1 No 1 KB 66 MB

QuadSPI0 and QuadSPI1 are available as multiplexing options on all package variants.

NOTE
Quadspi DQS Loopback mode is not supported on this device.
Any reference to it in this document should be ignored.

3.9.1.2 QuadSPIl Memory Interface

Each port of QuadSPI supports the following signals:

* SCK: Serial Clock

e 10[0:3] : Serial I/0 for command, address and data

 /CS: Chip Select

» /CS2: Chip Select 2; used to select second instance of QuadSPI or select a second
flash device sharing SCK and 10[0:3]

* DQS: Data strobe signal for some manufacturers for DDR read timing at 50 MHz
and above

3.9.1.3 QuadSPI Buffer

Each QuadSPI 4 implements a flexible AHB buffer scheme to support multiple data
streams the. The buffer can be partitioned into four separate buffers of different size, each
associated to specific bus masters. In addition, the buffers can be associated with one or
other of the connected serial flashes or both simultaneously. For details on configuration
of the AHB buffers, refer to the QuadSPI chapter in this reference manual.
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3.9.1.4 QuadSPI Clocking

The QuadSPI module's clock configuration is entirely controlled in the CCM module (see
QuadSPI Clocking for details). The SCLKCFG bit field in the QuadSPIx_MCR register
1s not used.

3.9.1.5 Booting from QuadSPI

Available frequency in System Boot for booting through QuadsSPIO with multiple
configuration (SDR, DDR modes):

Table 3-12. Booting from QuadSPI

QuadSPI 0 in DDR Mode QuadSPI 0 in SDR Mode
SCK frequency options in MHz 18 18, 60, 74

3.9.2 DRAM Controller

3.9.2.1 DDR maximum address space

The maximum address space available for the DDR controller is calculated using the
following formula:

Maximum Memory Size = Chip_Selects x Banks x 2444ress-bits » para path_Width

The maximum values available for this device are:

* Chip selects =1

e Device address = 16 rows + 10 columns = 26
e Number of banks = 8

* Memory data path width = 2 bytes

As a result, the maximum accessible memory area is 1 GB.

The address map for this configuration is shown below. Address bits 30-31 are not used.
These bits are ignored when generating the address to the DRAM devices.
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31 30 29 28|2? 26 25 24|23 22 21 20|19 18 17 16|15 14 13 12|11 10 9 8|T 6 65 4|3 2 1 0

Don’t | Chip Row Bank Column Data
care | select path

Figure 3-12. Alternate memory map

3.9.3 Nand Flash Controller

3.9.3.1 Instantiation

The NAND Flash Controller(NFC) interfaces standard NAND Flash devices to the IC
and hides the complexities of accessing the NAND Flash. It provides a glueless interface
to both 8-bit and 16-bit NAND Flash parts with page sizes of 512 bytes, 2 KB, 4 KB and
8 KB.

3.9.4 FlexBus Controller

3.9.4.1 FlexBus signal multiplexing

The multiplexing of the FlexBus address and data signals is controlled by the port control
module. However, the multiplexing of some of the FlexBus control signals is controlled
by the port control and FlexBus modules. The port control module registers control
whether the FlexBus or another module signals are available on the external pin, while
the FlexBus's CSPMCR register configures which FlexBus signals are available from the
module. Use the CSPMCR and port control registers to configure which control signal is
available on the external pin.

The control signals are grouped as illustrated:
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Port Control Module

FlexBus

FB_MUXED_ALE
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uld |[euleixg

FB_MUXED_TSIZ1

FB_MUXED_TBST_b

FB_MUXED_TA_b

CSPMCR

Group2

Group3

Group4

FB_TSIZ0

Reserved
Reserved

Reserved

FB_BE_31_24
Reserved
FB_TSIzZ1

FB_BE_23_16

Reserved

FB_BE_15_8

Reserved

Reserved

Figure 3-13. FlexBus control signal multiplexing
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Therefore, use the CSPMCR and port control registers to configure which control signal

1s available on the external pin.

3.9.4.2 VFxxx Controller restrictions

VFxxx Controller-specific restrictions to Flexbus Multiplexing:
* Only chip-selects 0-3 are made available on pins.
* Only 32-byte bursts are supported; no 16-byte transfers
* Only Multiplexed Address/Data bus available.

3.9.4.3 FlexBus Signal Multiplexing
The table below shows the FlexBus signal multiplexing on this device.

Table 3-13. FlexBus Multiplexing

Flexbus Signal| CSPMCR bits Value of Pad Pin Connected ALT Mode Signal Name
CSPMCR bits | Connected to to
FB_ALE [31:28] 0 PADI[93] PTB23 ALT4 FB_MUXED_AL
E
FB_CS1_b — 1 — — — —
FB_TS_b — 2 — — — —
Reserved — Rest — — — —
Reserved [27:24] 0 PAD[94] PTB24 ALT4 FB_MUXED_TS
1Z0
FB_SIZE[0] — 1 — — — _
FE_BE_31_24_ — 2 — — — —
b
Reserved — Rest — — — —
Reserved [23:20] 0 PAD[102] PTC29 ALT5 FB_MUXED_TS
121
FB_SIZE[1] — 1 — — — _
FB_BE_23_16_ — 2 — — — _
b
Reserved — Rest — — — —
FB_TBST_b [19:16] 0 PAD[97] PTB27 ALT5 FB_MUXED_TB
ST b
FB_CS2_b — 1 — — — _
FB_BE_15_8_b — 2 — — — _
Reserved — Rest — — — —
FB_TA_b [15:12] 0 PAD[103] PTC30 ALT4 FB_MUXED_BE
0_b
FB_CS3_b — 1 — — — _
FB_BE_7_0_b — 2 — — — _

Table continues on the next page...
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Table 3-13. FlexBus Multiplexing (continued)

Flexbus Signal| CSPMCR bits Value of Pad Pin Connected ALT Mode Signal Name
CSPMCR bits | Connected to to
Reserved — Rest — — — —

3.9.4.4 FlexBus External Signal

The following sections correlate the chip-level signal with the signal name used in the
module's chapter.

Table 3-14. External Signals

Chip signal name Module Signal name
FB_BE3_B FB_BE31_24 B
FB_BE2_B FB_BE23_16_B
FB_BE1_B FB_BE15_8_B
FB_BEO_B FB_BE7_0_B

3.9.4.5 FlexBus Security

FlexBus accesses are moderated by AHB TrustZone that is part of platform.

3.9.4.6 Instantiation Information

The FlexBus module is pinned out with a 32-bit multiplexed address and data bus with
four chip selects. The bus allows for the configurations listed in the table below. In
configurations where the full 32-bit bus is not needed those signals can be used as GPIO
or other multiplexed functions.

NOTE
By default, FlexBus clocks are disabled and have to be
explicitly enabled by software.
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NOTE
Any access to the FlexBus device without clocks initialized
may hang the bus.
Table 3-15. FlexBus Configurations
Number of Address | Number of Data Lines| Number of External CSCRIbit 9] setting Mode
Lines Signals
32 32/16/8 32 (FB_AD[31:0]) 1 Multiplexed
FB_AD[31:0] allows for
full 32-bit address with
multiplexed 32-bit, 16-
bit, or 8-bit data. 8-bit
data comes out on
FB_ADI7:0].
24 or less 16/8 24 or less 1 Multiplexed
(FB_ADI[23:0]) FB_AD[23:0] allows for
up to 24 address lines
with multiplexed 16-bit
or 8-bit data. 8-bit data
comes out on
FB_ADI[7:0]
24 or less 8 32 or less (FB_AD[23:0] 0 Non-multiplexed mode.
+ FB_ADI[31:24]) FB_A[24:0] are
dedicated address
lines. FB_DI[7:0]
(FB_AD[31:24]
internally) are used as
dedicated data lines.
16 or less 16 32 orless (FB_AD[15:0] 0 Non-multiplexed mode.
+ FB_AD[31:16]) FB_A[15:0] are
dedicated address
lines. FB_D[15:0]
(FB_AD[31:16]
internally) are used as
dedicated data lines.
0 32/16/8 32,16, 0r 8 Oori Data only mode.
(FB_ADI[31:0], Commonly used for
FB_AD[31:16)/ interfacing to smart
FB_AD[15:0], or LCD devices. Support
FB_AD[31:24/ 32-bit, 16-bit, or 8-bt
FB_AD[7:0]) data. Either the upper
or lower half of the data
bus can be used as
selected by CSCR[bit
9].
NOTE

CSCR[bit9] is configured by boot code when Flexbus is
selected as boot device. It is configured by BOOT_CFG1[0].
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3.9.4.7 FlexBus Chip Select Control Register (CSCRO0) Reset Value

On this device the Chip Select Control Register (CSCRO) resets to 0x003F_FCO00.
Configure this register as needed before performing any FlexBus acccess.

For more information about CSCRO control bits, see Chip Select Control Register
(FB_CSCRn).

3.9.4.8 Bus Timeout

For scenarios where auto-acknowledge feature is disabled, device can hang if there is no
external FB_TA_b received. To avoid this scenario, a monitor is provided that terminates
a FlexBus transaction as bus error if it does not complete within the specified time. Refer
to SRC_MISC3 register description in System Reset Controller to get details about the
configuration of this counter.

3.10 Communication interfaces

3.10.1 10/100 Ethernet Subsystem

3.10.1.1 Instantiation Information

VFxxx Controller family devices will instantiate Ethernet modules as shown below.

Table 3-16. Ethernet Instantiations

176 LQFP 364 BGA
10/100 Ethernet (MAC-NET 2 2
L2 Ethernet Switch

NOTE
MII mode is supported for MACO only and when MII mode for
MACO is enabled, RMII of MAC1 cannot be used.
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3.10.1.2 MIl and RMII configuration

MII is a 4-bit interface, which is clocked at 25 MHz to support 100 Mbits/sec and RMII
1s a 2-bit interface clock at 50 MHz to support same data rate. This device has two
Ethernet MACs. MACO has been configured to support both RMII and MII, while MAC1
has been configured to support only RMII. Further, if MII interface on MACO is enabled,
MACI cannot be used for RMII interface. Various pins used in RMII and MII for MACO
and the pins that can be used are described below.

|
1w 10 Ethernet Subsystem

Table 3-17. MIl and RMII configuration for MACO

Can be internal for RMII as
well.)

Ethernet signal name Description Pin configuration in MIl Pin configuration in RMII
mode mode

Transmitter Signals

TXDO Transmit data bit 0 (MAC to  |PTC7-ALT1 PTC7-ALT1
PHY)

TXD1 Transmit data bit 1 (MACto  |PTC6-ALT1 PTC6-ALT1
PHY)

TXD2 Transmit data bit 2 (MAC to PTD18-ALT6 Not used in RMIl mode
PHY)

TXD3 Transmit data bit 3 (MAC to PTD19-ALT6 Not used in RMIl mode
PHY)

TXEN Transmit data valid(MAC to PTC8-ALT1 PTC8-ALT1
PHY)

TXER Transmit data error(MAC to PTD17-ALT6 Not used in RMII mode
PHY)

TXCLK Transmit Clock (PHY to MAC. |PTA6-ALT2/ PTA9-ALT3 Both TX and RX clock in RMI|

mode are muxed into one
signal. The source can be
either: PTA6-ALT2/ PTA9-
ALT3/PLL5 main clock/Audio
Ext clock as explained in
Section 9.11.6 Ethernet RMII
Clocking.

Receiver Signals

MAC) and CRS in RMIl mode.

RXDO Receive bit 0 (PHY to MAC) |PTC4-ALT1 PTC4-ALTH

RXD1 Receive bit 1 (PHY to MAC) |PTC3-ALT1 PTC3-ALT1

RXD2 Receive bit 2 (PHY to MAC) |PTD22-ALTO (It is shared with | Not used in RMII mode
RGPIO, so ensure IOMUX
register has obe=0 for this pin
when used for MIl.)

RXD3 Receive bit 3 (PHY to MAC) |PTD23-ALTO (It is shared with | Not used in RMII mode
RGPIO, so ensure IOMUX
register has obe=0 for this pin
when used for MIl.)

RX_CRS_DV Receive data valid (PHY to PTC2-ALT1 PTC2-ALT1

Table continues on the next page...
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Table 3-17. MIl and RMII configuration for MACO (continued)

Ethernet signal name Description Pin configuration in MIl Pin configuration in RMII
mode mode
RXER Receive data error (PHY to PTC5-ALT1 PTC5-ALT1
MAC)
COL Collision (PHY to MAC) PTD20-ALTO (It is shared with | Not used in RMII mode
RGPIO, so ensure IOMUX
register has obe=0 for this pin
when used for MIl.)
CRS Carrier Sense (PHY to MAC) |PTD21-ALTO (It is shared with |Not used in RMIl mode.
RGPIO, so ensure IOMUX
register has obe=0 for this pin
when used for MIl.)
RXCLK Receive Clock (PHY to MAC. [PTA21-ALTO (It is shared with |It is muxed with TXCLK. See
Can be internal for RMIl as RGPIO, so ensure IOMUX above for details.
well.) register has obe=0 for this pin
when used for MIl.)
MDIO Management I/O data PTC1-ALTH PTC1-ALTH
(Bidirectional)
MDC Management Clock (PHY to |PTCO-ALT1 PTCO-ALT1
MAX. Can be internal as well.)
3.10.1.3 IEEE 1588 Timers

The ethernet module includes a four channel timer module for IEEE 1588 timestamping.
The timer supports input capture (rising, falling, or both edges), output compare (toggle
or pulse with programmable polarity). The timer matches on greater than or equal (the
1588 can skip numbers, so the counter might not ever exactly match the compare value).

The counter is able to operate asynchronously to the ethernet bus by using one of four
clock sources. See Clocking Chapter for more details.

NOTE
For best jitter performance, use MII and not RMII for 1588
applications.

3.10.1.4 Ethernet Operation in Low Power Modes

Low Power modes with Ethernet only Operation

The Ethernet module is not fully operational in any low power modes. However, the
module does support magic packet detection that can generate a wakeup in low power
mode if enabled.

VFxxx Controller Reference Manual, Rev. 8, 11/2015

Freescale Semiconductor, Inc. 195
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During low power operation:

* The MAC transmit logic is disabled

* The core FIFO receive/transmit functions are disabled

* The MAC receive logic is kept in normal mode, but it ignores all traffic from the line
except magic packets.

The recieve logic needed for magic packet detection is clocked using the externally-
supplied RMII clock. This allows for the wakeup functionality in low power modes.

NOTE
Wakeup from Magic Packet is supported on VFxxx Controller
STOP mode but not supported on LPSTOP1/2/3 mode.

Low Power modes with Dual Ethernet and L2 Switch operation

In low power mode(STOP mode) , the ENET stops immediately and freezes operation,
register values, state machines, and external pins. During this mode, the ENET clocks are
shut down. Coming out of stop mode returns the ENET to operation from the state prior
to stop mode entry.

NOTE
Practically this would not occur as system would not go in Stop
Mode during this mode. CPU enters or executes a stop
instruction for the system to go in Stop mode (low power mode)
when it sees inactivity or when the system is in idle state for a
long period of time. Incase there is no activity on the Ethernet
Bus or no packets to forward to the other port, CPU may enter
this mode. In that case, ENET should have the capability to
wake up from stop mode incase of activity on Ethernet bus for
the system to exit this mode (RMII clock would still be ONN to
interrupt the processor on looking at any activity on the RMII
bus).

Low Power modes with Dual Ethernet and L2 Switch Bypassed

In this mode, the ENET stops immediately and freezes operation, register values, state
machines, and external pins. During this mode, the ENET clocks are shut down. Coming
out of low power mode returns the ENET to operation from the state prior to low power
mode entry.
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NOTE
Any activity on the Ethernet Bus (RMII/MII interface) would
wake up the system and would exist from the low power mode.
Similar to the previous case, system would not enter into this
mode practically incase of an ongoing activity on packet
transmission via RMII interface.

Battery mode of operation

The ENET does not support any Standby Mode of operation or a capability to operate on
battery incase the main supply fails. The ENET would be disabled during this Mode.

3.10.1.5 Ethernet Subsystem Interrupts

The Ethernet has multiple sources of interrupt requests. However, some of these sources
are OR'd together to generate an interrupt request. See the following table:

Table 3-18. Ethernet Subsystem Interrupts

Interrupt request Interrupt source

ENET interrupt Transmit frame interrupt
Transmit buffer interrupt
Receive frame interrupt
Receive buffer interrupt
Wake-up

Payload receive error
Babbling receive error
Babbling transmit error
Graceful stop complete
MIl interrupt — Data transfer done
Ethernet bus error

Late collision

Collision retry limit

IEEE 1588 timer interrupt

Time stamp available
1588 timer interrupt

Ethernet Switch interrupt Learning Interrupt

Output Discard for port 0 (ODO0)
Output Discard for port 1 (OD1)
Output Discard for port 2 (OD2)
Receive Buffer Interrupt
Receive Frame Interrupt
Transmit Buffer Interrupt

Transmit Frame Interrupt
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3.10.1.6 Ethernet switch register reset values

Some of the Ethernet Switch registers have reset values that are specific to this device.
These registers and reset values are listed below and supersede the default reset values
given in the Ethernet Switch chapter.

Table 3-19. Device-specific reset values

Register Reset value
ESW_REV 0x0001_0130

3.10.2 USB 2.0 HS/FS/LS Dual Role (Host / Device) Controller

3.10.2.1 USB Configuration and Options

USB Subsystem includes the following:-

* USB 2.0 HS/FS/LS Dual Role (Host / Device) Controller (x2)
e HS 2.0 integrated PHY (x 2)

3.10.2.2 USB Host initialization and bring up
Table 3-20. Steps to start USB in Device mode

Initialization

* Power ON VFxxx Controller.

* With all the regulators activated, they generate OK. Once, all regulators are up and OK will release functional reset.

* The Core works on 24 Mhz IRC. It initializes the registers, configures generic interrupt controller, and initializes interrupt
handlers.

* Enable 24 MHz XTAL.
* Once, XTAL OK is asserted, enables all PLL (mainly SYS PLL).
* Wait for PLL Lock. (Get status from ANADIG PLL registers.)

» After PLL are Locked, disable Clock gating and disable the bypass for PLL.
» Switch the Clocks to PLL Clock.
* Switch to USB specific configuration for running USB and initialize USB specific features with VFxxx Controller.

Initializaing USB specific features

¢ Disable the on-chip oscillator (XOSC 24M) powerdown in next powerdown.
¢ In register CCM Low Power control register (CCM_CLPCR) deassert SBYOS bit. CCM_CLPCR[SBYOS]= 0.
* Enable the USB regulator. Set bit# 0 (ENABLE_LINREG) in register ANADIG Regulator 3P0 definition register
(Anadig_REG_3P0). This regulator works on 5V supply. This needs to be driven from outside the chip.

Table continues on the next page...
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Table 3-20. Steps to start USB in Device mode (continued)

e Enable USB PLL and enable usb clocks: In ANADIG register—(Anadig_USB1_PLL_CTRL) and
(Anadig_USB2_PLL_CTRL) enable EN_USB_CLKS and disable BYPASS, that is,
* Anadig_USB1_PLL_CTRL[POWER]=1
* Anadig_USB1_PLL_CTRL[EN_USB_CLKS]=1
* Anadig_USB1_PLL_CTRL[BYPASS]=0
e Start the USB PHY —
* Disable Soft reset of USB PHY — USBPHY_CTRLN[SFTRST]=0
* Enable USB Clocks — USBPHY_CTRLN[CLKGATE]=0
* For running the controller in LS mode, user needs to set bit#15 (ENUTMILEVELS3) and bit#14 (ENUTMILEVEL2)
* In USB PHY Power-Down Register (USBPHY_PWD) clear all the bits and set them to zero.
Anadig[lUSBPHY_PWD]= 0x0000_0000
* Optionally, one can enable the interrupt of USB controller going to the processor ARM Generic Interrupt Controller
(GIC)-Enable Interrupt ID 107 (USBO0) and Enable Interrupt ID 108 (USB1).
* The user can set the WIE bit, if the GIC bit is configured. USBCO_CTRL[WIE]=1
¢ Refer to “Starting USB Controller in HOST Mode”. Once, controller is set to host mode, user can start to next step.
¢ Setup Memory for the USB controller to start communication:
» Configure the memory as per “Configure the USB controller to read the descriptor from the connected device and
Set Address” for setting up memory for starting communication.
* User can wait for the device to detect, configure and connect for starting communication over USB. Refer to Detection
for port status change, resetting the USB and speed of connected device.
¢ Once the setup is complete--device connected and configured. One can start communication over usb. Refer to
Starting the communication over the USB from Configured Connected Device.

Starting USB Controller in Host Mode

» By default the USB on VFxxx Controller is defaulted to device controller. For initializing them as a Host user has to do
following steps:

In USB_OTG1_USBCMD register, set the RST bit

Keeping polling for de-assertion of this bit.

In USBMODE register configure CM bit, that is, bit 1 and bit 0

Keep polling and writing back 2’b11 on CM if bit are not set to 11.

Once these bits are set to 11, controller is configured to function like a host.

Refer to “Setting Up device controller” for setup device interrupt and periodic index .

If Port Power is required then refer to “Enable the port power in device Controller”

Enable the port power in Host controller

¢ In register Host Controller Structural Parameters (USBx_HCSPARAMS), read if implementation allows controlling the
port power. If it reads back to ‘1’, indicates the port power can be controlled. In that case, we can configure bit number
12 of Port Status & Control (USBx_PORTSC1) register to enable port power.

Setting Up Host controller

» Setting Up interrupt threshold—In USB Command Register (USBx_USBCMD), set ITC bit to zero. Else set ITC bit as
per system needs.

* In USB Frame Index (USBx_FRINDEX), write 1 to the to FRINDEX. This register is used by the host controller to index
the periodic frame list. The register updates every 125 microseconds (once each micro-frame). Moreover, this register
cannot be written unless the Host Controller is in the 'Halted' state as indicated by the HCHalted bit inside USB Status
Register (USBx_USBSTS).

Detection for port status change, resetting the USB and speed of connected device

» Everything is set, now user can wait for connection of any external device to the host controller. To sense the device
attached, user can poll or configure an interrupt waiting for USB_OTG1_USBSTS to check the change in the port
status.

¢ Once bit2 of PCI bit is found asserted; dessert this bit by writing back 1 to the same location. This is W1C bit.

* Poll for PORTSCO register, bit #1, Current Status Change (CSC). If set to ‘1’, set port change is detected. Now
clear this bit by writing back ‘1’ into the same location.

* Check the connect status—Bit#0 of register OTG_PORTSCO. If found asserted port is connected. Else
disconnect or under enumeration.

¢ Check if UTMI clocks are OK in USBNC registers — USBCx_PHY — bit# 31.

¢ Reset the USB port

Table continues on the next page...
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Table 3-20. Steps to start USB in Device mode (continued)

* IN USB Command Register (USBx_USBCMD), set RS bit#0. To start the controller.
* Check bit#12 in USBSTS register — HCH. If set to 1, controller is in halted state.
¢ Set bit#8 of PORTSCO register for starting the reset sequence. Once this bit is written with 1, controller will start
reset sequence (CHRIP) for that port.
e Wait for USB_PORTSCIPR] bit to clear.
* Now check for bit#2 of PORTSC register to check if the device is not disconnected due to reset sequence.
If not, move to next step, else restart from “Detection for port change”.
* Now check bit#27:26 of PORTSC register to check the port speed. If PSPD is found to be:
* 00 - Full speed
e 01— Low speed
* 10 — High speed

If found not connected, restart from “Detection for port change”.

» Configure the host controller to create channel between software running at processor and the device connected.

* The populated data structure for communication between the software and the device is kept in the memory. This
structure needs to be kept at 64 byte aligned boundary address. The base address of this data structure needs to
be loaded inside the controller to operate.

* This address needs to be loaded at USB_OTG1_ASYNCLISTADDR.

Configure the USB controller to read the descriptor from the connected device and Set Address

* Refer the EHCI Documentation for detailed configuration and running the USB. The method shown here is one of the
method for Writing Software for running the USB on VFxxx Controller.

* USB memory need to be initialized to get configured, check features and set address for starting communication over
USB.

¢ Populate the Asynchronous Queue in Memory.
» Get device feature: Reading control descriptor \ Communicate to EPO, ADDO, read Descriptor.
* Assign Address: If readback features are supported, and need not to suspend the USB port then assign
Address.
* Once address assignment is done, populate to new QTHead where further communication to happen with
new address.
* Read feature descriptor allocated to other endpoint of the connected device.
¢ Once, all the device feature are read, firmware can communicate with device accordingly to access and
control different feature by populating qTD for the feature.
* The user needs to populate “Periodic framelist ” for isochronous and interrupt transfers and “asynchronous list” for
control and bulk transfers.
* For running the controller in FS mode, user needs to set endpoint speed to FS in endpoint control populated in
the memory. For LS mode, user need to set the endpoint to LS in endpoint control populated in the memory.
* User has to dump the periodic framelist baseaddress into Frame List Base Address
(USBx_PERIODICLISTBASE) register .
* For Async transfer, user has to dump async framelist base address into Asynch. Address
(USBx_ASYNCLISTADDR)
¢ Please refer section " Host Data Structures” for more information on Periodic and Asynchronous Framelist.

* Now, controller waits for any device to connect. Once there is any port status change, controller will generate interrupt
to the processor.

* In register USBSTS, poll for USB Status, bit#0 for completion of command list given through Asynchronous queue.
Starting the communication over the USB from Configured Connected Device

* Refer the EHCI documentation for detailed configuration and running the USB. The method shown here is one of the
method for Writing Software for running the USB on VFxxx Controller.
* Read the “Host Data Structures” VFxxx Controller RM.
* User needs to set following:
* Programming the endpoint capabilities/characteristics in the queue head with the capabilities of the endpoint and
device to communicate. User can program following things in the register: Endpoint number, Endpoint speed,
Endpoint max packet length, and device address .
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Table 3-20. Steps to start USB in Device mode

* Program the page offset in the queue head. Each page carries a packet to be transmitted. User can actually
check the status of the transmission by looking into “Current qTD pointer”, “Next qTD pointer”, and “Alternate qTD
pointer”

* In register USBSTS, poll for USB Status, bit#0 for completion of command list given through Asynchronous
queue.

» After populating the entire structure into the memory, user has to set bit#7 in qTD token status. This bit is set by the
software to enable the execution of transaction by the Host controller. Keep polling the remaining bits [6:0] for different
communication issues.

3.10.2.3 SOF for USB Audio

This is mainly applicable when Dual Role (Host / Device) Controller is working in
Device Mode. For some of the USB Audio use-cases, require some sort of audio clock
recovery capability. One way to do it is to use the Start of Frame (SOF) signal which is
generated at the start of a microframe in the USB 2.0 HS. This is a signal with a rate of
125 microseconds. When operating in Full Speed mode, the SOF signal has a rate of 1
ms.

Pulse that asserts for 64 system clock cycles when the SOF token is detected on the USB
bus when the USB controller is in device mode.

In order to properly support USB Audio Isochronous Asynchronous mode of operation, it
1s necessary to measure how many audio sample clock ticks occur between two
consecutive occurrences of the SOF signal. This measurement is used to provide
feedback to the USB audio source in order to speed up or slow down the audio sample
delivery over the USB bus.

This is the method of estimating the ratio between the USB Host clock (SOF
occurrences) and the local audio clock.

Figure below shows the USB SOF connectivity with FlexTimer to enable this scheme.

VFxxx Controller Reference Manual, Rev. 8, 11/2015

Freescale Semiconductor, Inc. 201



g |

vob 2.0 HS/FS/LS Dual Role (Host / Device) Controller

USB OTG O

USBO SOF

USB OTG 1

USB1 SOF

USB0 SOF_PULSE E

- FTMD
_| 64 cycles Pulse
Strecher
FTINM
+ FTM2
o | 64 cycles Pulse
Stracher
FTM3

Yy

USB1 SOF_PULSE %

Figure 3-14. USB SOF connectivity with Flextimer

1. The two SOF signals (one from each USB port) must be brought to two timers
channels of one FlexTimer. This flexibility is provided in FTM2 and FTM3 as shown

in figure.

2. At least one of the SOF signals should be connected to one channel of a second
FlexTimer. This will allow measuring of two sets of audio clock/SOF signals. To

accomodate this USBO SOF is connected to all Flextimers.

The audio master clock should also be provided as one of the clock options to FlexTimer.

3.10.2.4 OverCurrent and VBUS Connection

The figure below provides OverCurrent and VBUS Connection.
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IOMUX |<— PADI[7]

USBO_oc

1 f————— SRC_MISC3][8]

SRC_MISC3[9]

Y USB_WRAPPER

USBO_VBUS_EN

USBO L
,_

Y

IOMUX —> PAD[6]

usb_interrupt

(Status) (Edge detect) I
USB_CTRL[24] |
|
Other |
USB1_VBUS_EN interrupt |
USB1 : > |OMUX (> PAD[14]
|
A —> usb_interrupt
|
|
0 IOMUX <— PAD[15]
1 ——— SRC_MISC3[10]
SRC_MISC3[11]

VBUS_EN is routed to PAD as well as an interrupt from USB. Its status is in USB_CTRL[24]
and can be masked using USB_CTRL[25].

Figure 3-15. OverCurrent and VBUS Connection

3.10.3 Secure Digital Host Controller (SDHC)

3.10.3.1 SD bus pullup/pulldown constraints

The SD standard requires the SD bus signals (except the SD clock) to be pulled up during
data transfers. The SDHC also provides a feature of detecting card insertion/removal, by
detecting voltage level changes on DAT[3] of the SD bus. To support this DAT[3] must
be pulled down. To avoid a situation where the SDHC detects voltage changes due to
normal data transfers on the SD bus as card insertion/removal, the interrupt relating to
this event must be disabled after the card has been inserted and detected. It can be re-
enabled after the card is removed.
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3.10.3.2 SDHC Wakeup

The SDHC controller is taken out of low power mode by some of its interrupts, known as
wakeup interrupts. The SDHC can generate these interrupts even when clocks are not
enabled. The three interrupts which can be used as wakeup events are:

1. Card Removal Interrupt
2. Card Insertion Interrupt
3. Interrupt from SDIO card

To make the interrupt a wakeup event, when all the clocks to the SDHC are disabled or
when the whole system is in low power mode, the corresponding wakeup enabled bit
needs to be set.

3.10.3.2.1 Setting Wake Up Events

For the SDHC to respond to a wakeup event, the software must set the respective wakeup
enable bit before the CPU enters sleep mode. Before the software disables the host clock,
it should ensure that all of the following conditions have been met:

e No Read or Write Transfer is active

e Data and Command lines are not active
 No interrupts are pending

* Internal data buffer is empty

3.10.3.3 SDHC Software Guidelines

SDHC interrupt does not set under the following circumstances:

1. SDHC configured to generate wakeup on card interrupt. PLL3 is selected as SDHC's
baud rate clock.

2. ESDHC clocks are disabled by SDHC_SYSCTL register. For details about the
register, refer to the respective chapter in this document.

3. PLLs are powered down by software before entering into STOP mode.

4. ESDHC wakeup occurs because of card interrupt.

5. Bus clock restarts but PLL does not start as software directly jumps to SDHC ISR
instead of PLL enabling routine.

6. CPU reads SDHC_IRQSTAT register, but finds no bit set. The bit requires baud rate
clock to get set, which needs PLL3 to get powered up.
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3.10.4 UART

3.10.4.1 UART configuration information

This device contains up to six UART modules. This section describes how each module
1s configured on this device.

1. Standard features of all UARTS:
* RS-485 support
* Hardware flow control (RTS/CTY)
* 9-bit UART to support address mark with parity
* MSB/LSB configuration on data
All UARTS are clocked on the IPS bus clock. The maximum baud rate is 1/16 of
related source clock frequency.
IrDA is available on all UARTS
UARTO and UART1 contains the standard features plus ISO7816
UARTO and UART1 contains 16-entry transmit and 16-entry receive FIFOs
All other UARTS contain a 8-entry transmit and 8-entry receive FIFOs
LIN 2.0 supported on all UARTS.

N

NNk W

3.10.4.2 UART wakeup

The UART can be configured to generate an interrupt/wakeup on the first active edge that
it receives.

3.10.4.3 UART interrupts

The UART has multiple sources of interrupt requests. However, some of these sources
are OR'd together to generate a single interrupt request. See below for the mapping of the
individual interrupt sources to the interrupt request:

The status interrupt combines the following interrupt sources:

Source UARTO UART 1 UART 2 UART 3 UART 4 UART 5
Transmit data X X X X X X
empty
Transmit X X X X X X
complete

Table continues on the next page...
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Source UARTO UART 1 UART 2 UART 3 UART 4 UART 5

Idle line X X X X X X
Receive data X X X X X X
full
LIN break X X X X X X
detect
RxD pin active | x X X X X X
edge
Initial character | x X — — — —
detect

The error interrupt combines the following interrupt sources:

Source UART 0 UART 1 UART 2 UART 3 UART 4 UART 5
Receiver X X X X X X
overrun
Noise flag X X X X X X
Framing error X X X X X X
Parity error X X X X X X
Transmitter X X X X X X

buffer overflow

Receiver buffer | x X X X X X
underflow

Transmit X X — — — _
threshold

Receiver X X — — — _
threshold

Wait timer X X — — — _
Character wait | x X — — - _
timer

Block wait timer | x X — — — _
Guard time X X — — - _
violation

3.10.5 FlexCAN

3.10.5.1 Instantiation

There are two instances of the FlexCAN module on this device: FlexCANO and
FlexCANI.

Each FlexCAN is implemented with 64 message buffers each.
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3.10.6 SPI

3.10.6.1 SPI Instantiation
This device contains up to 4 SPI modules.

Table 3-21. SPI Instances

SPI 176 LQFP 364 BGA
No. of SPI 3 4
SPI0O CTAR 4 4
SPI1 CTAR 2 2
SPI2 CTAR 2 2
SPI3 CTAR N/A 2
SPI0 Chip Selects 6
SPI1 Chip Selects 4
SPI2 Chip Selects 2
SPI3 Chip Selects N/A 2
TX FIFO SPIO 4 4
RX FIFO SPI0 4 4
TX FIFO SPIH 4 4
RX FIFO SPI1 4 4
TX FIFO SPI2 4 4
RX FIFO SPI2 4 4
TX FIFO SPI3 N/A 4
RX FIFO SPI3 N/A 4
NOTE

The SPI's de-serial interface (DSI) and timed serial bus (TSB)
features are not supported on any SPI instance

The SPI module is clocked by the internal bus clock. The module has an internal divider,
with a minimum divide of two. Thus, the SPI can run at a maximum frequency of bus
clock/2.

3.10.6.2 Number of PCS
Depending on the number of DSPI instances, the number of PCS varies from 2 to 6.

For :
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 DSPIO - 6
* DSPII -4
 DSPI2 -2
e DSPI3 -2

3.10.7 Inter-Integrated Circuit (12C)

3.10.7.1 Instantiation Information
This device contains up to four I12C modules, 12CO0, I12C1, 12C2, and 12C3.

3.11 Analog

3.11.1 12-bit Analog to Digital Converter (ADC)

3.11.1.1 ADC Instantiation

This device contains a total of 16 ADC pin inputs. The ADC signals are distributed
around the chip in order to optimize the flexibility in layout and feature trade off for the
user.

The ADC conversion channel is selected by setting the Pin Mux control bit.

The 364 BGA offers dedicated ADC channels on pads apart from ADC channels muxed
with GPIO.

Table 3-22. ADC instantiation

Features 176 LQFP 364 BGA
No of ADC 2 2
No of Differential Channels Not Supported Not Supported
No of Single Ended Channels(muxed 6+6 8+8
with GPIO)
No of dedicated single Ended Channels |None 242
VREFH/VREFL Yes Yes
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3.11.1.2 Voltage reference selection (REFSEL settings)
The bit field definition for ADCx_CFG[REFSEL] is as follows for this chip:
Table 3-23. ADCx_CFG[REFSEL]

settings
Bit value Definition

00 Selects VREFH/VREFL as reference voltage. VREFH/VREFL are connected to VREFH_ADC
and VREFL_ADC pads.

01 Selects VALTH/VALTL as reference voltage. VALTH/VALTL are connected to ADC reference
voltage (1.2V) from Voltage Regulator.

10 Selects VBGH/VBGL as reference voltage. VBGH/VBGL are connected to ADC reference
voltage (1.2V) from Voltage Regulator. (Same as 01 above).

11 Reserved

3.11.1.3 DMA Support on ADC

Applications may require continuous sampling of ADC (4K samples/sec at minimum)
that may have considerable load on CPU. Though using PDB to trigger ADC may reduce
some CPU load, ADC need to support DMA for higher performance where ADC is
sampled at very high rate or cases were PDB is bypassed. ADC should trigger on-chip
DMA (via DMA req) on conversion completion.

3.11.1.4 ADC Channel Assignments
Table 3-24. ADC Channel Assignments

ADC Channel ADCO ADCA1 Type
0 PAD[8] PADI6] External
1 PADI[9] PADI[7] External
2 PAD[22] PAD[24] External
3 PAD[23] PAD[25] External
4 PAD[26] PAD[27] External
5 PADI[103] PADI[104] External
6 PAD[59] PAD[61] External
7 PAD[60] PAD[62] External
8 Dedicated PAD - ADCOSE8 | Dedicated PAD - ADC1SES8 External
9 Dedicated PAD - ADCOSE9 | Dedicated PAD - ADC1SE9 External
10 DACO - external output DAC1 - external output Internal
11 VSS33_IO_ADC_DAC VSS33_IO_ADC_DAC NA

Table continues on the next page...
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Table 3-24. ADC Channel Assignments (continued)

ADC Channel ADCO ADCA1 Type
12 VSS33_IO_ADC_DAC VSS33_IO_ADC_DAC NA
13 VSS33_I0_ADC_DAC VSS33_I0_ADC_DAC NA
14 VSS33_IO_ADC_DAC VSS33_IO_ADC_DAC NA
15 VSS33_I0_ADC_DAC VSS33_I0_ADC_DAC NA
16 VSS33_I0O_ADC_DAC VSS33_I0O_ADC_DAC NA
17 VSS33_IO_ADC_DAC VSS33_IO_ADC_DAC NA
18 VSS33_I0_ADC_DAC VSS33_I0_ADC_DAC NA
19 VSS33_IO_ADC_DAC VSS33_IO_ADC_DAC NA
20 VSS33_I0_ADC_DAC VSS33_I0_ADC_DAC NA
21 VSS33_I0O_ADC_DAC VSS33_I0O_ADC_DAC NA
22 VSS33_I0O_ADC_DAC VSS33_I0O_ADC_DAC NA
23 VSS33_I0O_ADC_DAC VSS33_I0O_ADC_DAC NA
24 VSS33_IO_ADC_DAC VSS33_IO_ADC_DAC NA
25 VREF from dedicated pad or | VREF from dedicated pad or Internal
PMU (select one based on PMU (select one based on
register programming of ADC) | register programming of ADC)
26 Temperature Sensor Temperature Sensor Internal
27 VREF from PMU VREF from PMU Internal
28 HI-Z HI-Z NA
29 HI-Z HI-Z NA
30 HI-Z HI-Z NA
31 HI-Z HI-Z NA
3.11.1.5 ADC interconnections
Table 3-25. ADC interconnections
Trigger Module Trigger Trigger
ADC ADCO ADCO
PDB Trig0 Trig1
LPTIMER LPTIMER-Trig LPTIMER-Trig

3.11.1.6 ADC Calibration

The device fuse map (Bank7-WordS5 ) has been assigned to store the 16-bit calibrated
value for ADCO and ADCI1. This calibrated value is derived at room temperature, with
nominal voltage and with max averaging. This calibrated value can be copied from Fuses

VFxxx Controller Reference Manual, Rev. 8, 11/2015

210 Freescale Semiconductor, Inc.



Chapter 3 Chip Configuration

to ADC register to avoid running calibration sequence at reset. Alternatively, the
calibration sequence can be run after each and every reset. Refer to Calibration Function
for details.

3.11.2 12-Bit Digital-to-Analog Converter (DAC)

3.11.2.1 12-bit DAC Instantiation

Table 3-26. 12-bit DAC Instantiation

176 LQFP 364 BGA
Number of 12-bit DACs 2 2

3.11.2.2 12-bit DAC External Reference

For this device, external voltage supplied to VREFH_ADC pin is the only reference
voltage for DAC reference. You need to set up DACx_STATCTRL[DACREFS]=I to
select the valid VREFH_ADC reference. When DACx_STATCTRL[DACREFS]=0, the
DAC reference is connected to an internal ground node and is not a valid voltage
reference. Be aware that if the DAC and ADC use the VREFH_ADC reference
simultaneously, some degradation of ADC accuracy is to be expected due to DAC
switching.

3.11.2.3 DMA support on DAC

Applications may require continuous sampling of DAC (4K samples/sec at minimum)
that may have considerable load on CPU. The DAC supports DMA for higher
performance where the DAC is sampled at a very high rate. To trigger a DMA request,
the DAC uses the watermark and buffer bottom and up flags. The DAC must trigger on-
chip DMA (via DMA request) on conversion completion.
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3.11.2.4 DAC interconnections
Table 3-27. DAC interconnections

DAC trigger from PDB Connection
DACO DAC refresh trigger 0
DACH1 DAC refresh trigger 1

3.12 Display/Video interfaces

3.12.1 Display Control Unit

3.12.1.1 Instantiation

The DCU4 modules connect to the NIC301 as bus masters.
Each DCU4 interface is a 64-bit AXI
Each DCU features an APB interface for control.

HSYNC/VSYNC, DE and Pixel Clock connect to I/0O as well as to inputs of a TCON
module for generation of additional timing signals

3.12.2 Timing Controller (TCON)
3.12.2.1 Instantiation

Number of TCON instances: 2 (one for each DCU)

Number of timing channels: 12
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3.12.3 RLE Decoder (RLE)

3.12.3.1 Instantiation
Number of RLE_DEC instances: 1
Module is disabled by default.

Chapter 3 Chip Configuration

3.12.4 Segmented LCD Controller

3.12.4.1 Instantiation

There 1s one instance of the LCD module on this device that is connected to the AIPS

peripheral bridge.

3.12.4.2 Number of Front and Back Planes
Table 3-28. Number of Front and Back Planes

Parameter Value
Number of front planes’ 36 or 38 or 40
Number of back planes? 4or6or8

1. Software-configurable. Default assignment is 40 FP and 4 BP. BP0-3 are located on pads LCD40-43. FP0-39 are located

at pads LCDO0-39.

2. Software-configurable. See LCD Driver Backplane Remapping for different configurations.

3.12.4.3 LCD clock selection

The LCD module can be optionally clocked by the system bus clock, the internal 128
KHz IRC or the external 32 KHz crystal clock.

Mode

Description

Normal Run Mode

In normal run modes the LCD is clocked by the system clock.

Low Power Mode

In low power modes of operation to conserve power the LCD
module is optionally clocked by the internal 128 KHz IRC or

the 32 KHz external crystal oscillator. These two clock
sources are available in the low power domains.
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The following table shows the clocks selected by the LCDCR[LCDOCS] bit.
Table 3-29. LCD Clock Selection Based on

LCDCR[LCDOCS]
Value of LCDCR[LCDOCS] Clock selected
1 32 kHz OSC
0 128 kHz OSC

3.12.4.4 Settings during STANDBY mode

To keep the LCD driver shut down in STANDBY mode, the following settings are
needed:

« LCDCR[LCDRST] =0
« LCDCR[LCDRCS] =0

To keep the LCD driver on (functioning) in STANDBY mode, the following settings are
needed:

« LCDCR[LCDRST] =1
« LCDCR[LCDRCS] =1
« LCDCR[LCDOCS] =0or1
* If this field is 0, the LCD driver will operate from SIRC.
e If this field is 1, the LCD driver will operate from SXOSC.

3.12.4.5 Segment LCD configuration

In this device the LCD module will be part of the Low Power Domain to enable LCD
display content to be maintained. For the display to be updated the MPU must wake up
from Low Power mode.
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NOTE

The device does not support 5V 1/O, therefore the LCD module

will interface only to 3.6V glass.
Table 3-30. Number of Front and Back Planes

Parameter Value
Number of Front Planes 40 or 38 or 36
Number of Back Planes 4or6or8
NOTE

There are only ten LCDRAM registers (LCDRAMO-
LCDRAMDY) implemented on this device. The other registers

(LCDRAMI10-LCDRAMI15) that are described in the LCD
chapter are not available on this device.

3.12.5 Video Interface Unit(VIU)

3.12.5.1 Instantiation
Number of VIU3 instances: 1

3.12.6 Video ADC(VADC)

3.12.6.1 Instantiation

This device features one instance of the VideoADC

The VideoADC accepts up to 4 single-ended analog inputs.

The VideoADC digital output interfaces directly to the VIU module as shown below.
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Composite-0 r
Composite-1 > | Video X
Composite-3 ADC —  VIU
Composite-2 > >
Parallel-1
NOTE
This mux is controlled by the MISC2 register in the SRC
module.

3.13 Audio Subsystem

3.13.1 Audio Subsystem Modules

3.13.1.1 Audio Subsystem Overview

The modules that belong to the audio subsystem are the SAIO, SAI1, SAI2, SAI3, ESAI,
ESAI_BIFIFO, SPDIF and ASRC. In addition, the IOMUX must be appropriately
configured to get signals in and out of the chip.

SAIO-3 are synchronous audio interfaces used to transfer audio data. SAIO-3 are on the
peripheral bus.

The ESAI (Enhanced Serial Audio Interface) provides a full-duplex serial port for serial
communication with a variety of serial devices, including industry-standard codecs,
SPDIF transceivers, and other processors. The ESAI consists of independent transmitter

and receiver sections, each section with its own clock generator. The ESAI is connected
to the IOMUX and to the ESAI_BIFIFO module.
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The ESAI_BIFIFO (ESAI Bus Interface and FIFO) is the interface between the ESAI
module and the shared peripheral bus. It contains the FIFOs used to buffer data to/from
the ESAI as well as providing the data word alignment and padding necessary to match
the 24-bit data bus of the ESAI to the 32-bit data bus of the shared peripheral bus.

The SPDIF (Sony/Philips Digital Interface) audio module is a stereo transceiver that
allows the processor to receive and transmit digital audio over it. The SPDIF receiver
section includes a frequency measurement block that allows the precise measurement of
an incoming sampling frequency. A recovered clock is provided by the SPDIF receiver
section and may be used to drive both internal and external components in the system.
The SPDIF is connected to the shared peripheral bus.

The ASRC is a hardware audio sample rate converter supporting up to 10 channels split
into 3 sampling rate pairs.

3.13.1.2 Synchronous Audio Interface (SAl)

The Synchronous Audio Interface (SAI) implements supports full-duplex serial interfaces
with frame synchronization such as 12S, AC97, and codec/DSP interfaces.

This device implements four SAI modules. SAIO-2 are required for connected radio
applications with Radio Tuner devices. SAI3 is added to support future expansion.

The following table shows the configuration of the SAIs:
Table 3-31. SAIl Configurations

SAl Instance Tx Data Lines Rx Data Lines Tx FIFO Depth Rx FIFO Depth
SAIO 1 1 32 32

SAN 1 1 32 32

SAI2 1 1 32 32

SAI3 1 1 64 64
3.13.1.2.1 SAI3 register details

The dedicated SAI chapter documents the identically instantiated SAIO, SAII, and SAI2.
The following table summarizes SAI3 register details that differ from the other module
instances.

Table 3-32. SAI3 register differences from other SAl instances

Instance TCR1[TFW] and RCR1[RFW]
SAI3 Each field is 6 bits wide

TFR[WFP], TFR[RFP], RFR[WFP], and RFR[RFP]
Each field is 7 bits wide
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3.13.1.2.2 Simultaneous SAlI DMA requests

If all four instances of the SAI module issue DMA requests simultaneously, DMA must
be configured in round robin arbitration mode.

3.13.1.2.3 SAIl transmitter and receiver options for MCLK selection

For an internally generated bit clock of the transmitter or receiver, all SAI instances have
the same options for selecting an audio master clock (MCLK) source. TCR2[MSEL] and
RCR2[MSEL] independently select the MCLK source for the transmitter and receiver,
respectively. The following table shows the MSEL settings and the corresponding
available MCLK sources on this device.

Table 3-33. SAIn transmitter and receiver options for MCLK selection

TCR2[MSEL] or RCR2[MSEL] MCLK source for internally generated bit clock of
transmitter or receiver
00 Bus Clock
01 Clock selected by CCM_CSCMR1[SAIn_CLK_SEL]
10 Not supported

11 Not supported

3.13.1.2.4 SAIl in Stop mode
MCU wakeup from an SAI module is not supported because the SAI clock is gated in
Stop mode. Before the MCU enters Stop mode, you must disable operation of the SAI
transmitter and receiver in Stop mode. More specifically:

1. In the SAI, program TCSR[STOPE] and RCSR[STOPE] to 0.

2. Execute the MCU’s entry to Stop mode.

3.13.1.3 Enhanced Serial Audio Interface (ESAI)

The Enhanced Serial Audio Interface (ESAI) provides a full-duplex serial port for serial
communication with a variety of serial devices, including industry-standard codecs,
SPDIF transceivers, and other processors.

The ESAI consists of independent transmitter and receiver sections, each section with its
own clock generator. All serial transfers are synchronized to a clock. Additional
synchronization signals are used to delineate the word frames. The normal mode of
operation is used to transfer data at a periodic rate, one word per period. The network
mode is also intended for periodic transfers; however, it supports up to 32 words (time
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slots) per period. This mode can be used to build time division multiplexed (TDM)
networks. In contrast, the on-demand mode is intended for non-periodic transfers of data
and to transfer data serially at high speed when the data becomes available.

The ESAI has 12 pins for data and clocking connection to external devices. The ESAI is
internally connected to the ESAI_BIFIFO, and does not connect directly to the shared
peripheral bus. The ESAI interface is designed for a 24-bit data bus, while the shared
peripheral data bus is 32-bit wide. Also, the ESAI data paths are only double buffered,
not allowing efficient DMA service in the applications processor environment. The
ESAI_BIFIFO allows increasing the data buffering and data width matching to the shared
peripheral bus.

3.13.1.4 ESAI Bus Interface and FIFO (ESAI_BIFIFO)

The ESAI_BIFIFO (ESAI Bus Interface and FIFO) is the interface between the ESAI
module and the shared peripheral bus. It contains the FIFOs used to buffer data to/from
the ESAI, as well as providing the data word alignment and padding necessary to match
the 24-bit data bus of the ESAI to the 32-bit data bus of the shared peripheral bus..

There are two independent 128-word FIFOs, one servicing the ESAI transmit section,
shared by the 6 ESAI transmitters, while the other 128-word FIFO services the ESAI
receive section, shared by the 4 ESAI receivers. Each FIFO has a programmable
watermark level where it can trigger a DMA service request.

The ESAI 24-bit data words are aligned and formatted according to the Transmit Word
Alignment and Receive Word Alignment controls.

3.14 Miscellaneous

3.14.1 GPIO

3.14.1.1 GPIO Mapping
Table 3-34. RGPIO versus Pins

RGPIO In GPIO module Corresponding Pin | IOMUX register name IOMUX register
on the chip address
RGPIO[0] PORTO[0] PTA6 IOMUXC_PTA6 40048000
RGPIO[1] PORTO[1] PTA8 IOMUXC_PTA8 40048004
RGPIO[2] PORTO[2] PTA9 IOMUXC_PTA9 40048008

Table continues on the next page...
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Table 3-34. RGPIO versus Pins (continued)
RGPIO In GPIO module Corresponding Pin | IOMUX register name IOMUX register
on the chip address
RGPIO[3] PORTO[3] PTA10 IOMUXC_PTA10 4004800C
RGPIO[4] PORTO[4] PTA11 IOMUXC_PTAT11 40048010
RGPIO[5] PORTO[5] PTA12 IOMUXC_PTA12 40048014
RGPIO[6] PORTO[6] PTA16 IOMUXC_PTA16 40048018
RGPIO[7] PORTO[7] PTA17 IOMUXC_PTA17 4004801C
RGPIO[8] PORTO[8] PTA18 IOMUXC_PTA18 40048020
RGPIO[9] PORTO[9] PTA19 IOMUXC_PTA19 40048024
RGPIO[10] PORTO[10] PTA20 IOMUXC_PTA20 40048028
RGPIO[11] PORTO[11] PTA21 IOMUXC_PTA21 4004802C
RGPIO[12] PORTO[12] PTA22 IOMUXC_PTA22 40048030
RGPIO[13] PORTO[13] PTA23 IOMUXC_PTA23 40048034
RGPIO[14] PORTO[14] PTA24 IOMUXC_PTA24 40048038
RGPIO[15] PORTO[15] PTA25 IOMUXC_PTA25 4004803C
RGPIO[16] PORTO[16] PTA26 IOMUXC_PTA26 40048040
RGPIO[17] PORTO0[17] PTA27 IOMUXC_PTA27 40048044
RGPIO[18] PORTO[18] PTA28 IOMUXC_PTA28 40048048
RGPIO[19] PORTO[19] PTA29 IOMUXC_PTA29 4004804C
RGPIO[20] PORTO0[20] PTA30 IOMUXC_PTA30 40048050
RGPIO[21] PORTO[21] PTAS31 IOMUXC_PTAS31 40048054
RGPIO[22] PORTO0[22] PTBO IOMUXC_PTBO 40048058
RGPIO[23] PORTO[23] PTB1 IOMUXC_PTB1 4004805C
RGPIO[24] PORTO[24] PTB2 IOMUXC_PTB2 40048060
RGPIO[25] PORTO[25] PTB3 IOMUXC_PTB3 40048064
RGPIO[26] PORTO[26] PTB4 IOMUXC_PTB4 40048068
RGPIO[27] PORTO0[27] PTB5 IOMUXC_PTB5 4004806C
RGPIO[28] PORTO[28] PTB6 IOMUXC_PTB6 40048070
RGPIO[29] PORTO0[29] PTB7 IOMUXC_PTB7 40048074
RGPIO[30] PORTO[30] PTB8 IOMUXC_PTB8 40048078
RGPIO[31] PORTO[31] PTB9 IOMUXC_PTB9 4004807C
RGPIO[32] PORT1[0] PTB10 IOMUXC_PTB10 40048080
RGPIO[33] PORT1[1] PTB11 IOMUXC_PTB11 40048084
RGPIO[34] PORT1[2] PTB12 IOMUXC_PTB12 40048088
RGPIO[35] PORT1[3] PTB13 IOMUXC_PTB13 4004808C
RGPIO[36] PORT1[4] PTB14 IOMUXC_PTB14 40048090
RGPIO[37] PORT1[5] PTB15 IOMUXC_PTB15 40048094
RGPIO[38] PORT1[6] PTB16 IOMUXC_PTB16 40048098
RGPIO[39] PORT1[7] PTB17 IOMUXC_PTB17 4004809C
RGPIO[40] PORT1[8] PTB18 IOMUXC_PTB18 400480A0
RGPIO[41] PORT1[9] PTB19 IOMUXC_PTB19 400480A4

Table continues on the next page...
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Table 3-34. RGPIO versus Pins (continued)

RGPIO In GPIO module Corresponding Pin | IOMUX register name IOMUX register
on the chip address
RGPIO[42] PORT1[10] PTB20 IOMUXC_PTB20 400480A8
RGPIO[43] PORT1[11] PTB21 IOMUXC_PTB21 400480AC
RGPIO[44] PORT1[12] PTB22 IOMUXC_PTB22 400480B0
RGPIO[45] PORT1[13] PTCO IOMUXC_PTCO 400480B4
RGPIO[46] PORT1[14] PTC1 IOMUXC_PTCH 400480B8
RGPIO[47] PORT1[15] PTC2 IOMUXC_PTC2 400480BC
RGPIO[48] PORT1[16] PTC3 IOMUXC_PTC3 400480C0
RGPIO[49] PORT1[17] PTC4 IOMUXC_PTC4 400480C4
RGPIO[50] PORT1[18] PTC5 IOMUXC_PTC5 400480C8
RGPIO[51] PORT1[19] PTC6 IOMUXC_PTC6 400480CC
RGPIO[52] PORT1[20] PTC7 IOMUXC_PTC?7 400480D0
RGPIO[53] PORT1[21] PTC8 IOMUXC_PTC8 400480D4
RGPIO[54] PORT1[22] PTC9 IOMUXC_PTC9 400480D8
RGPIO[55] PORT1[23] PTC10 IOMUXC_PTC10 400480DC
RGPIO[56] PORT1[24] PTC11 IOMUXC_PTC11 400480E0
RGPIO[57] PORT1[25] PTC12 IOMUXC_PTC12 400480E4
RGPIO[58] PORT1[26] PTC13 IOMUXC_PTC13 400480E8
RGPIO[59] PORT1[27] PTC14 IOMUXC_PTC14 400480EC
RGPIO[60] PORT1[28] PTC15 IOMUXC_PTC15 400480F0
RGPIO[61] PORT1[29] PTC16 IOMUXC_PTC16 400480F4
RGPIO[62] PORT1[30] PTC17 IOMUXC_PTC17 400480F8
RGPIO[63] PORT1[31] PTD31 IOMUXC_PTD31 400480FC
RGPIO[64] PORT2[0] PTD30 IOMUXC_PTD30 40048100
RGPIO[65] PORT2[1] PTD29 IOMUXC_PTD29 40048104
RGPIO[66] PORT2[2] PTD28 IOMUXC_PTD28 40048108
RGPIO[67] PORT2[3] PTD27 IOMUXC_PTD27 4004810C
RGPIO[68] PORT2[4] PTD26 IOMUXC_PTD26 40048110
RGPIO[69] PORT2[5] PTD25 IOMUXC_PTD25 40048114
RGPIO[70] PORT2[6] PTD24 IOMUXC_PTD24 40048118
RGPIOQ[71] PORT2[7] PTD23 IOMUXC_PTD23 4004811C
RGPIO[72] PORT2[8] PTD22 IOMUXC_PTD22 40048120
RGPIOQ[73] PORT2[9] PTD21 IOMUXC_PTD21 40048124
RGPIO[74] PORT2[10] PTD20 IOMUXC_PTD20 40048128
RGPIO[75] PORT2[11] PTD19 IOMUXC_PTD19 4004812C
RGPIOQ[76] PORT2[12] PTD18 IOMUXC_PTD18 40048130
RGPIO[77] PORT2[13] PTD17 IOMUXC_PTD17 40048134
RGPIOQ[78] PORT2[14] PTD16 IOMUXC_PTD16 40048138
RGPIO[79] PORT2[15] PTDO IOMUXC_PTDO 4004813C
RGPIO[80] PORT2[16] PTD1 IOMUXC_PTD1 40048140

Table continues on the next page...
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Table 3-34. RGPIO versus Pins (continued)
RGPIO In GPIO module Corresponding Pin | IOMUX register name IOMUX register
on the chip address
RGPIO[81] PORT2[17] PTD2 IOMUXC_PTD2 40048144
RGPIO[82] PORT2[18] PTD3 IOMUXC_PTD3 40048148
RGPIO[83] PORT2[19] PTD4 IOMUXC_PTD4 4004814C
RGPIO[84] PORT2[20] PTD5 IOMUXC_PTD5 40048150
RGPIO[85] PORT2[21] PTD6 IOMUXC_PTD6 40048154
RGPIO[86] PORT2[22] PTD7 IOMUXC_PTD7 40048158
RGPIO[87] PORT2[23] PTD8 IOMUXC_PTD8 4004815C
RGPIO[88] PORT2[24] PTD9 IOMUXC_PTD9 40048160
RGPIO[89] PORT2[25] PTD10 IOMUXC_PTD10 40048164
RGPIO[90] PORT2[26] PTD11 IOMUXC_PTD11 40048168
RGPIO[91] PORT2[27] PTD12 IOMUXC_PTD12 4004816C
RGPIO[92] PORT2[28] PTD13 IOMUXC_PTD13 40048170
RGPIO[93] PORT2[29] PTB23 IOMUXC_PTB23 40048174
RGPIO[94] PORT2[30] PTB24 IOMUXC_PTB24 40048178
RGPIO[95] PORT2[31] PTB25 IOMUXC_PTB25 4004817C
RGPIO[96] PORT3I0] PTB26 IOMUXC_PTB26 40048180
RGPIO[97] PORT3[1] PTB27 IOMUXC_PTB27 40048184
RGPIO[98] PORT3[2] PTB28 IOMUXC_PTB28 40048188
RGPIO[99] PORT3[3] PTC26 IOMUXC_PTC26 4004818C
RGPIO[100] PORT3[4] PTC27 IOMUXC_PTC27 40048190
RGPIO[101] PORT3[5] PTC28 IOMUXC_PTC28 40048194
RGPIO[102] PORTS3[6] PTC29 IOMUXC_PTC29 40048198
RGPIO[103] PORT3[7] PTC30 IOMUXC_PTC30 4004819C
RGPIO[104] PORT3[8] PTC31 IOMUXC_PTC31 400481A0
RGPIO[105] PORT3[9] PTEO IOMUXC_PTEO 400481A4
RGPIO[106] PORT3[10] PTE1 IOMUXC_PTE1 400481A8
RGPIO[107] PORT3[11] PTE2 IOMUXC_PTE2 400481AC
RGPIO[108] PORT3[12] PTES3 IOMUXC_PTES3 400481B0
RGPIO[109] PORT3[13] PTE4 IOMUXC_PTE4 400481B4
RGPIO[110] PORT3[14] PTE5 IOMUXC_PTE5 400481B8
RGPIO[111] PORT3[15] PTE6 IOMUXC_PTE6 400481BC
RGPIO[112] PORT3[16] PTE7 IOMUXC_PTE? 400481C0
RGPIO[113] PORT3[17] PTE8 IOMUXC_PTES8 400481C4
RGPIO[114] PORT3[18] PTE9 IOMUXC_PTE9 400481C8
RGPIO[115] PORT3[19] PTE10 IOMUXC_PTE10 400481CC
RGPIO[116] PORT3[20] PTE11 IOMUXC_PTE11 400481D0
RGPIO[117] PORT3[21] PTE12 IOMUXC_PTE12 400481D4
RGPIO[118] PORT3[22] PTE13 IOMUXC_PTE13 400481D8
RGPIO[119] PORT3[23] PTE14 IOMUXC_PTE14 400481DC

Table continues on the next page...
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Table 3-34. RGPIO versus Pins (continued)

RGPIO In GPIO module Corresponding Pin | IOMUX register name IOMUX register
on the chip address
RGPIO[120] PORT3[24] PTE15 IOMUXC_PTE15 400481E0
RGPIO[121] PORT3[25] PTE16 IOMUXC_PTE16 400481E4
RGPIO[122] PORT3[26] PTE17 IOMUXC_PTE17 400481E8
RGPIO[123] PORT3[27] PTE18 IOMUXC_PTE18 400481EC
RGPIO[124] PORT3[28] PTE19 IOMUXC_PTE19 400481F0
RGPIO[125] PORT3[29] PTE20 IOMUXC_PTE20 400481F4
RGPIO[126] PORT3[30] PTE21 IOMUXC_PTE21 400481F8
RGPIO[127] PORT3[31] PTE22 IOMUXC_PTE22 400481FC
RGPIO[128] PORT4[0] PTE23 IOMUXC_PTE23 40048200
RGPIO[129] PORT4[1] PTE24 IOMUXC_PTE24 40048204
RGPIO[130] PORTA4[2] PTE25 IOMUXC_PTE25 40048208
RGPIO[131] PORTA4[3] PTE26 IOMUXC_PTE26 4004820C
RGPIO[132] PORTA4[4] PTE27 IOMUXC_PTE27 40048210
RGPIO[133] PORTA4[5] PTE28 IOMUXC_PTE28 40048214
RGPIO[134] PORT4[6] PTA7 IOMUXC_PTA7 40048218

3.14.1.2 Configuring a pin as GPIO
To program a pin as GPIO:
1. Program the corresponding register in IOMUX. For example, to configure PORTO-
pinl6 (PTA16), program IOMUXC_PTAI16.
2. Program proper ALT mode in this register and program IBE (for Input) and OBE (for
Output).
3. Program the GPIO registers (PDOR, PSOR, PCOR, PTOR, PDIR) you can set/reset
this pin or read from this pin.

NOTE
For details about IOMUX and GPIO registers, see the
respective chapters of this document.

3.14.1.3 Port 4 Register Differences

In this device, 135 PADs are implemented across 5 RGPIO port instances as 4 x 32 + 7.
The last instance has only 7 PAD control registers. The dedicated RGPIO chapter
documents the identically instantiated Port O, 1, 2, and 3. The following table summarizes
Port E register details that differ from the other module instances.
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Table 3-35. Port 4 register differences from other Port instances
Instance Port Data Output Register Port Data Input Register (GPIO_PDIR)
(GPIO_PDOR)
Port 4 PDOI6:0] field is 7 bits wide PDI [6:0] field is 7 bits wide

VFxxx Controller Reference Manual, Rev. 8, 11/2015

224 Freescale Semiconductor, Inc.



g |

Chapter 4
Memory Map

4.1 System memory map

The following table shows the high-level device memory map.

Table 4-1. Device Memory Map

CM4 Address Range Size CM4 Alias System Address (A5) Region
[Start Addr - End Addr] [MB] [Start Addr - End Addr] Description
0x0000_0000 -0x007f_ffff 8 0x0000_0000 0x0000_0000-0x007f_ffff Boot ROM

0x0080_0000-0xOfff_ffff 248 0x8080_0000 Reserved CM4 DDR code
alias
0x1000_0000-0x17ff_ffff 128 0x2000_0000 Reserved CM4 QuadSPIO
code alias
0x1800_0000-0x1eff_ffff 112 0x3000_0000 Reserved CM4 FlexBus
code alias
0x1f00_0000-0x1f7f_ffff 8 0x3f00_0000 Reserved CM4 OCRAM
code alias
0x1f80_0000-0x1fff_ffff 8 N/A 0x1f80_0000-0x1fff_ffff CM4 TCML
(code)
0x2000_0000-0x2fff_ffff 256 0x2000_0000 0x2000_0000-0x2fff_ffff QuadSPI0
Memory
0x3000_0000-0x3eff_ffff 240 0x3000_0000 0x3000_0000-0x3eff_ffff FlexBus
0x3f00_0000- 0x3F03_FFFF 0.25 0x3f00_0000 0x3f00_0000-0x3F03_FFFF OCRAM -
SysRAMO
0x3F04_0000 - 0x3F07_FFFF |0.25 0x3F04_0000 0x3F04_0000 - 0x3F07_FFFF OCRAM -
sysRAMA1
0x3F08_0000 - 0x3F3F_FFFF |3.50 N/A Reserved Reserved
0x3f40_0000-0x3f47_ffff 5 0x3f40_0000 0x3f40_0000-0x3f47_ffff OCRAM -
gfxRAMO
0x3f48_0000-0x3f4f_ffff .5 0x3f48_0000 0x3f48_0000-0x3f4f_ffff OCRAM —
gfxRAM1 /L2
cache
0x3f50_0000-3f7f_ffff N/A Reserved Reserved
0x3f80_0000-0x3fff_ffff 8 N/A 0x3f80_0000-0x3fff_ffff Cwm4 TCMU
(data)

Table continues on the next page...
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Table 4-1. Device Memory Map (continued)

CM4 Address Range Size CM4 Alias System Address (A5) Region
[Start Addr - End Addr] [MB] [Start Addr - End Addr] Description
0x4000_0000-0x4006_ffff 0.448 |0x4000_0000 0x4000_0000-0x4006_ffff IPSO
0x4007_C000-0x4007_ffff 0.016 |0x4007_C000 0x4007_C000-0x4007_ffff Reserved
0x4008_0000-0x400f_efff 0.5 0x4008_0000 0x4008_0000-0x400f_efff IPS1
0x4010_0000-0x4fff_ffff 255 N/A Reserved Reserved
0x5000_0000-0x5fff_ffff 256 0x5000_0000-0x5fff_ffff QuadSPI1
Memory
0x6000_0000 Ox6fff_ffff 256 N/A Reserved Reserved
0x7000_0000 0x77ff_ffff 128 N/A Reserved Reserved
0x7800_0000 Ox79ff_ffff 32 0x7800_0000 0x7800_0000 - Ox79ff_ffff RLE
0x7a00_0000 Ox7bff_ffff 32 0x7a00_0000 0x7a00_0000 - Ox7bff_ffff QuadSPI1 Rx
buffer
0x7c00_0000 Ox7dff_ffff 32 0x7c00_0000 0x7c00_0000 - Ox7dff_ffff QuadSPI0 Rx
buffer
0x7e00_0000 0x7e7f_ffff 8 0x7e00_0000 0x7e00_0000 - 0x7e7f_ffff gfxRAM-
RGB565 view
0x7e80_0000 Ox7eff_ffff 8 0x7e80_0000 0x7e80_0000 - Ox7eff_ffff gfxRAM-
ARGB1555 view
0x7f00_0000 Ox7f7f_ffff 8 0x7f00_0000 0x7f00_0000 - Ox7{7f_ffff gfxRAM-
ARGB4444 view
0x7f80_0000 Ox7fff_ffff 8 N/A Reserved Reserved
0x8000_0000-0xdfff_ffff 1536 0x8000_0000-0xdfff_ffff DDR
0xe000_0000-0xffff_ffff 512 N/A Reserved CM4 Private
Peripheral Bus
(PPB)
512 N/A 0xe000_0000-0xffff_ffff DDR (A5 only)

NOTE

64 KB/16 KB SRAM, which is retained in LPSTOP modes
occupies the lower part of OCRAM-SysRAMO

NOTE

For OCRAM-gfxRAM region (0x3f40_0000-0x3f4f_ffff), if
there is no L2 cache on the device, the entire 1 MB space based
at 0x3f40_0000 is allocated to gfxRAM. If the device has L2

cache, the first 512 KB (0x3f40_0000 - 0x3f47_ffff) is

allocated to gfXRAM and the upper 512 KB is allocated to the
L2 Cache data array.
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NOTE

Chapter 4 Memory Map

If there is an access to reserved/illegal memory space, then the
system may hang, requiring a reset to recover. There is no time-

out mechanism to recover from this scenario.

4.2 Peripheral Bridge 0 (AIPS-Lite 0) Memory Map

Table 4-2. Peripheral bridge 0 slot assignments

System 32-bit base address Slot Module
number
On-platform
0x4000_0000 0
0x4000_1000 1 MSCM (CPU Configuration, INTR, OCRAM)
0x4000_2000 2 CA5-SCU+GIC CPU Interface registers’
0x4000_3000 3 CAS5-INTD GIC Distributor registers’
0x4000_4000 4
0x4000_5000 5
0x4000_6000 6 CA5-L2C (CA5 L2 Cache Controller)
0x4000_7000 7
0x4000_8000 8 NICO (Network Interconnect)
0x4000_9000 9 NIC1
0x4000_A000 10 NIC2
0x4000_B000 11 NIC3
0x4000_C000 12 NIC4
0x4000_D000 13 NIC5
0x4000_E000 14 NIC6
0x4000_F000 15 NIC7
0x4001_0000 16
0x4001_1000 17
0x4001_2000 18
0x4001_3000 19
0x4001_4000 20
0x4001_5000 21
0x4001_6000 22
0x4001_7000 23
0x4001_8000 24 DMAO
0x4001_9000 25 DMAO_TCD
0x4001_A000 26
0x4001_B000 27
0x4001_C000 28

Table continues on the next page...
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Table 4-2. Peripheral bridge 0 slot assignments (continued)

System 32-bit base address Slot Module
number
0x4001_D000 29 SEMA4
0x4001_E000 30 FlexBus
0x4001_F000 31
Off-platform
0x4002_0000 32 FlexCANO
0x4002_1000 33 FlexCANO
0x4002_2000 34 FlexCANO
0x4002_3000 35 FlexCANO
0x4002_4000 36 DMA channel Mux0
0x4002_5000 37 DMA channel Mux1
0x4002_6000 38
0x4002_7000 39 UARTO
0x4002_8000 40 UART1
0x4002_9000 41 UART2
0x4002_A000 42 UART3
0x4002_B000 43
0x4002_C000 44 SPI O
0x4002_D000 45 SPI 1
0x4002_E000 46
0x4002_F000 47 SAIO
0x4003_0000 48 SAl1
0x4003_1000 49 SAI2
0x4003_2000 50 SAI3
0x4003_3000 51 CRC
0x4003_4000 52 USBCO
0x4003_5000 53
0x4003_6000 54 Programmable delay block (PDB)
0x4003_7000 55 Periodic interrupt timers (PIT)
0x4003_8000 56 FlexTimer (FTM) O
0x4003_9000 57 FlexTimer (FTM) 1
0x4003_A000 58 —
0x4003_B000 59 Analog-to-digital converter (ADC) 0
0x4003_C000 60
0x4003_D000 61 TCONO
0x4003_E000 62 WDOG-A5
0x4003_F000 63 WDOG-M4
0x4004_0000 64 Low-power timer (LPTMR)
0x4004_1000 65
0x4004_2000 66 RLE

Table continues on the next page...
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Table 4-2. Peripheral bridge 0 slot assignments (continued)
System 32-bit base address Slot Module
number
0x4004_3000 67 -
0x4004_4000 68 QuadSPI0
0x4004_5000 69
0x4004_6000 70
0x4004_7000 71
0x4004_8000 72 IO MUX Controller
0x4004_9000 73 Port A multiplexing control
0x4004_A000 74 Port B multiplexing control
0x4004_B000 75 Port C multiplexing control
0x4004_C000 76 Port D multiplexing control
0x4004_D000 77 Port E multiplexing control
0x4004_E000 78
0x4004_F000 79
0x4005_0000 80 ANADIG
0x4005_1000 81
0x4005_2000 82 Slow Clock Source Controller Module (SCSC)
0x4005_3000 83
0x4005_4000 84
0x4005_5000 85
0x4005_6000 86
0x4005_7000 87
0x4005_8000 88 DCUO0
0x4005_9000 89 DCUO0
0x4005_A000 90 DCUO0
0x4005_B000 91 DCUO0
0x4005_C000 92 DCUO0
0x4005_D000 93 DCUO0
0x4005_E000 94 DCUO0
0x4005_F000 95 DCUO0
0x4006_0000 96 ASRC
0x4006_1000 97 SPDIF
0x4006_2000 98 ESAI
0x4006_3000 99
0x4006_4000 100
0x4006_5000 101 External watchdog (EWM)
0x4006_6000 102 l’C 0
0x4006_7000 103 [2C 1
0x4006_8000 104
0x4006_9000 105
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Table 4-2. Peripheral bridge 0 slot assignments (continued)

System 32-bit base address Slot Module
number

0x4006_A000 106 Wake up Unit (WKUP)
0x4006_B000 107 Clock Control Module (CCM)
0x4006_C000 108 Global Power Controller (GPC)
0x4006_D000 109 Voltage Regulator-Digital (VREG)
0x4006_E000 110 System Reset Controller (SRC)
0x4006_F000 111 Clock Monitor Unit (CMU)

1. Refer to ARM GIC documentation for details of these registers.

4.3 Peripheral Bridge 1 (AIPS-Lite 1) Memory Map

Table 4-3. Peripheral bridge 1 slot assignments

System 32-bit base address Slot Module
number
On-platform
0x4008_0000 0
0x4008_1000 1
0x4008_2000 2
0x4008_3000 3
0x4008_4000 4
0x4008_5000 5
0x4008_6000 6
0x4008_7000 7 Debug Access Port (DAP)-RomTable
0x4008_8000 8 CA5-DBG (CA5 Debug)
0x4008_9000 9 CA5-PMU (CA5 Performance Monitoring Unit)
0x4008_A000 10 CA5-ETM
0x4008_B000 11
0x4008_C000 12 CA5-RomTable
0x4008_D000 13
0x4008_E000 14 CA5-CTI
0x4008_F000 15
0x4009_0000 16 CA5-Instrumentation Trace Macrocell (ITM)
0x4009_1000 17 CA5-Embedded Trace Macrocell (ETB)
0x4009_2000 18 CA5-Funnel
0x4009_3000 19 PItf-TCTL
0x4009_4000 20 Pltf-Trace Port Interface Unit (TPIU)

Table continues on the next page...

VFxxx Controller Reference Manual, Rev. 8, 11/2015

230

Freescale Semiconductor, Inc.




h o
g |

4
Chapter 4 Memory Map

Table 4-3. Peripheral bridge 1 slot assignments (continued)

System 32-bit base address Slot Module
number

0x4009_5000 21 Pltf-Funnel
0x4009_6000 22 PItf-Serial Wire Output (SWO)
0x4009_7000 23
0x4009_8000 24 DMA1
0x4009_9000 25 DMA1_TCD
0x4009_A000 26
0x4009_B000 27
0x4009_C000 28
0x4009_D000 29
0x4009_E000 30
0x4009_F000 31

Off-platform
0x400A_0000 32
0x400A_1000 33 DMA Channel Mux2
0x400A_2000 34 DMA Channel Mux3
0x400A_3000 35
0x400A_4000 36
0x400A_5000 37 OTP CTRL
0x400A_6000 38
0x400A_7000 39
0x400A_8000 40
0x400A_9000 41 UART4
0x400A_A000 42 UART5
0x400A_B000 43
0x400A_C000 44 SPI 2
0x400A_D000 45 SPI 3
0x400A_E000 46 DDRMC
0x400A_F000 47
0x400B_0000 48
0x400B_1000 49 SDHCO
0x400B_2000 50 SDHCA
0x400B_3000 51
0x400B_4000 52 USBCH1
0x400B_5000 53
0x400B_6000 54
0x400B_7000 55
0x400B_8000 56 FlexTimer (FTM) 2
0x400B_9000 57 FlexTimer (FTM) 3
0x400B_A000 58

Table continues on the next page...
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Table 4-3. Peripheral bridge 1 slot assignments (continued)

System 32-bit base address Slot Module
number
0x400B_B000 59 Analog-to-digital converter (ADC) 1
0x400B_C000 60
0x400B_D000 61 TCON1
0x400B_E000 62 Segment LCD
0x400B_F000 63
0x400C_0000 64
0x400C_1000 65
0x400C_2000 66
0x400C_3000 67
0x400C_4000 68 QuadSPI1
0x400C_5000 69
0x400C_6000 70
0x400C_7000 71 Video ADC
0x400C_8000 72 Video Decoder
0x400C_9000 73 VIU3
0x400C_A000 74
0x400C_B000 75
0x400C_C000 76 12-bit digital-to-analog converter (DAC) 0
0x400C_D000 77 12-bit digital-to-analog converter (DAC) 1
0x400C_EO000 78
0x400D_0000 80 Ethernet MACO and IEEE 1588 timers
0x400D_1000 81 Ethernet MAC1 and IEEE 1588 timers
0x400D_2000 82
0x400D_3000 83
0x400D_4000 84 FlexCAN1
0x400D_5000 85 FlexCAN1
0x400D_6000 86 FlexCAN1
0x400D_7000 87 FlexCAN1
0x400D_8000 88 DCU1
0x400D_9000 89 DCU1
0x400D_A000 90 DCU1
0x400D_B000 91 DCU1
0x400D_C000 92 DCU1
0x400D_D000 93 DCU1
0x400D_E000 94 DCU1
0x400D_F000 95 DCU1
0x400E_0000 96 Nand Flash Controller (NFC)
0x400E_1000 97 Nand Flash Controller (NFC)
0x400E_2000 98 Nand Flash Controller (NFC)

Table continues on the next page...
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Table 4-3. Peripheral bridge 1 slot assignments (continued)
System 32-bit base address Slot Module
number
0x400E_3000 99 Nand Flash Controller (NFC)
0x400E_4000 100
0x400E_5000 101
0x400E_6000 102 12C2
0x400E_7000 103 12C3
0x400E_8000 104 Ethernet L2 Switch
0x400E_9000 105 Ethernet L2 Switch
0x400E_A000 106 Ethernet L2 Switch
0x400E_B000 107 Ethernet L2 Switch
0x400E_C000 108 Ethernet L2 Switch Look-up table
0x400E_DO000 109 Ethernet L2 Switch Look-up table
0x400E_EO00 110 Ethernet L2 Switch Look-up table
0x400E_FO000 111 Ethernet L2 Switch Look-up table
0x400F_0000 112
0x400F_1000 113
0x400F_2000 114
0x400F_3000 115
0x400F_4000 116
0x400F_5000 117
0x400F_6000 118
0x400F_7000 119
0x400F_8000 120
0x400F_9000 121
0x400F_A000 122
0x400F_B000 123
0x400F_CO000 124
0x400F_D000 125
0x400F_E000 126
0x400F_F000 Not an AIPS-Lite slot. The 32-bit general purpose input/output module that shares the
crossbar switch slave port with the AIPS-Lite is accessed at this address.

NOTE

Access to non-implemented registers in following modules may
result in unwanted behavior:
* UART

* MLB
* NFC

 [IOMUX
* ASRC
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SPDIF
 VIU
TCON
 USB
OCOTP
ANADIG
SDHC

4.4 Private Peripheral Bus (PPB) memory map

The PPB is part of the defined ARM bus architecture and provides access to select
processor-local modules. These resources are only accessible from the core; other system
masters do not have access to them.

Table 4-4. PPB memory map

System 32-bit Address Range

Resource

0xE000_0000-0xEQ00_OFFF

Instrumentation Trace Macrocell (ITM)

0xE000_1000-0xE000_1FFF

Data Watchpoint and Trace (DWT)

0xE000_2000-0xE000_2FFF

Flash Patch and Breakpoint (FPB)

0xE000_3000-0xE000_DFFF

Reserved

O0xE000_E000-0xEOQ00_EFFF

System Control Space (SCS) (for NVIC and FPU)

0xE000_F000-0xE004_OFFF

Reserved

0xE004_1000-0xE004_1FFF

Embedded Trace Macrocell (ETM)

0xE004_2000-0xE004_2FFF

Embedded Trace Buffer (ETB)

0xE004_3000-0xE004_3FFF

Embedded Trace Funnel

0xE004_4000-0xE004_4FFF

Cross Trigger Interface (CTI)

0xE005_0000-0xE007_4FFF

Reserved

0xE008_0000-0xE008_OFFF

Miscellaneous Control Module (MCM)

0xE008_1000-0xE008_1FFF

Reserved

0xE008_2000-0xE008_2FFF

Cache Controller

0xE008_3000-0xEOOF_EFFF

Reserved

OxEOOF_F000-0xEOOF_FFFF

ROM Table - allows auto-detection of debug components

VFxxx Controller Reference Manual, Rev. 8, 11/2015

234

Freescale Semiconductor, Inc.




g |

Chapter 5
Chip 10 and Pinmux

5.1 Signal Multiplexing

5.1.1 Pinouts

The following table shows the signals available on each pin and the locations of these
pins on the devices supported by this document. The IOMUX Controller IOMUXC)
Module is responsible for selecting which ALT functionality is available on each pin.

NOTE

The 176 LQFP parts are not pin compatible between the F-
Series and R-Series families.

364 | 176 | PinName Default ALTO ALT1 ALT2 ALT3 ALT4 ALTS ALT6 ALT7 EzPort
MAP | LQFP
BGA

Y2 | — | ADCOSE8 | N/ ADCO_SE8

A
W2 | — | ADCOSE9 ADCO_SE9
W3 | — | ADC1SE8 ADC1_SE8
Y3 | — | ADC1SE9 ADC1_SE9
Wi | 41 | VREFH_ADC VREFH_ADC
U3 | 40 | VREFL_ADC VREFL_ADC
Vi | 38 | VDDA33_ VDDA33_
ADC ADC
V2 | 39 | VSSA33. VSSA33_
ADC ADC

Ut | 36 | DACOO DACO0

U2 | 37 | DACO1 DACO1

Y4 | — | VADGSEO VADCSEQ
U4 | — | VADCSET VADCSE1
W4 | — | VADCSE2 VADCSE2
V5 | — | VADCSE3 VADCSE3
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364 | 176 | PinName Default ALTO ALTH ALT2 ALT3 ALT4 ALTS ALTE ALT? EzPort
MAP | LQFP
BGA
V3 | — | VDDA33_ VDDA33_
AFE AFE
V4 | — | VSSA33_AFE VSSA33_AFE
T5 | — | VDD12_AFE VDD12_AFE
R5 | — [ VSS12_AFE VSS12_AFE
Us | — | VADCAFE_ VADC_AFE_
BANDGAP BANDGAP
Y13 | 78 | EXTAL EXTAL
Wi | 72 | XTAL XTAL
Y12 | 70 | EXTAL32 EXTAL32
Wi2 | 71 | XTAL®2 XTAL32
T4 | 35 | RESETB/ RESETB/ RESETB/
RESET_OUT | RESET_OUT RESET_OUT
N5 | 19 | PTA6 PTA6 RMIL RMII_CLKIN/ DCU1_ DCU1_R2
CLKOuT Mil0_TXCLK TCONT1
T8 | 34 | TEST TEST
Tt | 30 | Ext_POR TEST2
Vi2 | 69 | DECAP_ DECAP_
V11_LDO_ V11_LD0_
ouT out
Ti1| 65 | DECAP_ DECAP_
V25_1D0_ V25_1D0_
out out
T2 | 33 | BCTARL BCTRL
P5 | 31 | VDDREG VDDREG
T12| 68 | VDD33_ VDD33_
LDOIN LDOIN
Vit | 67 | VSS VSS
Utt | 66 | VSS_KELO VSS_KEL0
Wi4| — | LVDSOP LVDSOP
Y14 | — | LVDSON LVDSON
K4 | 3 | JTCLK JTCLK/ PTA8 JTCLK/ DCU0_R0
SWCLK SWCLK SWCLK
K2 | 4 |JTDI JTDI PTA9 JDI RMIL_ RMII_CLKIN/ | DCUO_RT WDOG_b
CLKOUT MIl0_TXCLK
Ki 5 | JTDO JTDO/ PTA10 JTDO EXT_AUDIO_ DCU0_GO ENET_TS_
TRACESWO MCLK CLKIN
L1 6 | JTMS/ JTMS/ PTA11 JTMS/ DCU0_G1
SWDIO SWDIO SWDIO
L3 | 7 |PTA12 PTA12 TRACECK | EXT_AUDIO_ VIU_DATA13 | 12C0_SCL
MCLK
Y5 | 43 | PTA16 PTA16 TRACEDO | USBO_ ADC1_SE0 | LCD29 SAI2_TX_ | VIU_DATA14 | 12C0_SDA
VBUS_EN BCLK
Y6 | 44 | PTA17 PTA17 TRACED1 | USBO_ ADC1_SE1 | LCD30 USBO_SOF_ | VIU_DATA15 | 12C1_SCL
VBUS_OC PULSE

VFxxx Controller Reference Manual, Rev. 8, 11/2015

236 Freescale Semiconductor, Inc.



h o
g |

4
Chapter 5 Chip 10 and Pinmux
364 | 176 | PinName Default ALTO ALT1 ALT2 ALT3 ALT4 ALTS ALT6 ALT?7 EzPort
MAP | LQFP
BGA
V6 | 46 | PTA18 PTA18 TRACED2 ADC0_SE0 | FTM1_QD_ | LCD3{ SAI2_TX_ VIU_DATA16 | 12C1_SDA
PHA DATA
U6 | 47 | PTA19 PTA19 TRACED3 ADCO_SEt1 | FTM1_QD_ | LCD32 SAI2_TX_ VIU_DATA17 | QSPI1_A_
PHB SYNC SCK
B18 | 143 | PTA20 PTA20 TRACED4 LCD33 SCI3_TX DCU1_
HSYNG/
DCU1_
TCON{
D18 | 145 | PTA21 PTA21/ TRACED5 SAI2_RX_ SCI3_RX DCU1_
MII0_RXCLK BCLK VSYNC/
DCU1_
TCON2
E17 | 147 | PTA22 PTA22 TRACED6 SAI2_RX_ 12G2_SCL DCU1_TAG/
DATA DCU1_
TCONO
C17 | 148 | PTA23 PTA23 TRACED7 SAI2_RX_ [2G2_SDA DCU1_DE/
SYNC DCU1_
TCON3
R16 | — | PTA2 PTA24 TRACEDS USB1_ SDHC1_CLK | DCU1_
VBUS_EN TCON4
Ri7 | — | PTA2S PTA25 TRACED9 USB1_ SDHC1_CMD | DCU1_
VBUS_OC TCON5
R19 | — | PTA26 PTA26 TRACED10 | SAI3_TX_ SDHC1_ DCU1_
BCLK DATO TCONG
R20 | — | PTA2Z7 PTA27 TRACED11 | SAI3_RX_ SDHC1_ DCU1_
BCLK DAT1 TCON7
P20 | — | PTA28 PTA28 TRACED12 | SAI3_RX_ ENET1_ SCl4_TX SDHC1_ DCU1_
DATA 1588_TMRO DAT2 TCON8
P18 | — | PTA29 PTA29 TRACED13 | SAIB_TX_ ENET1_ SCl4_RX SDHC1_ DCU1_
DATA 1588_TMR1 DAT3 TCON9
P17 | — | PTA30 PTA30 TRACED14 | SAI3_RX_ ENET1_ SCl4_RTS [2CG3_SCL SCI3_TX
SYNC 1588_TMR2
P16 | — | PTA31 PTA31 TRACED15 | SAIB_TX_ ENET1_ SCl4_CTS 12C3_SDA SCI3_RX
SYNC 1588_TMR3
T6 | 49 | PTBO PTBO FTMO_CHO | ADCO_SE2 | TRACECTL | LCD34 SAI2_RX_ VIU_DATA18 | QSPI1_A_
BCLK CS0
T7 | 50 | PTB1 RCON30 PTB1 FTMO_CH1 | ADCO_SE3 | RCON30 LCD35 SAI2_RX_ VIU_DATA19 | QSPI1_A_
DATA DATA3
V7 | 51 | PTB2 RCON31 PTB2 FTM0_CH2 | ADG1_SE2 | RCON3{ LCD36 SAI2_RX_ VIU_DATA20 | QSPI1_A_
SYNC DATA2
W7 | 53 | PTB3 PTB3 FTM0_CH3 | ADC1_SE3 | EXTRIG LCD37 VIU_DATA21 | QSPI1_A_
DATA1
Y7 | 54 | PTB4 PTB4 FTMO_CH4 | SCI1_TX ADCO_SE4 | LCD38 VIU_FID VIU_DATA22 | QSPI1_A_
DATAO
Y8 | 55 | PTBS PTBS FTMO_CH5 | SCI_RX ADC1_SE4 | LCD39 VIU_DE VIU_DATA23 | QSPI1_A_
DQS
W8 | 56 | PTB6 PTB6 FTMO_CH6 | SCI_RTS | QSPI0_A_ LCD40 FB_CLKOUT | VIU_HSYNC | SCI2_TX
Cst
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364 | 176 | PinName Default ALTO ALTH ALT2 ALT3 ALT4 ALTS ALTE ALT? EzPort
MAP | LQFP
BGA
D13 | 166 | PTB7 PTB7 FTM0_CH7 | SCH_CTS | QSPI0_B_ | LCD41 VIU_VSYNC | SCI2_RX
CSt
J16 | 121 | PTB8 PTB8 FTM1CHO FTM1_QD_ VIU_DE DCU1_Ré
PHA
J19 | 123 | PTB9 PTBY FTM1CH1 FTM1_QD_ DCU1_R7
PHB
Bi5 | 159 | PTB10 PTB10 SCI0_TX DCU0_ VIU_DE CKO1 ENET_TS_
TCON4 CLKIN
D14 | 164 | PTBI1 PTB11 SCI0_RX DCU0_ SNVS_ Cko2 ENETO_
TCONS ALARM_ 1588_TMRO
ouT B
E13 | 165 | PTB12 PTB12 SCI0_RTS SPI0_PCS5 | DCUO_ FB_AD1 ENET0_
TCONG 1588_TMR1
D15 | 156 | PTB13 PTB13 SCI0_CTS SPI0_PCS4 | DCUO_ FB_ADO TRACECTL
TCON7
Bt4 | 162 | PTB14 PTB14 CANO_RX | 1200_SCL DCUO_ DCU1_PCLK
TCONS
A4 | 161 | PTB15 PTB15 CANO_TX | [2C0_SDA DCU0_ VIU_PIX_
TCON9 CLK
C14 | 163 | PTB16 PTB16 CAN1_RX | 12C1_SCL DCUO_
TCON10
A5 | 160 | PTB17 PTB17 CANI_TX | [2C1_SDA DCU0_
TCON11
B2 | 171 | PTB18 PTB18 SPI0_PCS1 | EXT_AUDIO_ CKO1 VIU_DATA9 | CCM_0BSO
MCLK
C13 | 167 | PTB19 PTB19 SPI0_PCS0 VIU_DATA10 | CCM_OBSt
A3 | 169 | PTB20 PTB20 SPI0_SIN LCD42 VIU_DATA11 | CCM_0BS2
E12 | 173 | PTB21 PTB21 SPI0_SOUT LCD43 VIU_DATA12 | DCU1_PCLK
D12 | 172 | PTB22 PTB22 SPI0_SCK VIU_FID
Vi0 | 61 | USBO_GND USBO_GND
T10 | 63 | USBO_DP USB0_DP
T9 | 62 | USBO_DM USB0_DM
Wit | 60 | USBO_VBUS USB0_VBUS
Y10 | 59 | USB_DCAP USB_DCAP
Yi1| 64 | USBO_ USBO_
VBUS_ VBUS_
DETECT DETECT
Y9 | — | USBIGND USB1_GND
W9 | — | USBI_DP USB1_DP
Vo | — | USBI_DM USB1_DM
Wi0 | — | USB1_VBUS USB1_VBUS
us | — [ USBI. USB1_
VBUS_ VBUS_
DETECT DETECT
4 | 8 | PTCO PTCO RMIIO_MDC/ | FTMICHO | SPI0_PCS3 | ESAI_SCKT | SDHCO_CLK | VIU_DATA0 | RCON18
Milo_MDIO
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%4 | 176 | PinName | Default ALTO ALT{ ALT2 ALT3 ALT4 ALTS ALT6 ALT? EzPort
MAP | LQFP
BGA
5| 9 [P PTCt RMIO_MDIO/ | FTMCH! | SPI0_PCS2 | ESALFST | SDHCO_CMD | VIU_DATAT | RCON19
MIlo_MDC
s | 11 | prc ) RMIIO_CRS_ | SCI1_TX ESALSDOO | SDHCO_ | VIU_DATA2 | RCON20
v DATO
M | 12 | pcs PTC3 RMIIO_RXD1/ | SCI1_RX ESALSDO! | SDHCO. | VIU_DATA3 | DCUO_Ro
MIlo_RXD[1] DATY
2 | 14 | PTC4 PTC4 RMIO_RXDO/ | SCI1_RTS | SPI1_PCSt | ESALSDO2 | SDHCO_ | VIUDATA4 | DCUO_R
MIlo_RXD[O] ESALSDI3 | DAT2
Mt | 15 | PTCS PTCS RMIO_RXER/| SCI1_CTS | SPI1_PCSO | ESALSDO3/ | SDHCO_ | VIU_DATAS | DCU0_GO
MII0_RXER ESALSDI2 | DAT3
Nt | 16 | PTOS PTCS RMIIO_TXD1/ SPI_SIN | ESALSDOS/ | SDHCOWP | VIUDATA6 | DCUO_GH
MIl0_TXD[{] ESAI_SDIO
N | 17 | PTOT PTC7 RMII0_TXDO/ SPI1_SOUT | ESALSDO4/ VIUDATA7 | DCU0_BO
MI0_TXD[0] ESAI_SDIf
N4 | 18 | PTCS PTC8 RMIIO_TXEN/ SPI1_SCK VIU_DATAS | DCUO_Bt
MIIO_TXEN
5 | 77 | PTCY PTCY RMII_MDC ESALSCKT
Ut | 78 | PTCI0 PTC10 RMI_MDIO ESALFST
P4 | 20 | PTCH PTCI1 RMII1_CRS_ ESALSDOO
v
P | 21 | PrCI2 PTCI2 RMII1_RXD1 ESALSDOf SAI2_TX_
BOLK
Pt | 23 |PTC13 PTC13 RMII_RXDO ESAL_SDOY/ SAI2_RX_
ESALSDI3 BCLK
Ri | 2 |PTCH PTC14 RMII1_RXER ESALSDO3/ | SCI5.TX | SAIRX_ | ADCO_SES
ESALSDI2 DATA
P2 | 27 | PrCts PTC15 RMI_TXD1 ESALSDIO | SCBRX | SA.TX_ | ADCO_SE?
DATA
R3 | 29 | PTC16 PTC16 RMII_TXDO ESALSDO4/ | SCI5.RTS | SAIRX_ | ADC1_SE®
ESAISDIf SYNC
Re | 28 |PTOIT PTCH7 RMI_TXEN ADC1_SE7 | SCI5.CTS | SA.TX. | USBI_SOF_
SYNC PULSE
B0 | — | DDRA[IS) DDR_Af5
D9 | — | DDRA[I4 DDR_Af4
A0 | — | DDR_A13] DDR_A{3
co | — | DDR_A1Z) DDR_Af2
DI0 | — | DDR_AY11] DDR_AIf
07 | — | DDRA[IY) DDR_A{0
B9 | — | DDRA[] DDR_A9
A1 | — | DDRAP] DDR_AS
a7 | — | oDRAD DDR_A7
n9 [ — | DDR.A DDR_AG
B6 | — | DDRA[] DDR_A5
a6 | — | DDRAY DDR_A4
87 | — | DDRAp] DDR_A3
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%4 | 176 | PinName | Default ALTO ALT{ ALT2 ALT3 ALT4 ALTS ALT6 ALT? EzPort
MAP | LQFP
BGA
A | — | DoRAQ DDR_A2
Cit | — | DDRAJI] DDR_Af
¢ | — | DoR_A] DDR_A0
D8 | — | DDRBAY DDR_BA2
9 | — | DDR_BAY] DDR_BA!
s | — | DDR_BA] DDR_BAO
B4 | — | DDRCASD DDR_CAS_b
A5 | — | DDR_CKE[] DDR_CKEO
A | — | DDR_CLK(0] DDR_CLKO
B2 | — | DDROLK DDR_CLK_
b[0] b0
5 | — |DDR.CS. DDR_CS_bo
b[0]
D2 | — | DDR.D[I5] DDR_D15
Ho | — | DDRD[#4] DDR_D14
¢t | — | DoR.Dj13) DDR_D13
6 | — | DAY DDR_D12
e2 | — | DOR.O[M) DDR_D11
Hi | — | DDRD[10] DDR_D10
Dt | — | DDRDY DDR_D9
J | — | DoRDEg DDR_DS
63 | — | DDRDY DDR_D7
3 | — | DDR.D}g] DDR_D6
53| — | DDR.Dp DDR_D5
F3 | — | DDR.DY DDR_D4
6 | — | DDRDY DDR_D3
D4 | — | DDRDY DDR_D2
H3 | — | DDR.D}1] DDR_DI
F4 | — | DDR.D[] DDR_DO
G2 | — | ooroawi] DDR_DQMf
4 | = | DoR_pamp] DDR_DQMo
Ef | — | DDR.DQS]] DDR_DQSI
D3 | — | DDR_DQS[] DDR_DQSO
Fi | — | DDR.DQS. DDR_DQS_
b{1] b1
B3 | — | DDR.DOS. DDR_DQS.
b[0] b0
M | — | DDRRAS.D DDR_RAS_b
C6 | — | DDRWED DDR_WE_b
¢4 | — | DDR.ODT] DDR_ODTO
Bt | — | DDRODT] DDR_ODTi
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364 | 176 | PinName Default ALTO ALTH ALT2 ALT3 ALT4 ALTS ALT6 ALT? EzPort
MAP | LQFP
BGA
G5 | — | DDR_VREF DDR_VREF
A3 | — | DDR.ZQ DDR_ZQ
D6 | — | DDR_RESET DDR_RESET
J20 [ — | PTD31 PTD31 FB_AD31 NF_I015 FTM3_CHO | SPI2_PCSt
H20 | — | PTD30 PTD30 FB_AD30 NF_l014 FTM3_CH1 | SPI2_PCS0
H18 | — | PTD29 PTD29 FB_AD29 NF_I013 FTM3_CH2 | SPI2_SIN
Hi7 | — | PTD28 PTD28 FB_AD28 NF_I012 [262_SCL | FTM3_CH3 | SPI2_SOUT
H16 | — | PTD27 PTD27 FB_AD27 NF_IO11 [2C2_SDA | FTM3_CH4 | SPI2_SCK
G16 | — | PTD26 PTD26 FB_AD26 NF_I010 FTM3_CH5 | SDHC1_WP
G18 | — | PTD25 PTD25 FB_AD25 NF_l09 FTM3_CH6
G19 | — | PTD24 PTD24 FB_AD24 NF_l08 FTM3_CH7
G20 | 124 | PTD23 PTD23/ FB_AD23 NF_l07 FTM2CHO | ENETO_ SDHCO_ SCI2_TX DCU1_R3
MIl0_ 1588_TMRO | DAT4
RXDATA[3]
F20 | 126 | PTD22 PTD22/ FB_AD22 NF_I06 FTM2CHT | ENETO_ SDHCO_ SCI2_RX DCU1_R4
Milo_ 1588_TMR1 | DAT5
RXDATA[2]
F19 | 128 | PTD21 PTD21/ FB_AD21 NF_l05 ENETO_ SDHCO_ SCI2_RTS | DCU1_Rs
Milo_CRS 1588_TMR2 | DAT6
F17 | 129 | PTD20 PTD20/ FB_AD20 NF_l04 ENET0_ SDHCO_ SCI2_CTS | DCU1_RO
MIl0_COL 1588_TMR3 | DAT7
F16 | 130 | PTD19 PTD19 FB_AD19 NF_l03 ESAISCKR | 12C0_SCL | FTM2_QD_ | MIl0_ DCU1_R1
PHA TXDATA[3]
E18 | 131 | PTD18 PTD18 FB_AD18 NF_l02 ESAILFSR | I2C0_SDA | FTM2_QD_ | Mil0_ DCU1_GO
PHB TXDATARZ]
E20 | 132 | PTD17 PTD17 FB_AD17 NF_IOf ESAI_HCKR | 12C1_SCL MIO_TXERR | DCU1_G1
D20 | 133 | PTD16 PTD16 FB_AD16 NF_I00 ESAI_HCKT | 12C1_SDA DCU1_G2
Y17 | 86 | PTDO PTDO QSPI0_A_ | SCI2_TX FB_AD15 | SPDIF_
SCK EXTCLK
Y18 | 87 | PTD1 PTD1 QSPI0_A_ | SCI2_RX FB_AD14 | SPDIF_IN1
S0
Vig | 88 | PTD2 PTD2 QSPIOA_ | SCI2.RTS | SPI_PCS3 | FB_AD13 | SPDIF_OUTI
DATA3
Y19 | 89 | PTD3 PTD3 QSPIOA_ | SCI2_CTS | SPH_PCS2 | FB_AD12 | SPDIF_
DATA2 PLOCK
W19 | 90 | PTD4 PTD4 QSPI0_A_ SPH_PCS1 | FB_AD11 SPDIF_
DATAT SRCLK
W20 | 91 | PTD5 PTD5 QSPI0_A_ SPH_PCSO | FB_AD10
DATAO
V20 | 92 | PTD6 PTD6 QSPI0_A_ SPI_SIN | FB_AD9
DQS
V19 | 93 | PTD7 PTD7 QSPI0_B_ SPI1_SOUT | FB_AD8
SCK
U7 | 9% | PTD8 PTD8 QSPI0_B_ | FB_CLKOUT | SPI_SCK | FB_AD7
€S0
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364 | 176 | PinName Default ALTO ALTH ALT2 ALT3 ALT4 ALTS ALTE ALT? EzPort

MAP | LQFP

BGA

Ui | 97 | PTD9 PTD9 QSPI0_B_ | SPI3_PCSt FB_AD6 SA_TX_ | DCU1_BO
DATA3 SYNC

U20 | 98 | PTD10 PTD10 QSPI0_B_ | SPI3_PCS0 FB_AD5 DCU1_B1
DATA2

T20 | 99 | PTDH PTD11 QSPI0_B_ | SPI3_SIN FB_AD4
DATA1

T19 | 100 | PTD12 PTD12 QSPI0_B_ | SPI3_SOUT FB_AD3
DATAO

T18 | 101 | PTD13 PTD13 QSPI0_B_ | SPI3_SCK FB_AD2
DQS

A9 | 141 | PTB23 PTB23 SAI0_TX_ | SCI_TX FB_MUXED_ | FB_TS_b SCI3_RTS | DCU1_G3
BCLK ALE

A8 | 142 | PTB24 PTB24 SAI0_RX_ | SCI1_RX FB_MUXED_ | NF.WE b | SCI3_.CTS | DCU1_G4
BCLK TSIZ0

Bi7 | 149 | PTB25 PTB25 SAI0_RX_ | SCI1_RTS FB_.CS1b | NF_CE0b DCU1_G5
DATA

A7 | 150 | PTB26 RCON21 PTB26 SAIO_TX_ | SCI1_CTS | RCON21 FB_.CS0b | NF_CE1 b DCU1_G6
DATA

Us | &7 | PTB27 RCON22 PTB27 SAI0_RX_ RCON22 FB.OEb | FBIMUXED_ | NFREb | DCU1_G7
SYNC TBST_b

A6 | 151 | PTB28 RCON23 PTB28 SAI0_TX_ RCON23 FB_RW_b DCU1_B6
SYNC

D16 | 153 | PTC26 RCON24 PTC26 SAH_TX_ | SPIO_PCS5 | RCON24 FB_TA b NF_RB_b DCU1_B7
BCLK

E16 | 154 | PTC27 RCON25 PTC27 SA1_RX_ | SPIO_PCS4 | RCON25 FBBE3 b | FBCS3.b | NFALE DCU1_B2
BCLK

E15 | 155 | PTC28 RCON26 PTC28 SAI1_RX_ | SPIO_PCS3 | RCON26 FBBE2b | FB_.CS2b | NF_CLE DCU1_B3
DATA

C16 | 152 | PTC29 RCON27 PTC29 SAH_TX_ | SPIO_PCS2 | RCON27 FB_BE1_b | FBLMUXED_ DCU1_B4
DATA TSIZ1

T8 | 58 | PTC30 RCON28 PTC30 SAI1_RX_ | SPI_PCS2 | RCON28 FB_MUXED_ | FB_TSIZ0 | ADCO_SE5 | DCU1_B5
SYNC BEO_b

W5 | 42 | PTC31 RCON29 PTC31 SA_TX_ RCON29 ADC1_SE5 | DCU1_B6
SYNC

N16 | 103 | PTEO BOOTMOD1 | PTEQ DCU0_ BOOTMOD1 LCDO
HSYNC/
DCU0_
TCON1

N18 | 104 | PTE1 BOOTMODO | PTE1 DCU0_ BOOTMODO LCD1
VSYNC/
DCUO_
TCON2

N19 | 105 | PTE2 PTE2 DCU0_PCLK LCD2

Y15 | 80 | PTE3 PTE3 DCU0_TAG/ LCD3
DCU0_
TCONO
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364 | 176 | PinName Default ALTO ALTH ALT2 ALT3 ALT4 ALTS ALTE ALT? EzPort
MAP | LQFP
BGA
N20 | 106 | PTE4 PTE4 DCU0_DE/ LCD4
DCUO_
TCON3
Ti6 | — | PTES PTES DCU0_R0 LCD5
Wi6 | — | PTE6 PTE6 DCU0_R1 LCD6
M20 | 109 | PTE7 RCONO PTE7 DCU0_R2 RCONO LCD7
M9 | 110 | PTE8 RCON1 PTE8 DCU0_R3 RCON1 LCD8
Mi7 | 111 | PTE9 RCON2 PTE9 DCU0_R4 RCON2 LCD9
Mi6 | 112 | PTE10 RCON3 PTE10 DCU0_R5 RCON3 LCD10
L16 | 113 | PTE! RCON4 PTEN DCU0_R6 RCON4 LCD11
L17 | 114 | PTE12 RCONS PTE12 DCUO_R7 | SPI1_PCS3 | RCONS LCD12 LPT_ALTO
Yi6 | — | PTE13 PTE13 DCU0_GO LCD13
Wi5| — | PTE14 PTE14 DCU0_G1 LCD14
L18 | 115 | PTE15 RCONG PTE15 DCU0_G2 RCONG LCD15
20 | 116 | PTE16 RCON7 PTE16 DCU0_G3 RCON7 LCD16
K20 | 117 | PTE17 RCONS PTE17 DCU0_G4 RCON8 LCD17
Ki9 | 118 | PTE18 RCON9 PTE18 DCU0_G5 RCON9 LCD18
K18 | 119 | PTE19 RCON10 PTE19 DCU0_G6 RCON10 LCD19 2C0_SCL
A2 | 170 | PTE20 RCON11 PTE20 DCU0_G7 RCON11 LCD20 [2C0_SDA EWM_in
Vi6 | 81 | PTE21 PTE21 DCU0_BO LCD21
W17 | 84 | PTE22 PTE22 DCU0_B1 LCD22
J7 | 122 | PTE23 RCON12 PTE23 DCU0_B2 RCON12 LCD23
D19 | 134 | PTE24 RCON13 PTE24 DCU0_B3 RCON13 LCD24
C19 | 135 | PTE2S RCON14 PTE25 DCU0_B4 RCON14 LCD25
C20 | 137 | PTE26 RCON15 PTE26 DCU0_B5 RCON15 LCD26
B20 | 138 | PTE27 RCON16 PTE27 DCU0_B6 RCON16 LCD27 2C1_SCL
K16 | 120 | PTE28 RCON17 PTE28 DCU0_B7 RCON17 LCD28 2C1_SDA EWM_out
Vi5 | 79 | PTA7 PTA7 VIU_PIX_
CLK
T4 | 76 | EXT_ EXT_
TAMPERO TAMPERO
Utd | 74 | EXT_ EXT_
TAMPER1 TAMPER1
™3| — | EXT_ EXT_
TAMPER2/ TAMPER2/
EXT_WMO_ EXT_WMO_
TAMPER_IN TAMPER_IN
U3 | — | EXT. EXT_
TAMPER3/ TAMPERY/
EXT_WMO_ EXT_WMO_
TAMPER_ TAMPER_
out out
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364 | 176 | PinName Default ALTO ALTH ALT2 ALT3 ALT4 ALTS ALTE ALT? EzPort
MAP | LQFP
BGA
Uiz | — | EXT_ EXT_
TAMPER4/ TAMPER4/
EXT_WM1_ EXT_WM1_
TAMPER_IN TAMPER_IN
U0 | — | EXT. EXT_
TAMPERS/ TAMPERS/
EXT_WM1_ EXT_WM1_
TAMPER_ TAMPER_
ouT out
G7 | 2 | VDD VDD
J7.| — VDD VDD
L7 | 22 | VDD VDD
H8 | 48 | VDD VDD
K8 | 85 | VDD VDD
M8 | 102 | VDD VDD
P8 | 125 | VDD VDD
G9 | 136 | VDD VDD
N9 | 174 | VDD VDD
H10 | — | VDD VDD
P10 | — | VDD VDD
Git| — [ VDD VDD
N1t | — | VDD VDD
Hi2| — [ VDD VDD
P12 — | VDD VDD
Gi3| — | VDD VDD
J3 | — [ VDD VDD
L18] — [ VDD VDD
N3 | — [ VDD VDD
H14 | — | VDD VDD
Ki4 | — | VDD VDD
Mi4 | — | VDD VDD
P14 — | VDD VDD
At 1| VSS VSS
A20 | 13 | VSS VSS
B3 | 24 | VSS VSS
B5 | 32 | VSS VSS
B8 | — [VSS VSS
Bi1 | — | VSS VSS
B13 | — | VSS VSS
Bi6 | — | VSS VSS
B19 | — | VSS VSS
C2 | — |VSS VSS
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364 | 176 | PinName Default ALTO ALT1 ALT2 ALT3 ALT4 ALTS ALT6 ALT7 EzPort

MAP | LQFP

BGA

DI7| — | VSS VSS

E5 | — | VSS VSS

E8 | — | VSS VSS

Ei1 | — | VSS VSS

E14 | — | VSS VSS

E19 | — |VSS VSS

F2 | — | VSS VSS

GI7 | — | VSS VSS

He | — | VSS VSS

2| — | Vss VSS

JIg | — | VSS VSS

M2 | — | VSS VSS

M4 | — | VSS VSS

M8 | — [ VSS VSS

R | — |VSS VSS

R18 | — | VSS VSS

U7 | — | VSS VSS

U9 | — | VSS VSS

Vi3 | — | VSS VSS

We | — | VSS VSS

Vi7 | — | VSS VSS

Yt | — |VSS VSS

Y20 | — | VSS VSS

H19 | — | VSS VSS

L9 | — | VSS VSS

P19 [ — | VSS VSS

J5 | — | SDRAMC_ SDRAMC_
VDD2P5 VDD2P5

E6 | — | SDRAMC_ SDRAMC_
VDD2P5 VDD2P5

E10 [ — | SDRAMC_ SDRAMC_
\VDD2P5 VDD2P5

E4 | — | SDRAMC_ SDRAMC_
VDD1P5 VDD1P5

D5 | — | SDRAMC_ SDRAMC_
VDD1P5 VDD1P5

F5 | — | SDRAMC_ SDRAMC_
VDD1P5 VDD1P5

H5 | — | SDRAMC_ SDRAMC_
VDD1P5 VDD1P5

K5 | — | SDRAMC_ SDRAMC_
VDD1P5 VDD1P5
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