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Chapter 1
About This Manual

1.1 Audience

This reference manual is intended for system software and hardware developers and
applications programmers who want to develop products with this device. It assumes that
the reader understands operating systems, microprocessor system design, and basic
principles of software and hardware.

1.2 Organization
This manual has two main sets of chapters.
1. Chapters in the first set contain information that applies to all components on the
chip.
2. Chapters in the second set are organized into functional groupings that detail
particular areas of functionality.
» Examples of these groupings are clocking, timers, and communication interfaces.
» Each grouping includes chapters that provide a technical description of
individual modules.

1.3 Module descriptions
Each module chapter has two main parts:

 Chip-specific: The first section, Chip-specific [module name] information, includes
the number of module instances on the chip and possible implementation differences
between the module instances, such as differences in FIFO depths or the number of
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A
Module descriptions
channels supported. It may also include functional connections between the module
instances and other modules. Read this section first because its content is crucial to
understanding the information in other sections of the chapter.
* General: The subsequent sections provide general information about the module,
including its signals, registers, and functional description.

NOTE
If there is a conflict between the chip-specific module
information (first section) and the general module information
(subsequent sections), the chip-specific information supersedes
the general information.

Chapter 49
Enhanced Serial Communication Interface (eSCI)

This chip has six instances of the eSCl module. Some feature details vary between the

instances.
The following table summarizes the feature differences. The table doesnot lis = e
details that the instances share. . g s .
Chip-specific information
Table 49-1. eSCl instance feature diff~ res

rre— S — 1 that should be read first

49.1 Chip-specific eSCI information \

eSCI_A and eSCI_B Yes
eSCI_C, eSCI_D, eSCI_E, and eSCI_F [ “iptions of eSCI Dk nction. ‘onot 1y to

t ces \ 4 /

NOTL
For eSCI_D, thesir >wirefeature dee  _pp.. = TX/iA
viaP"" 2 becaust ispad works s an outpu.

2~ . Introduction

eSCl bloc!= .1enhancec I block with aLIN master interface layer and DMA
su, rt. T .\ master layer mplies with the specificationsLIN 1.3, LIN 2.0, LIN
241, _AE J2602/1.

Beginning of general
49.21 ° .ugraphy module information

* LIN Specification Package Revision 1.3; December 12, 2002

* LIN Specification Package Revision 2.0; September 23, 2003 /

Sample Reference Manual

Figure 1-1. Example: chapter chip-specific information and general module information
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Chapter 1 About This Manual

1.3.1 Example: chip-specific information that supersedes

content in the same chapter

The example below shows chip-specific information that supersedes general module
information presented later in the chapter. In this case, the chip-specific register reset
values supersede the reset values that appear in the register diagram.

Chapter 34
Software Watchdog Timer (SWT)

34.1 Chip-specific SWT information
This chip has two instances of the SWT module: SWT_A and SWT_B.

34.1.1 SWT register reset values
The following table identifies chip-specific reset values of SWT registers.
Table 34-1. Chip-specific SWT register reset values

Register SWT_A SWT_B

CR [FFoo_o108h FF00_010Ah

T0 0005_FCDON 0005_FCDOh

34.2 Introduction
This section provides an overview, list of feai. “moc  of operationfori  SWT.

34.2.1 Overview

The Software Watchde ~ “mer (SWT) ¢ _ripheral moc  that can prevent system
lockup in situationssuci. ~oftw=: .angtrappedinal ) orif abustransaction fails
to terminate. When enable « I requires periodice’  ition of awatchdog
servicing operation. Theser g operation resete*” 2 tiner to a specified time-out
period. If this servicing actior.  snotoccur'  thetimer expiresthe SWT generates
aninterrupt or hardwarereset. « ~ SWT _econfigured to generate a reset or interrupt
onaninitial time-out. A resetisa _nerated on a second consecutive time-out.

Sample Reference Manual

Chapter 34 Software Watchdog Timer (SWT)

accesses by masters without permission. If the RIA bit in the SWT_CR is set then the
SWT generates a system reset on an invalid a ass otherwise a bus error is generated. If
either the HLK or SLK bitsinthe SWT ~ set, then the SWT_CR, SWT_TO,
SWT_WN, and SWT_SK registers= _a-only.

The SWT memory mapisshc  1thefollowing tahle.
IWT mer ap

Width Section/
(in bits) page

| RIW | See section | 34.4.1/1331
o2 | RW | 0000 0000 | 34.4.2/1334

Address |

offset (hex Access | Reset value

Register n

Register (SWT_TO) 32 RW | See section | 34.4.3/1334

[ T [SWTw Register (SWT_WN) 32 | RW | 0000_0000h | 34.44/1335
i [SWTSc  Tegister (SWT_SR) 32 W | 0000_0000h | 34.4.5/1335

1 |SWTCow.  fputRegis= _o0) 32 R | 0000_0000n | 34.4.6/1336

[ SWT Service Ser arsK) 32 R | 0000_0000h | 34.4.7/1336

34.41 SWT Control Register (SWT_CR)

NOTE
The reset value for the SWT_CR isimplementation specific.
See the configuration information.

The SWT_CR contains fields for configuring and controlling the SWT.
This register is read-only if either the SWT_CR[HLK] or SWT_CR[SLK] bits are set.

Address: Oh base + Oh offset = Oh

a . |
R 0
cleleolelslelels
glz|elelzlelelt
Sl % |5 |5 |%|%|%
w| = = = = = = = =
;

2

RIA |WND| ITR | HLK | SLK | CSL | STP | FRZ | WEN

Resel 0" - - ) * 00 0 0 o [ [ 0 0 o o]

* Notes:
* The reset value for the SWT_CR is implementation specific. See the configuration information.

Sample Reference Manual

Figure 1-2. Example: chip-specific information that supersedes content in the same

1.3.2 Example: chip-specific information that refers to a different

chapter

The chip-specific information below refers to another chapter's chip-specific information.
In this case, read both sets of chip-specific information before reading further in the

chapter.
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Register descriptions

Chapter 10 Chapter 9

Crossbar Integrity Checker (XBIC) Crossbar Switch (XBAR,

10.1 Chip-specific XBIC information o -spe. = XBARinforma. ©

This chip has one instance of the XBIC module. Thischiphe ieinsta  of the XBAR morlule.

10.1.1 XBIC master and slave assignments “  XBAR master a . slave assignments

The XBIC identifies each XBAR master and slave in terms of the master or slave's following table lists the XBAR physical port numbers and logical IDs for all master

physical port number. See the "Physical master port" assignmentsin and the p. nthisSoC.

"Slave port" assignmentsin . *h port number matches the default priority assigned to the corresponding physical
n. . port. This default priority equals the reset value of the priority field for each

master port in the PRSh registers.

10.1.2 Unimplemented MCR and ESR fields A priority value of 0 isthe highest priority. Thereisno "disabled" value for the

priority.
On this chip, the MCR[SE5] and ESR[DPSES5] fields are not imp'  anted. In XBI * A Nexus_3 module and core data bus share the same physical master port for each
Module Control Register (XBIC_MCR) and XBIC Error StatusF ster (XBIC_E\ | core.

these i .
eseficids arereserved Thelogical mester ID correspondsto the logical address provided by the master module

and is unique for each module. The logical master IDs are used by the bus masters
connected to the XBAR. The Nexus master isidentified by setting the MSB in the 4-bit

10.2 Overview field that supplies the master 1D number.
The Crossbar Integrity Cl- . (XBIC) verifies theintegrity of :crossbar . s Table 9-1. XBAR master ports and logical master IDs
For forward signals (master Yave), itisdeverifyingthe  egrity of the attribute Module Physical master port | Logical master ID Comment

information using an 8-bit Er. Detect’ _ue(EDC). TheE  detectsany single- or
double-bit errorsin the attribut. alonand signalsthe Fe  Collection and Control

]

1

Unit (FCCU) when an errorisde. d. For feedback s- 4ls (slave to master), it isdone X 8 Nexus_3_0 arbitrates with Core0 data for XBAR port 1
by comparing the consistency of th nals durin~ B dataphase.There are three Coret instruction 2
signals from slave to master, hready, 0 wep2. If any of the master signalsis Corel data 3
different from the slave signals during «ase, the error will be reported in the Error Nexus_3_t Nexus_3_1 arbitrates with Core1 data for XBAR port 3
Status Register. Table continues on the next page

Sample Reference Manual Sample Reference Manual

Figure 1-3. Example: chip-specific information that refers to a different chapter

1.4 Register descriptions
Module chapters present register information in:

* Memory maps including:
* Addresses
* The name and acronym/abbreviation of each register
* The width of each register (in bits)
* Each register's reset value
e The page number on which each register is described
* Register figures
* Field-description tables
* Associated text

The register figures show the field structure using the conventions in the following figure.
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Chapter 1 About This Manual

R ) R | Mnemonic R R 0 R 1
Mnemonic - - -
w W| Mnemonic W| Mnemonic W| Mnemonic
Read/write Read-only Write-only Write-only Write-only
reads zero reads one
R — R | Mnemonic R | Mnemonic R | Mnemonic R | Mnemonic
W /| Mnemonic W 0 w 1 w — w wic
Write-only Read-only Read-only Read-only Write one to clear
reads undefined writes zero writes one writes undefined
R R R R| 1 R| O
Reserved
wi| 1 w| O W w
Reserved, Write-only one Write-only zero Read-only one Read-only zero

unimplemented

Figure 1-4. Register figure conventions

1.5 Conventions

1.5.1 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.

1.5.2 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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Conventions

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.

1.5.3 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, field, or programming setting. Writes to a reserved location can
result in unpredictable functionality or behavior.
* Do not modify the default value of a reserved programming setting, such as the reset value of
a reserved register field.
» Consider undefined locations in memory to be reserved.

wic

Write 1 to clear: Refers to a register bitfield that must be written as 1 to be "cleared."
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Chapter 2
Introduction

2.1 Overview

Information found here provides an overview of this MCU, which is a part of Kinetis E-
series of ARM® Cortex®-M0+ MCUs and product family. It also presents high-level
descriptions of the modules available on the device covered by this document.

2.2 Block Diagram

The following figure shows a top-level block diagram of the MCU superset device.
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Module Functional Categories
Kinetis KE1xZ Sub-Family

ARM® Cortex®-MO0+ System Memories and Memory Interfaces Clocks
Core
eDMA Program RAM 0osc
flash
DMAMUX FIRC
' Debug MMDVSQ FlexMemory Boot ROM
interfaces SIRC
TRGMUX
Interrupt LPFLL
controller WDOG
0SC32
EWM LPO
Security Analog Timers Communication Interfaces Human-Machine
and Integrity Interface (HMI)
CRC 12-bit ADC FlexTimer LPI%C GPIO
x2 8ch x1 x2 upto 58
4ch x2
LPUART High drive
FAC CMP x2 PDB x1 X3 /0 (8 pins)
8-bit DAC x1 LPSPI Digital fi
o gital filters
within CMPO, LPIT, 4ch
(output capable) ¢ X2 (port E)
PMC LPTMR FlexIO TSI, 36ch
(optional)
SRTC
PWT

Figure 2-1. MCU block diagram

2.3 Module Functional Categories

The modules on this device are grouped into functional categories. The following
sections describe the modules assigned to each category in more detail.
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Chapter 2 Introduction

Table 2-1. Module functional categories

Module category Description
ARM® Cortex®-M0+ core and related ¢ 32-bit MCU core from ARM's Cortex-M class, 1.77 CoreMark®/MHz from
modules single-cycle access memories, 72 MHz CPU frequency

* Debug interfaces
» Serial Wire Debug (SWD)
¢ Micro Trace Buffer (MTB)
e MMDVSQ

System modules * System integration module (SIM)

» System mode controller (SMC)

* Miscellaneous control module (MCM)

¢ Crossbar switch (AXBS-Lite)

¢ Bit manipulation engine (BME)

* Peripheral bridge (AIPS-Lite)

* Direct memory access (DMA) controller with multiplexer (DMAMUX) to
increase available DMA requests. DMA can now handle transfers in VLPS
mode

¢ Watchdog (WDOG)

* External watchdog monitor (EWM)

Memories and memory interfaces * Internal memories include:
* Program flash memory
¢ FlexMemory
* FlexNVM
* FlexRAM
* SRAM
* Boot ROM

Clocks ¢ System clock generator (SCG)
¢ Low-Power-Frequency-locked loop (LPFLL)
¢ Fast internal reference clock (FIRC)
¢ Slow internal reference clock (SIRC)
¢ System oscillator (OSC)
* Low Power Oscillator (LPO)
Peripheral Clock Control (PCC)

Cyclic Redundancy Check (CRC) module for error detection
Flash Access Control (FAC)

128-bit unique identification (ID) number

ADC self-test and calibration feature

Security and integrity modules

Analog modules High speed analog-to-digital converter (ADC)
Comparator (CMP)
Bandgap voltage reference (1V reference voltage)
Power management controllers (PMC)
* Multiple power modes available based on run, wait, stop, and power-

down modes

Timer modules Programmable delay block (PDB)
FlexTimers (FTM)

Low-power periodic interrupt timer (LPIT)
Low power timer (LPTMR)

Independent real time clock (RTC)

Communication interfaces Low-power Serial peripheral interface (LPSPI)
Low-power Inter-integrated circuit (LPI2C)
Low-power UART (LPUART)

FlexIO

General purpose input/output controller (GPIO)
¢ Capacitive touch sense input (TSI) interface enabled in hardware

Human-machine interfaces (HMI)
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Module Functional Categories

Table 2-1. Module functional categories

Module category

Description

features.

* High drive I/O pins, see Pin properties.
 Digital filters, see "Ports summary" table in Port control and interrupt module
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Chapter 3
Core Overview

3.1 ARM Cortex-M0+

The ARM Cortex-MO0+ 1s the member of the Cortex-M Series of processors targeting the
micro-controller market. It is an entry-level 32-bit processor designed for very cost
sensitive, low power applications. The Cortex-MO+ has a 2-stage pipeline von Neumann
architecture. The processor delivers exceptional energy efficiency through extensively
optimized design and provides high-end processing hardware including a single-cycle
multiplier. It also has an I/O port which supports single cycle loads and stores to tightly-
coupled peripherals (e.g. GPIO).

The Cortex-MO0O+ processor implements the ARMv6-M architecture, which is upward
compatible with other Cortex-M profile processors. It is based on the 16-bit Thumb®
instruction set and includes Thumb-2 technology (including all but three 16-bit Thumb
opcodes plus seven 32-bit instructions). The Cortex-MO+ instruction set provides the
exceptional performance expected of a modern 32-bit architecture, with a higher code
density than 8-bit and 16-bit microcontrollers.

Cortex-M0+ Processor Features
e Thumb instruction set with Thumb-2 technology
* Nested Vectored Interrupt Controller (NVIC)
 Single-cycle 32-bit hardware multiplier
* Single-cycle I/O port
* Serial-Wire Debug port (SWD)
* Breakpoint & Watchpoint Units
* Micro Trace Buffer (MTB)
 24-bit system tick timer (SysTick)

The detailed architecture and programming model of Cortex-MO+ processor are
discussed in the following documents from ARM.
* Cortex-MO0O+ Devices Generic User Guide
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http://infocenter.arm.com/help/topic/com.arm.doc.dui0662b/index.html

Core Buses and Interfaces

e Cortex-MO+ Technical Reference Manual

e ARMvV6-M Architecture Reference Manual

3.2 Core Buses and Interfaces

The Cortex-MO+ processor provides a single system-level interface using AMBA®
technology to provide memory and peripheral accesses, a single-cycle 1/0 port for high
speed access to tightly-coupled peripherals (such as GPIO), a NVIC interface for
interrupt handling, a Debug Access Port (DAP) for SWD debug and a Micro Trace
Buffer (MTB) interface for trace.

The following interfaces are implemented on the Cortex-MO+ processor of this device.
* A single AHB-Lite bus
A single-cycle 10 port
* PPB bus
e NVIC interface
* MTB interface
* Debug port interface

Cortex-M0+ components
Cortex-M0+ processor
Optional Debug
Interrupts
Nested Vectored Cortex-M0+ . .
Interrupt Controller processor core Breakpom_t & pptlonal
(NVIC) Watchpoint Micro Trace
Unit Buffer (MTB)
Optional Opertional Debugger
Wakeup Interrupt Memory Protection interface
Controller (WIC) Unit (MPU)
Optional
Debug Access
Bus Matrix Port
AHB-Lite interface Optional Optional
to system single-cycle Serial-Wire or JTAG
10 port debug port
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Chapter 3 Core Overview

3.3 Core Component Configuration

The processor supports optional tightly-coupled system components. The following table
lists the specific configuration of the Cortex-MO+ core on this device.

Component name Present on this device Note

Single-cycle Multiplier YES

Single-cycle 10 Port YES

SysTick YES

Halting debug YES

Watchpoint YES Include 2 comparators
Breakpoint YES Include 2 comparators
MTB YES

WIC YES

Vector Table Offset Support YES

Unprivileged/Privileged Support YES

SWD YES

MPU Not present

3.4 SysTick Clock Configuration

The System Tick Timer's clock source is always the core clock (CORE_CLK) on this
device. This results in the following:

» The CLKSOURCE bit in SysTick Control and Status Register (SYST_CSR) is
always set to select the core clock.

* Because the timing reference (CORE_CLK) is a variable frequency, the TENMS bit
in the SysTick Calibration Value Register (SYST_CALIB) is always zero.

* The NOREF bit in SysTick Calibration Value Register (SYST_CALIB) is always
set, implying that CORE_CLK is the only available source of reference timing.
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Chapter 4
Interrupts

4.1 Introduction

The ARM Cortex-MO0+ processor includes an interrupt controller called the Nested
Vectored Interrupt Controller (NVIC). It is closely coupled to the processor core to
provide outstanding interrupt handling abilities and low latency interrupt processing. The
NVIC supports nested interrupt, dynamic priority changes, interrupt masking and
interrupt tail-chaining. In addition, the NVIC also supports re-locatable vector table and
an external Nonmaskable Interrupt (NMI).

The NVIC registers are located within the processor's internal System Control Space
(SCS) with base address of 0OXEOOOEO0O00. Most of the NVIC registers are accessible only
in privileged mode. The detailed NVIC functionalities and registers descriptions are
discussed in the following documents from ARM web.

e Cortex-MO+ Devices Generic User Guide
e Cortex-MO+ Technical Reference Manual

4.2 NVIC configuration

The NVIC supports configurable interrupt number and level of priority. The following
sections speficy the exact priority level and interrupt vectors implemented on this device.
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Interrupt channel assignments

4.2.1 Interrupt priority levels

The NVIC on this device supports 4 interrupt priority levels. Therefore, the NVIC_IPR
registers contains 2 bits for each interrupt request (IRQ). For example, NVIC_IPRO is
shown below:

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

R 0|0|0|0|0O]|0O 0|0|0|0|0O]|0O 0|j0|j0|0|0O]|0O 0|0|j0|0|0O]|0O
IRQ3 IRQ2 IRQ1 IRQO

4.2.2 Non-maskable interrupt

This device supports non-maskable interrupt (NMI) to the NVIC. It is controlled by the
external NMI signal from the pin. The pin which the NMI signal is multiplexed on, must
be configured for the NMI function to generate the non-maskable interrupt request.

4.3 Interrupt channel assignments
The interrupt source assignments are defined in the following table.

* Vector number — the value stored on the stack when an interrupt is serviced.

* IRQ number — non-core interrupt source count, which is the vector number minus
16.

The IRQ number is used within ARM's NVIC documentation.

Table 4-2. Interrupt vector assignments

Address Vector IRQ' NVIC Source module Source description
IPR
register
number?

ARM Core System Handler Vectors
0x0000_0000 0 - - ARM core Initial Stack Pointer

0x0000_0004 - - ARM core Initial Program Counter
0x0000_0008 - - ARM core Non-maskable Interrupt (NMI)
0x0000_000C - - ARM core Hard Fault

0x0000_0010
0x0000_0014
0x0000_0018
0x0000_001C

N{ojfoa|A~|WO[N| =
|
|

Table continues on the next page...
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Table 4-2. Interrupt vector assignments (continued)

Address Vector IRQ! NVIC Source module Source description
IPR
register
number?
0x0000_0020 8 - - — —
0x0000_0024 9 - - — —
0x0000_0028 10 - - — —
0x0000_002C 11 - - ARM core Supervisor call (SVCall)
0x0000_0030 12 - - — —
0x0000_0034 13 - - — —
0x0000_0038 14 - - ARM core Pendable request for system service
(PendableSrvReq)
0x0000_003C 15 - - ARM core System tick timer (SysTick)
Non-Core Vectors
0x0000_0040 16 0 0 DMA DMA channel 0 or 4 transfer complete
0x0000_0044 17 1 0 DMA DMA channel 1 or 5 transfer complete
0x0000_0048 18 2 0 DMA DMA channel 2 or 6 transfer complete
0x0000_004C 19 3 0 DMA DMA channel 3 or 7 transfer complete
0x0000_0050 20 4 1 DMA DMA error interrupt channels 0-7
0x0000_0054 21 5 1 Flash memory Single interrupt vector for all sources
0x0000_0058 22 6 1 PMC Low-voltage detect, low-voltage warning
0x0000_005C 23 7 1 Port control module | Pin detect (Port A, E)
0x0000_0060 24 8 2 LPI2CO Single interrupt vector for all sources
0x0000_0064 25 9 2 LPI2C1 —
0x0000_0068 26 10 2 LPSPIO Single interrupt vector for all sources
0x0000_006C 27 11 2 LPSPI1 Single interrupt vector for all sources
0x0000_0070 28 12 3 LPUARTO Single interrupt vector for all sources
0x0000_0074 29 13 3 LPUARTH1 Single interrupt vector for all sources
0x0000_0078 30 14 3 LPUART2 Single interrupt vector for all sources
0x0000_007C 31 15 3 ADCO —
0x0000_0080 32 16 4 CMPO —
0x0000_0084 33 17 4 FTMO Single interrupt vector for all sources
0x0000_0088 34 18 4 FTM1 Single interrupt vector for all sources
0x0000_008C 35 19 4 FTM2 Single interrupt vector for all sources
0x0000_0090 36 20 5 RTC Single interrupt vector for all sources
0x0000_0094 37 21 5 CMP1 —
0x0000_0098 38 22 5 LPIT LPIT channel 0-3
0x0000_009C 39 23 5 FlexlO —
0x0000_00A0 40 24 6 TSI —
0x0000_00A4 41 25 6 PDBO —
0x0000_00A8 42 26 6 Port control module |Pin detect (Port B, C, D)

Table continues on the next page...
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Table 4-2. Interrupt vector assignments (continued)

Address Vector IRQ' NVIC Source module Source description
IPR

register

number?
0x0000_00AC 43 27 6 SCG —
0x0000_00B0O 44 28 7 WDOG or EWM Both watchdog modules share this interrupt.
0x0000_00B4 45 29 7 PWT or LPTMR Single interrupt vector for all sources
0x0000_00B8 46 30 7 ADCA1 Single interrupt vector for all sources
0x0000_00BC 47 31 7 RCM Single interrupt vector for all sources

1. Indicates the NVIC's interrupt source number.
2. Indicates the NVIC's IPR register number used for this IRQ. The equation to calculate this value is: IRQ div 4

4.3.1 Determining the bitfield and register location for
configuring a particular interrupt

Suppose you need to configure the low-power timer (LPTMR) interrupt. The following
table is an excerpt of the LPTMR row from Interrupt channel assignments (value number
as example only).

Table 4-3. LPTMR interrupt vector assignment (example only)

Address Vector IRQ! NVIC NVIC IPR Source module Source description
non-IPR register
register | number?
number?
0x0000_0128 74 58 1 14 Low Power Timer —

—

Indicates the NVIC's interrupt source number.
2. Indicates the NVIC's ISER, ICER, ISPR, ICPR, and IABR register number used for this IRQ. The equation to calculate this

value is: IRQ div 32
3. Indicates the NVIC's IPR register number used for this IRQ. The equation to calculate this value is: IRQ div 4

e The NVIC registers you would use to configure the interrupt are:
* NVIC_ISERI1
* NVIC_ICERI
* NVIC_ISPR1
* NVIC_ICPRI1
* NVIC_IABRI
* NVIC_IPR14
* To determine the particular IRQ's bitfield location within these particular registers:
e NVIC_ISERI, NVIC_ICERI1, NVIC_ISPR1, NVIC_ICPR1, NVIC_IABRI bit
location = IRQ mod 32 =26
* NVIC_IPR 14 bitfield starting location = 8 x (IRQ mod 4) + 4 =20
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Since the NVIC_IPR bitfields are 2-bit wide (4 priority levels), the NVIC_IPR14

bitfield range is 20-21

Therefore, the following bitfield locations are used to configure the LPTMR interrupts:

* NVIC_ISER1[26]
* NVIC_ICER1[26]
e NVIC_ISPR1[26]
* NVIC_ICPR1[26]
* NVIC_IABR1[26]
e NVIC_IPR14[21:20]
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Chapter 5
System Integration Module (SIM)

5.1 Introduction

The System Integration Module (SIM) provides system control and chip configuration
registers.

5.1.1 Features
Features of the SIM include:

» System clocking configuration

 Flash and system RAM size configuration

* FlexTimer clock and channel selection and configuration
* ADC trigger selection

* Flash configuration

» System device unique identification (UID)

* LPUART pseudo open drain control

5.2 Memory map and register definition

NOTE
The SIM registers can only be written in the supervisor mode.
In the user mode, write accesses are blocked and will result in a
bus error.

Kinetis KE1xZ Sub-Family Reference Manual, Rev. 2, 09/2016
NXP Semiconductors 63




Memory map and register definition

SIM memory map

223?:5 Register name (ivr\lli:it,:;) Access | Reset value S(::;:n/
(hex)

4004_8004 |Chip Control register (SIM_CHIPCTL) 32 R/W | 0000_0000h 5.2.1/64
4004_800C |FTM Option Register 0 (SIM_FTMOPTO) 32 R/W | 0000_0000h | 5.2.2/66
4004_8018 |ADC Options Register (SIM_ADCOPT) 32 R/W 0000_0000h 5.2.3/67
4004_801C |FTM Option Register 1 (SIM_FTMOPT1) 32 R/W | 0000_0000h | 5.2.4/69
4004_8024 |System Device Identification Register (SIM_SDID) 32 R See section 5.2.5/71

4004_804C |Flash Configuration Register 1 (SIM_FCFG1) 32 R See section 5.2.6/72
4004_8050 |Flash Configuration Register 2 (SIM_FCFG2) 32 R See section 5.2.7/74
4004_8054 |Unique Identification Register High (SIM_UIDH) 32 R See section 5.2.8/75
4004_8058 |Unique Identification Register Mid-High (SIM_UIDMH) 32 R See section 5.2.9/75
4004_805C |Unique Identification Register Mid Low (SIM_UIDML) 32 R See section | 5.2.10/76
4004_8060 |Unique Identification Register Low (SIM_UIDL) 32 R See section | 5.2.11/76
4004_806C |Miscellaneous Control register (SIM_MISCTRL) 32 R/W | 0000_0000h | 5.2.12/77

5.2.1 Chip Control register (SIM_CHIPCTL)

SIM_CHIPCTL contains the controls for selecting PWT alternative clock source, ADC
COCO trigger, trace clock, clock out source, PDB back-to-back mode and ADC
interleave channel.

Address: 4004_8000h base + 4h offset = 4004_8004h

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

9] —

R 0 X o
(@] X
X —
o LW &)
0 =
o =
|_
o o

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0

PDB ADC_
INTERLEAV

E_EN

CLKOUTSEL
CLKOUTDIV

Reset 0 0 0 0 0 0 0 0 0 0 0 0

SIM_CHIPCTL field descriptions

Field Description
31-20 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

Table continues on the next page...
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SIM_CHIPCTL field descriptions (continued)

Field Description
19-18 RTC 32K clock input select
RTC32KCLKSEL
00 OSC32 clock output
01 RTC_CLKIN
10 Reserved
11 Reserved
17-16 PWT clock source select
PWTCLKSEL
00 PWT alternative clock is from the TCLKO pin.
01 PWT alternative clock is from the TCLK1 pin.
10 PWT alternative clock is from the TCLK2 pin.
11  Reserved
15 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13 PDB back-to-back select
PDB_BB_SEL
Selects ADC COCO source as pdb back-to-back mode, see Back-to-back acknowledge connectivity in
PDB Inter-connectivity Information for details.
0 PDBO channel 0 back-to-back operation with ADCO COCOI[1:0] and PDBO channel 1 back-to-back
operation with ADC1 COCOQO[1:0]
1 PDBO Channel 0 back-to-back operation with COCOI[0] of ADCO and COCOQO[1] of ADC1 ; PDB0O
Channel 1 back-to-back operation with COCOI[0] of ADC1 and COCQJ[1] of ADCO
12-11 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
10-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7-6 CLKOUT Select
CLKOUTSEL
Selects the clock to output on the CLKOUT pin.
00 Reseved
01 SCGCLKOUT(SIRC/FIRC/SOSC/LPFLL), see SCG_CLKOUTCNFG register.
10 RTC oscillator (OSC32) clock (32 kHz)
11 LPO clock (128 kHz)
5-4 CLKOUT divider ratio
CLKOUTDIV
00 Divided by 1
01 Divided by 2
10 Divided by 4
11 Divided by 8
3-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
ADC_ ADC interleave channel enable
INTERLEAVE_
EN Select ADC interleave pins. Bit 1 to 0 are for PTB1 and PTBO respectively.

Table continues on the next page...
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SIM_CHIPCTL field descriptions (continued)

Field Description
00 No interleave channel

Bit 1: PTB1 to ADCO_SE5 and ADC1_SE15

Bit 0: PTBO to ADCO_SE4 and ADC1_SE14

5.2.2 FTM Option Register 0 (SIM_FTMOPTO0)

Address: 4004_8000h base + Ch offset = 4004_800Ch

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16

R 0 FTM2CLKSE | FTM1CLKSE | FTMOCLKSE 0
w H L L L

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0

FTMOFLTxSEL

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SIM_FTMOPTO field descriptions

Field Description
31-30 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
29-28 FTM2 External Clock Pin Select
FTM2CLKSEL

Selects the external pin used to drive the clock to the FTM2 module.

NOTE: The selected pin must also be configured for the FTM external clock function through the
appropriate Pin Control Register in the Port Control module.

00 FTM2 external clock driven by TCLKO pin.
01 FTM2 external clock driven by TCLK1 pin.
10 FTM2 external clock driven by TCLK2 pin.
11 No clock input

27-26 FTM1 External Clock Pin Select
FTM1CLKSEL

Selects the external pin used to drive the clock to the FTM1 module.

NOTE: The selected pin must also be configured for the FTM external clock function through the
appropriate Pin Control Register in the Port Control module.

00 FTM1 external clock driven by TCLKO pin.
01 FTM1 external clock driven by TCLK1 pin.
10 FTM1 external clock driven by TCLK2 pin.
11 No clock input

25-24 FTMO External Clock Pin Select
FTMOCLKSEL

Selects the external pin used to drive the clock to the FTMO module.

Table continues on the next page...

Kinetis KE1xZ Sub-Family Reference Manual, Rev. 2, 09/2016
66 NXP Semiconductors




Chapter 5 System Integration Module (SIM)
SIM_FTMOPTO field descriptions (continued)

Field Description

NOTE: The selected pin must also be configured for the FTM external clock function through the
appropriate Pin Control Register in the Port Control module.

00 FTMO external clock driven by TCLKO pin.
01 FTMO external clock driven by TCLK1 pin.
10 FTMO external clock driven by TCLK2 pin.
11 No clock input

23-3 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

FTMOFLTXSEL |FTMO Fault x Select

Selects the source of FTMO fault. Every bit means one fault input respectively.

NOTE: The pin source for fault must be configured for the FTM module fault function through the
appropriate pin control register in the port control module when it comes from external fault pin.
TRGMUX_FTMO SELx is corresponding to FTMO Fault x input.

Bit value = 0: FTMO_FLTx pin
Bit value = 1: TRGMUX_FTMO out

5.2.3 ADC Options Register (SIM_ADCOPT)

Address: 4004_8000h base + 18h offset = 4004_8018h

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

0 0 0 0 0 0 0 0 0

Reset 0 0 0 0 0 0 0

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
%) o o 9] o o
R 0 g 0 m o 0 2 0 m w
m 4 a 8 i _ = 8
& 2 5 % 2 3
g g § |2 3 g |2
< < < < < <
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SIM_ADCOPT field descriptions
Field Description
31-22 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

Table continues on the next page...
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SIM_ADCOPT field descriptions (continued)

Field Description
21-16 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
15-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13-12 ADC1 pre-trigger source select
ADC1PRETRGSEL

Selects pre-trigger source for ADC1.

00 PDB output

01 TRGMUX output

10 ADC1 software pre-trigger
11 Reserved

11 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
10-9 ADC1 software pre-trigger sources
ADC1SWPRETRG
00 disabled

01 software pre-trigger O
10 software pre-trigger 1
11 disabled

8 ADCH1 trigger source select
ADC1TRGSEL

Selects trigger source for ADC1.

NOTE: Each PDB supports two ADC channels, and each channel is with 2 pre-triggers.

0 PDB output
1 TRGMUX output

7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

5-4 ADCO pre-trigger source select
ADCOPRETRGSEL
Selects pre-trigger source for ADCO.

00 PDB output

01 TRGMUX output

10 ADCO software pre-trigger
11 Reserved

3 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

2-1 ADCO software pre-trigger sources
ADCOSWPRETRG
00 disabled

01 software pre-trigger O
10 software pre-trigger 1
11 disabled

0 ADCO trigger source select
ADCOTRGSEL

Selects trigger source for ADCO.

Table continues on the next page...
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SIM_ADCOPT field descriptions (continued)

Field Description
NOTE: Each PDB supports two ADC channels, and each channel is with 2 pre-triggers.

0 PDB output
1 TRGMUX output

5.2.4 FTM Option Register 1 (SIM_FTMOPT1)

Address: 4004_8000h base + 1Ch offset = 4004_801Ch

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0
FTMO_OUTSEL

o
o
o
o
o
o
o
o
o

Reset 0 0 0 0 0 0 0

Bit 15 14 13 12 1 10 9

FTM1CHOSEL

o | FTM2CHI1SEL |«
FTM2CHOSEL

o |FTM2SYNCBIT | »

o |FTM1SYNCBIT | =

o |FTMOSYNCBIT | o

0 0 0 0 0

Reset 0 0 0 0 0 0 0

SIM_FTMOPT1 field descriptions

Field Description
31-24 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
23-16 FTMO channel modulation select with FTM1_CH1

FTMO_OUTSEL
Bit 7 to O are for channel 7 to 0 respectively.

0 No modulation with FTM1_CH1
1 Modulation with FTM1_CH1

159 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
8 FTM2 CH1 Select
FTM2CH1SEL

Selects FTM2 CH1 input

0 FTM2_CH1 input
1 exclusive OR of FTM2_CHO0, FTM2_CH1, and FTM1_CHA1

7-6 FTM2 CHO Select
FTM2CHOSEL

Selects FTM2 CHO input

Table continues on the next page...
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SIM_FTMOPT1 field descriptions (continued)

Field

Description

00 FTM2_CHO input
01 CMPO output

10 CMP1 output

11  Reserved

5-4
FTM1CHOSEL

FTM1 CHO Select
Selects FTM1 CHO input

00 FTM1_CHO input
01 CMPO output

10 CMP1 output

11  Reserved

3
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

2
FTM2SYNCBIT

FTM2 Sync Bit
Software control for FTM2 hardware trigger synchronization

0 No effect.

1 Write 1 to assert the TRIG1 input to FTM2. Software must clear this bit to allow other trigger sources

to assert.

1
FTM1SYNCBIT

FTM1 Sync Bit
Software control for FTM1 hardware trigger synchronization

0 No effect.

1 Write 1 to assert the TRIG1 input to FTM1. Software must clear this bit to allow other trigger sources

to assert.

0
FTMOSYNCBIT

FTMO Sync Bit
Software control for FTMO hardware trigger synchronization

0 No effect.

1 Write 1 to assert the TRIG1 input to FTMO. Software must clear this bit to allow other trigger sources

to assert.
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5.2.5 System Device Identification Register (SIM_SDID)

NOTE
Reset value loaded during System Reset from Flash IFR.

Address: 4004_8000h base + 24h offset = 4004_8024h

Bit31302928272625242322212019181716|1514131211109876543210

R| FAMILYID SUBFAMID | SERIESID RAMSIZE REVID PROJECTID PINID

Reset x* x* Xx* Xx* x* x* x* x* X' x* x* x* x* x* x* x*|x* x* x* x* 0 0 0 1 0O x* x* x* x* x* x* x*

* Notes:
¢ x = Undefined at reset.

SIM_SDID field descriptions

Field Description

31-28 Kinetis E-series Family ID
FAMILYID

Specifies the Kinetis E-series family of the device.

0001 KE1x Family (Enhanced features)

27-24 Kinetis E-series Sub-Family ID
SUBFAMID
Specifies the Kinetis E-series sub-family of the device.
23-20 Kinetis Series ID
SERIESID

Specifies the Kinetis series of the device.

0010 Kinetis E+ series

19-16 RAM size
RAMSIZE

This field specifies the amount of system RAM available on the device.
0101 16 KB
0110 32KB
Others Reserved

15-12 Device revision number

REVID
Specifies the silicon implementation number for the device.

11-7 Project ID

PROJECTID

Specifies the silicon feature set identication number for the device.
00010 for this device.

PINID Pin identification

Specifies the pin count of the device.

Table continues on the next page...

Kinetis KE1xZ Sub-Family Reference Manual, Rev. 2, 09/2016
NXP Semiconductors 71




Memory map and register definition
SIM_SDID field descriptions (continued)

Field Description
0000111 64-pin
0001010 100-pin

5.2.6 Flash Configuration Register 1 (SIM_FCFG1)

NOTE
Reset values of NVMSIZE, PFSIZE, EEERAM_SIZE,
DEPART are loaded during System Reset from Flash IFR.

NOTE
Reset values of EESIZE and DEPART are based on user
programming in user IFR via the PGMPART flash command.

Address: 4004_8000h base + 4Ch offset = 4004_804Ch

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R NVMSIZE PFSIZE 0 EEERAMSIZE

Reset  x* x* x* x* X* x* x* x* 0 0 0 0 x* x* x* x*
Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R DEPART 0

u
BJ <2
a | £
c:}:) 0
< | S5
] o
[
w

Reset  x* x* x* x* 0 0 0 0 0 0 0 0 0 0 0 0

* Notes:
¢ x = Undefined at reset.
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SIM_FCFG1 field descriptions

Field Description

31-28 FlexNVM size
NVMSIZE

This field specifies the amount of FlexNVM memory available on the device. Undefined values are
reserved.

0000 0 KB of FlexNVM

0011 32 KB of FlexNVM

27-24 Program flash size
PFSIZE

This field specifies the amount of program flash memory available on the device . Undefined values are
reserved.

0111 128 KB of program flash memory, 4 KB protection region
1001 256 KB of program flash memory, 8 KB protection region

23-20 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
19-16 EEE SRAM SIZE
EEERAMSIZE
EEE SRAM data size .
0011 2KB
0100 1KB

0101 512 Bytes
0110 256 Bytes
0111 128 Bytes
1000 64 Bytes
1001 32 Bytes

15-12 FlexNVM partition
DEPART
Data flash / EEPROM backup split . See DEPART bit description in FTFE chapter.
11-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1 Flash Doze
FLASHDOZE

When set, Flash memory is disabled for the duration of Doze mode. An attempt by the DMA or other bus
master to access the Flash when the Flash is disabled will result in a bus error. This bit should be clear
during VLP modes. The Flash will be automatically enabled again at the end of Doze mode so interrupt
vectors do not need to be relocated out of Flash memory. The wakeup time from Doze mode is extended
when this bit is set.

0 Flash remains enabled during Doze mode
1 Flash is disabled for the duration of Doze mode

0 Flash Disable
FLASHDIS

Flash accesses are disabled (and generate a bus error) and the Flash memory is placed in a low power
state. This bit should not be changed during VLP modes. Relocate the interrupt vectors out of Flash
memory before disabling the Flash.

0 Flash is enabled
1 Flash is disabled
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5.2.7 Flash Configuration Register 2 (SIM_FCFG2)

NOTE
Reset values of MAXADDRO and MAXADDRI1 are loaded
during System Reset from Flash IFR.

Address: 4004_8000h base + 50h offset = 4004_8050h

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
R| O MAXADDRO 1 MAXADDR1

Reset  x* x* X* x* X* X* X* xX* xX* X* xX* X* xX* X* xX* x*

* Notes:
* Reset value loaded during System Reset from Flash IFR.x = Undefined at reset.

SIM_FCFG2 field descriptions

Field Description
31 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
30-24 Max address block 0
MAXADDRO

This field concatenated with 13 trailing zeros indicates the first invalid address of program flash (block 0).

For example, if MAXADDRO = 0x10, the first invalid address of program flash (block 0) is 0x0002_0000.
This would be the MAXADDRO value for a device with 128 KB program flash in flash block 0.

23 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
22-16 Max address block 1
MAXADDRHT

This field concatenated with 13 trailing zeros indicates the first invalid address of data flash (block 1).

Reserved This field is reserved.
This read-only field is reserved and always has the value 0.
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5.2.8 Unique Identification Register High (SIM_UIDH)

Address: 4004_8000h base + 54h offset = 4004_8054h

Bit31302928272625242322212019181716|1514131211109876543210

R uiD127_96

Reset 0* 0* O* 0* 0* 0* 0* O* o* 0* O* 0* 0* O* 0* 0* 0* 0* O* o* 0* O* 0* 0* O* 0* 0* 0* 0* O* o* 0*

* Notes:
* Reset value loaded during System Reset from Flash IFR.

SIM_UIDH field descriptions

Field Description
uiD127_96 Unique Identification

Unique identification for the device.

5.2.9 Unique ldentification Register Mid-High (SIM_UIDMH)

Address: 4004_8000h base + 58h offset = 4004_8058h

Bit31302928272625242322212019181716|1514131211109876543210

R UID95_64

Reset O* 0* O* 0* 0* O* 0* O* 0* 0* O* O* 0* O* 0* O* O* 0* O* 0* 0* O* 0* 0* O* 0* 0* O* 0* O* 0* 0*

* Notes:
* Reset value loaded during System Reset from Flash IFR.

SIM_UIDMH field descriptions

Field Description
UID95_64 Unique Identification

Unique identification for the device.
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5.2.10 Unique Identification Register Mid Low (SIM_UIDML)

Address: 4004_8000h base + 5Ch offset = 4004_805Ch

Bit31302928272625242322212019181716|1514131211109876543210

R UID63_32

Reset 0* 0* O* 0* 0* 0* 0* O* o* 0* O* 0* 0* O* 0* 0* 0* 0* O* o* 0* O* 0* 0* O* 0* 0* 0* 0* O* o* 0*

* Notes:
* Reset value loaded during System Reset from Flash IFR.

SIM_UIDML field descriptions

Field Description
UlD63_32 Unique Identification

Unique identification for the device.

5.2.11 Unique ldentification Register Low (SIM_UIDL)

Address: 4004_8000h base + 60h offset = 4004_8060h

Bit31302928272625242322212019181716|1514131211109876543210

R UID31_0

Reset O* 0* O* 0* 0* O* 0* O* 0* 0* O* O* 0* O* 0* O* O* 0* O* 0* 0* O* 0* 0* O* 0* 0* O* 0* O* 0* 0*
* Notes:

* Reset value loaded during System Reset from Flash IFR.

SIM_UIDL field descriptions

Field Description

UID31_0 Unique Identification

Unique identification for the device.
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5.2.12 Miscellaneous Control register (SIM_MISCTRL)

Address: 4004_8000h base + 6Ch offset = 4004_806Ch

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
R 0 o | a|a
o @] o
[a\] ~— o
= = =
[hs oy an
< < <
-] -] -]
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R 0 0
SW_
DMA_INT_SEL TRG
0 0 0 0 0

SIM_MISCTRL field descriptions

Field Description
31-19 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
18 UART2 Open Drain Enable
UART20DE
0 Open drain is disabled on UART2
1 Open drain is enabled on UART2
17 UART1 Open Drain Enable
UART10DE
0 Open drain is disabled on UART1
1 Open drain is enabled on UART1
16 UARTO Open Drain Enable
UARTOODE
0 Open drain is disabled on UARTO
1 Open drain is enabled on UARTO
15-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7-4 DMA channel interrupt OR select
DMA_INT_SEL
Bit 7 of DMA channel 7 and channel 3 interrupt select bit (logic 1 is ch7 and logic 0 is ch3)
SIM_MISCTRL
Bit 6 of DMA channel 6 and channel 2 interrupt select bit (logic 1 is ch6 and logic 0 is ch2)
SIM_MISCTRL
Bit 5 of DMA channel 5 and channel 1 interrupt select bit (logic 1 is ch5 and logic 0 is ch1)
SIM_MISCTRL
Bit 4 of DMA channel 4 and channel 0 interrupt select bit (logic 1 is ch4 and logic 0 is ch0)
SIM_MISCTRL

Table continues on the next page...
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SIM_MISCTRL field descriptions (continued)

Field Description
31 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
0 Software Trigger bit to TRGMUX
SW_TRG
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Chapter 6
Memory-Mapped Divide and Square Root (MMDVSQ)

6.1 Chip-specific Information for this Module

In this block chapter, PBRIDGE stands for the Peripheral Bridge, with the same meaning
as AIPS-Lite.

6.2 Introduction

ARM processor cores in the Cortex-M family implementing the ARMv6-M instruction
set architecture do not include hardware support for integer divide operations. The
affected processors include the Cortex-MO+ core. However, in certain deeply embedded
application spaces, hardware support for this class of arithmetic operation (along with an
unsigned square root function) is important to maximize system performance and
minimize device power dissipation. Accordingly, the MMDVSQ module is included in
select microcontrollers, to serve as a memory-mapped co-processor located in a special
address space (within the system memory map) that is accessible only to the processor
core.

The MMDVSQ module supports execution of the integer divide operations defined in the
ARMVvV7-M instruction set architecture, plus an unsigned integer square root operation.
The supported integer divide operations include 32/32 signed (SDIV) and unsigned
(UDIV) calculations.

6.2.1 Features
The key features of the MMDVSQ include:

* Lightweight implementation of 32-bit integer divide and square root arithmetic
operations
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Introduction
 Supports 32/32 signed and unsigned divide (or remainder) calculations
» Supports 32-bit unsigned square root calculations
* Simple programming model includes input data and result registers plus a control/
status register
* Programming model interface optimized for activation from inline code or software
library call
 "Fast Start" configuration minimizes the memory-mapped register write
overhead
* Supports two methods to determine when result is valid, including software
polling
* Configurable divide-by-zero response
* Pipelined design processes 2 bits per cycle with early termination exit for minimum
execution time

6.2.2 Block diagram

A generic block diagram of the processor core and platform for this class of ultra low-end
microcontrollers is shown in Figure 6-1. The MMDVSQ module’s location as a memory-
mapped co-processor is highlighted.
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Cortex-M0+ Core
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32 RAM
—>
i PRAM = - Array

1
o
T GPIO |w—F—>

mO0 s1

AX_BS Slave

-Lite 32 Peripherals
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Figure 6-1. Generic Cortex-MO0+ Core Platform Block Diagram

Next, a block diagram of the internal structure of the MMDVSQ module is presented. See
Figure 6-2.
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Figure 6-2. MMDVSQ Block Diagram

6.2.3 Modes of operation

The MMDVSQ module does not support any special modes of operation. As a memory-
mapped device located on a crossbar slave AHB system bus port, MMDVSQ responds
based strictly on memory addresses to its programming model.

All functionality associated with the MMDVSQ module resides in the core platform’s
clock domain; this includes its connections with the crossbar slave port. To minimize
power dissipation, the design supports an architectural clock gate for the entire module,
that is, the MMDVSQ is only clocked when responding to bus requests to its
programming model or is busy performing a calculation.
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6.3 External signal description
The MMDVSQ module does not directly support any external interfaces.

The internal interface includes a standard 32-bit AHB bus as shown in Figure 6-1.

6.4 Memory map and register definition

The MMDVSQ module supports a small number of program-visible registers used for
passing input operands and retrieving the output result plus a configuration/status
register.

The programming model occupies the first 20 bytes of a standard 4 Kb address slot. It
can only be accessed via word-sized (32 bit) accesses. Attempted accesses using smaller
data sizes, reading the write-only location or to reserved space are terminated with an
error.

At any instant in time, the MMDVSQ can perform either a divide or square root
calculation. The basic integer operations supported by the MMDVSQ are:

For divide:

MMDVSQ RES quotient (MMDVSQ DEND / MMDVSQ_ DSOR)

MMDVSQ_RES = remainder (MMDVSQ_DEND % MMDVSQ_DSOR)
For square root:
MMDVSQ RES = integer (JMMDVSQ_RCND)
The register usage, based on the operation (divide, square root), is detailed in Table 6-1.

Table 6-1. Register Usage = f(Divide, Square Root)

Register Divide Square | Description

Root
Dividend (MMDVSQ_DEND) Yes No Input dividend (numerator) for the divide
Divisor (MMDVSQ_DSOR) Yes No Input divisor (denominator) for the divide
Control/Status (MMDVSQ_CSR) Yes Yes Control for divide, status for divide and square

root

Result (MMDVSQ_RES) Yes Yes Output result
Radicand (MMDVSQ_RCND) No Yes Input "square" data
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MMDVSQ memory map

Absolute . .
address Register name (i":':itt:) Access | Reset value Sec;tlc;nl

(hex) pag
FO00_4000 |Dividend Register (MMDVSQ_DEND) 32 R/W Undefined 6.4.1/84
F000_4004 |Divisor Register (MMDVSQ_DSOR) 32 R/W Undefined 6.4.2/84
F000_4008 |Control/Status Register (MMDVSQ_CSR) 32 R/W See section 6.4.3/86
F000_400C |Result Register (MMDVSQ_RES) 32 R/W Undefined 6.4.4/89
F000_4010 |Radicand Register (MMDVSQ_RCND) 32 w Undefined 6.4.5/89

6.4.1 Dividend Register (MMDVSQ_DEND)

This register is loaded with the input dividend operand before a divide operation is
initiated. The register is updated by the MMDVSQ hardware during the execution of a
divide or square root calculation. Any memory access (read or write) of the DEND
register while the module is busy during a calculation causes the access to be stalled
(using wait states) until the calculation completes.

Address: FO00_4000h base + 0Oh offset = FO00_4000h

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

R
W DIVIDEND
Reset x* x* x* X *

* * * * * * * * * * * * *

XX XT Xt X' Xt ox* X' ox*oxr X' ox|x* x*ox*x

* Notes:
¢ x = Undefined at reset.

MMDVSQ_DEND field descriptions

Field Description
DIVIDEND Dividend

This is the input dividend operand for divide calculations.

6.4.2 Divisor Register (MMDVSQ_DSOR)

This register is loaded with the input divisor operand before a divide operation is
initiated. If CSR[DFS] = 0, a write to this register inititates a divide operation. Any
memory access (read or write) of the DSOR register while the module is busy during a
calculation causes the access to be stalled (using wait states) until the calculation
completes.
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If a divide operation is inititated with DSOR = 0, the hardware signals a divide-by-zero
condition and sets RES = 0 and CSR[DZ] = 1. If CSR[DZE] = 1, an attempted read of the
RES result is error terminated.

Address: FO00_4000h base + 4h offset = FO00_4004h

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

*

Reset X* Xx* Xx* X* X* X

*OoXT X X' OX* X' Xt oX* X' Xt x| X' ox*ox* x*ox

* Notes:
¢ x = Undefined at reset.

MMDVSQ_DSOR field descriptions

Field Description
DIVISOR Divisor

This is the input divisor operand for divide calculations.
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6.4.3 Control/Status Register (MMDVSQ_CSR)

This register defines the operating configuration of divide operations and provides status
information. The upper 3 bits provide busy status indicators, while the low-order byte
defines the configuration for divide operations. The read-only status bits in CSR[31:29]
are valid for both divide and square root operations; the configuration and status bit in
CSR[5:0] are only valid for divides. A memory write access of the CSR register while the
module is busy during a calculation causes the access to be stalled (using wait states)
until the calculation completes.

Address: FO00_4000h base + 8h offset = FO00_4008h

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
> =
n oc
RI' G |oiv| § 0
o 2]

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1
R 0 Dz
P
DZE | REM |
-
w SRT

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

* Notes:
¢ x = Undefined at reset.

MMDVSQ_CSR field descriptions

Field Description

31 BUSY
BUSY

This read-only bit is asserted when the MMDVSQ is performing a divide or square root. When an
operation is initiated, the hardware sets this flag. It remains asserted until the operation completes and the

Table continues on the next page...
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MMDVSQ_CSR field descriptions (continued)

Field

Description

hardware automatically clears the indicator. This bit can be used to poll the DVSQ’s execution status. The
combined CSR[BUSY, DIV, SQRT] indicators provide an encoded module status:

e If 0b001, then MMDVSAQ is idle and the last calculation was a square root

e |f 0b010, then MMDVSAQ is idle and the last calculation was a divide

¢ If 0b101, then MMDVSQ is busy processing a square root calculation

* IfOb110, then MMDVSQ is busy processing a divide calculation

The remaining encodings of CSR[BUSY, DIV, SQRT] are reserved.

0 MMDVSQis idle
1 MMDVSAQ is busy performing a divide or square root calculation

30
DIV

DIVIDE

Current or last operation was a divide. This read-only indicator bit signals if the current or last operation
performed by the MMDVSQ was a divide.

0 Current or last MMDVSQ operation was not a divide
1 Current or last MMDVSQ operation was a divide

29
SQRT

SQUARE ROOT

Current or last operation was a square root. This read-only indicator bit signals if the current or last
operation performed by the MMDVSQ was a square root.

0 Current or last MMDVSQ operation was not a square root
1 Current or last MMDVSQ operation was a square root

28-6
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

5
DFS

Disable Fast Start

The MMDVSQ supports 2 mechanisms for initiating a divide operation. The default mechanism is a “fast
start” where a write to the DSOR register begins the divide. Alternatively, the start mechanism can begin
after a write to the CSR register with CSR[SRT] set. The CSR[DFS] indicator selects the divide start
mechanism.

0 A divide operation is initiated by a write to the DSOR register
1 A divide operation is initiated by a write to the CSR register with CSR[SRT] = 1

Divide-by-Zero

This read-only status indicator signals the last divide operation had a zero divisor, that is, DSOR =
0x0000_0000. For this case, RES is set to 0x0000_0000 and this indicator bit set. After a divide-by-zero
operation, a read of the RES register returns either the zero result, or, if CSR[DZE] = 1, terminates the
read with an error. The CSR[DZ] indicator is cleared by the hardware at the beginning of each operation.

0 The last divide operation had a non-zero divisor, that is, DSOR != 0
1 The last divide operation had a zero divisor, that is, DSOR =0

DZE

Divide-by-Zero-Enable

This indicator configures the MMDVSQ’s response to divide-by-zero calculations. If both CSR[DZ] and
CSRI[DZE] are set, then a subsequent read of the RES register is error terminated to signal the processor
of the attempted divide-by-zero.

Table continues on the next page...
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MMDVSQ_CSR field descriptions (continued)

Field

Description

0 Reads of the RES register return the register contents

1 If CSR[DZ] =1, an attempted read of RES register is error terminated to signal a divide-by-zero, else
the register contents are returned

REM

REMainder calculation

This indicator selects whether the quotient or the remainder is returned in the RES register. The combined
CSR[REM] and CSR[USGN] bits define four possible divide operations:

* If CSR[REM, USGN] = 0b00, perform a signed divide, returning the quotient

* If CSR[REM, USGN] = 0b01, perform an unsigned divide, returning the quotient

¢ |If CSR[REM, USGN] = 0b10, perform a signed divide, returning the remainder

¢ If CSR[REM, USGN] = 0b11, perform an unsigned divide, returning the remainder

0 Return the quotient in the RES for the divide calculation
1 Return the remainder in the RES for the divide calculation

USGN

Unsigned calculation

This indicator selects whether a signed (default) or unsigned divide is performed. See the CSR[REM]
description for the encoding of the four possible divide operations.

0 Perform a signed divide
1 Perform an unsigned divide

SRT

Start

When written with a logical one and CSR[DFS] = 1, this flag initiates a divide operation. If written as a
logical one with CSR[DFS] = 0, it is ignored. This bit always reads as a zero. The state of the register write
data defines this bit’s function.

0 No operation initiated
1 If CSR[DFS] = 1, then initiate a divide calculation, else ignore
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6.4.4 Result Register (MMDVSQ_RES)

This register is loaded with the result of the divide or square root calculation. It is
updated by the MMDVSQ hardware at the completion of the calculation. When a square
root operation is performed (on an unsigned 32-bit number), the result is limited to a 16-
bit value with RES[31:16] = 0x0000. Any memory access (read or write) of the RES
register while the module is busy during a calculation causes the access to be stalled
(using wait states) until the calculation completes and the new result written into the
register.

Address: FO00_4000h base + Ch offset = FO00_400Ch

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

R
w RESULT

Reset X* Xx* X

* * * * * *

X X" X X*OX* Xt X XT[x* ox* x*x

* Notes:
¢ x = Undefined at reset.

MMDVSQ_RES field descriptions

Field Description
RESULT Result

This is the output result for a divide or square root calculation.

6.4.5 Radicand Register (MMDVSQ_RCND)

The write-only radicand register is loaded with the input “square” number. A memory
write to the radicand register initiates a square root calculation. While the MMDVSQ
module is busy performing a square root calculation, any memory write access to the
RCND register causes the write access to be stalled (using wait states) until the square
root calculation finishes. Any attempted read of the radicand register terminates with an
erTor.

Address: FO00_4000h base + 10h offset = FO00_4010h

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

R
W RADICAND

Reset X* x* Xx* x* x* x* x* x* x* x* x* x* x* x* x* x*

X*OxX* x* X X' ox*ox* ox'ox*ox*r x*ox* ox*ox*ox* x

* Notes:
¢ x = Undefined at reset.
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MMDVSQ_RCND field descriptions

Field Description
RADICAND Radicand

This is the input radicand for a square root calculation, that is, the input "square" number.

6.5 Functional description

This section details the algorithms, execution times of the MMDVSQ, and the software
interface to the module.

6.5.1 Algorithms

This section provides more details on the integer divide and square root algorithms.

6.5.1.1 Integer divide including special cases

6.5.1.1.1 Overview

The MMDVSQ module implements a "shift, test, and restore" radix-2 algorithm for
unsigned integer divide operations. When performing a signed divide calculation,
negative input operands are converted into 2’s complement positive numbers first, an
unsigned divide performed, and the sign of the results based on the input operand signs,
namely:

* The sign of the remainder is the same as the sign of the dividend
» The quotient is negated if the signs of the dividend and divisor are different

The hardware implementation processes two bits per machine cycle and includes "early
termination” logic where the execution time is data dependent, based on the magnitude of
the positive dividend. See Table 6-4 for more execution time details.

6.5.1.1.2 Special case: Overflow

There is a single "special overflow case" affecting signed integer divides. If the dividend
= 0x8000_0000 and the divisor = OxFFFF_FFFF, the result of this (—231/-1) operation
cannot be expressed as a 32-bit 2’s complement number. For this case, the MMDVSQ
exactly follows the ARM Cortex-Mx definition and returns 0x8000_0000 (the lower 32
bits of the +23! result) as the quotient with no indication of the overflow condition. If the
remainder is selected as the output of this calculation, it returns 0x0000_0000.
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6.5.1.1.3 Special case: Divide-by-Zero

For both signed and unsigned divides, if the divisor is zero, the MMDVSQ hardware
detects this condition and the CSR[DZ] indicator set. The quotient result is forced to
0x0000_0000. If the remainder is selected as the output of this calculation, it also returns
0x0000_0000. Additionally, if CSR[DZE] = 1, then an attempted read of the Result
register (RES) is error terminated to provide a simple mechanism to signal software of
the divide-by-zero condition.

6.5.1.2 Integer square root

6.5.1.2.1 Overview

The unsigned square root algorithm begins by creating a 32-bit “one-hot” bit vector
signaling the highest power of four of the contents of the Radicand register (RCND). It
then iterates through an algorithm involving magnitude comparisons of the RCND
register versus the working result plus bit vector summation, conditional decrementing of
the radicand, a 1-bit right shift of the result, and a 2-bit right shift of the one-hot bit
vector.

Processing two bits of the radicand per cycle, the result register finishes with the integer
portion of the square root calculation. The module includes early termination logic so that
the execution time is data dependent, based on the magnitude of the input radicand. See
Table 6-5 for more execution time details. Since both algorithms share common hardware
structures, the incremental cost of the square root logic is an extremely small delta to the
basic divide hardware.

The square root algorithm was exhaustively compared (that is, all 232 possible input
values) against the standard GNU C library implementation, which converts the unsigned
integer input into a double-precision floating-point number, calculates the double-
precision square root and then converts it back into an unsigned integer. Each input value
calculated identical square root results.

6.5.1.2.2 Square root using Q notation

Consider the use of Q notation for square root calculations returning fractional values.
The following description is taken from http://en.wikipedia.org/wiki/Q_(number_format).
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0 is a fixed point number format where the number of fractional bits (and optionally the
number of integer bits) is specified. For example, a Q15 number has 15 fractional bits; a
Q1.14 number has 1 integer bit and 14 fractional bits. Q format is often used in
hardware that does not have a floating-point unit and in applications that require
constant resolution.

QO format numbers are (notionally) fixed point numbers (but not actually a number itself);
that is, they are stored and operated upon as regular binary numbers (i.e. signed
integers), thus allowing standard integer hardware/ALU to perform rational number
calculations. The number of integer bits, fractional bits and the underlying word size are
to be chosen by the programmer on an application-specific basis - the programmer's
choices of the foregoing will depend on the range and resolution needed for the numbers.
The machine itself remains oblivious to the notional fixed point representation being
employed - it merely performs integer arithmetic the way it knows how. Ensuring that the
computational results are valid in the Q format representation is the responsibility of the
programmer.

The Q notation is written as Qm.n, where:

* Q designates that the number is in the Q format notation - the Texas Instruments
representation for signed fixed-point numbers (the “Q” being reminiscent of the
standard symbol for the set of rational numbers).

* m is the number of bits set aside to designate the two's complement integer portion of
the number, exclusive of the sign bit (therefore if m is not specified it is taken as
zero).

* n is the number of bits used to designate the fractional portion of the number, i.e. the
number of bits to the right of the binary point. (If n = 0, the Q numbers are integers -
the degenerate case).

Note that the most significant bit is always designated as the sign bit (the number is
stored as a two's complement number) in order to allow standard arithmetic-logic
hardware to manipulate Q numbers. Representing a signed fixed-point data type in Q
format therefore always requires m+n+ 1 bits to account for the sign bit. Hence the
smallest machine word size required to accommodate a Qm.n number is m+n+ 1, with the
QO number left justified in the machine word.

For a given Qm.n format, using an m+n+1 bit signed integer container with n fractional
bits:

* its range is [-2™, 2™ - 2]
e jts resolution is 27"
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For the unsigned integer format used in the MMDVSQ's square root calculation, an
u(nsigned)Qm.n notation requires m+n bits (m+n = 32) for the input radicand. An uQm.n
format produces an uQ(m/2).(n/2) square root. As examples, consider the following
tables involving the square root of 2 and square root of “p1” calculations. As expected, as
the number of fractional bits (n) increases, the error between the calculated square root
and the “actual” result decreases.

Table 6-2. Square Root of 2 Calculations (2 = 1.4142135623)

RCND [Hex] RCND Q format Results [Hex] RES Q Format Decimal % Error
0x0000_0002 uQ32.00 0x0000_0001 uQ16.00 1.0 -29.289%
0x0002_0000 uQ16.16 0x0000_016A uQ08.08 1.4140625 -0.011%
0x0200_0000 uQo08.24 0x0000_16A0 uQo4.12 1.4140625 -0.011%
0x2000_0000 uQo04.28 0x0000_5A82 uQo02.14 1.4141845703 -0.002%
0x8000_0000 uQ02.30 0x0000_B504 uQo01.15 1.4141845703 -0.002%

Table 6-3. Square Root of Pi Calculations (/Pi = 1.7724538509)

RCND [Hex] RCND Q format Results [Hex] RES Q Format Decimal % Error
0x0000_0003 uQ32.0 0x0000_0001 uQ16.00 1.0 -43.581%
0x0003_243F uQ16.16 0x0000_01C5 uQ08.08 1.76953125 -0.165%
0x0324_3F6A uQo08.24 0x0000_1C5B uQo4.12 1.772216769 -0.013%
0x3243_F6A8 uQo04.28 0x0000_716F uQo02.14 1.7723999023 -0.003%

0xC90F_DAAO uQ02.30 0x0000_E2DF uQo01.15 1.7724304199 -0.001%

The application of the Q notation for square root calculations provides a powerful
extension for these types of fractional numeric computations using fixed-point integer
processing hardware.

6.5.2 Execution times

The MMDVSQ module includes early termination logic to finish both divide and square
root calculations as quickly as possible, based on the magnitude of the input operand.
Accordingly, the execution time for the calculations is data dependent as defined in Table
6-4 and Table 6-5. In this context, the execution time is defined from the register write to
initiate the calculation until the result register has been updated and available to read.
Stated differently, it represents the time CSR[BUSY] is asserted for a given calculation.
In the following two tables, “x” signals a bit with a don’t care value.
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Table 6-4. Divide Execution Times

CSR [USGN] Execution Time with CSR[BUSY] = 1 [cycles]

? DEND[31:0] // unsigned divide

: abs (DEND[31:0]) // signed divide
(07, 1X)XX_XXXX_XXXX_XXXX__XXXX_XXXX_XXXX_XXXX 17
00(01,1X) _XXXX_XXXX_XXXX__ XXXX_XXXX_XXXX_XXXX 16
0000_(01,1X)XX_XXXX_XXXX__XXXX_XXXX_XXXX_XXXX 15
0000_00(01,1x)_XXXX_XXXX__XXXX_XXXX_XXXX_XXXX 14
0000_0000_(01,1X)XX_XXXX_XXXX_XXXX_XXXX_XXXX 13
0000_0000_00(01,1X)_XXXX_XXXX_XXXX_XXXX_XXXX 12
0000_0000_0000_(01,1X)XX_XXXX_XXXX_XXXX_XXXX 11
0000_0000_0000_00(01,1x)_ XXXX_XXXX_XXXX_XXXX 10
0000_0000_0000_0000__(01,1X)XX_XXXX_XXXX_XXXX 9

0000_0000_0000_0000__00(01,1x)_XXXX_XXXX_XXXX
0000_0000_0000_0000__0000_(01,1X)XX_XXXX_XXXX
0000_0000_0000_0000__0000_00(01,1x)_XXXX_XXXX
0000_0000_0000_0000__0000_0000_(01,1x)XX_XXXX
0000_0000_0000_0000__0000_0000_00(01,1x)_xxxx
0000_0000_0000_0000__0000_0000_0000_(01,1x)xx
0000_0000_0000_0000__0000_0000_0000_00(01,1x)
0000_0000_0000_0000__0000_0000_0000_0000

= I N|W| O[N]

Table 6-5. Square Root Execution Times

RCNDI[31:0] Execution Time with CSR[BUSY] = 1 [cycles]

(071,71 XX_XXXX_XXXX_XXXX___ XXXX_XXXX_XXXX_XXXX 17
00(01,1X) _XXXX_XXXX_XXXX_X_XXX_XXXX_XXXX_XXXX 16
0000_(01,1X)XX_XXXX_XXXX_XXXX_XXXX_XXXX_XXXX 15
0000_00(01,1X)_XXXX_XXXX_XXXX_XXXX_XXXX_XXXX 14
0000_0000_(01,1X)XX_XXXX__XXXX_XXXX_XXXX_XXXX 13
0000_0000_00(01,1x)_XXXX__XXXX_XXXX_XXXX_XXXX 12
0000_0000_0000_(01,1X)XX_XXXX_XXXX_XXXX_XXXX 11
0000_0000_0000_00(01,1X)_XXXX_XXXX_XXXX_XXXX 10
0000_0000_0000_0000__(01,1X)XX_XXXX_XXXX_XXXX 9
0000_0000_0000_0000__00(01,1x)_XXXX_XXXX_XXXX 8
0000_0000_0000_0000__0000_(01,1X)XX_XXXX_XXXX 7
0000_0000_0000_0000__0000_00(01,1x)_XXXX_XXXX 6
0000_0000_0000_0000__0000_0000_(01,1X)XX_XXXX 5
0000_0000_0000_0000__0000_0000_00(01,1x)_xxxx 4
0000_0000_0000_0000__0000_0000_0000_(01,1x)xx 3
0000_0000_0000_0000__0000_0000_0000_00(01,1x) 2
0000_0000_0000_0000__0000_0000_0000_0000 2
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6.5.3 Software interface

The programming model of the MMDVSQ is organized to be similar to the input
arguments passed to software libraries for integer divide and square root functions.

6.5.3.1 Operation activation and result retrieval

The MMDVSQ supports 2 mechanisms for initiating a divide operation:
* The default mechanism is a "fast start" where a write to the DSOR register begins the
divide.
» Alternatively, the start mechanism can begin after a write to the CSR register with
the CSR[SRT] set.

The CSR[DFS] indicator selects the divide start mechanism.

if CSR[DFS] = 0
then a divide is initiated by a write to the DSOR register
else a divide is initiated by a write to the CSR register with CSR[SRT] = 1

A square root calculation is initiated by a write to the RCND register.

For both divide and square root calculations, the result of the operation is retrieved by
reading the RES register. A memory read of this register while the calculation is still
being performed causes the access to be stalled via the insertion of bus wait states until
the new result is loaded into the register. Note a stalled bus cycle cannot be interrupted,
so if system interrupt latency is a concern, the processor should execute a simple wait
loop, for example, polling CSR[BUSY], before reading the RES register. This code
construct is fully interruptible, so interrupt latency is minimized.

6.5.3.2 Context save and restore

Given that multiple memory-mapped register accesses are needed for each divide and
square root calculation, interrupts may occur during the required sequence of operations.
As a result, the MMDVSQ’s programming model can be saved at entry to an interrupt
service routine (ISR) and then restored when redispatching to the interrupted task.

The module’s context can be saved by reading the DEND, DSOR, CSR, and RES
registers and storing them as part of the task state. There is one special consideration for
the task state save. If the last calculation was a zero divide and the divide-by-zero enable
is set (CSR[DZE] = 1), then a read of the RES register is error terminated. To avoid a
zero-divide error termination during a context save, the following sequence can be used:

1. Read DEND, DSOR, and CSR registers and save the values as part of the task state.
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2. Clear CSR[DZE].
3. Read the RES register and save its value as part of the task state.

When restoring the context, special care must be taken to not initiate another divide
calculation. Specifically, CSR[DFS] must be set first before reloading the DEND and
DSOR registers. For example, the following sequence can be used for the context reload:

1. Write 0x0000_0020 to the CSR to disable the fast start mechanism.
2. Reload DEND, DSOR, CSR, and RES registers from the saved state.

Since the original context save of the control/status register is guaranteed to have

CSR[SRT] = 0, there is no divide operation initiated when this register is reloaded in step
2.
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Chapter 7
Miscellaneous Control Module (MCM)

7.1 Chip-specific Information for this Module
A generic block diagram of the processor core and platform for this class of

microcontrollers is shown in the following figure. The MCM module's location is
highlighted.

Cortex-MO+ Core
Dbg Fetch CMO+ Core Platform
AGU Dec | Rn ]
NVIC T
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AHB Bus 10 Port | MTB Port MCM
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—XZ
DMA_4ch <—®»{m2 501
32
FAU NVM
(FMC) < > Array

Figure 7-1. Cortex-M0+ core platform block diagram
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7.2 Introduction

The Miscellaneous Control Module (MCM) provides a myriad of miscellaneous control
functions.

7.2.1 Features
The MCM includes the following features:

* Program-visible information on the platform configuration
* Crossbar master arbitration policy selection
* Flash controller speculation buffer and cache configurations

7.3 Memory map/register descriptions

The memory map and register descriptions found here describe the registers using byte
addresses. The registers can be written only when in supervisor mode.

MCM memory map

Absolute . .
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
Crossbar Switch (AXBS) Slave Configuration
F000_3008 (MCM_PLASC) 16 R 0007h 7.3.1/99
Crossbar Switch (AXBS) Master Configuration
FO00_300A (MCM_PLAMC) 16 R 0005h 7.3.2/99
F000_300C |Platform Control Register (MCM_PLACR) 32 R/W | 0000_0250h | 7.3.3/100
F000_3040 |Compute Operation Control Register (MCM_CPO) 32 R/W 0000_0000h | 7.3.4/1083
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7.3.1 Crossbar Switch (AXBS) Slave Configuration (MCM_PLASC)

PLASC is a 16-bit read-only register identifying the presence/absence of bus slave
connections to the device’s crossbar switch.

Address: FO00_3000h base + 8h offset = FO00_3008h

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1
MCM_PLASC field descriptions
Field Description
15-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
ASC Each bit in the ASC field indicates whether there is a corresponding connection to the crossbar switch's

slave input port.

0 A bus slave connection to AXBS input port n is absent.
1 Abus slave connection to AXBS input port n is present.

7.3.2 Crossbar Switch (AXBS) Master Configuration (MCM_PLAMC)

PLAMC is a 16-bit read-only register identifying the presence/absence of bus master
connections to the device's crossbar switch.
Address: FO00_3000h base + Ah offset = FO00_300Ah

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read

Write
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1

MCM_PLAMC field descriptions

Field Description
15-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
AMC Each bit in the AMC field indicates whether there is a corresponding connection to the AXBS master input
port.

Table continues on the next page...
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MCM_PLAMC field descriptions (continued)

Field Description

0 A bus master connection to AXBS input port n is absent
1 A bus master connection to AXBS input port n is present

7.3.3 Platform Control Register (MCM_PLACR)

The PLACR register selects the arbitration policy for the crossbar masters and configures
the flash memory controller.

The speculation buffer and cache in the flash memory controller is configurable via
PLACR[15:10].

The speculation buffer is enabled only for instructions after reset. It is possible to have
these states for the speculation buffer:

DFCS EFDS Description

0 0 Speculation buffer is on for instruction
and off for data.

0 1 Speculation buffer is on for instruction
and on for data.

1 X Speculation buffer is off.

The cache in flash controller is enabled and caching both instruction and data type fetches
after reset. It is possible to have these states for the cache:

DFCC DFCIC DFCDA Description

0 0 0 Cache is on for both
instruction and data.

0 0 1 Cache is on for instruction
and off for data.

0 1 0 Cache is off for instruction
and on for data.

0 1 1 Cache is off for both
instruction and data.

1 X X Cache is off.
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Chapter 7 Miscellaneous Control Module (MCM)
Address: FO00_3000h base + Ch offset = FO00_300Ch

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17

ESFC

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 9 8 | 7 6 5 4 3 2 1 0
R 0
%) (&) O g
Q |EFDS| Q Q O ARB
L
3
w LL
(@]
Reset 0 0 0 0 0 1
MCM_PLACR field descriptions
Field Description
3117 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
16 Enable Stalling Flash Controller
ESFC ) ]
Enables stalling flash controller when flash is busy.
When software needs to access the flash memory while a flash memory resource is being manipulated by
a flash command, software can enable a stall mechanism to avoid a read collision. The stall mechanism
allows software to execute code from the same block on which flash operations are being performed.
However, software must ensure the sector the flash operations are being performed on is not the same
sector from which the code is executing.
ESFC enables the stall mechanism. This bit must be set only just before the flash operation is executed
and must be cleared when the operation completes.
0 Disable stalling flash controller when flash is busy.
1 Enable stalling flash controller when flash is busy.
15 Disable Flash Controller Speculation
DFCS
Disables flash controller speculation.
0 Enable flash controller speculation.
1 Disable flash controller speculation.
14 Enable Flash Data Speculation
EFDS
Enables flash data speculation.

Table continues on the next page...
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MCM_PLACR field descriptions (continued)

Field Description
0 Disable flash data speculation.
1 Enable flash data speculation.
13 Disable Flash Controller Cache
DFCC
Disables flash controller cache.
0 Enable flash controller cache.
1 Disable flash controller cache.
12 Disable Flash Controller Instruction Caching
DFCIC
Disables flash controller instruction caching.
0 Enable flash controller instruction caching.
1 Disable flash controller instruction caching.
11 Disable Flash Controller Data Caching
DFCDA
Disables flash controller data caching.
0 Enable flash controller data caching
1 Disable flash controller data caching.
10 Clear Flash Controller Cache
CFCC
Writing a 1 to this field clears the cache. Writing a 0 to this field is ignored. This field always reads as O.
9 Arbitration select
ARB
0 Fixed-priority arbitration for the crossbar masters
1 Round-robin arbitration for the crossbar masters
Reserved This field is reserved.

This read-only field is reserved and always has the value 0.
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7.3.4 Compute Operation Control Register (MCM_CPO)
This register controls the Compute Operation.

Address: FO00_3000h base + 40h offset = FO00_3040h

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
X
(@]
R 0 6
(@) O |
5|78
o o
(@] (@]

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

MCM_CPO field descriptions

Field Description
31-3 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
2 Compute Operation Wake-up on Interrupt
CPOWOI
0 No effect.
1 When set, the CPOREQ is cleared on any interrupt or exception vector fetch.
1 Compute Operation Acknowledge
CPOACK

0 Compute operation entry has not completed or compute operation exit has completed.
1 Compute operation entry has completed or compute operation exit has not completed.

0 Compute Operation Request
CPOREQ

This bit is auto-cleared by vector fetching if CPOWOI = 1.

Table continues on the next page...
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MCM_CPO field descriptions (continued)

Field

Description

0 Requestis cleared.
1 Request Compute Operation.
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Chapter 8
Bit Manipulation Engine (BME)

8.1 Chip-specific Information for this Module

In this block chapter, PBRIDGE stands for the Peripheral Bridge, with the same meaning
as AIPS-Lite.

8.2 Introduction

The Bit Manipulation Engine (BME) provides hardware support for atomic read-modify-
write memory operations to the peripheral address space in Cortex-MO+ based
microcontrollers.

This architectural capability is also known as "decorated storage" as it defines a
mechanism for providing additional semantics for load and store operations to memory-
mapped peripherals beyond just the reading and writing of data values to the addressed
memory locations. In the BME definition, the "decoration", that is, the additional
semantic information, is encoded into the peripheral address used to reference the
memory.

By combining the basic load and store instructions of the ARM Cortex-M instruction set
architecture (vbM, v7M) with the concept of decorated storage provided by the BME, the
resulting implementation provides a robust and efficient read-modify-write capability to
this class of ultra low-end microcontrollers. The resulting architectural capability defined
by this core platform function is targeted at the manipulation of n-bit fields in peripheral
registers and is consistent with I/O hardware addressing in the Embedded C standard. For
most BME commands, a single core read or write bus cycle is converted into an atomic
read-modify-write, that is, an indivisible "read followed by a write" bus sequence.

BME decorated references are only available on system bus transactions generated by the
processor core and targeted at the standard 512 KB peripheral address space based at
0x4000_0000'. The decoration semantic is embedded into address bits[28:19], creating a
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448 MB space at addresses 0x4400_0000—-0x5FFF_FFFF for AIPS; these bits are
stripped out of the actual address sent to the peripheral bus controller and used by the
BME to define and control its operation.

8.2.1 Overview

The following figure is a generic block diagram of the processor core and platform for
this class of ultra low-end microcontrollers.

Cortex-M0O+ Core
Dbg Fetch CMO+ Core Platform
AGU Dec | Rn ]
NVIC i
LD/ST i[‘ST MUL
AHB Bus 10 Port MTB Port
32
P RAM
e PRAM [ - Array
A
|
GPIO
T ) g
mo0 s1
AX-BS Slave
-Lite 32 Peripherals
Alt-Master |- - m3 s2<¢——p»BME-»PBRIDGE | |
—XZ
DMA_4ch <—®»m2 s0
32
FMC | > /’:::e':"y

Note: BME can be accessed only by the core.

Figure 8-1. Cortex-M0+ core platform block diagram

As shown in the block diagram, the BME module interfaces to a switch AHB slave port
as its primary input and sources an AHB bus output to the Peripheral Bridge (PBRIDGE)
controller. The BME hardware microarchitecture is a 2-stage pipeline design matching

1. To be perfectly accurate, the peripheral address space occupies a 516 KB region: 512 KB based at 0x4000_0000 plus a 4
KB space based at 0x400F_F000 for GPIO accesses. This organization provides compatibility with the Kinetis K Family.
Attempted accesses to the memory space located between 0x4008_0000 - 0x400F_EFFF are error terminated due to an
illegal address.
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the protocol of the AMBA-AHB system bus interfaces. The PBRIDGE module converts
the AHB system bus protocol into the IPS/APB protocol used by the attached slave
peripherals.

8.2.2 Features

The key features of the BME include:

 Lightweight implementation of decorated storage for selected address spaces

» Additional access semantics encoded into the reference address

* Resides between a switch slave port and a peripheral bridge bus controller

* Two-stage pipeline design matching the AHB system bus protocol

* Combinationally passes non-decorated accesses to peripheral bridge bus controller

* Conversion of decorated loads and stores from processor core into atomic read-
modify-writes

* Decorated loads support unsigned bit field extracts, load-and-{set,clear} 1-bit
operations

* Decorated stores support bit field inserts, logical AND, OR, and XOR operations

* Support for byte, halfword and word-sized decorated operations

* Supports minimum signal toggling on AHB output bus to reduce power dissipation

8.2.3 Modes of operation

The BME module does not support any special modes of operation. As a memory-
mapped device located on a crossbar slave AHB system bus port, BME responds strictly
on the basis of memory addresses for accesses to the peripheral bridge bus controller.

All functionality associated with the BME module resides in the core platform's clock
domain; this includes its connections with the crossbar slave port and the PBRIDGE bus
controller.

8.3 Memory map and register definition

The BME module provides a memory-mapped capability and does not include any
programming model registers.

The exact set of functions supported by the BME are detailed in the Functional
description.
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The peripheral address space occupies a 516 KB region: 512 KB based at 0x4000_0000
plus a 4 KB space based at 0x400F_FO000 for GPIO accesses; the decorated address space
is mapped to the 448 MB region located at 0x4400_0000-0x5SFFF_FFFF.

8.4 Functional description
Information found here details the specific functions supported by the BME.

Recall the combination of the basic load and store instructions of the Cortex-M
instruction set architecture (voM, v7/M) plus the concept of decorated storage provided by
the BME, the resulting implementation provides a robust and efficient read-modify-write
capability to this class of ultra low-end microcontrollers. The resulting architectural
capability defined by this core platform function is targeted at the manipulation of n-bit
fields in peripheral registers and is consistent with I/O hardware addressing in the
Embedded C standard. For most BME commands, a single core read or write bus cycle is
converted into an atomic read-modify-write, that is, an indivisible "read followed by a
write" bus sequence.

Consider decorated store operations first, then decorated loads.

8.4.1 BME decorated stores

The functions supported by the BME's decorated stores include three logical operators
(AND, OR, XOR) plus a bit field insert.

For all these operations, BME converts a single decorated AHB store transaction into a 2-
cycle atomic read-modify-write sequence, where the combined read-modify operation is
performed in the first AHB data phase, and then the write is performed in the second
AHB data phase.

A generic timing diagram of a decorated store showing a peripheral bit field insert
operation is shown as follows:
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CYCLE RULER

X x+1 X+2
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5..V_Wwxyz X

Figure 8-2. Decorated store: bit field insert timing diagram

All the decorated store operations follow the same execution template shown in Figure
8-2, a two-cycle read-modify-write operation:

1. Cycle x, 1st AHB address phase: Write from input bus is translated into a read
operation on the output bus using the actual memory address (with the decoration
removed) and then captured in a register.

2. Cycle x+1, 2nd AHB address phase: Write access with the registered (but actual)
memory address is output

3. Cycle x+1, 1st AHB data phase: Memory read data is modified using the input bus
write data and the function defined by the decoration and captured in a data register;
the input bus cycle is stalled.

4. Cycle x+2, 2nd AHB data phase: Registered write data is sourced onto the output
write data bus.

NOTE

Any wait states inserted by the slave device are simply passed
through the BME back to the master input bus, stalling the
AHB transaction cycle for cycle.
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Functional description

8.4.1.1 Decorated store logical AND (AND)
This command performs an atomic read-modify-write of the referenced memory location.
1. First, the location is read;
2. It is then modified by performing a logical AND operation using the write data
operand sourced for the system bus cycle
3. Finally, the result of the AND operation is written back into the referenced memory
location.

The data size is specified by the write operation and can be byte (8-bit), halfword (16-bit)
or word (32-bit). The core performs the required write data lane replication on byte and
halfword transfers.

31 30 29 28|27 26 25 24|23 22 21 20/ 19 18 17 16‘15 14 13 12‘11 10 9 8‘7 6 5 4‘3 2 1 0
joandb | O | * | *|{ O[O [ 1|-]-|-|-|-1]- mem_addr
joandh | O | * | | O |O |1 |-|-|-1|-]|"-]- mem_addr 0
ioandw| O | = | = | OO |1 |-|-|-]-]-]- mem_addr ‘ olo
| | | |

Figure 8-3. Decorated store address: logical AND

See Figure 8-3, where addr[30:29] = 10 for peripheral, addr[28:26] = 001 specifies the
AND operation, and mem_addr[19:0] specifies the address offset into the space based at
0x4000_0000 for peripherals. The "-" indicates an address bit "don't care".

The decorated AND write operation is defined in the following pseudo-code as:

ioand<sz> (accessAddress, wdata) // decorated store AND
tmp = mem[accessAddress & OxEOOFFFFF, size] // memory read

tmp = tmp & wdata // modify

mem [accessAddress & OxEOOFFFFF, size] = tmp // memory write

where the operand size <sz> is defined as b(yte, 8-bit), h(alfword, 16-bit) and w(ord, 32-
bit). This notation is used throughout the document.

In the cycle definition tables, the notations AHB_ap and AHB_dp refer to the address and
data phases of the BME AHB transaction. The cycle-by-cycle BME operations are
detailed in the following table.

Table 8-1. Cycle definitions of decorated store: logical AND

Pipeline stage Cycle
X x+1 X+2
BME AHB_ap Forward addr to memory; Recirculate captured addr + <next>
Decode decoration; Convert |attr to memory as slave_wt

Table continues on the next page...
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Table 8-1. Cycle definitions of decorated store: logical AND (continued)

Pipeline stage Cycle

X x+1 X+2

master_wt to slave_rd;
Capture address, attributes

BME AHB_dp <previous> Perform memory read; Form | Perform write sending
(rdata & wdata) and capture |registered data to memory
destination data in register

8.4.1.2 Decorated store logical OR (OR)

This command performs an atomic read-modify-write of the referenced memory location.
1. First, the location is read.
2. It is then modified by performing a logical OR operation using the write data operand
sourced for the system bus cycle.
3. Finally, the result of the OR operation is written back into the referenced memory
location.

The data size is specified by the write operation and can be byte (8-bit), halfword (16-bit)
or word (32-bit). The core performs the required write data lane replication on byte and
halfword transfers.

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

joorb [O|*|*[O[1]|O|-|-|-1|-/-1- mem_addr
ioorh [O|*|*|O0O[1|O|-|-|-]-|"-1|- mem_addr 0
joorw [O|*|*{O[1]|O|-]|-|-|-|-1]- mem_addr ‘ 0|0

Figure 8-4. Decorated address store: logical OR

See Figure 8-4,where addr[30:29] =10 for peripheral, addr[28:26] = 010 specifies the OR
operation, and mem_addr[19:0] specifies the address offset into the space based at
0x4000_0000 for peripherals. The "-" indicates an address bit "don't care".

The decorated OR write operation is defined in the following pseudo-code as:

ioor<sz> (accessAddress, wdata) // decorated store OR
tmp = mem[accessAddress & OxXEOOFFFFF, size]l // memory read

tmp = tmp | wdata // modify

mem [accessAddress & OxXEOOFFFFF, sizel = tmp // memory write

The cycle-by-cycle BME operations are detailed in the following table.
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Table 8-2. Cycle definitions of decorated store: logical OR

Pipeline stage Cycle
X x+1 X+2
BME AHB_ap Forward addr to memory; Recirculate captured addr + <next>

Decode decoration; Convert | attr to memory as slave_wt
master_wt to slave_rd;
Capture address, attributes

BME AHB_dp <previous> Perform memory read; Form | Perform write sending
(rdata | wdata) and capture registered data to memory
destination data in register

8.4.1.3 Decorated store logical XOR (XOR)

This command performs an atomic read-modify-write of the referenced memory location.
1. First, the location is read.
2. It is then modified by performing a logical XOR (exclusive-OR) operation using the
write data operand sourced for the system bus cycle.
3. Finally, the result of the XOR operation is written back into the referenced memory
location.

The data size is specified by the write operation and can be byte (8-bit), halfword (16-bit)
or word (32-bit). The core performs the required write data lane replication on byte and
halfword transfers.

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

ioxorb |O | *| *[O |1 [ 1]|-1|-|-1]-|-]- mem_addr
jioxorh |O | *| =[O |1 [ 1]|-1|-|-1]-|-]- mem_addr 0
ioxorw |[O | * [ =|O [ 1| 1]-|-]|-1]-|-]- mem_addr ‘ olo

Figure 8-5. Decorated address store: logical XOR

See Figure 8-5, where addr[30:29] =10 for peripheral, addr[28:26] = 011 specifies the
XOR operation, and mem_addr[19:0] specifies the address offset into the peripheral
space based at 0x4000_0000 for peripherals. The "-" indicates an address bit "don't care".

The decorated XOR write operation is defined in the following pseudo-code as:

ioxor<sz> (accessAddress, wdata) // decorated store XOR
tmp = mem[accessAddress & OxEOOFFFFF, size]l // memory read

tmp = tmp * wdata // modify

mem [accessAddress & OxXEOOFFFFF, sizel = tmp // memory write

The cycle-by-cycle BME operations are detailed in the following table.
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Table 8-3. Cycle definitions of decorated store: logical XOR

Pipeline Stage Cycle
X x+1 X+2
BME AHB_ap Forward addr to memory; Recirculate captured addr + <next>

Decode decoration; Convert | attr to memory as slave_wt
master_wt to slave_rd;
Capture address, attributes

BME AHB_dp <previous> Perform memory read; Form | Perform write sending
(rdata ~ wdata) and capture registered data to memory
destination data in register

8.4.1.4 Decorated store bit field insert (BFl)

This command inserts a bit field contained in the write data operand, defined by LSB
position (b) and the bit field width (w+1), into the memory "container" defined by the
access size associated with the store instruction using an atomic read-modify-write
sequence.

The data size is specified by the write operation and can be byte (8-bit), halfword (16-bit)
or word (32-bit).

NOTE
For the word sized operation, the maximum bit field width is 16
bits. The core performs the required write data lane replication
on byte and halfword transfers.

The BFI operation can be used to insert a single bit into a peripheral. For this case, the w
field is simply set to 0, indicating a bit field width of 1.

31 30 29 28|27 26 25 24|23 22 21 2019 18 17 16‘15 14 13 12‘11 10 9 8‘7 6 5 4‘3 2 1 0

jobfib [O|*|*[1]-]-|b|b|b|-|wlwlw mem_addr
jobfih [O|*|*[1]|-|b|b| b|b| w wfwlw mem_addr 0
iobfiw [O|*|+*[1][b|b|b|b|b| w Wi wj/w mem_addr \0 0

Figure 8-6. Decorated address store: bit field insert

where addr[30:29] =10 for peripheral,addr[28] = 1 signals a BFI operation, addr[27:23] is
"b", the LSB identifier, addr[22:19] is "w", the bit field width minus 1 identifier, and
addr[18:0] specifies the address offset into the peripheral space based at 0x4000_0000 for
peripherals. The "-" indicates an address bit "don't care". Note, unlike the other decorated
store operations, BFI uses addr[19] as the least significant bit in the "w" specifier and not
as an address bit.
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The decorated BFI write operation is defined in the following pseudo-code as:

iobfi<sz> (accessAddress, wdata) // decorated bit field insert
tmp = mem[accessAddress & O0xE0Q07FFFF, size] // memory read
mask = ((1 << (w+l)) - 1) << b // generate bit mask
tmp = tmp & ~mask // modify
| wdata & mask
mem [accessAddress & O0xEOO07FFFF, sizel = tmp // memory write

The write data operand (wdata) associated with the store instruction contains the bit field
to be inserted. It must be properly aligned within a right-aligned container, that is, within
the lower 8 bits for a byte operation, the lower 16 bits for a halfword, or the entire 32 bits
for a word operation.

To illustrate, consider the following example of the insertion of the 3-bit field "xyz" into
an 8-bit memory container, initially set to "abcd_efgh". For all cases, w is 2, signaling a
bit field width of 3.

if b = 0 and the decorated store (strb) Rt register([7:0] = ---- -xyz,
then destination is "abcd exyz"

if b = 1 and the decorated store (strb) Rt register([7:0] = ----_xyz-,
then destination is "abcd xyzh"

if b = 2 and the decorated store (strb) Rt register([7:0] = ---x yz--,
then destination is "abcx_ yzgh"

if b = 3 and the decorated store (strb) Rt register([7:0] = --xy z---,

then destination is "abxy zfgh"

if b = 4 and the decorated store (strb) Rt register[7:0]
then destination is "axyz efgh"

if b = 5 and the decorated store (strb) Rt register([7:0] = xyz- ----,
then destination is "xyzd efgh"

if b = 6 and the decorated store (strb) Rt register[7:0]
then destination is "yzcd efgh"

if b = 7 and the decorated store (strb) Rt register[7:0] = z--- ---- ,
then destination is "zbcd efgh"

_xyz__ TT T

Il
N
N

Note from the example, when the starting bit position plus the field width exceeds the
container size, only part of the source bit field is inserted into the destination memory
location. Stated differently, if (b + w+1) > container_width, only the low-order
"container_width - b" bits are actually inserted.

The cycle-by-cycle BME operations are detailed in the following table.

Table 8-4. Cycle definitions of decorated store: bit field insert

Pipeline stage Cycle
X x+1 X+2
BME AHB_ap Forward addr to memory; Recirculate captured addr + <next>

Decode decoration; Convert | attr to memory as slave_wt
master_wt to slave_rd;
Capture address, attributes

BME AHB_dp <previous> Perform memory read; Form | Perform write sending

bit mask; Form bitwise registered data to memory
((mask) ? wdata : rdata)) and
capture destination data in
register
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8.4.2 BME decorated loads

The functions supported by the BME's decorated loads include two single-bit load-and-
{set, clear} operators plus unsigned bit field extracts.

For the two load-and-{set, clear} operations, BME converts a single decorated AHB load
transaction into a two-cycle atomic read-modify-write sequence, where the combined
read-modify operations are performed in the first AHB data phase, and then the write is
performed in the second AHB data phase as the original read data is returned to the
processor core. For an unsigned bit field extract, the decorated load transaction is stalled
for one cycle in the BME as the data field is extracted, then aligned and returned to the
processor in the second AHB data phase. This is the only decorated transaction that is not
an atomic read-modify-write, as it is a simple data read.

A generic timing diagram of a decorated load showing a peripheral load-and-set 1-bit
operation is shown as follows.
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CYCLE RULER X X+1 X+2
hek v N/ /S /S
BME AHB Input Bus
mx_haddr |_¢ AcV_Wxyz X next K |
mx_hattr 4 X next >—
mx_hwrite next >_
mx_hwdata -
mx_hrdata G o 5 —
mx_hready -
BME AHB Output Bus
sx_haddr |_¢ 400v_wxyz X 400v_wxyz X next K |
sx_hattr |_¢ X X next K |
sx_hwrite next K |
sx_hwdata rdata + 1bit >_
sx_hrdata rdata
sx_hready
BME States + Datapath
control_state_dp1
control_state_dp2
reg_addr_data_dp 4c.v_wxyz X rdata + 1bit K |

Figure 8-7. Decorated load: load-and-set 1-bit field insert timing diagram

Decorated load-and-{set, clear} 1-bit operations follow the execution template shown in
the above figure: a 2-cycle read-modify-write operation:

1. Cycle x, first AHB address phase: Read from input bus is translated into a read
operation on the output bus with the actual memory address (with the decoration
removed) and then captured in a register

2. Cycle x+1, second AHB address phase: Write access with the registered (but actual)
memory address is output

3. Cycle x+1, first AHB data phase: The "original" 1-bit memory read data is captured
in a register, while the 1-bit field is set or clear based on the function defined by the
decoration with the modified data captured in a register; the input bus cycle is stalled

4. Cycle x+2, second AHB data phase: The selected original 1-bit is right-justified,
zero-filled and then driven onto the input read data bus, while the registered write
data is sourced onto the output write data bus
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NOTE
Any wait states inserted by the slave device are simply passed
through the BME back to the master input bus, stalling the
AHB transaction cycle for cycle.

A generic timing diagram of a decorated load showing an unsigned peripheral bit field
operation is shown in the following figure.

CYCLE RULER 1 2 3 4

ek TN TN N

BME AHB Input Bus

mx_haddr { 5..v_wxyz X next

mx_hattr { >< next

mx_hwrite next

mx_hwdata

m hrdste G

mx_hready

BME AHB Output Bus

sx_haddr — 400v_wxyz next

sx_hattr % next

sx_hwrite next

sx_hwdata

sx_hrdata rdata

sx_hready

BME States + Datapath

control_state_dp1

control_state_dp2

reg_addr_data_dp 5..V_Wxyz X rdata

Figure 8-8. Decorated load: unsigned bit field insert timing diagram

The decorated unsigned bit field extract follows the same execution template shown in
the above figure, a 2-cycle read operation:

* Cycle x, 1st AHB address phase: Read from input bus is translated into a read
operation on the output bus with the actual memory address (with the decoration
removed) and then captured in a register

e Cycle x+1, 2nd AHB address phase: Idle cycle
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e Cycle x+1, Ist AHB data phase: A bit mask is generated based on the starting bit
position and the field width; the mask is AND'ed with the memory read data to
isolate the bit field; the resulting data is captured in a data register; the input bus
cycle is stalled
* Cycle x+2, 2nd AHB data phase: Registered data is logically right-aligned for proper
alignment and driven onto the input read data bus

NOTE

Any wait states inserted by the slave device are simply passed
through the BME back to the master input bus, stalling the
AHB transaction cycle for cycle.

8.4.2.1 Decorated load: load-and-clear 1 bit (LAC1)

This command loads a 1-bit field defined by the LSB position (b) into the core's general
purpose destination register (Rt) and zeroes the bit in the memory space after performing
an atomic read-modify-write sequence.

The extracted 1-bit data field from the memory address is right-justified and zero-filled in
the operand returned to the core.

The data size is specified by the read operation and can be byte (8-bit), halfword (16-bit)
or word (32-bit).

31 30 29 28|27 26 25 24|23 22 21 20|19 18 17 16‘15 14 13 12‘11 10 9 8‘7 6 5 4‘3 2 1 0
iolaclb |0 |* |*|O0|1|O0O|-|-|b|b]|b]- mem_addr
iolach |0 |*|*|0|1|0|-|b|b|b|b]- mem_addr 0
iolaciw [0 * [*[o|1]|o][b|[b|b|b|b]- mem_addr oo
| | | |

Figure 8-9. Decorated load address: load-and-clear 1 bit

See Figure 8-9, where addr[30:29] = 10 for peripheral, addr[28:26] = 010 specifies the
load-and-clear 1 bit operation, addr[25:21] is "b", the bit identifier, and mem_addr[19:0]
specifies the address offset into the space based at 0x4000_0000 for peripheral. The "-"
indicates an address bit "don't care".

The decorated load-and-clear 1-bit read operation is defined in the following pseudo-code
as:

rdata = iolacl<sz>(accessAddress) // decorated load-and-clear 1
tmp = mem[accessAddress & OxXEOOFFFFF, size]l // memory read

mask = 1 << b // generate bit mask

rdata = (tmp & mask) >> b // read data returned to core
tmp = tmp & ~mask // modify

mem [accessAddress & OxEOOFFFFF, size] = tmp // memory write
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The cycle-by-cycle BME operations are detailed in the following table.

Table 8-5. Cycle definitions of decorated load: load-and-clear 1 bit

Pipeline Stage Cycle
X x+1 X+2
BME AHB_ap Forward addr to memory; Recirculate captured addr + <next>

Decode decoration; Capture |attr to memory as slave_wt
address, attributes

BME AHB_dp <previous> Perform memory read; Form |Return extracted bit to master;
bit mask; Extract bit from Perform write sending

rdata; Form (rdata & ~mask) |registered data to memory
and capture destination data
in register

8.4.2.2 Decorated Load: Load-and-Set 1 Bit (LAS1)

This command loads a 1-bit field defined by the LSB position (b) into the core's general
purpose destination register (Rt) and sets the bit in the memory space after performing an
atomic read-modify-write sequence.

The extracted one bit data field from the memory address is right justified and zero filled
in the operand returned to the core.

The data size is specified by the read operation and can be byte (8-bit), halfword (16-bit)
or word (32-bit).

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

jolasbb | O | * | *{O0|1|1]|-|-|b|b|b]- mem_addr
jolasth | O | * | |0 |11 b|b|b|b]- mem_addr 0
iolasiw| O [ = | =[0o[1][1]b]b|b]|b]|Db]- mem_addr [o]o

Figure 8-10. Decorated load address: load-and-set 1 bit

where addr[30:29] = 10 for peripheral, addr[28:26] = 011 specifies the load-and-set 1 bit
operation, addr[25:21] is "b", the bit identifier, and mem_addr[19:0] specifies the address
offset into the space based at 0x4000_0000 for peripheral. The "-" indicates an address
bit "don't care".

The decorated Load-and-Set 1 Bit read operation is defined in the following pseudo-code
as:

rdata = iolasl<sz>(accessAddress) // decorated load-and-set 1
tmp = mem[accessAddress & OxEOOFFFFF, size]l // memory read

mask = 1 << b // generate bit mask

rdata = (tmp & mask) >> b // read data returned to core

Kinetis KE1xZ Sub-Family Reference Manual, Rev. 2, 09/2016
NXP Semiconductors 119




Functional description

tmp = twmp | mask // modify
mem [accessAddress & OxEOOFFFFF, size] = tmp // memory write

The cycle-by-cycle BME operations are detailed in the following table.

Table 8-6. Cycle definitions of decorated load: load-and-set 1-bit

Pipeline Stage Cycle
X x+1 X+2
BME AHB_ap Forward addr to memory; Recirculate captured addr + <next>

Decode decoration; Capture |attr to memory as slave_wt
address, attributes

BME AHB_dp <previous> Perform memory read; Form |Return extracted bit to master;
bit mask; Extract bit from Perform write sending
rdata; Form (rdata | mask) registered data to memory
and capture destination data
in register

8.4.2.3 Decorated load unsigned bit field extract (UBFX)

This command extracts a bit field defined by LSB position (b) and the bit field width (w
+1) from the memory "container" defined by the access size associated with the load
instruction using a two-cycle read sequence.

The extracted bit field from the memory address is right-justified and zero-filled in the
operand returned to the core. Recall this is the only decorated operation that does not
perform a memory write, that is, UBFX only performs a read.

The data size is specified by the write operation and can be byte (8-bit), halfword (16-bit)
or word (32-bit). Note for the word sized operation, the maximum bit field width is 16
bits.

The use of a UBFX operation is recommended to extract a single bit. For this case, the w
field is simply set to 0, indicating a bit field width of 1.

31 30 29 28 (27 26 25 24(23 22 21 20| 19 18 17 16‘15 14 13 12‘11 10 9 8’7 6 5 4‘3 2 1 0
joubfxb | O | * | * [ 1| -|-|b|b|b|-|w]|w|w mem_addr
joubfxh [O | = | x| 1| -|b|b|b|b|lw|lw]|w]|w mem_addr 0
ioubfxw| O | *| *|1|b|b|b|b|b|wW|w/[w|w mem_addr | 0|0
| | | |

Figure 8-11. Decorated load address: unsigned bit field extract

See Figure 8-11, where addr[30:29] = 10 for peripheral, addr[28] = 1 specifies the
unsigned bit field extract operation, addr[27:23] is "b", the LSB identifier, addr[22:19] is
"w", the bit field width minus 1 identifier, and mem_addr[18:0] specifies the address
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offset into the space based at 0x4000_0000 for peripheral. The "-" indicates an address
bit "don't care". Note, unlike the other decorated load operations, UBFX uses addr[19] as
the least significant bit in the "w" specifier and not as an address bit.

The decorated unsigned bit field extract read operation is defined in the following
pseudo-code as:

rdata = ioubfx<sz>(accessAddress) // unsigned bit field extract
tmp = mem[accessAddress & 0xE007FFFF, size] // memory read

mask = ((1 << (w+1l)) - 1) << b // generate bit mask

rdata = (tmp & mask) >> b // read data returned to core

Like the BFI operation, when the starting bit position plus the field width exceeds the
container size, only part of the source bit field is extracted from the destination memory
location. Stated differently, if (b + w+1) > container_width, only the low-order
"container_width - b" bits are actually extracted. The cycle-by-cycle BME operations are
detailed in the following table.

Table 8-7. Cycle definitions of decorated load: unsigned bit field extract

Pipeline Stage Cycle
X x+1 X+2
BME AHB_ap Forward addr to memory; Idle AHB address phase <next>

Decode decoration; Capture
address, attributes

BME AHB_dp <previous> Perform memory read; Form |Logically right shift registered
bit mask; Form (rdata & mask) | data; Return justified rdata to
and capture destination data |master

in register

8.4.3 Additional details on decorated addresses and GPIO
accesses

As previously noted, the peripheral address space occupies a 516 KB region: 512 KB
based at 0x4000_0000 plus a 4 KB space based at 0x400F_F000 for GPIO accesses. This
memory layout provides compatibility with the Kinetis K Family and provides 129
address "slots", each 4 KB in size.

The GPIO address space is multiply-mapped by the hardware: it appears at the "standard"
system address 0x400F_F000 and is physically located in the address slot corresponding
to address 0x4000_F000. Decorated loads and stores create a slight complication
involving accesses to the GPIO. Recall the use of address[19] varies by decorated
operation; for AND, OR, XOR, LACI1 and LASI, this bit functions as a true address bit,
while for BFI and UBFX, this bit defines the least significant bit of the "w" bit field
specifier.
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As a result, undecorated GPIO references and decorated AND, OR, XOR, LAC1 and
LASI1 operations can use the standard 0x400F_FO000 base address, while decorated BFI
and UBFX operations must use the alternate 0x4000_F000 base address. Another
implementation can simply use 0x400F_F000 as the base address for all undecorated
GPIO accesses and 0x4000_FO00O0 as the base address for all decorated accesses. Both
implementations are supported by the hardware.

Table 8-8. Decorated peripheral and GPIO address details

Peripheral address space Description
0x4000_0000—0x4007_FFFF Undecorated (normal) peripheral accesses
0x4008_0000-0x400F_EFFF |lllegal addresses; attempted references are aborted and error terminated
0x400F_F000-0x400F_FFFF |Undecorated (normal) GPIO accesses using standard address
0x4010_0000—0x43FF_FFFF lllegal addresses; attempted references are aborted and error terminated

0x4400_0000-0x4FFF_FFFF |Decorated AND, OR, XOR, LAC1, LAS1 references to peripherals and GPIO based at
either 0x4000_FO000 or 0x400F_F000

0x5000_0000-0x5FFF_FFFF | Decorated BFI, UBFX references to peripherals and GPIO only based at 0x4000_F000

8.5 Application information

In this section, GNU assembler macros with C expression operands are presented as
examples of the required instructions to perform decorated operations.

This section specifically presents a partial bme.h file defining the assembly language
expressions for decorated logical stores: AND, OR, and XOR. Comparable functions for
BFI and the decorated loads are more complex and available in the complete BME header
file.

These macros use the same function names presented in Functional description.

#define IOANDW (ADDR, WDATA) \
__asm("ldr r3, =(1<<26);" \
"orr r3, %$[addr];" \
"mov r2, %$[wdata]l;" \
"str r2, [r3];" \

[addr] "r" (ADDR), [wdata] "r" (WDATA) : "r2", "r3");
#define IOANDH (ADDR, WDATA) \
__asm("ldr r3, =(1<<26);" \
"orr r3, %[addr];" \
"mov r2, %$[wdata];" \
"strh r2, [r3];" \

[addr] "r" (ADDR), [wdata] "r" (WDATA) : "r2", "r3");
#define IOANDB (ADDR, WDATA) \
__asm("ldr r3, =(1<<26);" \
"orr r3, %[addr];" \
"mov r2, %[wdata]l;" \
"strb r2, [r3];" \

[addr] "r" (ADDR), [wdata] "r" (WDATA) : "r2", "r3");
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#define IOORW (ADDR, WDATA) \
__asm("ldr r3, =(1<<27);" \
"orr r3, %$[addr];" \
"mov r2, %[wdatal;" \
"str r2, [r3];" \

[addr] "r" (ADDR), [wdata] "r" (WDATA) : "r2", "r3");
#define IOORH (ADDR, WDATA) \
__asm("ldr r3, =(1<<27);" \
"orr r3, $%$[addr];" \
"mov r2, %$[wdata]l;" \
"strh r2, [r3];" \

[addr] "r" (ADDR), [wdata] "xr" (WDATA) : "r2", "xr3");
#define IOORB (ADDR, WDATA) \
__asm("ldr r3, =(1<<27);" \
"orr r3, %[addr];" \
"mov r2, %$[wdata];" \
"strb r2, [r3];" \

[addr] "r" (ADDR), [wdata] "r" (WDATA) : "r2", "r3");
#define IOXORW (ADDR, WDATA) \
__asm("ldr r3, =(3<<26);" \
"orr r3, %[addr];" \
"mov r2, %[wdata];" \
"str r2, [r3];" \

[addr] "r" (ADDR), [wdata] "r" (WDATA) : "r2", "r3");
#define IOXORH (ADDR, WDATA) \
__asm("ldr r3, =(3<<26);" \
"orr r3, %$[addr];" \
"mov r2, %[wdata];" \
"strh r2, [r3];" \

[addr] "r" (ADDR), [wdata] "r" (WDATA) : "r2", "r3");
#define IOXORB (ADDR, WDATA) \
__asm("ldr r3, =(3<<26);" \
"orr r3, $%$[addr];" \
"mov r2, %$[wdata]l;" \
"strb  r2, [r3];" \

[addr] "r" (ADDR), [wdata] "xr" (WDATA) : "r2", "xr3");
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Chapter 9

Crossbar Switch Lite (AXBS-Lite)

9.1 Chip-specific Information for this Module

A generic block diagram of the processor core and platform for this class of

microcontrollers is shown in the following figure. The AXBS module's location is

highlighted.
Cortex-MO+ Core
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Figure 9-1. Cortex-M0+ core platform block diagram

The masters connected to the crossbar switch are assigned as follows:
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Master module Master port number
ARM core I/D bus 0
ARM core system bus
DMA 2

The slaves connected to the crossbar switch are assigned as follows:

Slave module Slave port number
Flash memory controller 0
SRAM controllers
Peripheral bridge 0 / GPIO' 2

1. See System memory map for access restrictions.

NOTE
This crossbar switch has no memory mapped configuration
registers. The arbitration method in the crossbar switch is
programmable by MCM registers.

NOTE
The AXBS master and slave configuration information can be
read from MCM registers.

9.2 Introduction

The information found here provides information on the layout, configuration, and
programming of the crossbar switch.

The crossbar switch connects bus masters and bus slaves using a crossbar switch
structure. This structure allows up to four bus masters to access different bus slaves
simultaneously, while providing arbitration among the bus masters when they access the
same slave.

9.2.1 Features
The crossbar switch includes these features:
* Symmetric crossbar bus switch implementation

¢ Allows concurrent accesses from different masters to different slaves
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 Up to single-clock 32-bit transfer

* Programmable configuration for fixed-priority or round-robin slave port arbitration
(see the chip-specific information).

9.3 Memory Map / Register Definition

This crossbar switch is designed for minimal gate count. It, therefore, has no memory-
mapped configuration registers.

Please see the chip-specific information for information on whether the arbitration
method in the crossbar switch is programmable, and by which module.

9.4 Functional Description

9.4.1 General operation

When a master accesses the crossbar switch, the access is immediately taken. If the
targeted slave port of the access is available, then the access is immediately presented on
the slave port. Single-clock or zero-wait-state accesses are possible through the crossbar.
If the targeted slave port of the access is busy or parked on a different master port, the
requesting master simply sees wait states inserted until the targeted slave port can service
the master's request. The latency in servicing the request depends on each master's
priority level and the responding slave's access time.

Because the crossbar switch appears to be just another slave to the master device, the
master device has no knowledge of whether it actually owns the slave port it is targeting.
While the master does not have control of the slave port it is targeting, it simply waits.

After the master has control of the slave port it is targeting, the master remains in control
of the slave port until it relinquishes the slave port by running an IDLE cycle or by
targeting a different slave port for its next access.

The master can also lose control of the slave port if another higher-priority master makes
a request to the slave port.

The crossbar terminates all master IDLE transfers, as opposed to allowing the termination
to come from one of the slave buses. Additionally, when no master is requesting access to
a slave port, the crossbar drives IDLE transfers onto the slave bus, even though a default
master may be granted access to the slave port.
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When a slave bus is being idled by the crossbar, it remains parked with the last master to
use the slave port. This is done to save the initial clock of arbitration delay that otherwise
would be seen if the same master had to arbitrate to gain control of the slave port.

9.4.2 Arbitration

The crossbar switch supports two arbitration algorithms:

* Fixed priority
* Round-robin

The selection of the global slave port arbitration algorithm is described in the crossbar
switch chip-specific information.

9.4.2.1 Arbitration during undefined length bursts

All lengths of burst accesses lock out arbitration until the last beat of the burst.

9.4.2.2 Fixed-priority operation

When operating in fixed-priority mode, each master is assigned a unique priority level
with the highest numbered master having the highest priority (for example, in a system
with 5 masters, master 1 has lower priority than master 3). If two masters request access
to the same slave port, the master with the highest priority gains control over the slave
port.

NOTE
In this arbitration mode, a higher-priority master can
monopolize a slave port, preventing accesses from any lower-
priority master to the port.

When a master makes a request to a slave port, the slave port checks whether the new
requesting master's priority level is higher than that of the master that currently has
control over the slave port, unless the slave port is in a parked state. The slave port
performs an arbitration check at every clock edge to ensure that the proper master, if any,
has control of the slave port.

The following table describes possible scenarios based on the requesting master port:
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Table 9-1. How the Crossbar Switch grants control of a slave port to a master

When Then the Crossbar Switch grants control to the
requesting master

Both of the following are true: At the next clock edge
* The current master is not running a transfer.
* The new requesting master's priority level is higher than
that of the current master.

The requesting master's priority level is lower than the current | At the conclusion of one of the following cycles:

master. e An IDLE cycle

* A non-IDLE cycle to a location other than the current
slave port

9.4.2.3 Round-robin priority operation

When operating in round-robin mode, each master is assigned a relative priority based on
the master port number. This relative priority is compared to the master port number (ID)
of the last master to perform a transfer on the slave bus. The highest priority requesting
master becomes owner of the slave bus at the next transfer boundary. Priority is based on
how far ahead the ID of the requesting master is to the ID of the last master.

After granted access to a slave port, a master may perform as many transfers as desired to
that port until another master makes a request to the same slave port. The next master in
line is granted access to the slave port at the next transfer boundary, or possibly on the
next clock cycle if the current master has no pending access request.

As an example of arbitration in round-robin mode, assume the crossbar is implemented
with master ports 0, 1, 4, and 5. If the last master of the slave port was master 1, and
master 0, 4, and 5 make simultaneous requests, they are serviced in the order: 4 then 5
then O.

The round-robin arbitration mode generally provides a more fair allocation of the
available slave-port bandwidth (compared to fixed priority) as the fixed master priority
does not affect the master selection.

9.5 Initialization/application information

No initialization is required for the crossbar switch. See the chip-specific crossbar switch
information for the reset state of the arbitration scheme.
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Chapter 10
Peripheral Bridge (AIPS-Lite)

10.1 Chip-specific information for this module

10.1.1 Instantiation Information
This device contains one peripheral bridge.

A generic block diagram of the processor core and platform for this class of
microcontrollers is shown in the following figure. The AIPS (PBRIDGE) module's
location is highlighted.
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Figure 10-1. Cortex-M0+ core platform block diagram

10.1.1.1 Peripheral slot assignment

The peripheral bridge is used to access the registers of most of the modules on this
device. See Peripheral Bridge (AIPS-Lite) Memory Map for the memory slot assignment.

10.2 Introduction

The peripheral bridge converts the crossbar switch interface to an interface that can
access most of the slave peripherals on this chip.

The peripheral bridge occupies 64 MB of the address space, which is divided into
peripheral slots of 4 KB. (It might be possible that all the peripheral slots are not used.
See the memory map chapter for details on slot assignments.) The bridge includes
separate clock enable inputs for each of the slots to accommodate slower peripherals.
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10.2.1 Features
Key features of the peripheral bridge are:
* Supports peripheral slots with 8-, 16-, and 32-bit datapath width

10.2.2 General operation

The slave devices connected to the peripheral bridge are modules which contain a
programming model of control and status registers. The system masters read and write
these registers through the peripheral bridge.

The register maps of the peripherals are located on 4-KB boundaries. Each peripheral is
allocated one or more 4-KB block(s) of the memory map. Two global external module
enables are available for the remaining address space to allow for customization and
expansion of addressed peripheral devices.

10.3 Memory map/register definition

The AIPS module(s) on this device do(es) not contain any user-programmable registers.

10.4 Functional description

The peripheral bridge functions as a bus protocol translator between the crossbar switch
and the slave peripheral bus.

The peripheral bridge manages all transactions destined for the attached slave devices and
generates select signals for modules on the peripheral bus by decoding accesses within
the attached address space.

10.4.1 Access support

Aligned and misaligned 32-bit, 16-bit, and byte accesses are supported for 32-bit
peripherals. Misaligned accesses are supported to allow memory to be placed on the slave
peripheral bus. Peripheral registers must not be misaligned, although no explicit checking
is performed by the peripheral bridge. All accesses are performed with a single transfer.
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All accesses to the peripheral slots must be sized less than or equal to the designated
peripheral slot size. If an access is attempted that is larger than the targeted port, an error

response is generated.
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Chapter 11
Trigger MUX Control (TRGMUX)

11.1 Chip-specific information for this module

11.1.1 Module Interconnectivity

The module interconnectivity scheme is based on the TRGMUX. The TRGMUX
introduces an extremely flexible methodology for connecting various trigger sources to
multiple pins/peripherals. This TRGMUX design has removed some trigger inputs, and
added one pre-stage trigger source TRGMUX1 for the TRGMUXO0. TRGMUX1 supports
up to 32 trigger sources and has 8 outputs. These 8 outputs will be the trigger inputs of
TRGMUXO0. TRGMUXO supports up to 32 input sources, and its output will be the target
modules.

With the TRGMUX, each peripheral which accepts external triggers will usually have
one specific 32-bit trigger control register. Each control register supports up to 4 triggers,
and each trigger can be selected from up to 32 inputs.

For some trigger sources, there is optional pre-trigger. The trigger and the pre-trigger are
1-1 paired up, and are both selected by the same trigger control register. Not every
module has pre-trigger input, please refer to the respective module chapter for details.

Following is the main structure of TRGMUX, and take ModuleA as an example.
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A
Chip-specific information for this module

TRGMUX_ModuleA

LOCK
—>
% Trigger O
Pre-.trigger 0
(optional)
Trigger 1
Pre-trigger 1
(optional)
Trigger 2
Pre-trigger 2
(optional)
—>
%_ Trigger 3
— 2 Pre-trigger 3
(optional)
NOTE

Each TRGMUX control register supports up to 4 trigger
channels, but it's not necessary for each module to implement
all of the 4 triggers. For those modules (e.g. external output,
etc.) which needs more than 4 trigger inputs, multiple control
registers are created to support that.

The trigger input and peripheral trigger control are assigned as the following figure
indication.

Trigger source Explanation

VSS VSS trigger

VDD VDD trigger

SIM_SW_TRG Software trigger controlled by SIM module
TRGMUX_INx TRGMUX external trigger input x
LPUARTx_RX_data LPUARTX receive end of word trigger

Table continues on the next page...
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LPUARTx_TX_data

LPUARTX transmit end of word trigger

LPUARTx_RX_idle

LPUARTX receive idle detected trigger

LP12Cx_Master_Stop

LP12Cx master stop or repeated start trigger

LPI2Cx_Slave_Stop

LPI2Cx slave stop or repeated start trigger

LPSPIx_Frame

LPSPIx end of frame trigger

LPSPIx_RX_data

LPSPIx receive data trigger

ADCx_COCOA ADCx conversion complete trigger for data result A
ADCx_COCOB ADCx conversion complete trigger for data result B
PDBx_Pulse0 PDBx pulse0 trigger

PDBx_Pulse1 PDBXx pulse1 trigger

RTC_second RTC second trigger

RTC_alarm RTC alarm trigger

LPTMRx LPTMRXx timer counter match trigger

LPIT_CHx LPIT channel x timer counter match trigger
FTMx_TRIG FTMx timer counter match trigger

CMPx_OUT CMPx output trigger

FlexIO_TRIGx FlexlO timer x counter match trigger

Kinetis KE1xZ Sub-Family Reference Manual, Rev. 2, 09/2016

NXP Semiconductors

137



Chip-specific information for this module

. TRGMUX1
Trigger Source .
IN_[ Pre-TRIG Register out
outo
TRGMUX_CTRLO outt
SIM_SW_TRIG in2 out2
TRGMUX_IN4 in3 out3
TRGMUX_IN5 in4 outd
TRGMUX_IN6 in5 TRGMUX_CTRL1 outs
TRGMUX_IN7 in6 outé
LPUARTO_RX_data in7 out7

LPUARTO_TX_data
LPUARTO_RX_idle
LPI2CO_Master_Stop
LPI2CO_Slave_Stop
LPSPIO_Frame
LPSPI0O_RX_data
LPUART1_RX_data
LPUART1_TX_data
LPUART1_RX_idle
LPI2C1_Master_Stop
LPI12C1_Slave_Stop
LPSPI1_Frame
LPSPI1_RX_data
ADC1_COCOA
ADC1_COCOB
PDBO_Pulse0
PDBO_Pulse1

X X XX X X X

in10
in11

in12
in13,
in14
in15
in16
in17
in18
in19
in20
in21
in22
in23
in24
in25
in26
in27
in28
in29
in30
in31

Trigger Source TRGMUX0 Target Module
IN Pre-TRIG Register ouT Register IN Pre-TRIG
TRGMUX_INO |--------->| in0 out0 SELO DMA_CHO
TRGMUX_IN1 i TRGMUX_DMAMUX0 out1 SEL1 DMA_CH1
TRGMUX_IN2 out2 SEL2 DMA_CH2
TRGMUX_IN3 out3 SEL3 DMA_CH3
RTC_second out4 SELO TRGMUX_OUTO
RTC_alarm TRGMUX_EXTOUTO outs SEL1 TRGMUX_OUT1
LPTMRO Y outé SEL2 TRGMUX_OUT2
LPIT_CHO Y out7 SEL3 TRGMUX_OUT3
LPIT_CH1 Y out8 SELO TRGMUX_OUT4
LPIT_CH2 Y TRGMUX_EXTOUT1 out9 SEL1 TRGMUX_OUTS
LPIT_CH3 Y out10 SEL2 TRGMUX_OUT6
FTMO_TRIG outll SEL3 TRGMUX_OUT7
FTM1_TRIG out12 SELO0 |- >|
FTM2_TRIG TRGMUX_ADCO out13 SEL1  |---s >| T ADCO_ADHWT v
X out14
ADC0_COCOA out15
ADCO_COCOB outlé | SELO
CMPO_OUT TRGMUX_ADC1 out17 SEL1 T ADC1_ADHWT Y
CMP1_OUT out18
X out19
FlexIO_TRIGO Reserved out20 | SELO X e
FlexIO_TRIG1 out21 SEL1 X
FlexIO_TRIG2 out22 SEL2 X
FlexIO_TRIG3 out23 SEL3 X
in24 Reserved out24 | SELO Reserved
in25 out25 |  SEL1
in26 out26 SEL2
in27 out27 SEL3
in28 TRGMUX0_CMPO out28 SELO CMPO_SAMPLE Y
in29 out29 X
in30 out30
in31 out31
TRGMUX_CMP1 out32 SELO CMP1_SAMPLE Y
out33
out34
out3s
Reserved out3s Reserved
out37
out3g
out39
out40 SELO FTMO_HWTRIG
TRGMUX_FTMO out41 SEL1 FTMO_FAULTO
out42 SEL2 FTMO_FAULT1
out43 SEL3 FTMO_FAULT2
out44 SELO FTM1_HWTRIG
TRGMUX_FTM1 out4s SEL1 FTM1_FAULTO
out46 | SEL2 FTM1_FAULT1
out47
out4s SELO FTM2_HWTRIG
TRGMUX_FTM2 outd9 | SEL1 FTM2_FAULTO
outs0 SEL2 FTM2_FAULT1
out51
Reserved @ Reserved
out53
out54
outss
TRGMUX_PDBO outs6 SELO PDBO_EXTRG
outs7
out58
out59
Reserved outé0 X Reserved
out61
outé2
outé3
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Trigger Source TRGMUX0 Target Module
(same as above) IN | Pre-TRIG Register ouT Register IN Pre-TRIG
TRGMUX_INO >| in0 Reserved out64 X Reserved
TRGMUX_IN1 f------->| in1 outés X
TRGMUX_IN2 |-------> in2 outé6 X
TRGMUX_INg |--+--->| in3 outé7 X
RTC_second [-------->| in4 outé8 | SELO FlexIO_TRG_TIMO
RTC_alarm |------>| in5 TRGMUX_FLEXIO out69 | SEL1 FlexIO_TRG_TIM1
LPTMRO f----->| in6 Y out70 | SEL2 FlexIO_TRG_TIM2
LPIT_CHO |------>| in7 Y out71 | SEL3 FlexIO_TRG_TIM3
LPIT_CH1 | Y out72 | SELO LPIT_TRG_CHO
LPIT_CH2 | Y TRGMUX_LPITO out73 | SEL1 LPIT_TRG_CH1
LPIT_CH3 | Y outz4 | SEL2 LPIT_TRG_CH2
FTMO_TRIG |- out75 | SEL3 LPIT_TRG_CH3
FTM1_TRIG |- TRGMUX_LPUARTO out76 | SELO LPUARTO_TRG
FTM2_TRIG |- out77 X
X |- out78 X
ADCO_COCOA | out79 X
ADC0_COGOSB |- TRGMUX_LPUARTA outéd | SELO LPUART1_TRG
CMPO_OUT |- outs1
CMP1_OUT |- outs2 X
X | outs3 X
FlexIO_TRIGO |- TRGMUX_LPI2CO outs4 | SELO LPI2CO_TRG
FlexIO_TRIGT |- outs X
Trigger Source TRGMUX1 (same as above) FlexIO_TRIG2 |- = out8é X
(same as above) Pre-TRIG Register outT FlexIO_TRIG3 |- >| in23 outs7
Vss outd in24 TRGMUX_LPI2C1 out88 | SELO LPI2C1_TRG
VDD TRGMUX_CTRLO outt in25 out89 X
SIM_SW_TRIG out2 in26. out90 X
TRGMUX_IN4 out3 in27 out91 X
TRGMUX_IN5 outd in28 TRGMUX_LPSPIO out92 SELO LPSPIO_TRG
TRGMUX_IN6 TRGMUX_CTRL1 outs in29 out93 X
TRGMUX_IN7 outé in30 out94 X
LPUARTO_RX_data out7 in31 outos X
LPUARTO_TX_data TRGMUX_LPSPI1 outd6 |  SELO LPSPI1_TRG
LPUARTO_RX_idle outo? X
LPI2C0_Master_Stop out9s X
LPI2CO_Slave_Stop outo9 X
LPSPIO_Frame TRGMUX_LPTMRO outioo | seLo LPTMRO_ALTO
LPSPI0_RX_data out101 X
LPUART1_RX_data out102
LPUART1_TX_data out103 X
LPUART1_RX_idle TRGMUX_TSI outio4 | SELO TSI_HW_TRG
LPI2C1_Master_Stop out105 X
LPI2C1_Slave_Stop out106 X
LPSPH_Frame o X
LPSPI1_RX_data TRGMUX_PWT outio8 | SELO PWT_INO
ADC1_COCOA out109 X
ADC1_COCOB 2:::110 i
PDBO_Pulse0
PDBO_Pulse1
X
X
X
X
X
X
X

NOTE
When using the TRGMUX to trigger DMA, DMAMUX must
be configured (in the DMAMUX_CHCEFG register) with
ENBL, TRIG bit set, meanwhile SOURCE bits must be !=0 .

NOTE
For each ADC, the two triggers are OR'ed together to provide a
flexible trigger scheme for the hardware trigger of each ADC,
while the pre-triggers are not OR'ed. The LPIT pre-triggers can
be pre-triggers for each ADC. There is another PDB pre-trigger
scheme existing on this device, which is not through
TRGMUX. Please refer to ADC section for details on ADC
trigger implementation on this device.
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11.2 Introduction

The trigger MUX module (TRGMUX) allows software to configure the trigger inputs for
various peripherals.

11.2.1 Features

The Trigger MUX module allows software to configure the trigger inputs for various
peripherals.

e Trigger MUX select

11.3 Functional description

The Trigger MUX module allows software to configure the trigger inputs for various
peripherals.

Each peripheral has its own unique TRGMUX register that is used to select the trigger
source for peripheral.

See each peripheral's TRGMUX register for details.

11.4 Memory map and register definition

The TRGMUX module contains register fields for selecting the trigger input for
peripheral modules.

11.4.1 TRGMUX1 Register Descriptions
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11.4.1.1 TRGMUX1 Memory Map
Table 11-1. Select Bit Fields

Chapter 11 Trigger MUX Control (TRGMUX)

Field Function
5-0 This read/write bit field is used to configure the MUX select for the peripheral trigger inputs.
SEL 000000 - (0x00) Trigger function is disabled.

000001 - (0x01) VDD is selected.

000010 - (0x02) SIM Software trigger is selected.
000011 - (0x03) TRGMUX_IN4 input is selected.
000100 - (0x04) TRGMUX_IN5 input is selected.
000101 - (0x05) TRGMUX_ING input is selected.
000110 - (0x06) TRGMUX_IN7 input is selected.
000111 - (0x07) LPUARTO RX Data is selected.
001000 - (0x08) LPUARTO TX Data is selected.
001001 - (0x09) LPUARTO RX Idle is selected.

001010 - (Ox0a) LPI2C0O Master STOP is selected.

001011 - (Ox0b) LPI2CO0 Slave STOP is selected.
001100 - (0x0c) LPSPIO Frame is selected.
001101 - (0x0d) LPSPIO RX data is selected.
001110 - (0x0e) LPUART1 RX Data is selected.
001111 - (OxOf) LPUART1 TX Data is selected.
010000 - (0x10) LPUART1 RX Idle is selected.

010001 - (0x11) LPI2C1 Master STOP is selected.

010010 - (0x12) LPI2C1 Slave STOP is selected.
010011 - (0x13) LPSPI1 Frame is selected.
010100 - (0x14) LPSPI1 RX data is selected.
010101 - (0x15) ADC1_COCOA is selected.
010110 - (Ox16) ADC1_COCOB is selected.
010111 - (0x17) PDBO_Pulse0 is selected.
011000 - (0x18) PDBO_Pulse1 is selected.
011001 - (0x19) Unused.

011010 - (Ox1a) Unused.

011011 - (Ox1b) Unused.

011100 - (Ox1c) Unused.

011101 - (0x1d) Unused.

011110 - (Ox1e) Unused.

011111 - (0x1f) Unused.

100000 - (0x20) Unused

100001 - (0x21) Unused

100010 - (0x22) Unused

100011 - (0x23) Unused
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Memory map and register definition
Table 11-1. Select Bit Fields
Field Function

100100 - (0x24) Unused
100101 - (0x25) Unused
100110 - (0x26) Unused
100111 - (0x27) Unused
101000 - (0x28) Unused
101001 - (0x29) Unused
101010 - (Ox2a) Unused
101011 - (0x2b) Unused
101100 - (0x2c) Unused
101101 - (0x2d) Unused
101110 - (Ox2e) Unused
101111 - (0x2f) Unused
110000 - (0x30) Unused
110001 - (0x31) Unused
110010 - (0x32) Unused
110011 - (0x33) Unused
110100 - (0x34) Unused
110101 - (0x35) Unused
110110 - (0x36) Unused
110111 - (0x37) Unused
111000 - (0x38) Unused
111001 - (0x39) Unused
111010 - (0x3a) Unused
111011 - (0x3b) Unused
111100 - (0x3c) Unused
111101 - (0x3d) Unused
111110 - (0x3e) Unused
111111 - (0x3f) Unused

Absolute Register Width | Access | Reset value
address (In bits)
40063000h |TRGMUX_CTRLO (TRGMUX_CTRLO) 32 RW 00000000h
40063004h |TRGMUX_CTRL1 (TRGMUX_CTRLT) 32 RW 00000000h
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11.4.1.2 TRGMUX_CTRLO (TRGMUX_CTRLO)

11.4.1.2.1 Address

Register Offset
TRGMUX_CTRLO 40063000h

11.4.1.2.2 Function
TRGMUX Register

11.4.1.2.3 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R LK

iEEe SEL3 Reserved SEL2
wW rved

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
W Reserved SELA1 Reserved SELO

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

11.4.1.2.4 Fields

Field Function
31 Enable
LK This bit shows whether the register can be written or not.

0 - Register can be written.
1 - Register cannot be written until the next system Reset.

30 This read-only bit field is reserved and always has the value 0.
29-24 Trigger MUX Input 3 Source Select
SEL3 This read/write bit field is used to configure the MUX select for peripheral trigger input 3. Refer to the
Select Bit Fields table in the Features section for bit field information.
23-22 This read-only bit field is reserved and always has the value 0.
21-16 Trigger MUX Input 2 Source Select
SEL2 This read/write bit field is used to configure the MUX select for peripheral trigger input 2. Refer to the

Select Bit Fields table in the Features section for bit field information.

Table continues on the next page...
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Field Function
15-14 This read-only bit field is reserved and always has the value 0.
13-8 Trigger MUX Input 1 Source Select
SELA This read/write bit field is used to configure the MUX select for peripheral trigger input 1. Refer to the
Select Bit Fields table in the Features section for bit field information.
7-6 This read-only bit field is reserved and always has the value 0.
5-0 Trigger MUX Input O Source Select
SELO This read/write bit field is used to configure the MUX select for peripheral trigger input 0. Refer to the

Select Bit Fields table in the Features section for bit field information.

11.4.1.3 TRGMUX_CTRL1 (TRGMUX_CTRL1)

11.4.1.3.1 Address

Register Offset
TRGMUX_CTRL1 40063004h
TRGMUX Register

11.4.1.3.2 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R LK
iee SEL3 Reserved SEL2
w rved

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
W Reserved SEL1 Reserved SELO

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

11.4.1.3.3 Fields

Field Function
31 Enable
LK This bit shows whether the register can be written or not.

Table continues on the next page...
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Field Function

0 - Register can be written.
1 - Register cannot be written until the next system Reset.

30 This read-only bit field is reserved and always has the value 0.
29-24 Trigger MUX Input 3 Source Select
SEL3 This read/write bit field is used to configure the MUX select for peripheral trigger input 3. Refer to the
Select Bit Fields table in the Features section for bit field information.
23-22 This read-only bit field is reserved and always has the value 0.
21-16 Trigger MUX Input 2 Source Select
SEL2 This read/write bit field is used to configure the MUX select for peripheral trigger input 2. Refer to the
Select Bit Fields table in the Features section for bit field information.
15-14 This read-only bit field is reserved and always has the value 0.
13-8 Trigger MUX Input 1 Source Select
SEL1 This read/write bit field is used to configure the MUX select for peripheral trigger input 1. Refer to the
Select Bit Fields table in the Features section for bit field information.
7-6 This read-only bit field is reserved and always has the value 0.
5-0 Trigger MUX Input 0 Source Select
SELO This read/write bit field is used to configure the MUX select for peripheral trigger input 0. Refer to the

Select Bit Fields table in the Features section for bit field information.

11.4.2 TRGMUXO0 Register Descriptions

11.4.2.1 TRGMUXO0 Memory Map
Table 11-2. Select Bit Fields

Field Function
5-0 This read/write bit field is used to configure the MUX select for the peripheral trigger inputs.
SEL 000000 - (0x00) TRGMUX INO input is selected.

000001 - (0x01) TRGMUX IN1 input is selected.
000010 - (0x02) TRGMUX IN2 input is selected.
000011 - (0x03) TRGMUX IN3 input is selected.
000100 - (0x04) RTC Seconds input is selected.
000101 - (0x05) RTC Alarm input is selected.
000110 - (0x06) LPTMRO input is selected.
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Table 11-2. Select Bit Fields
Field Function
000111 - (0x07) LPIT CHO input is selected.
001000 - (0x08) LPIT CH1 input is selected.
001001 - (0x09) LPIT CH2 input is selected.
001010 - (0x0a) LPIT CH3 input is selected.
001011 - (OxOb) FTMO Trigger is selected.
001100 - (0xOc) FTM1 Trigger is selected.
001101 - (Ox0d) FTM2 Trigger is selected.
001110 - (0x0e) Unused.
001111 - (Ox0f) ADCO COCOA is selected.
010000 - (0x10) ADCO COCOB s selected.
010001 - (0x11) CMPO Output is selected.
010010 - (0x12) CMP1 Qutput is selected.
010011 - (0x13) Unused.
010100 - (0x14) FLEXIO Trigger 0 is selected.
010101 - (Ox15) FLEXIO Trigger 1 is selected.
010110 - (0x16) FLEXIO Trigger 2 is selected.
010111 - (0x17) FLEXIO Trigger 3 is selected.
011000 - (0x18) TRGMUX1 Output 0 selected.
011001 - (0x19) TRGMUX1 Output 1 is selected.
011010 - (Ox1a) TRGMUX1 Output 2 is selected.
011011 - (Ox1b) TRGMUX1 Output 3 is selected.
011100 - (Ox1c) TRGMUX1 Output 4 is selected.
011101 - (Ox1d) TRGMUX1 Output 5 is selected.
011110 - (Ox1e) TRGMUX1 Output 6 is selected.
011111 - (Ox1f) TRGMUX1 Output 7 is selected.
100000 - (0x20) Unused
100001 - (0x21) Unused
100010 - (0x22) Unused
100011 - (0x23) Unused
100100 - (0x24) Unused
100101 - (0x25) Unused
100110 - (0x26) Unused
100111 - (0x27) Unused
101000 - (0x28) Unused
101001 - (0x29) Unused
101010 - (0x2a) Unused
101011 - (0x2b) Unused
101100 - (0x2¢) Unused
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Table 11-2. Select Bit Fields

Field Function

101101 - (0x2d) Unused

101110 - (Ox2e) Unused

101111 - (0x2f) Unused

110000 - (0x30) Unused

110001 - (0x31) Unused

110010 - (0x32) Unused

110011 - (0x33) Unused

110100 - (0x34) Unused

110101 - (0x35) Unused

110110 - (0x36) Unused

110111 - (0x37) Unused

111000 - (0x38) Unused

111001 - (0x39) Unused

111010 - (0x3a) Unused

111011 - (0x3b) Unused

111100 - (0x3c) Unused

111101 - (0x3d) Unused

111110 - (0x3e) Unused

111111 - (0x3f) Unused

Absolute Register Width | Access | Reset value
address (In bits)
40062000h |TRGMUX DMAMUXO0 (TRGMUX_DMAMUXO0) 32 RwW 00000000h
40062004h |TRGMUX EXTOUTO (TRGMUX_EXTOUTO) 32 RW 00000000h
40062008h |TRGMUX EXTOUT1 (TRGMUX_EXTOUT1) 32 RW 00000000h
4006200Ch |TRGMUX ADCO (TRGMUX_ADCO) 32 RW 00000000h
40062010h |TRGMUX ADC1 (TRGMUX_ADC1) 32 RW 00000000h
4006201Ch |TRGMUX CMPO (TRGMUX_CMPO) 32 RwW 00000000h
40062020h |TRGMUX CMP1 (TRGMUX_CMP1) 32 RW 00000000h
40062028h |TRGMUX FTMO (TRGMUX_FTMO) 32 RW 00000000h
4006202Ch |TRGMUX FTM1 (TRGMUX_FTM1) 32 RW 00000000h
40062030h |TRGMUX FTM2 (TRGMUX_FTM2) 32 RW 00000000h
40062038h |[TRGMUX PDBO0 (TRGMUX_PDBO0) 32 RwW 00000000h
40062044h |TRGMUX FLEXIO (TRGMUX_FLEXIO) 32 RW 00000000h
40062048h |[TRGMUX LPITO (TRGMUX_LPITO) 32 RwW 00000000h
4006204Ch |TRGMUX LPUARTO (TRGMUX_LPUARTO) 32 RW 00000000h
40062050h |TRGMUX LPUART1 (TRGMUX_LPUART1) 32 RW 00000000h
Table continues on the next page...
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Absolute Register Width | Access | Reset value

address (In bits)
40062054h | TRGMUX LPI2C0O (TRGMUX_LPI2CO) 32 RW 00000000h
40062058h | TRGMUX LPI2C1 (TRGMUX_LPI2C1) 32 RW 00000000h
4006205Ch |TRGMUX LPSPIO (TRGMUX_LPSPIO) 32 RW 00000000h
40062060h | TRGMUX LPSPI1 (TRGMUX_LPSPI1) 32 RW 00000000h
40062064h | TRGMUX LPTMRO (TRGMUX_LPTMRO) 32 RW 00000000h
40062068h |TRGMUX TSI (TRGMUX_TSI) 32 RW 00000000h
4006206Ch |TRGMUX PWT (TRGMUX_PWT) 32 RW 00000000h

11.4.2.2 TRGMUX DMAMUXO0 (TRGMUX_DMAMUXO0)

11.4.2.2.1 Address

Register Offset
TRGMUX_DMAMUXO0 40062000h

11.4.2.2.2 Function
TRGMUX Register

11.4.2.2.3 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R [ Lk

Fege SEL3 Reserved SEL2
w rved

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
W Reserved SEL1 Reserved SELO

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

11.4.2.2.4 Fields

Field Function
31 Enable

Table continues on the next page...
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Field Function

LK This bit shows whether the register can be written or not.

0 - Register can be written.
1 - Register cannot be written until the next system Reset.

30 This read-only bit field is reserved and always has the value 0.
29-24 Trigger MUX Input 3 Source Select
SEL3 This read/write bit field is used to configure the MUX select for peripheral trigger input 3. Refer to the
Select Bit Fields table in the Features section for bit field information.
23-22 This read-only bit field is reserved and always has the value 0.
21-16 Trigger MUX Input 2 Source Select
SEL2 This read/write bit field is used to configure the MUX select for peripheral trigger input 2. Refer to the
Select Bit Fields table in the Features section for bit field information.
15-14 This read-only bit field is reserved and always has the value 0.
13-8 Trigger MUX Input 1 Source Select
SELA1 This read/write bit field is used to configure the MUX select for peripheral trigger input 1. Refer to the
Select Bit Fields table in the Features section for bit field information.
7-6 This read-only bit field is reserved and always has the value 0.
5-0 Trigger MUX Input 0 Source Select
SELO This read/write bit field is used to configure the MUX select for peripheral trigger input 0. Refer to the

Select Bit Fields table in the Features section for bit field information.

11.4.2.3 TRGMUX EXTOUTO (TRGMUX_EXTOUTO)

11.4.2.3.1 Address

Register Offset
TRGMUX_EXTOUTO 40062004h

TRGMUX Register
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11.4.2.3.2 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R [ Lk

HEED SEL3 Reserved SEL2
w rved

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
W Reserved SEL1 Reserved SELO

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

11.4.2.3.3 Fields

Field Function
31 Enable
LK This bit shows whether the register can be written or not.

0 - Register can be written.
1 - Register cannot be written until the next system Reset.

30 This read-only bit field is reserved and always has the value 0.
29-24 Trigger MUX Input 3 Source Select
SEL3 This read/write bit field is used to configure the MUX select for peripheral trigger input 3. Refer to the
Select Bit Fields table in the Features section for bit field information.
23-22 This read-only bit field is reserved and always has the value 0.
21-16 Trigger MUX Input 2 Source Select
SEL2 This read/write bit field is used to configure the MUX select for peripheral trigger input 2. Refer to the
Select Bit Fields table in the Features section for bit field information.
15-14 This read-only bit field is reserved and always has the value 0.
13-8 Trigger MUX Input 1 Source Select
SEL1 This read/write bit field is used to configure the MUX select for peripheral trigger input 1. Refer to the
Select Bit Fields table in the Features section for bit field information.
7-6 This read-only bit field is reserved and always has the value 0.
5-0 Trigger MUX Input O Source Select
SELO This read/write bit field is used to configure the MUX select for peripheral trigger input 0. Refer to the

Select Bit Fields table in the Features section for bit field information.
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11.4.2.4 TRGMUX EXTOUT1 (TRGMUX_EXTOUT1)

11.4.2.4.1 Address

Register Offset
TRGMUX_EXTOUT1 40062008h

TRGMUX Register

11.4.2.4.2 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R [ Lk

HEED SEL3 Reserved SEL2
w rved

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
W Reserved SEL1 Reserved SELO

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

11.4.2.4.3 Fields

Field Function
31 Enable
LK This bit shows whether the register can be written or not.

0 - Register can be written.
1 - Register cannot be written until the next system Reset.

30 This read-only bit field is reserved and always has the value 0.
29-24 Trigger MUX Input 3 Source Select
SEL3 This read/write bit field is used to configure the MUX select for peripheral trigger input 3. Refer to the
Select Bit Fields table in the Features section for bit field information.
23-22 This read-only bit field is reserved and always has the value 0.
21-16 Trigger MUX Input 2 Source Select
SEL2 This read/write bit field is used to configure the MUX select for peripheral trigger input 2. Refer to the

Select Bit Fields table in the Features section for bit field information.

15-14 This read-only bit field is reserved and always has the value 0.

Table continues on the next page...
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Field Function
13-8 Trigger MUX Input 1 Source Select
SELA This read/write bit field is used to configure the MUX select for peripheral trigger input 1. Refer to the
Select Bit Fields table in the Features section for bit field information.
7-6 This read-only bit field is reserved and always has the value 0.
5-0 Trigger MUX Input O Source Select
SELO This read/write bit field is used to configure the MUX select for peripheral trigger input 0. Refer to the

Select Bit Fields table in the Features section for bit field information.

11.4.2.5 TRGMUX ADCO (TRGMUX_ADCO)

11.4.2.5.1 Address

Register Offset
TRGMUX_ADCO 4006200Ch
TRGMUX Register

11.4.2.5.2 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R LK | Rese
Reserved Reserved Reserved
w rved

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
W Reserved SEL1 Reserved SELO

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

11.4.2.5.3 Fields

Field Function
31 Enable
LK This bit shows whether the register can be written or not.
0 - Register can be written.

Table continues on the next page...
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Field Function
1 - Register cannot be written until the next system Reset.

30 This read-only bit field is reserved and always has the value 0.
29-24 This read-only bit field is reserved and always has the value 0.
23-22 This read-only bit field is reserved and always has the value 0.
21-16 This read-only bit field is reserved and always has the value 0.
15-14 This read-only bit field is reserved and always has the value 0.
13-8 Trigger MUX Input 1 Source Select
SELA This read/write bit field is used to configure the MUX select for peripheral trigger input 1. Refer to the
Select Bit Fields table in the Features section for bit field information.
7-6 This read-only bit field is reserved and always has the value 0.
5-0 Trigger MUX Input O Source Select
SELO This read/write bit field is used to configure the MUX select for peripheral trigger input 0. Refer to the

Select Bit Fields table in the Features section for bit field information.

11.4.2.6 TRGMUX ADC1 (TRGMUX_ADC1)

11.4.2.6.1 Address

Register Offset
TRGMUX_ADCH1 40062010h
TRGMUX Register
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11.4.2.6.2 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R LK | Rese

Reserved Reserved Reserved
w rved

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
W Reserved SEL1 Reserved SELO

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

11.4.2.6.3 Fields

Field Function
31 Enable
LK This bit shows whether the register can be written or not.

0 - Register can be written.
1 - Register cannot be written until the next system Reset.

30 This read-only bit field is reserved and always has the value 0.
29-24 This read-only bit field is reserved and always has the value 0.
23-22 This read-only bit field is reserved and always has the value 0.
21-16 This read-only bit field is reserved and always has the value 0.
15-14 This read-only bit field is reserved and always has the value 0.
13-8 Trigger MUX Input 1 Source Select
SEL1 This read/write bit field is used to configure the MUX select for peripheral trigger input 1. Refer to the
Select Bit Fields table in the Features section for bit field information.
7-6 This read-only bit field is reserved and always has the value 0.
5-0 Trigger MUX Input 0 Source Select
SELO This read/write bit field is used to configure the MUX select for peripheral trigger input 0. Refer to the

Select Bit Fields table in the Features section for bit field information.
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11.4.2.7 TRGMUX CMPO (TRGMUX_CMPO0)

11.4.2.7.1

Address

Register

Offset

TRGMUX_CMPO

4006201Ch

TRGMUX Register

11.4.2.7.2 Diagram

Bits
R
w

Reset

Bits
R
W

Reset

31

30 29

28

27 26

25

24

23 22 21

20

19

18

17

LK

Rese
rved

Reserved

Reserved

Reserved

15

0 0

14 13

0 0 0

0

0

Reserved

Reserved

Reserved

SELO

0

0 0

11.4.2.7.3 Fields

0 0

0 0 0

Field

Function

31
LK

Enable

0 - Register can be written.
1 - Register cannot be written until the next system Reset.

This bit shows whether the register can be written or not.

30

This read-only bit field is reserved and always has the value 0.

29-24

This read-only bit field is reserved and always has the value 0.

23-22

This read-only bit field is reserved and always has the value 0.

21-16

This read-only bit field is reserved and always has the value 0.

15-14

This read-only bit field is reserved and always has the value 0.

13-8

This read-only bit field is reserved and always has the value 0.

Table continues on the next page...
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Field Function
7-6 This read-only bit field is reserved and always has the value 0.
5-0 Trigger MUX Input 0 Source Select
SELO This read/write bit field is used to configure the MUX select for peripheral trigger input 0. Refer to the
Select Bit Fields table in the Features section for bit field information.

11.4.2.8 TRGMUX CMP1 (TRGMUX_CMP1)

11.4.2.8.1 Address

Register Offset
TRGMUX_CMP1 40062020h
TRGMUX Register

11.4.2.8.2 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R LK | Rese

Reserved Reserved Reserved
w rved

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
W Reserved Reserved Reserved SELO

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

11.4.2.8.3 Fields

Field Function
31 Enable
LK This bit shows whether the register can be written or not.

0 - Register can be written.
1 - Register cannot be written until the next system Reset.

30 This read-only bit field is reserved and always has the value 0.

Table continues on the next page...
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Field Function
25:24 This read-only bit field is reserved and always has the value 0.
2(:22 This read-only bit field is reserved and always has the value 0.
21:6 This read-only bit field is reserved and always has the value 0.
15:4 This read-only bit field is reserved and always has the value 0.
1;8 This read-only bit field is reserved and always has the value 0.
7;3 This read-only bit field is reserved and always has the value 0.
5:) Trigger MUX Input O Source Select
SELO This read/write bit field is used to configure the MUX select for peripheral trigger input 0. Refer to the
Select Bit Fields table in the Features section for bit field information.

11.4.2.9 TRGMUX FTMO (TRGMUX_FTMO)

11.4.2.9.1 Address
Register Offset
TRGMUX_FTMO 40062028h
TRGMUX Register
11.4.2.9.2 Diagram
Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R LK
Rese SEL3 Reserved SEL2
w rved
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bits 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
R
W Reserved SEL1 Reserved SELO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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11.4.2.9.3 Fields

Field Function
31 Enable
LK This bit shows whether the register can be written or not.

0 - Register can be written.
1 - Register cannot be written until the next system Reset.

30 This read-only bit field is reserved and always has the value 0.
29-24 Trigger MUX Input 3 Source Select
SEL3 This read/write bit field is used to configure the MUX select for peripheral trigger input 3. Refer to the
Select Bit Fields table in the Features section for bit field information.
23-22 This read-only bit field is reserved and always has the value 0.
21-16 Trigger MUX Input 2 Source Select
SEL2 This read/write bit field is used to configure the MUX select for peripheral trigger input 2. Refer to the
Select Bit Fields table in the Features section for bit field information.
15-14 This read-only bit field is reserved and always has the value 0.
13-8 Trigger MUX Input 1 Source Select
SELA This read/write bit field is used to configure the MUX select for peripheral trigger input 1. Refer to the
Select Bit Fields table in the Features section for bit field information.
7-6 This read-only bit field is reserved and always has the value 0.
5-0 Trigger MUX Input 0 Source Select
SELO This read/write bit field is used to configure the MUX select for peripheral trigger input 0. Refer to the

Select Bit Fields table in the Features section for bit field information.

11.4.2.10 TRGMUX FTM1 (TRGMUX_FTM1)

11.4.2.10.1 Address

Register Offset
TRGMUX_FTM1 4006202Ch
TRGMUX Register
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11.4.2.10.2 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R LK | Rese

Reserved Reserved SEL2
w rved

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
W Reserved SEL1 Reserved SELO

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

11.4.2.10.3 Fields

Field Function
31 Enable
LK This bit shows whether the register can be written or not.

0 - Register can be written.
1 - Register cannot be written until the next system Reset.

30 This read-only bit field is reserved and always has the value 0.
29-24 This read-only bit field is reserved and always has the value 0.
23-22 This read-only bit field is reserved and always has the value 0.
21-16 Trigger MUX Input 2 Source Select
SEL2 This read/write bit field is used to configure the MUX select for peripheral trigger input 2. Refer to the
Select Bit Fields table in the Features section for bit field information.
15-14 This read-only bit field is reserved and always has the value 0.
13-8 Trigger MUX Input 1 Source Select
SELA1 This read/write bit field is used to configure the MUX select for peripheral trigger input 1. Refer to the
Select Bit Fields table in the Features section for bit field information.
7-6 This read-only bit field is reserved and always has the value 0.
5-0 Trigger MUX Input O Source Select
SELO This read/write bit field is used to configure the MUX select for peripheral trigger input 0. Refer to the

Select Bit Fields table in the Features section for bit field information.
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11.4.2.11 TRGMUX FTM2 (TRGMUX_FTM?2)

11.4.2.11.1 Address

Register Offset
TRGMUX_FTM2 40062030h
TRGMUX Register

11.4.2.11.2 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R LK | Rese

Reserved Reserved SEL2
w rved

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
W Reserved SEL1 Reserved SELO

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

11.4.2.11.3 Fields

Field Function
31 Enable
LK This bit shows whether the register can be written or not.

0 - Register can be written.
1 - Register cannot be written until the next system Reset.

30 This read-only bit field is reserved and always has the value 0.
29;4 This read-only bit field is reserved and always has the value 0.
23:22 This read-only bit field is reserved and always has the value 0.
21:6 Trigger MUX Input 2 Source Select
SEL2 This read/write bit field is used to configure the MUX select for peripheral trigger input 2. Refer to the

Select Bit Fields table in the Features section for bit field information.

15-14 This read-only bit field is reserved and always has the value 0.

Table continues on the next page...
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Field Function
13-8 Trigger MUX Input 1 Source Select
SELA This read/write bit field is used to configure the MUX select for peripheral trigger input 1. Refer to the
Select Bit Fields table in the Features section for bit field information.
7-6 This read-only bit field is reserved and always has the value 0.
5-0 Trigger MUX Input O Source Select
SELO This read/write bit field is used to configure the MUX select for peripheral trigger input 0. Refer to the

Select Bit Fields table in the Features section for bit field information.

11.4.2.12 TRGMUX PDBO (TRGMUX_PDBO0)

11.4.2.12.1 Address

Register Offset
TRGMUX_PDBO 40062038h
TRGMUX Register

11.4.2.12.2 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R LK | Rese
Reserved Reserved Reserved
w rved

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
W Reserved Reserved Reserved SELO

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

11.4.2.12.3 Fields

Field Function
31 Enable
LK This bit shows whether the register can be written or not.
0 - Register can be written.

Table continues on the next page...
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Field Function
1 - Register cannot be written until the next system Reset.

30 This read-only bit field is reserved and always has the value 0.
29-24 This read-only bit field is reserved and always has the value 0.
23-22 This read-only bit field is reserved and always has the value 0.
21-16 This read-only bit field is reserved and always has the value 0.

15-14 This read-only bit field is reserved and always has the value 0.
13-8 This read-only bit field is reserved and always has the value 0.

7-6 This read-only bit field is reserved and always has the value 0.

5-0 Trigger MUX Input O Source Select
SELO This read/write bit field is used to configure the MUX select for peripheral trigger input 0. Refer to the

Select Bit Fields table in the Features section for bit field information.

11.4.2.13 TRGMUX FLEXIO (TRGMUX_FLEXIO)

11.4.2.13.1 Address

Register Offset
TRGMUX_FLEXIO 40062044h
TRGMUX Register
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11.4.2.13.2 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R [ Lk

HEED SEL3 Reserved SEL2
w rved

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
W Reserved SEL1 Reserved SELO

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

11.4.2.13.3 Fields

Field Function
31 Enable
LK This bit shows whether the register can be written or not.

0 - Register can be written.
1 - Register cannot be written until the next system Reset.

30 This read-only bit field is reserved and always has the value 0.
29-24 Trigger MUX Input 3 Source Select
SEL3 This read/write bit field is used to configure the MUX select for peripheral trigger input 3. Refer to the
Select Bit Fields table in the Features section for bit field information.
23-22 This read-only bit field is reserved and always has the value 0.
21-16 Trigger MUX Input 2 Source Select
SEL2 This read/write bit field is used to configure the MUX select for peripheral trigger input 2. Refer to the
Select Bit Fields table in the Features section for bit field information.
15-14 This read-only bit field is reserved and always has the value 0.
13-8 Trigger MUX Input 1 Source Select
SEL1 This read/write bit field is used to configure the MUX select for peripheral trigger input 1. Refer to the
Select Bit Fields table in the Features section for bit field information.
7-6 This read-only bit field is reserved and always has the value 0.
5-0 Trigger MUX Input O Source Select
SELO This read/write bit field is used to configure the MUX select for peripheral trigger input 0. Refer to the

Select Bit Fields table in the Features section for bit field information.
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11.4.2.14 TRGMUX LPITO (TRGMUX_LPITO)

11.4.2.14.1 Address

Register Offset
TRGMUX_LPITO 40062048h
TRGMUX Register

11.4.2.14.2 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R [ Lk

HEED SEL3 Reserved SEL2
w rved

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
W Reserved SEL1 Reserved SELO

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

11.4.2.14.3 Fields

Field Function
31 Enable
LK This bit shows whether the register can be written or not.

0 - Register can be written.
1 - Register cannot be written until the next system Reset.

30 This read-only bit field is reserved and always has the value 0.
29-24 Trigger MUX Input 3 Source Select
SEL3 This read/write bit field is used to configure the MUX select for peripheral trigger input 3. Refer to the
Select Bit Fields table in the Features section for bit field information.
23-22 This read-only bit field is reserved and always has the value 0.
21-16 Trigger MUX Input 2 Source Select
SEL2 This read/write bit field is used to configure the MUX select for peripheral trigger input 2. Refer to the

Select Bit Fields table in the Features section for bit field information.

15-14 This read-only bit field is reserved and always has the value 0.

Table continues on the next page...
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Field Function
13-8 Trigger MUX Input 1 Source Select
SELA This read/write bit field is used to configure the MUX select for peripheral trigger input 1. Refer to the
Select Bit Fields table in the Features section for bit field information.
7-6 This read-only bit field is reserved and always has the value 0.
5-0 Trigger MUX Input O Source Select
SELO This read/write bit field is used to configure the MUX select for peripheral trigger input 0. Refer to the

Select Bit Fields table in the Features section for bit field information.

11.4.2.15 TRGMUX LPUARTO (TRGMUX_LPUARTO)

11.4.2.15.1 Address

Register Offset
TRGMUX_LPUARTO 4006204Ch

TRGMUX Register

11.4.2.15.2 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R LK | Rese
Reserved Reserved Reserved
w rved

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
W Reserved Reserved Reserved SELO

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

11.4.2.15.3 Fields

Field Function
31 Enable
LK This bit shows whether the register can be written or not.
0 - Register can be written.

Table continues on the next page...
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Field Function
1 - Register cannot be written until the next system Reset.

30 This read-only bit field is reserved and always has the value 0.
29-24 This read-only bit field is reserved and always has the value 0.
23-22 This read-only bit field is reserved and always has the value 0.
21-16 This read-only bit field is reserved and always has the value 0.

15-14 This read-only bit field is reserved and always has the value 0.
13-8 This read-only bit field is reserved and always has the value 0.

7-6 This read-only bit field is reserved and always has the value 0.

5-0 Trigger MUX Input O Source Select
SELO This read/write bit field is used to configure the MUX select for peripheral trigger input 0. Refer to the

Select Bit Fields table in the Features section for bit field information.

11.4.2.16 TRGMUX LPUART1 (TRGMUX_LPUART1)

11.4.2.16.1 Address

Register Offset
TRGMUX_LPUART1 40062050h

TRGMUX Register
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11.4.2.16.2 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R LK | Rese
w rved

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Reserved Reserved Reserved

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
W Reserved Reserved Reserved SELO

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

11.4.2.16.3 Fields

Field Function
31 Enable
LK This bit shows whether the register can be written or not.
0 - Register can be written.
1 - Register cannot be written until the next system Reset.

30 This read-only bit field is reserved and always has the value 0.
29-24 This read-only bit field is reserved and always has the value 0.
23-22 This read-only bit field is reserved and always has the value 0.
21-16 This read-only bit field is reserved and always has the value 0.

15-14 This read-only bit field is reserved and always has the value 0.
13-8 This read-only bit field is reserved and always has the value 0.

7-6 This read-only bit field is reserved and always has the value 0.

5-0 Trigger MUX Input 0 Source Select
SELO This read/write bit field is used to configure the MUX select for peripheral trigger input 0. Refer to the

Select Bit Fields table in the Features section for bit field information.

11.4.2.17 TRGMUX LPI2C0 (TRGMUX_LPI2CO0)
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11.4.2.17.1 Address

Register Offset
TRGMUX_LPI2C0O 40062054h
TRGMUX Register

11.4.2.17.2 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R LK | Rese
Reserved Reserved Reserved
w rved

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
W Reserved Reserved Reserved SELO

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

11.4.2.17.3 Fields

Field Function
31 Enable
LK This bit shows whether the register can be written or not.
0 - Register can be written.
1 - Register cannot be written until the next system Reset.
30 This read-only bit field is reserved and always has the value 0.
29-24 This read-only bit field is reserved and always has the value 0.
23-22 This read-only bit field is reserved and always has the value 0.
21-16 This read-only bit field is reserved and always has the value 0.
15-14 This read-only bit field is reserved and always has the value 0.
13-8 This read-only bit field is reserved and always has the value 0.
7-6 This read-only bit field is reserved and always has the value 0.

Table continues on the next page...
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Field Function
5-0 Trigger MUX Input O Source Select
SELO This read/write bit field is used to configure the MUX select for peripheral trigger input 0. Refer to the
Select Bit Fields table in the Features section for bit field information.

11.4.2.18 TRGMUX LPI2C1 (TRGMUX_LPI2C1)

11.4.2.18.1 Address

Register Offset
TRGMUX_LPI2CA 40062058h
TRGMUX Register

11.4.2.18.2 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R LK | Rese
Reserved Reserved Reserved
w rved

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
W Reserved Reserved Reserved SELO

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

11.4.2.18.3 Fields

Field Function
31 Enable
LK This bit shows whether the register can be written or not.

0 - Register can be written.
1 - Register cannot be written until the next system Reset.

30 This read-only bit field is reserved and always has the value 0.

29-24 This read-only bit field is reserved and always has the value 0.

Table continues on the next page...
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Field Function
23-22 This read-only bit field is reserved and always has the value 0.
21-16 This read-only bit field is reserved and always has the value 0.
15-14 This read-only bit field is reserved and always has the value 0.
13-8 This read-only bit field is reserved and always has the value 0.
7-6 This read-only bit field is reserved and always has the value 0.
5-0 Trigger MUX Input O Source Select
SELO This read/write bit field is used to configure the MUX select for peripheral trigger input 0. Refer to the

Select Bit Fields table in the Features section for bit field information.

11.4.2.19 TRGMUX LPSPIO (TRGMUX_LPSPI0)

11.4.2.19.1 Address

Register Offset
TRGMUX_LPSPIO 4006205Ch
TRGMUX Register
11.4.2.19.2 Diagram
Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R LK
ez Reserved Reserved Reserved
w rved
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
W Reserved Reserved Reserved SELO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Chapter 11 Trigger MUX Control (TRGMUX)

Field Function
31 Enable
LK This bit shows whether the register can be written or not.
0 - Register can be written.
1 - Register cannot be written until the next system Reset.

30 This read-only bit field is reserved and always has the value 0.
29-24 This read-only bit field is reserved and always has the value 0.
23-22 This read-only bit field is reserved and always has the value 0.
21-16 This read-only bit field is reserved and always has the value 0.

15-14 This read-only bit field is reserved and always has the value 0.
13-8 This read-only bit field is reserved and always has the value 0.

7-6 This read-only bit field is reserved and always has the value 0.

5-0 Trigger MUX Input 0 Source Select
SELO This read/write bit field is used to configure the MUX select for peripheral trigger input 0. Refer to the

Select Bit Fields table in the Features section for bit field information.

11.4.2.20 TRGMUX LPSPI1 (TRGMUX_LPSPI1)

11.4.2.20.1 Address

Register Offset
TRGMUX_LPSPI1 40062060h
TRGMUX Register
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11.4.2.20.2 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R LK
ez Reserved Reserved Reserved
w rved
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
W Reserved Reserved Reserved SELO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

11.4.2.20.3 Fields

Field Function
31 Enable
LK This bit shows whether the register can be written or not.
0 - Register can be written.
1 - Register cannot be written until the next system Reset.
30 This read-only bit field is reserved and always has the value 0.
29-24 This read-only bit field is reserved and always has the value 0.
23-22 This read-only bit field is reserved and always has the value 0.
21-16 This read-only bit field is reserved and always has the value 0.
15-14 This read-only bit field is reserved and always has the value 0.
13-8 This read-only bit field is reserved and always has the value 0.
7-6 This read-only bit field is reserved and always has the value 0.
5-0 Trigger MUX Input 0 Source Select
SELO This read/write bit field is used to configure the MUX select for peripheral trigger input 0. Refer to the
Select Bit Fields table in the Features section for bit field information.
11.4.2.21 TRGMUX LPTMRO (TRGMUX_LPTMRO0)
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11.4.2.21.1 Address

Register Offset
TRGMUX_LPTMRO 40062064h
TRGMUX Register

11.4.2.21.2 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R LK | Rese
Reserved Reserved Reserved
w rved

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
W Reserved Reserved Reserved SELO

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

11.4.2.21.3 Fields

Field Function
31 Enable
LK This bit shows whether the register can be written or not.
0 - Register can be written.
1 - Register cannot be written until the next system Reset.
30 This read-only bit field is reserved and always has the value 0.
29-24 This read-only bit field is reserved and always has the value 0.
23-22 This read-only bit field is reserved and always has the value 0.
21-16 This read-only bit field is reserved and always has the value 0.
15-14 This read-only bit field is reserved and always has the value 0.
13-8 This read-only bit field is reserved and always has the value 0.
7-6 This read-only bit field is reserved and always has the value 0.

Table continues on the next page...
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Field Function
5-0 Trigger MUX Input O Source Select
SELO This read/write bit field is used to configure the MUX select for peripheral trigger input 0. Refer to the

Select Bit Fields table in the Features section for bit field information.

11.4.2.22 TRGMUX TSI (TRGMUX_TSI)

11.4.2.22.1 Address
Register Offset
TRGMUX_TSI 40062068h
TRGMUX Register
11.4.2.22.2 Diagram
Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R LK
AL Reserved Reserved Reserved
w rved
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
W Reserved Reserved Reserved SELO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
11.4.2.22.3 Fields
Field Function
31 Enable
LK This bit shows whether the register can be written or not.
0 - Register can be written.
1 - Register cannot be written until the next system Reset.
30 This read-only bit field is reserved and always has the value 0.
29-24 This read-only bit field is reserved and always has the value 0.

Table continues on the next page...
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Field Function
23-22 This read-only bit field is reserved and always has the value 0.
21-16 This read-only bit field is reserved and always has the value 0.
15-14 This read-only bit field is reserved and always has the value 0.
13-8 This read-only bit field is reserved and always has the value 0.
7-6 This read-only bit field is reserved and always has the value 0.
5-0 Trigger MUX Input O Source Select
SELO This read/write bit field is used to configure the MUX select for peripheral trigger input 0. Refer to the
Select Bit Fields table in the Features section for bit field information.

11.4.2.23 TRGMUX PWT (TRGMUX_PWT)

11.4.2.23.1 Address

Register Offset
TRGMUX_PWT 4006206Ch
TRGMUX Register

11.4.2.23.2 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R LK | Rese
Reserved Reserved Reserved
w rved

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
W Reserved Reserved Reserved SELO

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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11.4.2.23.3 Fields

Field Function
31 Enable
LK This bit shows whether the register can be written or not.
0 - Register can be written.
1 - Register cannot be written until the next system Reset.

30 This read-only bit field is reserved and always has the value 0.
29-24 This read-only bit field is reserved and always has the value 0.
23-22 This read-only bit field is reserved and always has the value 0.
21-16 This read-only bit field is reserved and always has the value 0.

15-14 This read-only bit field is reserved and always has the value 0.
13-8 This read-only bit field is reserved and always has the value 0.

7-6 This read-only bit field is reserved and always has the value 0.

5-0 Trigger MUX Input 0 Source Select
SELO This read/write bit field is used to configure the MUX select for peripheral trigger input 0. Refer to the

Select Bit Fields table in the Features section for bit field information.

11.5 Usage Guide

The TRGMUX is an extremely flexible module interconnectivity scheme. The trigger
source could be from various peripherals and external input pins, to multiple pins/
peripherals. The module level interconnections and trigger scheme offload the
intervention of CPU, which is also useful when CPU is in WAIT/STOP mode. The
following are some typical use-cases for TRGMUX.

11.5.1 ADC Trigger Source

The following triggers are via the TRGMUX:
e CMP out to trigger each ADC
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e LPIT capable to trigger each ADC, LPIT supports up to 4 pre-triggers, two are for
ADCO ADHWTSA~ADHWTSB and the another two are for ADCI
ADHWTSA~ADHWTSB.

e RTC capable to trigger each ADC

* LPTMR capable to trigger each ADC

For details, please refer to “ADC Trigger Sources” section.

FTM module support counter init trigger and channel match trigger, these triggers
couldbe used as trigger input of PDB, PDB then be used to trigger other modules like
ADC.

For details, please refer to “ADC Trigger Concept — Use Case ” section.

11.5.2 CMP Window/Sample Input

PDB and LPIT could be used to generate pulse output which can be used as sampling
windows of CMP block via TRGMUX.

For details, please refer to “Window Mode” section in the CMP chapter.

11.5.3 FTM Fault Detection Input / Hardware Triggers and
Synchronization

Please refer to the FTM chapter for more details.
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Chapter 12
Direct Memory Access Multiplexer (DMAMUX)

12.1 Chip-specific information for this module

12.1.1 DMAMUX request sources

This device includes a DMA request mux that allows up to 63 DMA request signals to be
mapped to any of the 8 DMA channels. The DMA request sources could be peripheral
DMA requests or always-on slots. Because of the mux, there 1s not a hard correlation
between any of the DMA request sources and a specific DMA channel.

Some of the modules support Asynchronous DMA operation as indicated by the last
column in the following DMA source assignment table. Asynchronous DMA requests
can be used to activate a DMA channel in WAIT or STOP mode.

Table 12-1. DMA request sources - MUX 0

Source Source module Source description Async DMA
number capable

0 — Channel disabled'

1 TSI TSI DMA Transfer Yes

2 LPUARTO Receive Yes

3 LPUARTO Transmit Yes

4 LPUART1 Receive Yes

5 LPUARTH1 Transmit Yes

6 LPUART2 Receive Yes

7 LPUART2 Transmit Yes

8 Reserved —

9 Reserved —

10 FlexlO Shifter0 Yes

11 FlexlO Shifter1 Yes

12 FlexlO Shifter2 Yes

Table continues on the next page...
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Table 12-1. DMA request sources - MUX 0 (continued)

Source Source module Source description Async DMA

number capable
13 FlexIO Shifter3 Yes
14 LPSPIO Receive Yes
15 LPSPIO Transmit Yes
16 LPSPI1 Receive Yes
17 LPSPI1 Transmit Yes
18 LPI2CO Receive Yes
19 LPI2CO Transmit Yes
20 FTMO Channel 0
21 FTMO Channel 1
22 FTMO Channel 2
23 FTMO Channel 3
24 FTMO Channel 4
25 FTMO Channel 5
26 FTMO Channel 6
27 FTMO Channel 7
28 FTMA Channel 0
29 FTMA1 Channel 1
30 FTM2 Channel 0
31 FTM2 Channel 1
32 LPI2C1 LPI2C1 Receive Yes for

LPI2CA
33 LPI2C1 LPI2C1 Transmit Yes for
LPI2C1

34 Reserved —
35 Reserved —
36 Reserved —
37 Reserved —
38 Reserved —
39 Reserved —
40 ADCO ADCO COCO Yes
41 ADCA1 ADC1 COCO Yes
42 Reserved —
43 CMPO — Yes
44 CMP1 — Yes
45 Reserved —
46 PDBO —
47 Reserved —
48 Reserved —
49 Port control module Port A Yes

Table continues on the next page...
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Table 12-1. DMA request sources - MUX 0 (continued)

Source Source module Source description Async DMA
number capable
50 Port control module Port B Yes
51 Port control module Port C Yes
52 Port control module Port D Yes
53 Port control module Port E Yes

54 Reserved —

55 Reserved —

56 Reserved Reserved Yes
57 FTM1 OR of ch2-ch3

58 FTM2 OR of ch2-ch3

59 LPTMRO — Yes
60 DMAMUX Always enabled

61 DMAMUX Always enabled

62 DMAMUX Always enabled

63 DMAMUX Always enabled

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

12.1.2 DMA trigger sources

The DMAMUX on this device also supports a periodic trigger mode. The trigger sources
are from TRGMUX output showed in following table. The triggers from TRGMUX
module can trigger a DMA transfer on the first four DMA channels (channel 0 -3), for
example, the LPIT can trigger DMA via TRGMUX.

Table 12-2. DMAMUX trigger sources

Trigger number Trigger module Trigger description
0 TRGMUX TRGMUX trigger outO
1 TRGMUX TRGMUX trigger out1
2 TRGMUX TRGMUX trigger out2
3 TRGMUX TRGMUX trigger out3

12.2 Introduction
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12.2.1 Overview

The Direct Memory Access Multiplexer (DMAMUX) routes DMA sources, called slots,
to any of the 8 DMA channels. This process is illustrated in the following figure.

— DMA channel #0
Source #1 _ DMAMUX - >
< > DMA channel #1
€
Source #2
>
Source #3
> |
Source #x < > < >
- >
Always #1
>
A
Always #
ys #Yy > |
Trigger #1
g9 . > —‘
. DMA channel #n
Trigger # —=< >
rigger #z
g9 >

Figure 12-1. DMAMUX block diagram

12.2.2 Features

The DMAMUX module provides these features:
» Up to 59 peripheral slots and up to four always-on slots can be routed to 8 channels.

8 independently selectable DMA channel routers.
* The first four channels additionally provide a trigger functionality.

* Each channel router can be assigned to one of the possible peripheral DMA slots or
to one of the always-on slots.
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12.2.3 Modes of operation

The following operating modes are available:
* Disabled mode

In this mode, the DMA channel is disabled. Because disabling and enabling of DMA
channels is done primarily via the DMA configuration registers, this mode is used
mainly as the reset state for a DMA channel in the DMA channel MUX. It may also
be used to temporarily suspend a DMA channel while reconfiguration of the system
takes place, for example, changing the period of a DMA trigger.

e Normal mode

In this mode, a DMA source is routed directly to the specified DMA channel. The
operation of the DMAMUX in this mode is completely transparent to the system.

* Periodic Trigger mode

In this mode, a DMA source may only request a DMA transfer, such as when a
transmit buffer becomes empty or a receive buffer becomes full, periodically.

Configuration of the period is done in the registers of the periodic interrupt timer
(LPIT). This mode is available only for channels 0-3.

12.3 EXxternal signal description
The DMAMUX has no external pins.

12.4 Memory map/register definition

This section provides a detailed description of all memory-mapped registers in the

DMAMUX.
DMAMUX memory map
Absolute . .
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
4002_1000 |Channel Configuration register (DMAMUX_CHCFGO) 8 R/W 00h 12.4.1/184
4002_1001 |Channel Configuration register (DMAMUX_CHCFG1) 8 R/W 00h 12.4.1/184
4002_1002 |Channel Configuration register (DMAMUX_CHCFG2) 8 R/W 00h 12.4.1/184
4002_1003 |Channel Configuration register (DOMAMUX_CHCFGS3) 8 R/W 00h 12.4.1/184
Table continues on the next page...
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DMAMUX memory map (continued)

Absolute . .
address Register name (;I:f;(t;) Access | Reset value Sec;tu;n/
(hex) pag
4002_1004 |Channel Configuration register (DMAMUX_CHCFG4) 8 R/W 00h 12.4.1/184
4002_1005 |Channel Configuration register (DMAMUX_CHCFG5) 8 R/W 00h 12.4.1/184
4002_1006 |Channel Configuration register (DMAMUX_CHCFG®6) 8 R/W 00h 12.4.1/184
4002_1007 |Channel Configuration register (DMAMUX_CHCFG7) 8 R/W 00h 12.4.1/184

12.4.1 Channel Configuration register (DMAMUX_CHCFGn)

Each of the DMA channels can be independently enabled/disabled and associated with
one of the DMA slots (peripheral slots or always-on slots) in the system.

NOTE

Setting multiple CHCFG registers with the same source value
will result in unpredictable behavior. This is true, even if a
channel is disabled (ENBL==0).

Before changing the trigger or source settings, a DMA channel
must be disabled via CHCFGn[ENBL].

Address: 4002_1000h base + 0h offset + (1d x i), where i=0d to 7d

Bit 7 6 5 4 | 3 2 1 0
Read
Write ENBL TRIG SOURCE
Reset 0 0 0 o | o 0 0 0
DMAMUX_CHCFGn field descriptions
Field Description
7 DMA Channel Enable
ENBL

Enables the DMA channel.

0 DMA channel is disabled. This mode is primarily used during configuration of the DMAMux. The DMA
has separate channel enables/disables, which should be used to disable or reconfigure a DMA
channel.

1 DMA channel is enabled

6 DMA Channel Trigger Enable
TRIG

Enables the periodic trigger capability for the triggered DMA channel.

0 Triggering is disabled. If triggering is disabled and ENBL is set, the DMA Channel will simply route the
specified source to the DMA channel. (Normal mode)

1 Triggering is enabled. If triggering is enabled and ENBL is set, the DMAMUX is in Periodic Trigger
mode.

SOURCE DMA Channel Source (Slot)

Table continues on the next page...
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DMAMUX_CHCFGn field descriptions (continued)

Field Description

Specifies which DMA source, if any, is routed to a particular DMA channel. See the chip-specific
DMAMUX information for details about the peripherals and their slot numbers.

12.5 Functional description

The primary purpose of the DMAMUX is to provide flexibility in the system's use of the
available DMA channels.

As such, configuration of the DMAMUX is intended to be a static procedure done during
execution of the system boot code. However, if the procedure outlined in Enabling and
configuring sources is followed, the configuration of the DMAMUX may be changed
during the normal operation of the system.

Functionally, the DMAMUX channels may be divided into two classes:

* Channels that implement the normal routing functionality plus periodic triggering
capability
e Channels that implement only the normal routing functionality

12.5.1 DMA channels with periodic triggering capability

Besides the normal routing functionality, the first 4 channels of the DMAMUX provide a
special periodic triggering capability that can be used to provide an automatic mechanism
to transmit bytes, frames, or packets at fixed intervals without the need for processor
intervention.

The trigger is generated by the periodic interrupt timer (LPIT); as such, the configuration
of the periodic triggering interval is done via configuration registers in the LPIT. See the
section on periodic interrupt timer for more information on this topic.

Note

Because of the dynamic nature of the system (due to DMA
channel priorities, bus arbitration, interrupt service routine
lengths, etc.), the number of clock cycles between a trigger and
the actual DMA transfer cannot be guaranteed.
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Figure 12-2. DMAMUX triggered channels

The DMA channel triggering capability allows the system to schedule regular DMA
transfers, usually on the transmit side of certain peripherals, without the intervention of
the processor. This trigger works by gating the request from the peripheral to the DMA
until a trigger event has been seen. This is illustrated in the following figure.

Peripheral request / . \_/ \_/ .
Trigger I_I |_| ﬂ
DMA request / W

Figure 12-3. DMAMUX channel triggering: normal operation

After the DMA request has been serviced, the peripheral will negate its request,
effectively resetting the gating mechanism until the peripheral reasserts its request and
the next trigger event is seen. This means that if a trigger is seen, but the peripheral is not
requesting a transfer, then that trigger will be ignored. This situation is illustrated in the
following figure.

Kinetis KE1xZ Sub-Family Reference Manual, Rev. 2, 09/2016
186 NXP Semiconductors




Chapter 12 Direct Memory Access Multiplexer (DMAMUX)

Peripheral request / \ /
Trigger I_I |_| I_I
DMA request / \ /

Figure 12-4. DMAMUX channel triggering: ignored trigger

This triggering capability may be used with any peripheral that supports DMA transfers,
and is most useful for two types of situations:

* Periodically polling external devices on a particular bus

As an example, the transmit side of an SPI is assigned to a DMA channel with a
trigger, as described above. After it has been set up, the SPI will request DMA
transfers, presumably from memory, as long as its transmit buffer is empty. By using
a trigger on this channel, the SPI transfers can be automatically performed every 5 us
(as an example). On the receive side of the SPI, the SPT and DMA can be configured
to transfer receive data into memory, effectively implementing a method to
periodically read data from external devices and transfer the results into memory
without processor intervention.

» Using the GPIO ports to drive or sample waveforms

By configuring the DMA to transfer data to one or more GPIO ports, it is possible to
create complex waveforms using tabular data stored in on-chip memory. Conversely,
using the DMA to periodically transfer data from one or more GPIO ports, it is
possible to sample complex waveforms and store the results in tabular form in on-
chip memory.

A more detailed description of the capability of each trigger, including resolution, range
of values, and so on, may be found in the periodic interrupt timer section.

12.5.2 DMA channels with no triggering capability

The other channels of the DMAMUX provide the normal routing functionality as
described in Modes of operation.
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12.5.3 Always-enabled DMA sources

In addition to the peripherals that can be used as DMA sources, there are four additional
DMA sources that are always enabled. Unlike the peripheral DMA sources, where the
peripheral controls the flow of data during DMA transfers, the sources that are always
enabled provide no such "throttling" of the data transfers. These sources are most useful
in the following cases:

e Performing DMA transfers to/from GPIO—Moving data from/to one or more GPIO
pins, either unthrottled (that is, as fast as possible), or periodically (using the DMA
triggering capability).

* Performing DMA transfers from memory to memory—Moving data from memory to
memory, typically as fast as possible, sometimes with software activation.

e Performing DMA transfers from memory to the external bus, or vice-versa—Similar
to memory to memory transfers, this is typically done as quickly as possible.

* Any DMA transfer that requires software activation—Any DMA transfer that should
be explicitly started by software.

In cases where software should initiate the start of a DMA transfer, an always-enabled
DMA source can be used to provide maximum flexibility. When activating a DMA
channel via software, subsequent executions of the minor loop require that a new start
event be sent. This can either be a new software activation, or a transfer request from the
DMA channel MUX. The options for doing this are:

 Transfer all data in a single minor loop.

By configuring the DMA to transfer all of the data in a single minor loop (that is,
major loop counter = 1), no reactivation of the channel is necessary. The
disadvantage to this option is the reduced granularity in determining the load that the
DMA transfer will impose on the system. For this option, the DMA channel must be
disabled in the DMA channel MUX.

» Use explicit software reactivation.

In this option, the DMA is configured to transfer the data using both minor and major
loops, but the processor is required to reactivate the channel by writing to the DMA
registers after every minor loop. For this option, the DMA channel must be disabled
in the DMA channel MUX.

» Use an always-enabled DMA source.
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In this option, the DMA is configured to transfer the data using both minor and major
loops, and the DMA channel MUX does the channel reactivation. For this option, the
DMA channel should be enabled and pointing to an "always enabled" source. Note
that the reactivation of the channel can be continuous (DMA triggering is disabled)
or can use the DMA triggering capability. In this manner, it is possible to execute
periodic transfers of packets of data from one source to another, without processor
intervention.

12.6 Initialization/application information

This section provides instructions for initializing the DMA channel MUX.

12.6.1 Reset

The reset state of each individual bit is shown in Memory map/register definition. In
summary, after reset, all channels are disabled and must be explicitly enabled before use.

12.6.2 Enabling and configuring sources

To enable a source with periodic triggering:

1.

2.
3.

Nl

Determine with which DMA channel the source will be associated. Note that only the
first 4 DMA channels have periodic triggering capability.

Clear the CHCFG|[ENBL] and CHCFG[TRIG] fields of the DMA channel.

Ensure that the DMA channel is properly configured in the DMA. The DMA channel
may be enabled at this point.

Configure the corresponding timer.

Select the source to be routed to the DMA channel. Write to the corresponding
CHCEFG register, ensuring that the CHCFG[ENBL] and CHCFG[TRIG] fields are
set.

NOTE

The following is an example. See the chip configuration details
for the number of this device's DMA channels that have
triggering capability.

To configure source #5 transmit for use with DMA channel 1, with periodic triggering
capability:

1.

Write 0x00 to CHCFGL.
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2. Configure channel 1 in the DMA, including enabling the channel.

3. Configure a timer for the desired trigger interval.
4. Write 0xC5 to CHCFGI.

The following code example illustrates steps 1 and 4 above:

void DMAMUX Init (uint8 t DMA CH, uint8 t DMAMUX SOURCE)
{
DMAMUX 0.CHCFG [DMA CH] .B.SOURCE
DMAMUX 0.CHCFG[DMA CH] .B.ENBL
DMAMUX_0.CHCFG [DMA_CH] .B.TRIG

DMAMUX_SOURCE ;
1;
1;

}

To enable a source, without periodic triggering:

1. Determine with which DMA channel the source will be associated. Note that only the
first 4 DMA channels have periodic triggering capability.

2. Clear the CHCFG[ENBL] and CHCFG[TRIG] fields of the DMA channel.

. Ensure that the DMA channel is properly configured in the DMA. The DMA channel

may be enabled at this point.

4. Select the source to be routed to the DMA channel. Write to the corresponding
CHCEFG register, ensuring that CHCFG[ENBL] is set while CHCFG[TRIG] is
cleared.

W

NOTE

The following is an example. See the chip configuration details
for the number of this device's DMA channels that have
triggering capability.

To configure source #5 transmit for use with DMA channel 1, with no periodic triggering
capability:

1. Write 0x00 to CHCFGI.

2. Configure channel 1 in the DMA, including enabling the channel.

3. Write 0x85 to CHCFGI.

The following code example illustrates steps 1 and 3 above:

In File registers.h:

#define DMAMUX BASE ADDR 0x40021000/* Example only ! */
/* Following example assumes char is 8-bits */

volatile unsigned char *CHCFGO (volatile unsigned char *)
volatile unsigned char *CHCFG1l (volatile unsigned char *)
volatile unsigned char *CHCFG2 (volatile unsigned char *)
volatile unsigned char *CHCFG3 (volatile unsigned char *)
volatile unsigned char *CHCFG4 (volatile unsigned char *) (DMAMUX BASE ADDR+0x0004) ;
volatile unsigned char *CHCFG5 (volatile unsigned char *) (DMAMUX BASE ADDR+0x0005) ;

(DMAMUX_BASE_ADDR+0x0000) ;
(
(
(
(
(
volatile unsigned char *CHCFG6 (volatile unsigned char *) (DMAMUX BASE ADDR+0x0006) ;
(
(
(
(
(
(
(

DMAMUX BASE ADDR+0x0001) ;
DMAMUX BASE ADDR+0x0002) ;
DMAMUX BASE ADDR+0x0003) ;

volatile unsigned char *CHCFG7 (volatile unsigned char *) (DMAMUX BASE ADDR+0x0007) ;
volatile unsigned char *CHCFGS8 (volatile unsigned char *) (DMAMUX BASE ADDR+0x0008) ;
volatile unsigned char *CHCFG9 (volatile unsigned char *) (DMAMUX BASE ADDR+0x0009) ;
volatile unsigned char *CHCFG10= (volatile unsigned char *) (DMAMUX BASE ADDR+0x000A) ;
volatile unsigned char *CHCFGll= (volatile unsigned char *) (DMAMUX BASE ADDR+0x000B) ;
volatile unsigned char *CHCFG12= (volatile unsigned char *) (DMAMUX BASE ADDR+0x000C) ;
volatile unsigned char *CHCFG1l3= (volatile unsigned char *) (DMAMUX BASE ADDR+0x000D) ;
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volatile unsigned char *CHCFGl4= (volatile unsigned char *) (DMAMUX BASE ADDR+0x000E) ;
volatile unsigned char *CHCFG1l5= (volatile unsigned char *) (DMAMUX BASE ADDR+0xO000F) ;

In File main.c:

#include "registers.h"

*CHCFG1
*CHCFG1

0x00;
0x85;

To disable a source:

A particular DMA source may be disabled by not writing the corresponding source value
into any of the CHCFG registers. Additionally, some module-specific configuration may
be necessary. See the appropriate section for more details.

To switch the source of a DMA channel:

1. Disable the DMA channel in the DMA and reconfigure the channel for the new
source.

2. Clear the CHCFG[ENBL] and CHCFG[TRIG] bits of the DMA channel.

3. Select the source to be routed to the DMA channel. Write to the corresponding
CHCEFG register, ensuring that the CHCFG[ENBL] and CHCFG[TRIG] fields are
set.

To switch DMA channel 8 from source #5 transmit to source #7 transmit:

1. In the DMA configuration registers, disable DMA channel 8 and reconfigure it to
handle the transfers to peripheral slot 7. This example assumes channel 8 doesn't
have triggering capability.

2. Write 0x00 to CHCFGS.

. Write 0x87 to CHCFGS. (In this example, setting CHCFG[TRIG] would have no
effect due to the assumption that channel 8 does not support the periodic triggering
functionality.)

(98]

The following code example illustrates steps 2 and 3 above:

In File registers.h:

#define DMAMUX BASE_ADDR 0x40021000/* Example only ! */
/* Following example assumes char is 8-bits */

volatile unsigned char *CHCFGO (volatile unsigned char *)
volatile unsigned char *CHCFG1l (volatile unsigned char *)
volatile unsigned char *CHCFG2 (volatile unsigned char *)
volatile unsigned char *CHCFG3 (volatile unsigned char *)
volatile unsigned char *CHCFG4 (volatile unsigned char *)
volatile unsigned char *CHCFG5 (volatile unsigned char *)
volatile unsigned char *CHCFG6 (volatile unsigned char *)
volatile unsigned char *CHCFG7 (volatile unsigned char *)
volatile unsigned char *CHCFGS8 (volatile unsigned char *)
volatile unsigned char *CHCFG9 (volatile unsigned char *)
volatile unsigned char *CHCFG1l0= (volatile unsigned char *)
volatile unsigned char *CHCFGll= (volatile unsigned char *)
volatile unsigned char *CHCFGl2= (volatile unsigned char *)
volatile unsigned char *CHCFG1l3= (volatile unsigned char *)
volatile unsigned char *CHCFGl4= (volatile unsigned char *)
volatile unsigned char *CHCFG1l5= (volatile unsigned char *)

DMAMUX BASE_ADDR+0x0000) ;
DMAMUX_BASE_ADDR+0x0001) ;
DMAMUX_BASE_ADDR+0x0002) ;
DMAMUX_BASE_ADDR+0x0003) ;
DMAMUX BASE ADDR+0x0004) ;
DMAMUX_BASE_ADDR+0x0005) ;
DMAMUX_BASE_ADDR+0x0006) ;
DMAMUX_BASE_ADDR+0x0007) ;
DMAMUX BASE ADDR+0x0008) ;
DMAMUX_BASE_ADDR+0x0009) ;
DMAMUX_BASE_ADDR+0x000A) ;
DMAMUX_BASE_ADDR+0x000B) ;
DMAMUX_ BASE_ADDR+0x000C) ;
DMAMUX_BASE_ADDR+0x000D) ;
DMAMUX_BASE_ADDR+0x000E) ;
DMAMUX_BASE_ADDR+0x000F) ;

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
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In File main.c:
#include "registers.h"

*CHCFGS8
*CHCFGS8

0x00;
0x87;
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Chapter 13
Enhanced Direct Memory Access (eDMA)

13.1 Introduction

The enhanced direct memory access (eDMA) controller is a second-generation module
capable of performing complex data transfers with minimal intervention from a host
processor. The hardware microarchitecture includes:

* A DMA engine that performs:
* Source address and destination address calculations
* Data-movement operations
e Local memory containing transfer control descriptors for each of the 8 channels

13.1.1 eDMA system block diagram

Figure 13-1 illustrates the components of the eDMA system, including the eDMA
module ("engine").
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Figure 13-1. eDMA system block diagram

parts

The eDMA module is partitioned into two major modules: the eDMA engine and the
transfer-control descriptor local memory.

The eDMA engine is further partitioned into four submodules:

Table 13-1. eDMA engine submodules

Submodule

Function

Address path

This block implements registered versions of two channel transfer control descriptors, channel x
and channel y, and manages all master bus-address calculations. All the channels provide the
same functionality. This structure allows data transfers associated with one channel to be
preempted after the completion of a read/write sequence if a higher priority channel activation is
asserted while the first channel is active. After a channel is activated, it runs until the minor loop is
completed, unless preempted by a higher priority channel. This provides a mechanism (enabled
by DCHPRIn[ECP]) where a large data move operation can be preempted to minimize the time
another channel is blocked from execution.

When any channel is selected to execute, the contents of its TCD are read from local memory and
loaded into the address path channel x registers for a normal start and into channel y registers for
a preemption start. After the minor loop completes execution, the address path hardware writes

Table continues on the next page...
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Table 13-1. eDMA engine submodules (continued)

Submodule Function
the new values for the TCDn_{SADDR, DADDR, CITER} back to local memory. If the major
iteration count is exhausted, additional processing is performed, including the final address pointer
updates, reloading the TCDn_CITER field, and a possible fetch of the next TCDn from memory as
part of a scatter/gather operation.
Data path This block implements the bus master read/write datapath. It includes a data buffer and the

necessary multiplex logic to support any required data alignment. The internal read data bus is the
primary input, and the internal write data bus is the primary output.

The address and data path modules directly support the 2-stage pipelined internal bus. The
address path module represents the 1st stage of the bus pipeline (address phase), while the data
path module implements the 2nd stage of the pipeline (data phase).

Program model/channel
arbitration

This block implements the first section of the eDMA programming model as well as the channel
arbitration logic. The programming model registers are connected to the internal peripheral bus.
The eDMA peripheral request inputs and interrupt request outputs are also connected to this block
(via control logic).

Control

This block provides all the control functions for the eDMA engine. For data transfers where the
source and destination sizes are equal, the eDMA engine performs a series of source read/
destination write operations until the number of bytes specified in the minor loop byte count has
moved. For descriptors where the sizes are not equal, multiple accesses of the smaller size data
are required for each reference of the larger size. As an example, if the source size references 16-
bit data and the destination is 32-bit data, two reads are performed, then one 32-bit write.

The transfer-control descriptor local memory is further partitioned into:

Table 13-2. Transfer control descriptor memory

Submodule

Description

Memory controller

This logic implements the required dual-ported controller, managing accesses from the eDMA
engine as well as references from the internal peripheral bus. As noted earlier, in the event of
simultaneous accesses, the eDMA engine is given priority and the peripheral transaction is
stalled.

Memory array

TCD storage for each channel's transfer profile.

13.1.3 Features

The eDMA is a highly programmable data-transfer engine optimized to minimize any
required intervention from the host processor. It is intended for use in applications where
the data size to be transferred is statically known and not defined within the transferred
data itself. The eDMA module features:

* All data movement via dual-address transfers: read from source, write to destination

* Programmable source and destination addresses and transfer size

» Support for enhanced addressing modes
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Modes of operation

 8-channel implementation that performs complex data transfers with minimal
intervention from a host processor

» Connections to the crossbar switch for bus mastering the data movement

 Transfer control descriptor (TCD) organized to support two-deep, nested transfer
operations

* 32-byte TCD stored in local memory for each channel
* An inner data transfer loop defined by a minor byte transfer count
* An outer data transfer loop defined by a major iteration count
* Channel activation via one of three methods:
 Explicit software initiation
* Initiation via a channel-to-channel linking mechanism for continuous transfers
* Peripheral-paced hardware requests, one per channel
* Fixed-priority and round-robin channel arbitration
* Channel completion reported via programmable interrupt requests

* One interrupt per channel, which can be asserted at completion of major iteration
count

* Programmable error terminations per channel and logically summed together to
form one error interrupt to the interrupt controller

e Programmable support for scatter/gather DMA processing

* Support for complex data structures

In the discussion of this module, » 1s used to reference the channel number.

13.2 Modes of operation
The eDMA operates in the following modes:

Table 13-3. Modes of operation

Mode Description

Normal In Normal mode, the eDMA transfers data between a source and a destination. The source and
destination can be a memory block or an I/O block capable of operation with the eDMA.

Table continues on the next page...
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Table 13-3. Modes of operation (continued)

Mode

Description

A service request initiates a transfer of a specific number of bytes (NBYTES) as specified in the
transfer control descriptor (TCD). The minor loop is the sequence of read-write operations that
transfers these NBYTES per service request. Each service request executes one iteration of the
major loop, which transfers NBYTES of data.

Debug DMA operation is configurable in Debug mode via the control register:
e |f CR[EDBG] is cleared, the DMA continues to operate.
* If CR[EDBG] is set, the eDMA stops transferring data. If Debug mode is entered while a
channel is active, the eDMA continues operation until the channel retires.
Wait Before entering Wait mode, the DMA attempts to complete its current transfer. After the transfer

completes, the device enters Wait mode.

13.3 Memory map/register definition

The eDMA's programming model is partitioned into two regions:

* The first region defines a number of registers providing control functions

» The second region corresponds to the local transfer control descriptor (TCD)

memory

13.3.1 TCD memory

Each channel requires a 32-byte transfer control descriptor for defining the desired data
movement operation. The channel descriptors are stored in the local memory in

sequential order: channel 0, channel 1, ... channel 7. Each TCDn definition is presented as
11 registers of 16 or 32 bits.

13.3.2 TCD initialization

Prior to activating a channel, you must initialize its TCD with the appropriate transfer

profile.
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13.3.3 TCD structure

31 30 29 2s|27 26 25 24|23 22 21 20|19 18 17 16|15 14 13 12|11 10 9 s|7 6 5 4|3 2 10
0000h SADDR
0004h |  SMOD SSIZE DMOD DSIZE SOFF
NBYTES
W w
0008h { | W W
3| = MLOFF or NBYTES NBYTES
(D] =)
000Ch SLAST
0010h DADDR
X
z
o CITER or
w
0014h 2|  CITERLINKCH CITER DOFF
E
G
0018h DLAST_SGA
X X
z - é % w5
3 1] = w |y l OlZ|<|=
| > = > O] <
0o1Ch | & BITER or BITER BWC| & J BlE|4|o|E|T|3|2
| BITERLINKCH 2 g SR s P
= & 2 IR EE
@ s s
31 30 29 28|27 26 25 24|23 22 21 2o|19 18 17 1615 14 13 12|11 10 9 8|7 6 5 4|3 2 1 0

13.3.4 Reserved memory and bit fields

* Reading reserved bits in a register returns the value of zero.
* Writes to reserved bits in a register are ignored.
* Reading or writing a reserved memory location generates a bus error.

DMA memory map

DMA_CR[EMLM] disabled

DMA_CR[EMLM] enabled

Absolute . .
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
4000_8000 |Control Register (DMA_CR) 32 R/W See section | 13.3.5/204
4000_8004 |Error Status Register (DMA_ES) 32 R 0000_0000h | 13.3.6/207
4000_800C |Enable Request Register (DMA_ERQ) 32 R/W | 0000_0000h | 13.3.7/209
4000_8014 |Enable Error Interrupt Register (DMA_EEI) 32 R/W | 0000_0000h | 13.3.8/211
w
4000_8018 |Clear Enable Error Interrupt Register (DMA_CEEI) 8 (always 00h 13.3.9/212
reads 0)
w
4000_8019 |Set Enable Error Interrupt Register (DMA_SEEI) 8 (always 00h 13.3.10/213
reads 0)
Table continues on the next page...
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DMA memory map (continued)

Absolute

address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
w
4000_801A |Clear Enable Request Register (DMA_CERQ) 8 (always 00h 13.3.11/214
reads 0)
w
4000_801B |Set Enable Request Register (DMA_SERQ) 8 (always 00h 13.3.12/215
reads 0)
w
4000_801C |Clear DONE Status Bit Register (DMA_CDNE) 8 (always 00h 13.3.13/216
reads 0)
w
4000_801D |Set START Bit Register (DMA_SSRT) 8 (always 00h 13.3.14/217
reads 0)
w
4000_801E |Clear Error Register (DMA_CERR) 8 (always 00h 13.3.15/218
reads 0)
w
4000_801F |Clear Interrupt Request Register (DMA_CINT) 8 (always 00h 13.3.16/219
reads 0)
4000_8024 |Interrupt Request Register (DMA_INT) 32 R/W 0000_0000h | 13.3.17/220
4000_802C |Error Register (DMA_ERR) 32 R/W 0000_0000h | 13.3.18/221
4000_8034 |Hardware Request Status Register (DMA_HRS) 32 R 0000_0000h | 13.3.19/223
Enable Asynchronous Request in Stop Register
4000_8044 (DMA_EARS) 32 R/W | 0000_0000h | 13.3.20/225
4000_8100 |Channel n Priority Register (DMA_DCHPRI3) 8 R/W See section | 13.3.21/226
4000_8101 |Channel n Priority Register (DMA_DCHPRI2) 8 R/W See section | 13.3.21/226
4000_8102 |Channel n Priority Register (DMA_DCHPRI1) 8 R/W See section | 13.3.21/226
4000_8103 |Channel n Priority Register (DMA_DCHPRIO0) 8 R/W See section | 13.3.21/226
4000_8104 |Channel n Priority Register (DMA_DCHPRI7) 8 R/W See section | 13.3.21/226
4000_8105 |Channel n Priority Register (DMA_DCHPRI6) 8 R/W See section | 13.3.21/226
4000_8106 |Channel n Priority Register (DMA_DCHPRI5) 8 R/W See section | 13.3.21/226
4000_8107 |Channel n Priority Register (DMA_DCHPRI4) 8 R/W See section | 13.3.21/226
4000_9000 |TCD Source Address (DMA_TCDO_SADDR) 32 R/W Undefined | 13.3.22/227
4000_9004 |TCD Signed Source Address Offset (DMA_TCDO0_SOFF) 16 R/W Undefined | 13.3.23/227
4000_9006 |TCD Transfer Attributes (DMA_TCDO_ATTR) 16 R/W Undefined | 13.3.24/228
TCD Minor Byte Count (Minor Loop Mapping Disabled) '
4000_9008 (DMA_TCDO_NBYTES_ MLNO) 32 R/W Undefined | 13.3.25/229
TCD Signed Minor Loop Offset (Minor Loop Mapping
4000_9008 |Enabled and Offset Disabled) 32 R/W Undefined | 13.3.26/229
(DMA_TCDO_NBYTES_MLOFFNO)
TCD Signed Minor Loop Offset (Minor Loop Mapping and '
4000_9008 | ytoot Enabled) (DMA_TCDO_NBYTES_MLOFFYES) 32 RIW | Undefined | 13.3.27/231
TCD Last Source Address Adjustment .
4000_900C (DMA_TCDO_SLAST) 32 R/W Undefined | 13.3.28/232
Table continues on the next page...
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DMA memory map (continued)

Absolute

address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
4000_9010 |TCD Destination Address (DMA_TCDO_DADDR) 32 R/W Undefined | 13.3.29/232
TCD Signed Destination Address Offset .
4000_9014 (DMA_TCDO_DOFF) 16 R/W Undefined | 13.3.30/233
40009016 TCD Current Minor Loop Link, Major Loop Count (Channel 16 R/W Undefined | 13.3.31/233

Linking Enabled) (DMA_TCDO_CITER_ELINKYES)
4000_9016 [DMA_TCDO_CITER_ELINKNO 16 R/W Undefined | 13.3.32/235
TCD Last Destination Address Adjustment/Scatter Gather

4000_9018 Address (DMA_TCDO_DLASTSGA) 32 R/W Undefined | 13.3.33/236

4000_901C |TCD Control and Status (DMA_TCDO_CSR) 16 R/W Undefined | 13.3.34/236
TCD Beginning Minor Loop Link, Major Loop Count

4000_901E |(Channel Linking Enabled) 16 R/W Undefined | 13.3.35/239
(DMA_TCDO_BITER_ELINKYES)

4000_901E | nking Disabloc) (OMIA TODO_BITER ELINKNO)| 16 | FW | Undefined | 133.36/240

4000_9020 |TCD Source Address (DMA_TCD1_SADDR) 32 R/W Undefined | 13.3.22/227

4000_9024 |TCD Signed Source Address Offset (DMA_TCD1_SOFF) 16 R/W Undefined | 13.3.23/227

4000_9026 |TCD Transfer Attributes (DMA_TCD1_ATTR) 16 R/W Undefined | 13.3.24/228

40009028 TCD Minor Byte Count (Minor Loop Mapping Disabled) 32 R/W Undefined | 13.3.25/229

(DMA_TCD1_NBYTES_MLNO)

TCD Signed Minor Loop Offset (Minor Loop Mapping
4000_9028 |Enabled and Offset Disabled) 32 R/W Undefined | 13.3.26/229
(DMA_TCD1_NBYTES_MLOFFNO)

TCD Signed Minor Loop Offset (Minor Loop Mapping and
Offset Enabled) (DMA_TCD1_NBYTES_MLOFFYES)

TCD Last Source Address Adjustment
(DMA_TCD1_SLAST)

4000_9030 |TCD Destination Address (DMA_TCD1_DADDR) 32 R/W Undefined | 13.3.29/232

TCD Signed Destination Address Offset
(DMA_TCD1_DOFF)

TCD Current Minor Loop Link, Major Loop Count (Channel
Linking Enabled) (DMA_TCD1_CITER_ELINKYES)

4000_9036 |[DMA_TCD1_CITER_ELINKNO 16 R/W Undefined | 13.3.32/235
TCD Last Destination Address Adjustment/Scatter Gather

4000_9028 32 R/W Undefined | 13.3.27/231

4000_902C 32 R/W Undefined | 13.3.28/232

4000_9034 16 R/W Undefined | 13.3.30/233

4000_9036 16 R/W Undefined | 13.3.31/233

4000_9038 Address (DMA_TCD1_DLASTSGA) 32 R/W Undefined | 13.3.33/236

4000_903C |TCD Control and Status (DMA_TCD1_CSR) 16 R/W Undefined | 13.3.34/236
TCD Beginning Minor Loop Link, Major Loop Count

4000_903E |(Channel Linking Enabled) 16 R/W Undefined | 13.3.35/239
(DMA_TCD1_BITER_ELINKYES)

4000_903 | ing Disablod) (OMA TOD1 BITER ELINKNG) | 16 | W | Undefined | 13:336240

4000_9040 |TCD Source Address (DMA_TCD2_SADDR) 32 R/W Undefined | 13.3.22/227

4000_9044 |TCD Signed Source Address Offset (DMA_TCD2_SOFF) 16 R/W Undefined | 13.3.23/227

4000_9046 |TCD Transfer Attributes (DMA_TCD2_ATTR) 16 R/W Undefined | 13.3.24/228

Table continues on the next page...
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DMA memory map (continued)

Absolute

address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
40009048 TCD Minor Byte Count (Minor Loop Mapping Disabled) 32 R/W Undefined | 13.3.25/229

(DMA_TCD2_NBYTES_MLNO)

TCD Signed Minor Loop Offset (Minor Loop Mapping
4000_9048 |Enabled and Offset Disabled) 32 R/W Undefined | 13.3.26/229
(DMA_TCD2_NBYTES_MLOFFNO)

TCD Signed Minor Loop Offset (Minor Loop Mapping and
Offset Enabled) (DMA_TCD2_NBYTES_MLOFFYES)

TCD Last Source Address Adjustment
(DMA_TCD2_SLAST)

4000_9050 |TCD Destination Address (DMA_TCD2_DADDR) 32 R/W Undefined | 13.3.29/232

TCD Signed Destination Address Offset
(DMA_TCD2_DOFF)

TCD Current Minor Loop Link, Major Loop Count (Channel
Linking Enabled) (DMA_TCD2_CITER_ELINKYES)

4000_9056 |DMA_TCD2_CITER_ELINKNO 16 R/W Undefined | 13.3.32/235
TCD Last Destination Address Adjustment/Scatter Gather

4000_9048 32 R/W Undefined | 13.3.27/231

4000_904C 32 R/W Undefined | 13.3.28/232

4000_9054 16 R/W Undefined | 13.3.30/233

4000_9056 16 R/W Undefined | 13.3.31/233

4000_9058 Address (DMA_TCD2_DLASTSGA) 32 R/W Undefined | 13.3.33/236

4000_905C |TCD Control and Status (DMA_TCD2_CSR) 16 R/W Undefined | 13.3.34/236
TCD Beginning Minor Loop Link, Major Loop Count

4000_905E |(Channel Linking Enabled) 16 R/W Undefined | 13.3.35/239
(DMA_TCD2_BITER_ELINKYES)

4000_905E (Tgh[;fnee?ifi”niﬂﬂgﬂ 32:6%%? z_lii)r;\i/(lx\_/l?gtr)lz_(_)grl)Tcégu_nIEtLlNKNO) 16 RMW | Undefined | 13.3.36/240

4000_9060 |TCD Source Address (DMA_TCD3_SADDR) 32 R/W Undefined | 13.3.22/227

4000_9064 |TCD Signed Source Address Offset (DMA_TCD3_SOFF) 16 R/W Undefined | 13.3.23/227

4000_9066 |TCD Transfer Attributes (DMA_TCD3_ATTR) 16 R/W Undefined | 13.3.24/228

4000_9068 TCD Minor Byte Count (Minor Loop Mapping Disabled) 32 R/W Undefined | 13.3.25/229

(DMA_TCD3_NBYTES_MLNO)

TCD Signed Minor Loop Offset (Minor Loop Mapping
4000_9068 |Enabled and Offset Disabled) 32 R/W Undefined | 13.3.26/229
(DMA_TCD3_NBYTES_MLOFFNO)

TCD Signed Minor Loop Offset (Minor Loop Mapping and
Offset Enabled) (DMA_TCD3_NBYTES_MLOFFYES)

TCD Last Source Address Adjustment
(DMA_TCD3_SLAST)

4000_9070 |TCD Destination Address (DMA_TCD3_DADDR) 32 R/W Undefined | 13.3.29/232

TCD Signed Destination Address Offset
(DMA_TCD3_DOFF)

TCD Current Minor Loop Link, Major Loop Count (Channel
Linking Enabled) (DMA_TCDS3_CITER_ELINKYES)

4000_9076 |DMA_TCD3_CITER_ELINKNO 16 R/W Undefined | 13.3.32/235

TCD Last Destination Address Adjustment/Scatter Gather
Address (DMA_TCD3_DLASTSGA)

4000_9068 32 R/W Undefined | 13.3.27/231

4000_906C 32 R/W Undefined | 13.3.28/232

4000_9074 16 R/W Undefined | 13.3.30/233

4000_9076 16 R/W Undefined | 13.3.31/233

4000_9078 32 R/W Undefined | 13.3.33/236

Table continues on the next page...
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DMA memory map (continued)

Absolute

address Register name W 'd.t h Access | Reset value Section/
(hex) (in bits) page
4000_907C | TCD Control and Status (DMA_TCD3_CSR) 16 R/W Undefined | 13.3.34/236
TCD Beginning Minor Loop Link, Major Loop Count
4000_907E |(Channel Linking Enabled) 16 R/W Undefined | 13.3.35/239
(DMA_TCD3_BITER_ELINKYES)
TCD Beginning Minor Loop Link, Major Loop Count '
4000_907E | oyannel Linking Disabled) (DMA_TCD3_BITER_ELINKNO) | '© RIW | Undefined | 13.3.36/240
4000_9080 |TCD Source Address (DMA_TCD4_SADDR) 32 R/W Undefined | 13.3.22/227
4000_9084 |TCD Signed Source Address Offset (DMA_TCD4_SOFF) 16 R/W Undefined | 13.3.23/227
4000_9086 |TCD Transfer Attributes (DMA_TCD4_ATTR) 16 R/W Undefined | 13.3.24/228
4000_9088 TCD Minor Byte Count (Minor Loop Mapping Disabled) 32 R/W Undefined | 13.3.25/229

(DMA_TCD4_NBYTES_MLNO)

TCD Signed Minor Loop Offset (Minor Loop Mapping
4000_9088 |Enabled and Offset Disabled) 32 R/W Undefined | 13.3.26/229
(DMA_TCD4_NBYTES_MLOFFNO)

TCD Signed Minor Loop Offset (Minor Loop Mapping and
Offset Enabled) (DMA_TCD4_NBYTES_MLOFFYES)

TCD Last Source Address Adjustment
(DMA_TCD4_SLAST)

4000_9090 |TCD Destination Address (DMA_TCD4_DADDR) 32 R/W Undefined | 13.3.29/232

TCD Signed Destination Address Offset
(DMA_TCD4_DOFF)

TCD Current Minor Loop Link, Major Loop Count (Channel
Linking Enabled) (DMA_TCD4_CITER_ELINKYES)

4000_9096 |DMA_TCD4_CITER_ELINKNO 16 R/W Undefined | 13.3.32/235
TCD Last Destination Address Adjustment/Scatter Gather

4000_9088 32 R/W Undefined | 13.3.27/231

4000_908C 32 R/W Undefined | 13.3.28/232

4000_9094 16 R/W Undefined | 13.3.30/233

4000_9096 16 R/W Undefined | 13.3.31/233

4000_9098 Address (DMA_TCD4 DLASTSGA) 32 R/W Undefined | 13.3.33/236

4000_909C |TCD Control and Status (DMA_TCD4_CSR) 16 R/W Undefined | 13.3.34/236
TCD Beginning Minor Loop Link, Major Loop Count

4000_909E |(Channel Linking Enabled) 16 R/W Undefined | 13.3.35/239
(DMA_TCD4_BITER_ELINKYES)

4000_909E (Tgh[;fnee?ifi”niﬂﬂgﬂ 32:6%%? z_g)r;\:}\'\_/l?gtr)r_)g?é%u_nél_lNKNO) 16 RMW | Undefined | 13.3.36/240

4000_90A0 |TCD Source Address (DMA_TCD5_SADDR) 32 R/W Undefined | 13.3.22/227

4000_90A4 |TCD Signed Source Address Offset (DMA_TCD5_SOFF) 16 R/W Undefined | 13.3.23/227

4000_90A6 |TCD Transfer Attributes (DMA_TCD5_ATTR) 16 R/W Undefined | 13.3.24/228

4000_90A8 TCD Minor Byte Count (Minor Loop Mapping Disabled) 32 R/W Undefined | 13.3.25/229

(DMA_TCD5_NBYTES_MLNO)

TCD Signed Minor Loop Offset (Minor Loop Mapping
4000_90A8 |Enabled and Offset Disabled) 32 R/W Undefined | 13.3.26/229
(DMA_TCD5_NBYTES_MLOFFNO)

TCD Signed Minor Loop Offset (Minor Loop Mapping and
Offset Enabled) (DMA_TCD5_NBYTES_MLOFFYES)

4000_90A8 32 R/W Undefined | 13.3.27/231

Table continues on the next page...
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DMA memory map (continued)

Absolute

address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)

TCD Last Source Address Adjustment '

4000_90AC (DMA_TCD5_SLAST) 32 R/W Undefined | 13.3.28/232

4000_90B0 |TCD Destination Address (DMA_TCD5_DADDR) 32 R/W Undefined | 13.3.29/232
TCD Signed Destination Address Offset '

4000_90B4 (DMA_TCD5_DOFF) 16 R/W Undefined | 13.3.30/233
TCD Current Minor Loop Link, Major Loop Count (Channel '

4000_90B6 || ; \ing Enabled) (DMA_TCD5_CITER_ELINKYES) 16 RW | Undefined | 13.3.31/233

4000_90B6 |DMA_TCD5_CITER_ELINKNO 16 R/W Undefined | 13.3.32/235
TCD Last Destination Address Adjustment/Scatter Gather '

4000_90B8 Address (DMA_TCD5_DLASTSGA) 32 R/W Undefined | 13.3.33/236

4000_90BC | TCD Control and Status (DMA_TCD5_CSR) 16 R/W Undefined | 13.3.34/236
TCD Beginning Minor Loop Link, Major Loop Count

4000_90BE |(Channel Linking Enabled) 16 R/W Undefined | 13.3.35/239
(DMA_TCD5_BITER_ELINKYES)
TCD Beginning Minor Loop Link, Major Loop Count .

4000_90BE | el Linking Disabled) (DMA_TCD5_BITER_ELINKNO)| '@ RW | Undefined | 13.3.36/240

4000_90C0 |TCD Source Address (DMA_TCD6_SADDR) 32 R/W Undefined | 13.3.22/227

4000_90C4 |TCD Signed Source Address Offset (DMA_TCD6_SOFF) 16 R/W Undefined | 13.3.23/227

4000_90C6 |TCD Transfer Attributes (DMA_TCD6_ATTR) 16 R/W Undefined | 13.3.24/228
TCD Minor Byte Count (Minor Loop Mapping Disabled) '

4000_90C8 (DMA_TCD6_NBYTES_MLNO) 32 R/W Undefined | 13.3.25/229
TCD Signed Minor Loop Offset (Minor Loop Mapping

4000_90C8 |Enabled and Offset Disabled) 32 R/W Undefined | 13.3.26/229
(DMA_TCD6_NBYTES_MLOFFNO)
TCD Signed Minor Loop Offset (Minor Loop Mapping and .

4000_90C8 | ¢ ot Enabled) (DMA_TCD6_NBYTES_MLOFFYES) 32 RW | Undefined | 13.3.27/231
TCD Last Source Address Adjustment .

4000_90CC (DMA_TCD6_SLAST) 32 R/W Undefined | 13.3.28/232

4000_90D0 |TCD Destination Address (DMA_TCD6_DADDR) 32 R/W Undefined | 13.3.29/232
TCD Signed Destination Address Offset .

4000_90D4 (DMA_TCD6_DOFF) 16 R/W Undefined | 13.3.30/233
TCD Current Minor Loop Link, Major Loop Count (Channel '

4000_90D6 |, ; \1ing Enabled) (DMA_TCD6_CITER_ELINKYES) 16 RW | Undefined | 13.3.31/233

4000_90D6 |DMA_TCD6_CITER_ELINKNO 16 R/W Undefined | 13.3.32/235
TCD Last Destination Address Adjustment/Scatter Gather '

4000_90D8 Address (DMA_TCD6_DLASTSGA) 32 R/W Undefined | 13.3.33/236

4000_90DC |TCD Control and Status (DMA_TCD6_CSR) 16 R/W Undefined | 13.3.34/236
TCD Beginning Minor Loop Link, Major Loop Count

4000_90DE |(Channel Linking Enabled) 16 R/W Undefined | 13.3.35/239
(DMA_TCD6_BITER_ELINKYES)
TCD Beginning Minor Loop Link, Major Loop Count .

4000_90DE | =1, 2nnel Linking Disabled) (DMA_TCD6_BITER_ELINKNO) |  '© RAW | Undefined | 13.3.36/240

4000_90EQO |TCD Source Address (DMA_TCD7_SADDR) 32 R/W Undefined | 13.3.22/227

Table continues on the next page...
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DMA memory map (continued)

Absolute . .
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)

4000_90E4 | TCD Signed Source Address Offset (DMA_TCD7_SOFF) 16 R/W Undefined | 13.3.23/227

4000_90E6 |TCD Transfer Attributes (DMA_TCD7_ATTR) 16 R/W Undefined | 13.3.24/228
TCD Minor Byte Count (Minor Loop Mapping Disabled) .

4000_90ES8 (DMA_TCD7_NBYTES_MLNO) 32 R/W Undefined | 13.3.25/229
TCD Signed Minor Loop Offset (Minor Loop Mapping

4000_90E8 |Enabled and Offset Disabled) 32 R/W Undefined | 13.3.26/229
(DMA_TCD7_NBYTES_MLOFFNO)
TCD Signed Minor Loop Offset (Minor Loop Mapping and .

4000_90E8 | 1t et Enabled) (DMA_TCD7_NBYTES_MLOFFYES) 32 RW | Undefined | 13.3.27/231
TCD Last Source Address Adjustment '

4000_90EC (DMA_TCD7_SLAST) 32 R/W Undefined | 13.3.28/232

4000_90F0 |TCD Destination Address (DMA_TCD7_DADDR) 32 R/W Undefined | 13.3.29/232
TCD Signed Destination Address Offset .

4000_90F4 (DMA_TCD7_DOFF) 16 R/W Undefined | 13.3.30/233
TCD Current Minor Loop Link, Major Loop Count (Channel '

4000_90F6 | ;.ing Enabled) (DMA_TCD7_CITER_ELINKYES) 16 RW | Undefined | 13.3.31/233

4000_90F6 |DMA_TCD7_CITER_ELINKNO 16 R/W Undefined | 13.3.32/235
TCD Last Destination Address Adjustment/Scatter Gather '

4000_90F8 Address (DMA_TCD7 DLASTSGA) 32 R/W Undefined | 13.3.33/236

4000_90FC |TCD Control and Status (DMA_TCD7_CSR) 16 R/W Undefined | 13.3.34/236
TCD Beginning Minor Loop Link, Major Loop Count

4000_90FE |(Channel Linking Enabled) 16 R/W Undefined | 13.3.35/239
(DMA_TCD7_BITER_ELINKYES)

4000_90FE TCD Beginning Minor Loop Link, Major Loop Count 16 R/W Undefined | 13.3.36/240

(Channel Linking Disabled) (DMA_TCD7_BITER_ELINKNO)

13.3.5 Control Register (DMA_CR)
The CR defines the basic operating configuration of the DMA.

Arbitration can be configured to use either a fixed-priority or a round-robin scheme. For
fixed-priority arbitration, the highest priority channel requesting service is selected to
execute. The channel priority registers assign the priorities; see the DCHPRIn registers.
For round-robin arbitration, the channel priorities are ignored and channels are cycled
through (from high to low channel number) without regard to priority.

NOTE
For correct operation, writes to the CR register must be
performed only when the DMA channels are inactive; that is,
when TCDn_CSR[ACTIVE] bits are cleared.
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Chapter 13 Enhanced Direct Memory Access (eDMA)
Minor loop offsets are address offset values added to the final source address
(TCDn_SADDR) or destination address (TCDn_DADDR) upon minor loop completion.
When minor loop offsets are enabled, the minor loop offset (MLOFF) is added to the
final source address (TCDn_SADDR), to the final destination address (TCDn_DADDR),
or to both prior to the addresses being written back into the TCD. If the major loop is
complete, the minor loop offset is ignored and the major loop address offsets
(TCDn_SLAST and TCDn_DLAST_SGA) are used to compute the next TCDn_SADDR
and TCDn_DADDR values.

When minor loop mapping is enabled (EMLM is 1), TCDn word?2 is redefined. A portion
of TCDn word? is used to specify multiple fields: a source enable bit (SMLOE) to
specify the minor loop offset should be applied to the source address (TCDn_SADDR)
upon minor loop completion, a destination enable bit (DMLOE) to specify the minor loop
offset should be applied to the destination address (TCDn_DADDR) upon minor loop
completion, and the sign extended minor loop offset value (MLOFF). The same offset
value (MLOFF) is used for both source and destination minor loop offsets. When either
minor loop offset is enabled (SMLOE set or DMLOE set), the NBYTES field is reduced
to 10 bits. When both minor loop offsets are disabled (SMLOE cleared and DMLOE
cleared), the NBYTES field is a 30-bit vector.

When minor loop mapping is disabled (EMLM is 0), all 32 bits of TCDn word?2 are
assigned to the NBYTES field.

Address: 4000_8000h base + 0h offset = 4000_8000h

Bt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
L
=
R| E Reserved 0
O
<<
CX | ECX

Reset 0 x* X* x* x* x* xX* x* 0 0 0 0 0 0 0 0
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Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R 0
3 3
= - < | o
2 jom| 2 |HoE| 5§ | @ | 8 | &
] T 3 w v 3
i 4
w

Reset 0

* Notes:

¢ x = Undefined at reset.

DMA_CR field descriptions

Field Description
31 DMA Active Status
ACTIVE
0 eDMAisidle.
1 eDMA is executing a channel.
30-24 This field is reserved.
Reserved Reserved
23-18 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
17 Cancel Transfer
CX

0 Normal operation

1 Cancel the remaining data transfer. Stop the executing channel and force the minor loop to finish. The
cancel takes effect after the last write of the current read/write sequence. The CX bit clears itself after
the cancel has been honored. This cancel retires the channel normally as if the minor loop was
completed.

16 Error Cancel Transfer
ECX

0 Normal operation

1 Cancel the remaining data transfer in the same fashion as the CX bit. Stop the executing channel and
force the minor loop to finish. The cancel takes effect after the last write of the current read/write
sequence. The ECX bit clears itself after the cancel is honored. In addition to cancelling the transfer,
ECX treats the cancel as an error condition, thus updating the Error Status register (DMAx_ES) and
generating an optional error interrupt.

15-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7 Enable Minor Loop Mapping
EMLM

0 Disabled. TCDn.word2 is defined as a 32-bit NBYTES field.

1 Enabled. TCDn.word?2 is redefined to include individual enable fields, an offset field, and the NBYTES
field. The individual enable fields allow the minor loop offset to be applied to the source address, the
destination address, or both. The NBYTES field is reduced when either offset is enabled.

6 Continuous Link Mode
CLM

Table continues on the next page...
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Chapter 13 Enhanced Direct Memory Access (eDMA)
DMA_CR field descriptions (continued)

Field Description
NOTE: Do not use continuous link mode with a channel linking to itself if there is only one minor loop
iteration per service request, e.g., if the channel’s NBYTES value is the same as either the source
or destination size. The same data transfer profile can be achieved by simply increasing the
NBYTES value, which provides more efficient, faster processing.
0 A minor loop channel link made to itself goes through channel arbitration before being activated again.
1 A minor loop channel link made to itself does not go through channel arbitration before being activated
again. Upon minor loop completion, the channel activates again if that channel has a minor loop
channel link enabled and the link channel is itself. This effectively applies the minor loop offsets and
restarts the next minor loop.
5 Halt DMA Operations
HALT
0 Normal operation
1 Stall the start of any new channels. Executing channels are allowed to complete. Channel execution
resumes when this bit is cleared.
4 Halt On Error
HOE
0 Normal operation
1 Any error causes the HALT bit to set. Subsequently, all service requests are ignored until the HALT bit
is cleared.
3 This field is reserved.
Reserved Reserved
2 Enable Round Robin Channel Arbitration
ERCA
0 Fixed priority arbitration is used for channel selection .
1 Round robin arbitration is used for channel selection .
1 Enable Debug
EDBG
0 When in debug mode, the DMA continues to operate.
1 When in debug mode, the DMA stalls the start of a new channel. Executing channels are allowed to
complete. Channel execution resumes when the system exits debug mode or the EDBG bit is cleared.
0 This field is reserved.
Reserved Reserved

13.3.6 Error Status Register (DMA_ES)

The ES provides information concerning the last recorded channel error. Channel errors
can be caused by:

* A configuration error, that is:
* Anillegal setting in the transfer-control descriptor, or
* An illegal priority register setting in fixed-arbitration
* An error termination to a bus master read or write cycle
* A cancel transfer with error bit that will be set when a transfer is canceled via the
corresponding cancel transfer control bit

See Fault reporting and handling for more details.
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Address: 4000_8000h base + 4h offset = 4000_8004h

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16

R| O CPE 0 ERRCHN SAE | SOE | DAE | DOE | NCE | SGE | SBE | DBE

DMA_ES field descriptions

Field Description

31 Logical OR of all ERR status bits
VLD

0 No ERR bits are set.
1 Atleast one ERR bit is set indicating a valid error exists that has not been cleared.

30-17 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
16 Transfer Canceled
ECX

0 No canceled transfers
1 The last recorded entry was a canceled transfer by the error cancel transfer input

15 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
14 Channel Priority Error
CPE

0 No channel priority error
1 The last recorded error was a configuration error in the channel priorities . Channel priorities are not

unique.
13-11 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
10-8 Error Channel Number or Canceled Channel Number
ERRCHN
The channel number of the last recorded error, excluding CPE errors, or last recorded error canceled
transfer.
7 Source Address Error
SAE
0 No source address configuration error.
1 The last recorded error was a configuration error detected in the TCDn_SADDR field. TCDn_SADDR
is inconsistent with TCDn_ATTR[SSIZE].
6 Source Offset Error
SOE
0 No source offset configuration error
1 The last recorded error was a configuration error detected in the TCDn_SOFF field. TCDn_SOFF is
inconsistent with TCDn_ATTR[SSIZE].
5 Destination Address Error
DAE

Table continues on the next page...
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DMA_ES field descriptions (continued)

Field Description

0 No destination address configuration error

1 The last recorded error was a configuration error detected in the TCDn_DADDR field. TCDn_DADDR
is inconsistent with TCDn_ATTR[DSIZE].

4 Destination Offset Error
DOE

0 No destination offset configuration error

1 The last recorded error was a configuration error detected in the TCDn_DOFF field. TCDn_DOFF is
inconsistent with TCDn_ATTR[DSIZE].

3 NBYTES/CITER Configuration Error
NCE

0 No NBYTES/CITER configuration error

1 The last recorded error was a configuration error detected in the TCDn_NBYTES or TCDn_CITER
fields.
e TCDn_NBYTES is not a multiple of TCDn_ATTR[SSIZE] and TCDn_ATTR[DSIZE], or
e TCDn_CITER[CITER] is equal to zero, or
e TCDn_CITERI[ELINK] is not equal to TCDn_BITER[ELINK]

2 Scatter/Gather Configuration Error
SGE

0 No scatter/gather configuration error

1 The last recorded error was a configuration error detected in the TCDn_DLASTSGA field. This field is
checked at the beginning of a scatter/gather operation after major loop completion if TCDn_CSR[ESG]
is enabled. TCDn_DLASTSGA is not on a 32 byte boundary.

1 Source Bus Error
SBE

0 No source bus error
1 The last recorded error was a bus error on a source read

0 Destination Bus Error
DBE
0 No destination bus error

1 The last recorded error was a bus error on a destination write

13.3.7 Enable Request Register (DMA_ERQ)

The ERQ register provides a bit map for the 8 channels to enable the request signal for
each channel. The state of any given channel enable is directly affected by writes to this
register; it is also affected by writes to the SERQ and CERQ registers. These registers are
provided so the request enable for a single channel can easily be modified without
needing to perform a read-modify-write sequence to the ERQ.

DMA request input signals and this enable request flag must be asserted before a
channel’s hardware service request is accepted. The state of the DMA enable request flag
does not affect a channel service request made explicitly through software or a linked
channel request.
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Address: 4000_8000h base + Ch offset = 4000_800Ch

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16

DMA_ERAQ field descriptions

Field Description
31-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7 Enable DMA Request 7
ERQ7

0 The DMA request signal for the corresponding channel is disabled
1 The DMA request signal for the corresponding channel is enabled

6 Enable DMA Request 6
ERQ6

0 The DMA request signal for the corresponding channel is disabled
1 The DMA request signal for the corresponding channel is enabled

5 Enable DMA Request 5
ERQ5

0 The DMA request signal for the corresponding channel is disabled
1 The DMA request signal for the corresponding channel is enabled

4 Enable DMA Request 4
ERQ4

0 The DMA request signal for the corresponding channel is disabled
1 The DMA request signal for the corresponding channel is enabled

3 Enable DMA Request 3
ERQ3

0 The DMA request signal for the corresponding channel is disabled
1 The DMA request signal for the corresponding channel is enabled

2 Enable DMA Request 2
ERQ2

0 The DMA request signal for the corresponding channel is disabled
1 The DMA request signal for the corresponding channel is enabled

1 Enable DMA Request 1
ERQ1

0 The DMA request signal for the corresponding channel is disabled
1 The DMA request signal for the corresponding channel is enabled

0 Enable DMA Request 0
ERQO

0 The DMA request signal for the corresponding channel is disabled
1 The DMA request signal for the corresponding channel is enabled
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13.3.8 Enable Error Interrupt Register (DMA_EEI)

The EEI register provides a bit map for the 8 channels to enable the error interrupt signal
for each channel. The state of any given channel’s error interrupt enable is directly
affected by writes to this register; it is also affected by writes to the SEEI and CEEI.
These registers are provided so that the error interrupt enable for a single channel can
easily be modified without the need to perform a read-modify-write sequence to the EEI
register.

The DMA error indicator and the error interrupt enable flag must be asserted before an
error interrupt request for a given channel is asserted to the interrupt controller.

Address: 4000_8000h base + 14h offset = 4000_8014h

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16

DMA_EEI field descriptions

Field Description
31-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7 Enable Error Interrupt 7
EEI7

0 The error signal for corresponding channel does not generate an error interrupt
1 The assertion of the error signal for corresponding channel generates an error interrupt request

6 Enable Error Interrupt 6
EEI6
0 The error signal for corresponding channel does not generate an error interrupt

1 The assertion of the error signal for corresponding channel generates an error interrupt request

5 Enable Error Interrupt 5
EEI5
0 The error signal for corresponding channel does not generate an error interrupt

1 The assertion of the error signal for corresponding channel generates an error interrupt request

4 Enable Error Interrupt 4
EEI4
0 The error signal for corresponding channel does not generate an error interrupt

1 The assertion of the error signal for corresponding channel generates an error interrupt request

3 Enable Error Interrupt 3
EEI3
0 The error signal for corresponding channel does not generate an error interrupt

1 The assertion of the error signal for corresponding channel generates an error interrupt request

Table continues on the next page...
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DMA_EEI field descriptions (continued)

Field Description

2 Enable Error Interrupt 2

EEI2
0 The error signal for corresponding channel does not generate an error interrupt

1 The assertion of the error signal for corresponding channel generates an error interrupt request

1 Enable Error Interrupt 1

EEI1
0 The error signal for corresponding channel does not generate an error interrupt

1 The assertion of the error signal for corresponding channel generates an error interrupt request

0 Enable Error Interrupt O

EEIO
0 The error signal for corresponding channel does not generate an error interrupt

1 The assertion of the error signal for corresponding channel generates an error interrupt request

13.3.9 Clear Enable Error Interrupt Register (DMA_CEEI)

The CEEI provides a simple memory-mapped mechanism to clear a given bit in the EEI
to disable the error interrupt for a given channel. The data value on a register write causes
the corresponding bit in the EEI to be cleared. Setting the CAEE bit provides a global
clear function, forcing the EEI contents to be cleared, disabling all DMA request inputs.
If the NOP bit is set, the command is ignored. This allows you to write multiple-byte
registers as a 32-bit word. Reads of this register return all zeroes.

Address: 4000_8000h base + 18h offset = 4000_8018h

Bit 7 6 5 4 3 2 1 0
Read
Write
Reset 0 0 0 o | o 0 0 0
DMA_CEEI field descriptions
Field Description
7 No Op enable
NOP

0 Normal operation
1 No operation, ignore the other bits in this register

6 Clear All Enable Error Interrupts

CAEE
0 Clear only the EEI bit specified in the CEEI field

1 Clear all bits in EEI

5-3 This field is reserved.
Reserved

Table continues on the next page...
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DMA_CEEI field descriptions (continued)

Field Description

CEEI Clear Enable Error Interrupt

Clears the corresponding bit in EEI

13.3.10 Set Enable Error Interrupt Register (DMA_SEEI)

The SEEI provides a simple memory-mapped mechanism to set a given bit in the EEI to
enable the error interrupt for a given channel. The data value on a register write causes
the corresponding bit in the EEI to be set. Setting the SAEE bit provides a global set
function, forcing the entire EEI contents to be set. If the NOP bit is set, the command is
ignored. This allows you to write multiple-byte registers as a 32-bit word. Reads of this
register return all zeroes.

Address: 4000_8000h base + 19h offset = 4000_8019h

Bit 7 6 5 4 3 2 1 0
Read
Write
Reset 0 0 0 o | o 0 0 0
DMA_SEEI field descriptions
Field Description
7 No Op enable
NOP

0 Normal operation
1 No operation, ignore the other bits in this register

6 Sets All Enable Error Interrupts

SAEE
0 Set only the EEI bit specified in the SEEI field.

1 Sets all bits in EEI

5-3 This field is reserved.
Reserved
SEEI Set Enable Error Interrupt

Sets the corresponding bit in EEI
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13.3.11 Clear Enable Request Register (DMA_CERQ)

The CERQ provides a simple memory-mapped mechanism to clear a given bit in the
ERQ to disable the DMA request for a given channel. The data value on a register write
causes the corresponding bit in the ERQ to be cleared. Setting the CAER bit provides a
global clear function, forcing the entire contents of the ERQ to be cleared, disabling all
DMA request inputs. If NOP is set, the command is ignored. This allows you to write
multiple-byte registers as a 32-bit word. Reads of this register return all zeroes.

Address: 4000_8000h base + 1Ah offset = 4000_801Ah

Bit 7 6 5 4 3 2 1 0
Read
Write
Reset 0 0 0 o | o 0 0 0
DMA_CERAQ field descriptions
Field Description
7 No Op enable
NOP

0 Normal operation
1 No operation, ignore the other bits in this register

6 Clear All Enable Requests

CAER
0 Clear only the ERQ bit specified in the CERQ field

1 Clear all bits in ERQ

5-3 This field is reserved.
Reserved
CERQ Clear Enable Request

Clears the corresponding bit in ERQ.
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13.3.12 Set Enable Request Register (DMA_SERQ)

The SERQ provides a simple memory-mapped mechanism to set a given bit in the ERQ
to enable the DMA request for a given channel. The data value on a register write causes
the corresponding bit in the ERQ to be set. Setting the SAER bit provides a global set
function, forcing the entire contents of ERQ to be set. If the NOP bit is set, the command
is ignored. This allows you to write multiple-byte registers as a 32-bit word. Reads of this
register return all zeroes.

Address: 4000_8000h base + 1Bh offset = 4000_801Bh

Bit 7 6 5 4 3 2 1 0
Read
Write
Reset 0 0 0 o | o 0 0 0
DMA_SERAQ field descriptions
Field Description
7 No Op enable
NOP

0 Normal operation
1 No operation, ignore the other bits in this register

6 Set All Enable Requests
SAER

0 Set only the ERQ bit specified in the SERQ field
1 Setall bits in ERQ

5-3 This field is reserved.
Reserved
SERQ Set Enable Request

Sets the corresponding bit in ERQ.
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13.3.13 Clear DONE Status Bit Register (DMA_CDNE)

The CDNE provides a simple memory-mapped mechanism to clear the DONE bit in the
TCD of the given channel. The data value on a register write causes the DONE bit in the
corresponding transfer control descriptor to be cleared. Setting the CADN bit provides a
global clear function, forcing all DONE bits to be cleared. If the NOP bit is set, the
command is ignored. This allows you to write multiple-byte registers as a 32-bit word.
Reads of this register return all zeroes.

Address: 4000_8000h base + 1Ch offset = 4000_801Ch

Bit 7 6 5 4 3 2 1 0
Read
Write
Reset 0 0 0 o | o 0 0 0
DMA_CDNE field descriptions
Field Description
7 No Op enable
NOP

0 Normal operation
1 No operation, ignore the other bits in this register

6 Clears All DONE Bits
CADN

0 Clears only the TCDn_CSR[DONE] bit specified in the CDNE field
1 Clears all bits in TCDn_CSR[DONE]

5-3 This field is reserved.
Reserved
CDNE Clear DONE Bit

Clears the corresponding bit in TCDn_CSR[DONE]
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13.3.14 Set START Bit Register (DMA_SSRT)

The SSRT provides a simple memory-mapped mechanism to set the START bit in the
TCD of the given channel. The data value on a register write causes the START bit in the
corresponding transfer control descriptor to be set. Setting the SAST bit provides a global
set function, forcing all START bits to be set. If the NOP bit is set, the command is
ignored. This allows you to write multiple-byte registers as a 32-bit word. Reads of this
register return all zeroes.

Address: 4000_8000h base + 1Dh offset = 4000_801Dh

Bit 7 6 5 4 3 2 1 0
Read

Write
Reset 0 0 0 o | o 0 0 0

DMA_SSRT field descriptions

Field Description

7 No Op enable
NOP

0 Normal operation
1 No operation, ignore the other bits in this register

6 Set All START Bits (activates all channels)
SAST

0 Set only the TCDn_CSR[START] bit specified in the SSRT field
1 Set all bits in TCDn_CSR[START]

5-3 This field is reserved.
Reserved
SSRT Set START Bit

Sets the corresponding bit in TCDn_CSR[START]
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13.3.15 Clear Error Register (DMA_CERR)

The CERR provides a simple memory-mapped mechanism to clear a given bit in the ERR
to disable the error condition flag for a given channel. The given value on a register write
causes the corresponding bit in the ERR to be cleared. Setting the CAEI bit provides a
global clear function, forcing the ERR contents to be cleared, clearing all channel error
indicators. If the NOP bit is set, the command is ignored. This allows you to write
multiple-byte registers as a 32-bit word. Reads of this register return all zeroes.

Address: 4000_8000h base + 1Eh offset = 4000_801Eh

Bit 7 6 5 4 3 2 1 0
Read
Write
Reset 0 0 0 o | o 0 0 0
DMA_CERR field descriptions
Field Description
7 No Op enable
NOP

0 Normal operation
1 No operation, ignore the other bits in this register

6 Clear All Error Indicators

CAEI
0 Clear only the ERR bit specified in the CERR field

1 Clear all bits in ERR

5-3 This field is reserved.
Reserved
CERR Clear Error Indicator

Clears the corresponding bit in ERR
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13.3.16 Clear Interrupt Request Register (DMA_CINT)

The CINT provides a simple, memory-mapped mechanism to clear a given bit in the INT
to disable the interrupt request for a given channel. The given value on a register write
causes the corresponding bit in the INT to be cleared. Setting the CAIR bit provides a
global clear function, forcing the entire contents of the INT to be cleared, disabling all
DMA interrupt requests. If the NOP bit is set, the command is ignored. This allows you
to write multiple-byte registers as a 32-bit word. Reads of this register return all zeroes.

Address: 4000_8000h base + 1Fh offset = 4000_801Fh

Bit 7 6 5 4 3 2 1 0
Read

Write
Reset 0 0 0 o | o 0 0 0

DMA_CINT field descriptions

Field Description

7 No Op enable
NOP

0 Normal operation
1 No operation, ignore the other bits in this register

6 Clear All Interrupt Requests
CAIR
0 Clear only the INT bit specified in the CINT field

1 Clear all bits in INT

5-3 This field is reserved.
Reserved
CINT Clear Interrupt Request

Clears the corresponding bit in INT
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13.3.17 Interrupt Request Register (DMA_INT)

The INT register provides a bit map for the 8 channels signaling the presence of an
interrupt request for each channel. Depending on the appropriate bit setting in the
transfer-control descriptors, the eDMA engine generates an interrupt on data transfer
completion. The outputs of this register are directly routed to the interrupt controller.
During the interrupt-service routine associated with any given channel, it is the
software’s responsibility to clear the appropriate bit, negating the interrupt request.
Typically, a write to the CINT register in the interrupt service routine is used for this

purpose.

The state of any given channel’s interrupt request is directly affected by writes to this
register; it is also affected by writes to the CINT register. On writes to INT, a 1 in any bit
position clears the corresponding channel’s interrupt request. A zero in any bit position
has no affect on the corresponding channel’s current interrupt status. The CINT register is
provided so the interrupt request for a single channel can easily be cleared without the
need to perform a read-modify-write sequence to the INT register.

Address: 4000_8000h base + 24h offset = 4000_8024h

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R 0 INT7 | INT6 | INT5 | INT4 | INT3 | INT2 | INT1 | INTO

wic wic wic wic wic wic wic

DMA_INT field descriptions

Field Description
31-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7 Interrupt Request 7
INT7

0 The interrupt request for corresponding channel is cleared
1 The interrupt request for corresponding channel is active

6 Interrupt Request 6
INT6
0 The interrupt request for corresponding channel is cleared

1 The interrupt request for corresponding channel is active

5 Interrupt Request 5
INT5

Table continues on the next page...
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DMA_INT field descriptions (continued)

Field Description

0 The interrupt request for corresponding channel is cleared
1 The interrupt request for corresponding channel is active

4 Interrupt Request 4
INT4
0 The interrupt request for corresponding channel is cleared

1 The interrupt request for corresponding channel is active

3 Interrupt Request 3
INT3
0 The interrupt request for corresponding channel is cleared

1 The interrupt request for corresponding channel is active

2 Interrupt Request 2
INT2
0 The interrupt request for corresponding channel is cleared

1 The interrupt request for corresponding channel is active

1 Interrupt Request 1
INT1
0 The interrupt request for corresponding channel is cleared

1 The interrupt request for corresponding channel is active

0 Interrupt Request 0
INTO
0 The interrupt request for corresponding channel is cleared

1 The interrupt request for corresponding channel is active

13.3.18 Error Register (DMA_ERR)

The ERR provides a bit map for the channels, signaling the presence of an error for each
channel. The eDMA engine signals the occurrence of an error condition by setting the
appropriate bit in this register. The outputs of this register are enabled by the contents of
the EEI, and then routed to the interrupt controller. During the execution of the interrupt-
service routine associated with any DMA errors, it is software’s responsibility to clear the
appropriate bit, negating the error-interrupt request. Typically, a write to the CERR in the
interrupt-service routine is used for this purpose. The normal DMA channel completion
indicators (setting the transfer control descriptor DONE flag and the possible assertion of
an interrupt request) are not affected when an error is detected.

The contents of this register can also be polled because a non-zero value indicates the
presence of a channel error regardless of the state of the EEI The state of any given
channel’s error indicators is affected by writes to this register; it is also affected by writes
to the CERR. On writes to the ERR, a one in any bit position clears the corresponding
channel’s error status. A zero in any bit position has no affect on the corresponding
channel’s current error status. The CERR is provided so the error indicator for a single
channel can easily be cleared.
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Address: 4000_8000h base + 2Ch offset = 4000_802Ch

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16

Bit 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
R 0 ERR7 | ERR6 | ERR5|ERR4 | ERR3 | ERR2 |ERR1|ERRO

wic wic wic wic wic wic wic

DMA_ERR field descriptions

Field Description
31-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7 Error In Channel 7
ERR7

0 An error in this channel has not occurred
1 An error in this channel has occurred

6 Error In Channel 6
ERR6

0 An error in this channel has not occurred
1 An error in this channel has occurred

5 Error In Channel 5
ERR5

0 An error in this channel has not occurred
1 An error in this channel has occurred

4 Error In Channel 4
ERR4

0 An error in this channel has not occurred
1 An error in this channel has occurred

3 Error In Channel 3
ERRS3

0 An error in this channel has not occurred
1 An error in this channel has occurred

2 Error In Channel 2
ERR2

0 An error in this channel has not occurred
1 An error in this channel has occurred

1 Error In Channel 1
ERR1
0 An error in this channel has not occurred

1 An error in this channel has occurred

0 Error In Channel 0
ERRO

0 An error in this channel has not occurred
1 An error in this channel has occurred
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13.3.19 Hardware Request Status Register (DMA_HRS)

The HRS register provides a bit map for the DMA channels, signaling the presence of a
hardware request for each channel. The hardware request status bits reflect the current
state of the register and qualified (via the ERQ fields) DMA request signals as seen by
the DMA’s arbitration logic. This view into the hardware request signals may be used for
debug purposes.

NOTE
These bits reflect the state of the request as seen by the
arbitration logic. Therefore, this status is affected by the ERQ
bits.

Address: 4000_8000h base + 34h offset = 4000_8034h

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16

DMA_HRS field descriptions

Field Description
31-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7 Hardware Request Status Channel 7
HRS7

The HRS bit for its respective channel remains asserted for the period when a Hardware Request is
Present on the Channel. After the Request is completed and Channel is free, the HRS bit is automatically
cleared by hardware.

0 A hardware service request for channel 7 is not present
1 A hardware service request for channel 7 is present

6 Hardware Request Status Channel 6
HRS6
The HRS bit for its respective channel remains asserted for the period when a Hardware Request is
Present on the Channel. After the Request is completed and Channel is free, the HRS bit is automatically
cleared by hardware.

0 A hardware service request for channel 6 is not present
1 A hardware service request for channel 6 is present

5 Hardware Request Status Channel 5
HRS5

Table continues on the next page...
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DMA_HRS field descriptions (continued)

Field Description

The HRS bit for its respective channel remains asserted for the period when a Hardware Request is
Present on the Channel. After the Request is completed and Channel is free, the HRS bit is automatically
cleared by hardware.

0 A hardware service request for channel 5 is not present
1 A hardware service request for channel 5 is present

4 Hardware Request Status Channel 4
HRS4
The HRS bit for its respective channel remains asserted for the period when a Hardware Request is
Present on the Channel. After the Request is completed and Channel is free, the HRS bit is automatically
cleared by hardware.

0 A hardware service request for channel 4 is not present
1 A hardware service request for channel 4 is present

3 Hardware Request Status Channel 3

HRS3
The HRS bit for its respective channel remains asserted for the period when a Hardware Request is

Present on the Channel. After the Request is completed and Channel is free, the HRS bit is automatically
cleared by hardware.

0 A hardware service request for channel 3 is not present
1 A hardware service request for channel 3 is present

2 Hardware Request Status Channel 2
HRS2
The HRS bit for its respective channel remains asserted for the period when a Hardware Request is
Present on the Channel. After the Request is completed and Channel is free, the HRS bit is automatically
cleared by hardware.

0 A hardware service request for channel 2 is not present
1 A hardware service request for channel 2 is present

1 Hardware Request Status Channel 1
HRS1
The HRS bit for its respective channel remains asserted for the period when a Hardware Request is
Present on the Channel. After the Request is completed and Channel is free, the HRS bit is automatically
cleared by hardware.

0 A hardware service request for channel 1 is not present
1 A hardware service request for channel 1 is present

0 Hardware Request Status Channel 0

HRSO
The HRS bit for its respective channel remains asserted for the period when a Hardware Request is

Present on the Channel. After the Request is completed and Channel is free, the HRS bit is automatically
cleared by hardware.

0 A hardware service request for channel 0 is not present
1 A hardware service request for channel 0 is present
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13.3.20 Enable Asynchronous Request in Stop Register (DMA_EARS)

Address: 4000_8000h base + 44h offset = 4000_8044h

Bit 31

29 28 27 26 25 24 | 23 22

21

20

19

18

17

o

o

o

Reset 0 0 0 0 0 0 0 0 0 0 0 0
Bit 15 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R 0 ™ © ) ¥ “ o 7 i
g g e} a g e} g a
w | w L w L w L
o o o o o o o o
) a ) &) &) &) a [a)
w w w w w w w w
0 0 0 0 0 0 0 0
DMA_EARS field descriptions
Field Description
31-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7 Enable asynchronous DMA request in stop mode for channel 7
EDREQ_7
0 Disable asynchronous DMA request for channel 7.
1 Enable asynchronous DMA request for channel 7.
6 Enable asynchronous DMA request in stop mode for channel 6
EDREQ_6
0 Disable asynchronous DMA request for channel 6.
1 Enable asynchronous DMA request for channel 6.
5 Enable asynchronous DMA request in stop mode for channel 5
EDREQ_5
0 Disable asynchronous DMA request for channel 5.
1 Enable asynchronous DMA request for channel 5.
4 Enable asynchronous DMA request in stop mode for channel 4
EDREQ_4
0 Disable asynchronous DMA request for channel 4.
1 Enable asynchronous DMA request for channel 4.
3 Enable asynchronous DMA request in stop mode for channel 3.
EDREQ_3
0 Disable asynchronous DMA request for channel 3.
1 Enable asynchronous DMA request for channel 3.
2 Enable asynchronous DMA request in stop mode for channel 2.
EDREQ_2
0 Disable asynchronous DMA request for channel 2.
1 Enable asynchronous DMA request for channel 2.
1 Enable asynchronous DMA request in stop mode for channel 1.
EDREQ_1
Table continues on the next page...
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DMA_EARS field descriptions (continued)

Field Description

0 Disable asynchronous DMA request for channel 1

1 Enable asynchronous DMA request for channel 1.

0 Enable asynchronous DMA request in stop mode for channel 0.
EDREQ_O
0 Disable asynchronous DMA request for channel 0.
1 Enable asynchronous DMA request for channel 0.
13.3.21 Channel n Priority Register (DMA_DCHPRIn)

When fixed-priority channel arbitration is enabled (CR[ERCA] = 0), the contents of these
registers define the unique priorities associated with each channel. The channel priorities
are evaluated by numeric value; for example, O is the lowest priority, 1 is the next higher
priority, then 2, 3, etc. Software must program the channel priorities with unique values;
otherwise, a configuration error is reported. The range of the priority value is limited to
the values of O through 7.

Address: 4000_8000h base + 100h offset + (1d x i), where i=0d to 7d

Bit 7 6 5 4 | 3 2 1 0
Read |  gcp DPA 0 CHPRI
Write
Reset 0 0 0 0 0 * * *

* Notes:
* CHPRI field: See bit field description.

DMA_DCHPRIN field descriptions

Field Description
7 Enable Channel Preemption.
ECP
0 Channel n cannot be suspended by a higher priority channel’s service request.
1 Channel n can be temporarily suspended by the service request of a higher priority channel.
6 Disable Preempt Ability.
DPA
0 Channel n can suspend a lower priority channel.
1 Channel n cannot suspend any channel, regardless of channel priority.
5-3 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
CHPRI Channel n Arbitration Priority
Channel priority when fixed-priority arbitration is enabled
NOTE: Reset value for the channel priority field, CHPRI, is equal to the corresponding channel number
for each priority register, that is, DCHPRI7[CHPRI] = 0b111.
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13.3.22 TCD Source Address (DMA_TCDn_SADDR)

Address: 4000_8000h base + 1000h offset + (32d x i), where i=0d to 7d
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
W SADDR
Reset X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X*
* Notes:
* x = Undefined at reset.
DMA_TCDn_SADDR field descriptions
Field Description
SADDR Source Address
Memory address pointing to the source data.
13.3.23 TCD Signed Source Address Offset (DMA_TCDn_SOFF)
Address: 4000_8000h base + 1004h offset + (32d x i), where i=0d to 7d
Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read
Write SOFF
Reset  x* X* xX* X* x* X* x* x* | X* X* X X* X X* X X*
* Notes:
* x = Undefined at reset.
DMA_TCDn_SOFF field descriptions
Field Description
SOFF Source address signed offset
Sign-extended offset applied to the current source address to form the next-state value as each source
read is completed.
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13.3.24 TCD Transfer Attributes (DMA_TCDn_ATTR)

Address: 4000_8000h base + 1006h offset + (32d x i), where i=0d to 7d

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read
Write SMOD SSIZE DMOD DSIZE
Reset  x* x* xX* x* xX* x* xX* xX* x* x* x* x* x* x* x* x*
* Notes:

¢ x = Undefined at reset.

DMA_TCDn_ATTR field descriptions

Field Description

15-11
SMOD

Source Address Modulo

0 Source address modulo feature is disabled

function constraining the addresses to a 0-modulo-size range.

#0 This value defines a specific address range specified to be the value after SADDR + SOFF
calculation is performed on the original register value. Setting this field provides the ability to
implement a circular data queue easily. For data queues requiring power-of-2 size bytes, the queue
should start at a 0-modulo-size address and the SMOD field should be set to the appropriate value
for the queue, freezing the desired number of upper address bits. The value programmed into this
field specifies the number of lower address bits allowed to change. For a circular queue application,
the SOFF is typically set to the transfer size to implement post-increment addressing with the SMOD

10-8
SSIZE

Source data transfer size

NOTE: Using a Reserved value causes a configuration error.

000 8-bit

001 16-bit
010 32-bit

011 Reserved
100 16-byte
101 32-byte
110 Reserved
111  Reserved

7-3 Destination Address Modulo
DMOD
See the SMOD definition

DSIZE Destination data transfer size

See the SSIZE definition
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13.3.25 TCD Minor Byte Count (Minor Loop Mapping Disabled)
(DMA_TCDn_NBYTES_MLNO)

This register, or one of the next two registers (TCD_NBYTES_MLOFFNO,
TCD_NBYTES_MLOFFYES), defines the number of bytes to transfer per request.
Which register to use depends on whether minor loop mapping is disabled, enabled but
not used for this channel, or enabled and used.

TCD word 2 is defined as follows if:
* Minor loop mapping is disabled (CR[EMLM] = 0)

If minor loop mapping is enabled, see the TCD_NBYTES_MLOFFNO and
TCD_NBYTES_MLOFFYES register descriptions for the definition of TCD word 2.

Address: 4000_8000h base + 1008h offset + (32d x i), where i=0d to 7d
Bit 31 30 29 28 27 26 25 24 23 22 21 2019181716|1514131211 10 9 8 7 6 5 4 3 2 1 0

R
W NBYTES

Reset x* x* Xx* x* x* x* x* x* x* x* x* x* x* x* x* x*

X*OxX* x* X Xt ox*ox* ox'ox*ox*r x*ox*ox*ox* ox*x

* Notes:
¢ x = Undefined at reset.

DMA_TCDn_NBYTES_MLNO field descriptions

Field Description
NBYTES Minor Byte Transfer Count

Number of bytes to be transferred in each service request of the channel. As a channel activates, the
appropriate TCD contents load into the eDMA engine, and the appropriate reads and writes perform until
the minor byte transfer count has transferred. This is an indivisible operation and cannot be halted. It can,
however, be stalled by using the bandwidth control field, or via preemption. After the minor count is
exhausted, the SADDR and DADDR values are written back into the TCD memory, the major iteration
count is decremented and restored to the TCD memory. If the major iteration count is completed,
additional processing is performed.

NOTE: An NBYTES value of 0x0000_0000 is interpreted as a 4 GB transfer.

13.3.26 TCD Signed Minor Loop Offset (Minor Loop Mapping Enabled
and Offset Disabled) (DMA_TCDn_NBYTES_MLOFFNO)

One of three registers (this register, TCD_NBYTES_MLNO, or
TCD_NBYTES_MLOFFYES), defines the number of bytes to transfer per request.
Which register to use depends on whether minor loop mapping is disabled, enabled but
not used for this channel, or enabled and used.

TCD word 2 is defined as follows if:
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* Minor loop mapping is enabled (CR[EMLM] = 1) and

* SMLOE =0 and DMLOE =0

If minor loop mapping is enabled and SMLOE or DMLOE is set, then refer to the
TCD_NBYTES_MLOFFYES register description. If minor loop mapping is disabled,
then refer to the TCD_NBYTES_MLNO register description.

Address: 4000_8000h base + 1008h offset + (32d x i), where i=0d to 7d

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
N

| = NBYTES

> >
w| 0 (=)

Reset  x* X* X* X* xX* X* X* X* | X* X* X X* X X* X X*
Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R

NBYTES
w
Reset  x* x* xX* x* xX* x* xX* x* x* x* x* x* x* x* x* xX*
* Notes:

¢ x = Undefined at reset.

DMA_TCDn_NBYTES_MLOFFNO field descriptions

Field Description

31 Source Minor Loop Offset Enable
SMLOE
Selects whether the minor loop offset is applied to the source address upon minor loop completion.

0 The minor loop offset is not applied to the SADDR
1 The minor loop offset is applied to the SADDR

30 Destination Minor Loop Offset enable
DMLOE
Selects whether the minor loop offset is applied to the destination address upon minor loop completion.

0 The minor loop offset is not applied to the DADDR
1 The minor loop offset is applied to the DADDR

NBYTES Minor Byte Transfer Count

Number of bytes to be transferred in each service request of the channel.

As a channel activates, the appropriate TCD contents load into the eDMA engine, and the appropriate
reads and writes perform until the minor byte transfer count has transferred. This is an indivisible operation
and cannot be halted. It can, however, be stalled by using the bandwidth control field, or via preemption.
After the minor count is exhausted, the SADDR and DADDR values are written back into the TCD
memory, the major iteration count is decremented and restored to the TCD memory. If the major iteration
count is completed, additional processing is performed.
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13.3.27 TCD Signed Minor Loop Offset (Minor Loop Mapping and
Offset Enabled) (DMA_TCDn_NBYTES_MLOFFYES)

One of three registers (this register, TCD_NBYTES_MLNO, or
TCD_NBYTES_MLOFFNO), defines the number of bytes to transfer per request. Which
register to use depends on whether minor loop mapping is disabled, enabled but not used
for this channel, or enabled and used.

TCD word 2 is defined as follows if:

* Minor loop mapping is enabled (CR[EMLM] = 1) and
* Minor loop offset is enabled (SMLOE or DMLOE = 1)

If minor loop mapping is enabled and SMLOE and DMLOE are cleared, then refer to the
TCD_NBYTES_MLOFFNO register description. If minor loop mapping is disabled, then
refer to the TCD_NBYTES_MLNO register description.

Address: 4000_8000h base + 1008h offset + (32d x i), where i=0d to 7d

Bt 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
N
= = MLOFF
= =
w| 0 o
Reset  x* X* x* X* x* X* X* X* | X* X* X X* X X* X X*
Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R
MLOFF NBYTES
w
Reset  x* x* x* x* x* x* X* X* x* x* x* x* x* x* x* x*
* Notes:

¢ x = Undefined at reset.

DMA_TCDn_NBYTES_MLOFFYES field descriptions

Field Description

31 Source Minor Loop Offset Enable
SMLOE
Selects whether the minor loop offset is applied to the source address upon minor loop completion.

0 The minor loop offset is not applied to the SADDR
1 The minor loop offset is applied to the SADDR

30 Destination Minor Loop Offset enable
DMLOE

Selects whether the minor loop offset is applied to the destination address upon minor loop completion.

Table continues on the next page...
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DMA_TCDn_NBYTES_MLOFFYES field descriptions (continued)

Field Description
0 The minor loop offset is not applied to the DADDR
1 The minor loop offset is applied to the DADDR

29-10 If SMLOE or DMLOE is set, this field represents a sign-extended offset applied to the source or
MLOFF destination address to form the next-state value after the minor loop completes.

NBYTES Minor Byte Transfer Count

Number of bytes to be transferred in each service request of the channel.

As a channel activates, the appropriate TCD contents load into the eDMA engine, and the appropriate
reads and writes perform until the minor byte transfer count has transferred. This is an indivisible operation
and cannot be halted. It can, however, be stalled by using the bandwidth control field, or via preemption.
After the minor count is exhausted, the SADDR and DADDR values are written back into the TCD
memory, the major iteration count is decremented and restored to the TCD memory. If the major iteration
count is completed, additional processing is performed.

13.3.28 TCD Last Source Address Adjustment (DMA_TCDn_SLAST)

Address: 4000_8000h base + 100Ch offset + (32d x i), where i=0d to 7d
Bit 31 30 29 28 27 26 25 24 23 22 21 2019181716|1514131211 10 9 8 7 6 5 4 3 2 1 0

R
W SLAST

Reset x* x* Xx* x* x* x* x* x* x* x* x* x* x* x* x* x*

X*OX* xX* X X' ox* X X' ox*ox*ox*ox* x*ox*ox*x

* Notes:
e x = Undefined at reset.

DMA_TCDn_SLAST field descriptions

Field Description

SLAST Last Source Address Adjustment

Adjustment value added to the source address at the completion of the major iteration count. This value
can be applied to restore the source address to the initial value, or adjust the address to reference the
next data structure.

This register uses two's complement notation; the overflow bit is discarded.

13.3.29 TCD Destination Address (DMA_TCDn_DADDR)

Address: 4000_8000h base + 1010h offset + (32d x i), where i=0d to 7d
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R
" DADDR
ReSet X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X*

* Notes:
¢ x = Undefined at reset.
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DMA_TCDn_DADDR field descriptions

Field Description

DADDR Destination Address

Memory address pointing to the destination data.

13.3.30 TCD Signed Destination Address Offset (DMA_TCDn_DOFF)

Address: 4000_8000h base + 1014h offset + (32d x i), where i=0d to 7d

Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Read
Write DOFF
Reset  x* x* x* x* xX* x* x* xX* | x* x* x* x* x* x* x* xX*
* Notes:

¢ x = Undefined at reset.

DMA_TCDn_DOFF field descriptions

Field Description

DOFF Destination Address Signed Offset

Sign-extended offset applied to the current destination address to form the next-state value as each
destination write is completed.

13.3.31 TCD Current Minor Loop Link, Major Loop Count (Channel
Linking Enabled) (DMA_TCDn_CITER_ELINKYES)

If TCDn_CITER[ELINK] is set, the TCDn_CITER register is defined as follows.

Address: 4000_8000h base + 1016h offset + (32d x i), where i=0d to 7d

Bit 15 14 13 12 11 10 9 8
Read
Write ELINK 0 LINKCH CITER
Reset x* x* x* x* | x* x* x* xX*
Bit 7 6 5 4 | 3 2 1 0
Read
Write CITER
Reset X X X X* | X X X* X*

* Notes:
¢ x = Undefined at reset.
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DMA_TCDn_CITER_ELINKYES field descriptions

Field Description
15 Enable channel-to-channel linking on minor-loop complete
ELINK

As the channel completes the minor loop, this flag enables linking to another channel, defined by the
LINKCH field. The link target channel initiates a channel service request via an internal mechanism that
sets the TCDn_CSR[START] bit of the specified channel.

If channel linking is disabled, the CITER value is extended to 15 bits in place of a link channel number. If
the major loop is exhausted, this link mechanism is suppressed in favor of the MAJORELINK channel
linking.

NOTE: This bit must be equal to the BITER[ELINK] bit; otherwise, a configuration error is reported.

0 The channel-to-channel linking is disabled
1 The channel-to-channel linking is enabled

14-12 This field is reserved.
Reserved

11-9 Minor Loop Link Channel Number
LINKCH

If channel-to-channel linking is enabled (ELINK = 1), then after the minor loop is exhausted, the eDMA
engine initiates a channel service request to the channel defined by this field by setting that channel’s
TCDn_CSR[START] bit.

CITER Current Major lteration Count

This 9-bit (ELINK = 1) or 15-bit (ELINK = 0) count represents the current major loop count for the channel.
It is decremented each time the minor loop is completed and updated in the transfer control descriptor
memory. After the major iteration count is exhausted, the channel performs a number of operations, for
example, final source and destination address calculations, optionally generating an interrupt to signal
channel completion before reloading the CITER field from the Beginning lteration Count (BITER) field.

NOTE: When the CITER field is initially loaded by software, it must be set to the same value as that
contained in the BITER field.

NOTE: If the channel is configured to execute a single service request, the initial values of BITER and
CITER should be 0x0001.
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13.3.32 TCD Current Minor Loop Link, Major Loop Count (Channel

Linking Disabled) (DMA_TCDn_CITER_ELINKNO)

If TCDn_CITER[ELINK] is cleared, the TCDn_CITER register is defined as follows.

Address: 4000_8000h base + 1016h offset + (32d x i), where i=0d to 7d

Bit
Read
Write

Reset

Bit
Read
Write

Reset

* Notes:

15 14 13 12 | 11 10 9 8
ELINK CITER
x* xX* x* xX* | xX* x* x* xX*
7 6 5 4 | 3 2 1 0
CITER
X* X* X* x* | X* X* X* X*

¢ x = Undefined at reset.

DMA_TCDn_CITER_ELINKNO field descriptions

Field Description
15 Enable channel-to-channel linking on minor-loop complete

ELINK
As the channel completes the minor loop, this flag enables linking to another channel, defined by the
LINKCH field. The link target channel initiates a channel service request via an internal mechanism that
sets the TCDn_CSR[START] bit of the specified channel.
If channel linking is disabled, the CITER value is extended to 15 bits in place of a link channel number. If
the major loop is exhausted, this link mechanism is suppressed in favor of the MAJORELINK channel
linking.
NOTE: This bit must be equal to the BITER[ELINK] bit; otherwise, a configuration error is reported.
0 The channel-to-channel linking is disabled
1 The channel-to-channel linking is enabled

CITER Current Major lteration Count

This 9-bit (ELINK = 1) or 15-bit (ELINK = 0) count represents the current major loop count for the channel.
It is decremented each time the minor loop is completed and updated in the transfer control descriptor
memory. After the major iteration count is exhausted, the channel performs a number of operations, for
example, final source and destination address calculations, optionally generating an interrupt to signal
channel completion before reloading the CITER field from the Beginning lteration Count (BITER) field.

NOTE: When the CITER field is initially loaded by software, it must be set to the same value as that
contained in the BITER field.

NOTE: If the channel is configured to execute a single service request, the initial values of BITER and
CITER should be 0x0001.
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13.3.33 TCD Last Destination Address Adjustment/Scatter Gather

Address (DMA_TCDn_DLASTSGA)

Address: 4000_8000h base + 1018h offset + (32d x i), where i=0d to 7d

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

R
i

DLASTSGA

Reset X* x* x* x* x* x* x* x*

* Notes:

X*OX* OXT X X' Xt X oXFIx*oxr ox*ox*oxtox*ox*ox'ox*oxrx'oxrx*xtxx

¢ x = Undefined at reset.

DMA_TCDn_DLASTSGA field descriptions

Field

Description

DLASTSGA

Destination last address adjustment or the memory address for the next transfer control descriptor to be
loaded into this channel (scatter/gather).

If (TCDn_CSRI[ESG] = 0) then:

¢ Adjustment value added to the destination address at the completion of the major iteration count.
This value can apply to restore the destination address to the initial value or adjust the address to
reference the next data structure.

¢ This field uses two's complement notation for the final destination address adjustment.

Otherwise:

* This address points to the beginning of a 0-modulo-32-byte region containing the next transfer
control descriptor to be loaded into this channel. This channel reload is performed as the major
iteration count completes. The scatter/gather address must be 0-modulo-32-byte, otherwise a
configuration error is reported.

13.3.34 TCD Control and Status (DMA_TCDn_CSR)

Address: 4000_8000h base + 101Ch offset + (32d x i), where i=0d to 7d

Bit 15 14 13 12 11 10 9 8

Read
BWC MAJORLINKCH

Write 0
Reset x* xX* x* X* xX* x* x* xX*

Bit 7 6 5 4 3 2 1 0
Read ACTIVE

DONE MAJORELI ESG DREQ INTHALF | INTMAJOR START

Write NK
Reset x* x* x* x* x* x* x* x*

* Notes:

¢ x = Undefined at reset.
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DMA_TCDn_CSR field descriptions

Field Description
15-14 Bandwidth Control
BWC
Throttles the amount of bus bandwidth consumed by the eDMA. Generally, as the eDMA processes the
minor loop, it continuously generates read/write sequences until the minor count is exhausted. This field
forces the eDMA to stall after the completion of each read/write access to control the bus request
bandwidth seen by the crossbar switch.
00 No eDMA engine stalls.
01 Reserved
10 eDMA engine stalls for 4 cycles after each R/W.
11 eDMA engine stalls for 8 cycles after each R/W.
13-11 This field is reserved.
Reserved
10-8 Major Loop Link Channel Number
MAJORLINKCH
If (MAJORELINK = 0) then:
* No channel-to-channel linking, or chaining, is performed after the major loop counter is exhausted.
Otherwise:
» After the major loop counter is exhausted, the eDMA engine initiates a channel service request at
the channel defined by this field by setting that channel’s TCDn_CSR[START] bit.
7 Channel Done
DONE
This flag indicates the eDMA has completed the major loop. The eDMA engine sets it as the CITER count
reaches zero. The software clears it, or the hardware when the channel is activated.
NOTE: This bit must be cleared to write the MAJORELINK or ESG bits.
6 Channel Active
ACTIVE
This flag signals the channel is currently in execution. It is set when channel service begins, and is cleared
by the eDMA as the minor loop completes or when any error condition is detected.
5 Enable channel-to-channel linking on major loop complete
MAJORELINK ] ) o ]
As the channel completes the major loop, this flag enables the linking to another channel, defined by
MAJORLINKCH. The link target channel initiates a channel service request via an internal mechanism that
sets the TCDn_CSR[START] bit of the specified channel.
NOTE: To support the dynamic linking coherency model, this field is forced to zero when written to while
the TCDn_CSR[DONE] bit is set.
0 The channel-to-channel linking is disabled.
1 The channel-to-channel linking is enabled.
4 Enable Scatter/Gather Processing
ESG

As the channel completes the major loop, this flag enables scatter/gather processing in the current
channel. If enabled, the eDMA engine uses DLASTSGA as a memory pointer to a 0-modulo-32 address
containing a 32-byte data structure loaded as the transfer control descriptor into the local memory.

NOTE: To support the dynamic scatter/gather coherency model, this field is forced to zero when written
to while the TCDn_CSR[DONE] bit is set.

0 The current channel’s TCD is normal format.

1 The current channel’'s TCD specifies a scatter gather format. The DLASTSGA field provides a memory
pointer to the next TCD to be loaded into this channel after the major loop completes its execution.

Table continues on the next page...
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DMA_TCDn_CSR field descriptions (continued)

Field Description
3 Disable Request
DREQ

If this flag is set, the eDMA hardware automatically clears the corresponding ERQ bit when the current
major iteration count reaches zero.
0 The channel’'s ERQ bit is not affected.
1 The channel’'s ERQ bit is cleared when the major loop is complete.

2 Enable an interrupt when major counter is half complete.

INTHALF

If this flag is set, the channel generates an interrupt request by setting the appropriate bit in the INT
register when the current major iteration count reaches the halfway point. Specifically, the comparison
performed by the eDMA engine is (CITER == (BITER >> 1)). This halfway point interrupt request is
provided to support double-buffered, also known as ping-pong, schemes or other types of data movement
where the processor needs an early indication of the transfer’s progress.
NOTE: If BITER = 1, do not use INTHALF. Use INTMAJOR instead.
0 The half-point interrupt is disabled.
1 The half-point interrupt is enabled.

1 Enable an interrupt when major iteration count completes.

INTMAJOR

If this flag is set, the channel generates an interrupt request by setting the appropriate bit in the INT when
the current major iteration count reaches zero.
0 The end-of-major loop interrupt is disabled.
1 The end-of-major loop interrupt is enabled.

0 Channel Start

START

If this flag is set, the channel is requesting service. The eDMA hardware automatically clears this flag after
the channel begins execution.

0 The channel is not explicitly started.
1 The channel is explicitly started via a software initiated service request.
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13.3.35 TCD Beginning Minor Loop Link, Major Loop Count (Channel
Linking Enabled) (DMA_TCDn_BITER_ELINKYES)

If the TCDn_BITER[ELINK] bit is set, the TCDn_BITER register is defined as follows.

Address: 4000_8000h base + 101Eh offset + (32d x i), where i=0d to 7d

Bit 15 14 13 12 11 10 9 8
Read
Write ELINK 0 LINKCH BITER
Reset X X X X | X X X* X*
Bit 7 6 5 4 | 3 2 1 0
Read
Write BITER
Reset X* x* x* X* | x* x* x* x*

* Notes:
¢ x = Undefined at reset.

DMA_TCDn_BITER_ELINKYES field descriptions

Field Description
15 Enables channel-to-channel linking on minor loop complete
ELINK

As the channel completes the minor loop, this flag enables the linking to another channel, defined by
BITER[LINKCH]. The link target channel initiates a channel service request via an internal mechanism that
sets the TCDn_CSR[START] bit of the specified channel. If channel linking disables, the BITER value
extends to 15 bits in place of a link channel number. If the major loop is exhausted, this link mechanism is
suppressed in favor of the MAJORELINK channel linking.

NOTE: When the software loads the TCD, this field must be set equal to the corresponding CITER field;
otherwise, a configuration error is reported. As the major iteration count is exhausted, the
contents of this field are reloaded into the CITER field.

0 The channel-to-channel linking is disabled
1 The channel-to-channel linking is enabled

14-12 This field is reserved.
Reserved

11-9 Link Channel Number
LINKCH

If channel-to-channel linking is enabled (ELINK = 1), then after the minor loop is exhausted, the eDMA
engine initiates a channel service request at the channel defined by this field by setting that channel’s
TCDn_CSR[START] bit.

NOTE: When the software loads the TCD, this field must be set equal to the corresponding CITER field;
otherwise, a configuration error is reported. As the major iteration count is exhausted, the
contents of this field are reloaded into the CITER field.

BITER Starting major iteration count

As the transfer control descriptor is first loaded by software, this 9-bit (ELINK = 1) or 15-bit (ELINK = 0)
field must be equal to the value in the CITER field. As the major iteration count is exhausted, the contents
of this field are reloaded into the CITER field.

Table continues on the next page...
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DMA_TCDn_BITER_ELINKYES field descriptions (continued)

Field

Description

NOTE: When the software loads the TCD, this field must be set equal to the corresponding CITER field;
otherwise, a configuration error is reported. As the major iteration count is exhausted, the
contents of this field are reloaded into the CITER field. If the channel is configured to execute a
single service request, the initial values of BITER and CITER should be 0x0001.

13.3.36 TCD Beginning Minor Loop Link, Major Loop Count (Channel

Linking Disabled) (DMA_TCDn_BITER_ELINKNO)

If the TCDn_BITER[ELINK] bit is cleared, the TCDn_BITER register is defined as

follows.

Address: 4000_8000h base + 101Eh offset + (32d x i), where i=0d to 7d

Bit
Read
Write

Reset

Bit
Read
Write

Reset

* Notes:

15 14 13 12 | 1 10 9 8
ELINK BITER
X* X* X* X* | X* X* X* X*
7 6 5 4 | 3 2 1 0
BITER
X* X* xX* X* | X* xX* X* X*

¢ x = Undefined at reset.

DMA_TCDn_BITER_ELINKNO field descriptions

Field

Description

15
ELINK

Enables channel-to-channel linking on minor loop complete

As the channel completes the minor loop, this flag enables the linking to another channel, defined by
BITER[LINKCH]. The link target channel initiates a channel service request via an internal mechanism that
sets the TCDn_CSR[START] bit of the specified channel. If channel linking is disabled, the BITER value
extends to 15 bits in place of a link channel number. If the major loop is exhausted, this link mechanism is
suppressed in favor of the MAJORELINK channel linking.

NOTE: When the software loads the TCD, this field must be set equal to the corresponding CITER field;
otherwise, a configuration error is reported. As the major iteration count is exhausted, the
contents of this field are reloaded into the CITER field.

0 The channel-to-channel linking is disabled
1 The channel-to-channel linking is enabled

BITER

Starting Major Iteration Count

As the transfer control descriptor is first loaded by software, this 9-bit (ELINK = 1) or 15-bit (ELINK = 0)
field must be equal to the value in the CITER field. As the major iteration count is exhausted, the contents
of this field are reloaded into the CITER field.

NOTE: When the software loads the TCD, this field must be set equal to the corresponding CITER field;
otherwise, a configuration error is reported. As the major iteration count is exhausted, the

Table continues on the next page...
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DMA_TCDn_BITER_ELINKNO field descriptions (continued)

Field Description

contents of this field is reloaded into the CITER field. If the channel is configured to execute a
single service request, the initial values of BITER and CITER should be 0x0001.

13.4 Functional description

The operation of the eDMA is described in the following subsections.

13.4.1 eDMA basic data flow

The basic flow of a data transfer can be partitioned into three segments.

As shown in the following diagram, the first segment involves the channel activation:
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T Write Address
I
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| ! _V_ _V Write Data ‘
\
‘ 0o
A N 1 |
: 2 |
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& | Descriptor (TCD) -1 ‘ e
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3 e o o ____Jd______ ! fo
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(é , eDMA Engine \
Program Model/ [
o ! Read Dat
(I | Channel Arbitration \ ead Data >
i) | Read Data \
| Y ) |
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\
! Control |
: Data Path |
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| Write Data A !
| \
| Address [
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Y
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Request eDMA Done

Figure 13-2. eDMA operation, part 1
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This example uses the assertion of the eDMA peripheral request signal to request service
for channel n. Channel activation via software and the TCDn_CSR[START] bit follows
the same basic flow as peripheral requests. The eDMA request input signal is registered
internally and then routed through the eDMA engine: first through the control module,
then into the program model and channel arbitration. In the next cycle, the channel
arbitration performs, using the fixed-priority or round-robin algorithm. After arbitration is
complete, the activated channel number is sent through the address path and converted
into the required address to access the local memory for TCDn. Next, the TCD memory
is accessed and the required descriptor read from the local memory and loaded into the
eDMA engine address path channel x or y registers. The TCD memory is 64 bits wide to
minimize the time needed to fetch the activated channel descriptor and load it into the
address path channel x or y registers.

The following diagram illustrates the second part of the basic data flow:

To/From Crossbar Switch
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| Y |
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Figure 13-3. eDMA operation, part 2
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The modules associated with the data transfer (address path, data path, and control)

sequence through the required source reads and destination writes to perform the actual
data movement. The source reads are initiated and the fetched data is temporarily stored

in the data path block until it is gated onto the internal bus during the destination write.
This source read/destination write processing continues until the minor byte count has

transferred.

After the minor byte count has moved, the final phase of the basic data flow is performed.
In this segment, the address path logic performs the required updates to certain fields in

the appropriate TCD, for example, SADDR, DADDR, CITER. If the major iteration

count is exhausted, additional operations are performed. These include the final address
adjustments and reloading of the BITER field into the CITER. Assertion of an optional

interrupt request also occurs at this time, as does a possible fetch of a new TCD from
memory using the scatter/gather address pointer included in the descriptor (if scatter/
gather is enabled). The updates to the TCD memory and the assertion of an interrupt

request are shown in the following diagram.
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Figure 13-4. eDMA operation, part 3
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13.4.2 Fault reporting and handling

Channel errors are reported in the Error Status register (DMAx_ES) and can be caused
by:

* A configuration error, which is an illegal setting in the transfer-control descriptor or
an illegal priority register setting in Fixed-Arbitration mode, or
* An error termination to a bus master read or write cycle

A configuration error is reported when the starting source or destination address, source
or destination offsets, minor loop byte count, or the transfer size represent an inconsistent
state. Each of these possible causes are detailed below:

* The addresses and offsets must be aligned on 0-modulo-transfer-size boundaries.

e The minor loop byte count must be a multiple of the source and destination transfer
sizes.

* All source reads and destination writes must be configured to the natural boundary of
the programmed transfer size respectively.

* In fixed arbitration mode, a configuration error is caused by any two channel
priorities being equal. All channel priority levels must be unique when fixed
arbitration mode is enabled.

NOTE

When two channels have the same priority, a channel
priority error exists and will be reported in the Error Status
register. However, the channel number will not be reported
in the Error Status register. When all of the channel
priorities within a group are not unique, the channel
number selected by arbitration is undetermined.

To aid in Channel Priority Error (CPE) debug, set the Halt
On Error bit in the DMA’s Control Register. If all of the
channel priorities within a group are not unique, the DMA
will be halted after the CPE error is recorded. The DMA
will remain halted and will not process any channel service
requests. Once all of the channel priorities are set to unique
numbers, the DMA may be enabled again by clearing the
Halt bit.
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* If a scatter/gather operation is enabled upon channel completion, a configuration
error is reported if the scatter/gather address (DLAST_SGA) is not aligned on a 32-
byte boundary.
e If minor loop channel linking is enabled upon channel completion, a configuration
error is reported when the link is attempted if the TCDn_CITER[E_LINK] bit does
not equal the TCDn_BITER[E_LINK] bit.

If enabled, all configuration error conditions, except the scatter/gather and minor-loop
link errors, report as the channel activates and asserts an error interrupt request. A scatter/
gather configuration error 1s reported when the scatter/gather operation begins at major
loop completion when properly enabled. A minor loop channel link configuration error is
reported when the link operation is serviced at minor loop completion.

If a system bus read or write is terminated with an error, the data transfer is stopped and
the appropriate bus error flag set. In this case, the state of the channel's transfer control
descriptor is updated by the eDMA engine with the current source address, destination
address, and current iteration count at the point of the fault. When a system bus error
occurs, the channel terminates after the next transfer. Due to pipeline effect, the next
transfer is already in progress when the bus error is received by the eDMA. If a bus error
occurs on the last read prior to beginning the write sequence, the write executes using the
data captured during the bus error. If a bus error occurs on the last write prior to
switching to the next read sequence, the read sequence executes before the channel
terminates due to the destination bus error.

A transfer may be cancelled by software with the CR[CX] bit. When a cancel transfer
request is recognized, the DMA engine stops processing the channel. The current read-
write sequence is allowed to finish. If the cancel occurs on the last read-write sequence of
a major or minor loop, the cancel request is discarded and the channel retires normally.

The error cancel transfer is the same as a cancel transfer except the Error Status register
(DMAx_ES) is updated with the cancelled channel number and ECX is set. The TCD of a
cancelled channel contains the source and destination addresses of the last transfer saved
in the TCD. If the channel needs to be restarted, you must re-initialize the TCD because
the aforementioned fields no longer represent the original parameters. When a transfer is
cancelled by the error cancel transfer mechanism, the channel number is loaded into
DMA_ES[ERRCHN] and ECX and VLD are set. In addition, an error interrupt may be
generated if enabled.

NOTE
The cancel transfer request allows the user to stop a large data
transfer in the event the full data transfer is no longer needed.
The cancel transfer bit does not abort the channel. It simply
stops the transferring of data and then retires the channel
through its normal shutdown sequence. The application
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software must handle the context of the cancel. If an interrupt is

desired (or not), then the interrupt should be enabled (or

disabled) before the cancel request. The application software

must clean up the transfer control descriptor since the full

transfer did not occur.

The occurrence of any error causes the eDMA engine to stop normal processing of the
active channel immediately (it goes to its error processing states and the transaction to the
system bus still has pipeline effect), and the appropriate channel bit in the eDMA error
register is asserted. At the same time, the details of the error condition are loaded into the
Error Status register (DMAXx_ES). The major loop complete indicators, setting the
transfer control descriptor DONE flag and the possible assertion of an interrupt request,
are not affected when an error is detected. After the error status has been updated, the
eDMA engine continues operating by servicing the next appropriate channel. A channel
that experiences an error condition is not automatically disabled. If a channel is
terminated by an error and then issues another service request before the error is fixed,
that channel executes and terminates with the same error condition.

13.4.3 Channel preemption

Channel preemption is enabled on a per-channel basis by setting the DCHPRIn[ECP] bit.
Channel preemption allows the executing channel’s data transfers to temporarily suspend
in favor of starting a higher priority channel. After the preempting channel has completed
all its minor loop data transfers, the preempted channel is restored and resumes
execution. After the restored channel completes one read/write sequence, it 1s again
eligible for preemption. If any higher priority channel is requesting service, the restored
channel is suspended and the higher priority channel is serviced. Nested preemption, that
1s, attempting to preempt a preempting channel, is not supported. After a preempting
channel begins execution, it cannot be preempted. Preemption is available only when
fixed arbitration is selected.

A channel’s ability to preempt another channel can be disabled by setting
DCHPRIn[DPA]. When a channel’s preempt ability is disabled, that channel cannot
suspend a lower priority channel’s data transfer, regardless of the lower priority channel’s
ECP setting. This allows for a pool of low priority, large data-moving channels to be
defined. These low priority channels can be configured to not preempt each other, thus
preventing a low priority channel from consuming the preempt slot normally available to
a true, high priority channel.
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13.4.4 Performance

This section addresses the performance of the eDMA module, focusing on two separate
metrics:

* In the traditional data movement context, performance is best expressed as the peak
data transfer rates achieved using the eDMA. In most implementations, this transfer
rate is limited by the speed of the source and destination address spaces.

* In a second context where device-paced movement of single data values to/from
peripherals i1s dominant, a measure of the requests that can be serviced in a fixed time
is a more relevant metric. In this environment, the speed of the source and destination
address spaces remains important. However, the microarchitecture of the eDMA also
factors significantly into the resulting metric.

13.4.4.1 Peak transfer rates

The peak transfer rates for several different source and destination transfers are shown in
the following tables. These tables assume:

 Internal SRAM can be accessed with zero wait-states when viewed from the system
bus data phase

 All internal peripheral bus reads require two wait-states, and internal peripheral bus
writes three wait-states, when viewed from the system bus data phase

 All internal peripheral bus accesses are 32-bits in size

NOTE
All architectures will not meet the assumptions listed above.
See the SRAM configuration section for more information.

This table compares peak transfer rates based on different possible system speeds.
Specific chips/devices may not support all system speeds listed.

Table 13-4. eDMA peak transfer rates (Mbytes/sec)

) Internal SRAM-to- 32 bit internal peripheral Internal SRAM-to-32 bit
System Speed, Width bus-to-Int | SRAM
Internal SRAM us-to-interna internal peripheral bus
66.7 MHz, 32 bit 133.3 66.7 53.3
83.3 MHz, 32 bit 166.7 83.3 66.7
100.0 MHz, 32 bit 200.0 100.0 80.0
133.3 MHz, 32 bit 266.7 133.3 106.7
150.0 MHz, 32 bit 300.0 150.0 120.0
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Internal-SRAM-to-internal-SRAM transfers occur at the core's datapath width. For all
transfers involving the internal peripheral bus, 32-bit transfer sizes are used. In all cases,
the transfer rate includes the time to read the source plus the time to write the destination.

13.4.4.2 Peak request rates

The second performance metric is a measure of the number of DMA requests that can be
serviced in a given amount of time. For this metric, assume that the peripheral request
causes the channel to move a single internal peripheral bus-mapped operand to/from
internal SRAM. The same timing assumptions used in the previous example apply to this
calculation. In particular, this metric also reflects the time required to activate the
channel.

The eDMA design supports the following hardware service request sequence. Note that
the exact timing from Cycle 7 is a function of the response times for the channel's read
and write accesses. In the case of an internal peripheral bus read and internal SRAM
write, the combined data phase time is 4 cycles. For an SRAM read and internal
peripheral bus write, it is 5 cycles.

Table 13-5. Hardware service request process

Cycle Description
With internal peripheral With SRAM read and
bus read and internal internal peripheral bus
SRAM write write
1 eDMA peripheral request is asserted.
2 The eDMA peripheral request is registered locally in the

eDMA module and qualified. TCDn_CSR[START] bit initiated
requests start at this point with the registering of the user
write to TCDn word 7.

3 Channel arbitration begins.

Channel arbitration completes. The transfer control descriptor
local memory read is initiated.

5-6 The first two parts of the activated channel's TCD is read from
the local memory. The memory width to the eDMA engine is
64 bits, so the entire descriptor can be accessed in four
cycles

7 The first system bus read cycle is initiated, as the third part of
the channel's TCD is read from the local memory. Depending
on the state of the crossbar switch, arbitration at the system
bus may insert an additional cycle of delay here.

8-11 8-12 The last part of the TCD is read in. This cycle represents the
first data phase for the read, and the address phase for the
destination write.

12 13 This cycle represents the data phase of the last destination
write.

Table continues on the next page...
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Table 13-5. Hardware service request process (continued)

Cycle Description
With internal peripheral With SRAM read and
bus read and internal internal peripheral bus
SRAM write write

13 14 The eDMA engine completes the execution of the inner minor
loop and prepares to write back the required TCDn fields into
the local memory. The TCDn word 7 is read and checked for
channel linking or scatter/gather requests.

14 15 The appropriate fields in the first part of the TCDn are written
back into the local memory.

15 16 The fields in the second part of the TCDn are written back into
the local memory. This cycle coincides with the next channel
arbitration cycle start.

16 17 The next channel to be activated performs the read of the first
part of its TCD from the local memory. This is equivalent to
Cycle 4 for the first channel's service request.

Assuming zero wait states on the system bus, DMA requests can be processed every 9
cycles. Assuming an average of the access times associated with internal peripheral bus-
to-SRAM (4 cycles) and SRAM-to-internal peripheral bus (5 cycles), DMA requests can
be processed every 11.5 cycles (4 + (4+5)/2 + 3). This is the time from Cycle 4 to Cycle x
+5. The resulting peak request rate, as a function of the system frequency, is shown in the

following table.

Table 13-6. eDMA peak request rate (MReq/sec)

Request rate Request rate
System frequency (MHz)
with zero wait states with wait states
66.6 7.4 5.8
83.3 9.2 7.2
100.0 111 8.7
133.3 14.8 11.6
150.0 16.6 13.0

A general formula to compute the peak request rate with overlapping requests is:

PEAKTreq = freq / [ entry + (1 + read_ws) + (1 + write_ws) + exit ]

where:

Table 13-7. Peak request formula operands

Operand

Description

PEAKTreq

Peak request rate

Table continues on the next page...
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Table 13-7. Peak request formula operands (continued)

Operand Description
freq System frequency
entry Channel startup (4 cycles)
read_ws Wait states seen during the system bus read data phase
write_ws Wait states seen during the system bus write data phase
exit Channel shutdown (3 cycles)

13.4.4.3 eDMA performance example
Consider a system with the following characteristics:

* Internal SRAM can be accessed with one wait-state when viewed from the system
bus data phase

» All internal peripheral bus reads require two wait-states, and internal peripheral bus
writes three wait-states viewed from the system bus data phase

* System operates at 150 MHz

For an SRAM to internal peripheral bus transfer,
PEAKreq=150MHz/[4+ (1 + 1)+ (1 +3)+ 3 ] cycles = 11.5 Mreg/sec
For an internal peripheral bus to SRAM transfer,

PEAKreq=150MHz/[4+ (1 +2)+ (1 + 1) + 3 ] cycles = 12.5 Mreg/sec

Assuming an even distribution of the two transfer types, the average peak request rate
would be:

PEAKTreq = (11.5 Mreg/sec + 12.5 Mreq/sec) / 2 = 12.0 Mreg/sec

The minimum number of cycles to perform a single read/write, zero wait states on the
system bus, from a cold start where no channel is executing and eDMA 1is idle are:

* 11 cycles for a software, that is, a TCDn_CSR[START] bit, request

* 12 cycles for a hardware, that is, an eDMA peripheral request signal, request

Two cycles account for the arbitration pipeline and one extra cycle on the hardware
request resulting from the internal registering of the eDMA peripheral request signals.
For the peak request rate calculations above, the arbitration and request registering is
absorbed in or overlaps the previous executing channel.
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Note
When channel linking or scatter/gather is enabled, a two cycle
delay is imposed on the next channel selection and startup. This
allows the link channel or the scatter/gather channel to be
eligible and considered in the arbitration pool for next channel
selection.

13.5 Initialization/application information

The following sections discuss initialization of the eDMA and programming
considerations.

13.5.1 eDMA initialization
To initialize the eDMA:
1. Write to the CR if a configuration other than the default is desired.

2. Write the channel priority levels to the DCHPRIn registers if a configuration other
than the default is desired.

Enable error interrupts in the EEI register if so desired.
Write the 32-byte TCD for each channel that may request service.

Enable any hardware service requests via the ERQ register.

A O

Request channel service via either:
» Software: setting the TCDn_CSR[START]
» Hardware: slave device asserting its eDMA peripheral request signal

After any channel requests service, a channel is selected for execution based on the
arbitration and priority levels written into the programmer's model. The eDMA engine
reads the entire TCD, including the TCD control and status fields, as shown in the
following table, for the selected channel into its internal address path module.

As the TCD is read, the first transfer is initiated on the internal bus, unless a
configuration error is detected. Transfers from the source, as defined by TCDn_SADDR,
to the destination, as defined by TCDn_DADDR, continue until the number of bytes
specified by TCDn_NBYTES are transferred.
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When the transfer is complete, the eDMA engine's local TCDn_SADDR,
TCDn_DADDR, and TCDn_CITER are written back to the main TCD memory and any
minor loop channel linking is performed, if enabled. If the major loop is exhausted,
further post processing executes, such as interrupts, major loop channel linking, and
scatter/gather operations, if enabled.

Table 13-8. TCD Control and Status fields

TCDn_CSR field .
Description
name
START Control bit to start channel explicitly when using a software initiated DMA service (Automatically
cleared by hardware)
ACTIVE Status bit indicating the channel is currently in execution
DONE Status bit indicating major loop completion (cleared by software when using a software initiated
DMA service)
D_REQ Control bit to disable DMA request at end of major loop completion when using a hardware initiated
DMA service
BWC Control bits for throttling bandwidth control of a channel
E_SG Control bit to enable scatter-gather feature
INT_HALF Control bit to enable interrupt when major loop is half complete
INT_MAJ Control bit to enable interrupt when major loop completes

The following figure shows how each DMA request initiates one minor-loop transfer, or
iteration, without CPU intervention. DMA arbitration can occur after each minor loop,
and one level of minor loop DMA preemption is allowed. The number of minor loops in
a major loop is specified by the beginning iteration count (BITER).

Current major
loop iteration

Source or destination memory count (CITER)
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Figure 13-5. Example of multiple loop iterations

The following figure lists the memory array terms and how the TCD settings interrelate.
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xADDR: (Starting address) XSIZE: (size of one

data transfer) Minor loop
(NBYTESin :
minor loop, : Offset (XOFF): number of bytes added to :
often the same i  current address after each transfer
value as xSIZE) (often the same value as xSIZE)
........................................................................... Each DMA source (S) and
destination (D) has its own:
° Address (xADDR)
° : Size (xSIZE)
. Minor loop i Offset (xOFF)
. i Modulo (xMOD)
° Last Address Adjustment (xLAST)

where x =S or D

............................

Peripheral queues typically
have size and offset equal
to NBYTES.

Last minor loop

XLAST: Number of bytes added to
current address after major loop
(typically used to loop back)

Figure 13-6. Memory array terms

13.5.2 Programming errors

The eDMA performs various tests on the transfer control descriptor to verify consistency
in the descriptor data. Most programming errors are reported on a per channel basis with
the exception of channel priority error (ES[CPE)).

For all error types other than channel priority error, the channel number causing the error
is recorded in the Error Status register (DMAX_ES). If the error source is not removed
before the next activation of the problem channel, the error is detected and recorded
again.

If priority levels are not unique, when any channel requests service, a channel priority
error is reported. The highest channel priority with an active request is selected, but the
lowest numbered channel with that priority is selected by arbitration and executed by the
eDMA engine. The hardware service request handshake signals, error interrupts, and
error reporting is associated with the selected channel.

13.5.3 Arbitration mode considerations

This section discusses arbitration considerations for the eDMA.
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13.5.3.1 Fixed channel arbitration

In this mode, the channel service request from the highest priority channel is selected to
execute.

13.5.3.2 Round-robin channel arbitration

Channels are serviced starting with the highest channel number and rotating through to
the lowest channel number without regard to the channel priority levels.

13.5.4 Performing DMA transfers

This section presents examples on how to perform DMA transfers with the eDMA.

13.5.4.1 Single request

To perform a simple transfer of n bytes of data with one activation, set the major loop to
one (TCDn_CITER = TCDrn_BITER = 1). The data transfer begins after the channel
service request is acknowledged and the channel is selected to execute. After the transfer
is complete, the TCDn_CSR[DONE] bit is set and an interrupt generates if properly
enabled.

For example, the following TCD entry is configured to transfer 16 bytes of data. The
eDMA is programmed for one iteration of the major loop transferring 16 bytes per
iteration. The source memory has a byte wide memory port located at 0x1000. The
destination memory has a 32-bit port located at 0x2000. The address offsets are
programmed in increments to match the transfer size: one byte for the source and four
bytes for the destination. The final source and destination addresses are adjusted to return
to their beginning values.

TCDn_CITER = TCDn BITER = 1
TCDn NBYTES = 16

TCDn_SADDR = 0x1000
TCDn_SOFF = 1
TCDn_ATTR[SSIZE] = 0

TCDn SLAST = -16

TCDn DADDR = 0x2000
TCDn_DOFF = 4

TCDn_ATTR [DSIZE] = 2

TCDn_DLAST SGA= -16

TCDn CSR[INT MAJ] = 1

TCDn_ CSR[START] = 1 (Should be written last after all other fields have been initialized)

All other TCDn fields = 0

This generates the following event sequence:

Kinetis KE1xZ Sub-Family Reference Manual, Rev. 2, 09/2016
254 NXP Semiconductors




Chapter 13 Enhanced Direct Memory Access (eDMA)
1. User write to the TCDn_CSR[START] bit requests channel service.

2. The channel is selected by arbitration for servicing.

3. eDMA engine writes: TCDn_CSR[DONE] = 0, TCDn_CSR[START] =0,
TCDn_CSR[ACTIVE] =1.

4. eDMA engine reads: channel TCD data from local memory to internal register file.
5. The source-to-destination transfers are executed as follows:

a. Read byte from location 0x1000, read byte from location 0x1001, read byte from
0x1002, read byte from 0x1003.

b. Write 32-bits to location 0x2000 — first iteration of the minor loop.

c. Read byte from location 0x1004, read byte from location 0x1005, read byte from
0x1006, read byte from 0x1007.

d. Write 32-bits to location 0x2004 — second iteration of the minor loop.

e. Read byte from location 0x1008, read byte from location 0x1009, read byte from
0x100A, read byte from 0x100B.

f. Write 32-bits to location 0x2008 — third iteration of the minor loop.

g. Read byte from location 0x100C, read byte from location 0x100D, read byte
from Ox100E, read byte from Ox100F.

h. Write 32-bits to location 0x200C — last iteration of the minor loop = major loop
complete.

6. The eDMA engine writes: TCDn_SADDR = 0x1000, TCD»n_DADDR = 0x2000,
TCDn_CITER =1 (TCDn_BITER).

7. The eDMA engine writes: TCDn_CSR[ACTIVE] = 0, TCDn_CSR[DONE] =1,
INT[n] = 1.

8. The channel retires and the eDMA goes idle or services the next channel.

13.5.4.2 Multiple requests

The following example transfers 32 bytes via two hardware requests, but is otherwise the
same as the previous example. The only fields that change are the major loop iteration
count and the final address offsets. The eDMA is programmed for two iterations of the
major loop transferring 16 bytes per iteration. After the channel's hardware requests are
enabled in the ERQ register, the slave device initiates channel service requests.
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TCDn_CITER TCDn_BITER = 2
TCDn_ SLAST -32
TCDn DLAST SGA = -32

This would generate the following sequence of events:

1.
2.
3.

10.
11.

First hardware, that is, eEDMA peripheral, request for channel service.
The channel is selected by arbitration for servicing.

eDMA engine writes: TCDn_CSR[DONE] = 0, TCDn_CSR[START] =0,
TCDn_CSR[ACTIVE] = 1.

eDMA engine reads: channel TCDn data from local memory to internal register file.
The source to destination transfers are executed as follows:

a. Read byte from location 0x1000, read byte from location 0x1001, read byte from
0x1002, read byte from 0x1003.

b. Write 32-bits to location 0x2000 — first iteration of the minor loop.

c. Read byte from location 0x1004, read byte from location 0x1005, read byte from
0x1006, read byte from 0x1007.

d. Write 32-bits to location 0x2004 — second iteration of the minor loop.

e. Read byte from location 0x1008, read byte from location 0x1009, read byte from
0x100A, read byte from 0x100B.

f. Write 32-bits to location 0x2008 — third iteration of the minor loop.

g. Read byte from location 0x100C, read byte from location 0x100D, read byte
from Ox100E, read byte from Ox100F.

h. Write 32-bits to location 0x200C — last iteration of the minor loop.

eDMA engine writes: TCDn_SADDR = 0x1010, TCDn_DADDR = 0x2010,
TCDn_CITER = 1.

eDMA engine writes: TCDn_CSR[ACTIVE] = 0.

The channel retires = one iteration of the major loop. The eDMA goes idle or
services the next channel.

Second hardware, that is, eEDMA peripheral, requests channel service.
The channel is selected by arbitration for servicing.

eDMA engine writes: TCDn_CSR[DONE] = 0, TCDn_CSR[START] =0,
TCDn_CSR[ACTIVE] =1.
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12. eDMA engine reads: channel TCD data from local memory to internal register file.

13. The source to destination transfers are executed as follows:

14.

15.

16.

a.

Read byte from location 0x1010, read byte from location 0x1011, read byte from
0x1012, read byte from 0x1013.

Write 32-bits to location 0x2010 — first iteration of the minor loop.

Read byte from location 0x1014, read byte from location 0x1015, read byte from
0x1016, read byte from 0x1017.

Write 32-bits to location 0x2014 — second iteration of the minor loop.

Read byte from location 0x1018, read byte from location 0x1019, read byte from
0x101A, read byte from 0x101B.

Write 32-bits to location 0x2018 — third iteration of the minor loop.

Read byte from location 0x101C, read byte from location Ox101D, read byte
from Ox101E, read byte from Ox101F.

Write 32-bits to location 0x201C — last iteration of the minor loop — major loop
complete.

eDMA engine writes: TCDn_SADDR = 0x1000, TCDn_DADDR = 0x2000,
TCDn_CITER =2 (TCDn_BITER).

eDMA engine writes: TCDn_CSR[ACTIVE] = 0, TCDn_CSR[DONE] = 1, INT[n] =

The channel retires > major loop complete. The eDMA goes idle or services the next
channel.

13.5.4.3 Using the modulo feature

The modulo feature of the eDMA provides the ability to implement a circular data queue
in which the size of the queue is a power of 2. MOD is a 5-bit field for the source and
destination in the TCD, and it specifies which lower address bits increment from their
original value after the address+offset calculation. All upper address bits remain the same
as in the original value. A setting of O for this field disables the modulo feature.
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The following table shows how the transfer addresses are specified based on the setting
of the MOD field. Here a circular buffer is created where the address wraps to the
original value while the 28 upper address bits (0x1234567x) retain their original value. In
this example the source address is set to 0x12345670, the offset is set to 4 bytes and the
MOD field is set to 4, allowing for a 2% byte (16-byte) size queue.

Table 13-9. Modulo example

Transfer Number Address

1 0x12345670
0x12345674
0x12345678
0x1234567C
0x12345670
0x12345674

Dl BN

13.5.5 Monitoring transfer descriptor status

This section discusses how to monitor eDMA status.

13.5.5.1 Testing for minor loop completion

There are two methods to test for minor loop completion when using software initiated
service requests. The first is to read the TCD#n_CITER field and test for a change.
Another method may be extracted from the sequence shown below. The second method is
to test the TCDn_CSR[START] bit and the TCDn_CSR[ACTIVE] bit. The minor-loop-
complete condition is indicated by both bits reading zero after the TCDn_CSR[START]
was set. Polling the TCDn_CSR[ACTIVE] bit may be inconclusive, because the active
status may be missed if the channel execution is short in duration.

The TCD status bits execute the following sequence for a software activated channel:

TCDn_CSR bits
Stage State
START ACTIVE DONE
1 1 0 0 Channel service request via software
2 0 1 0 Channel is executing
3a 0 0 0 Channel has completed the minor loop and is idle
3b 0 0 1 Channel has completed the major loop and is idle
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The best method to test for minor-loop completion when using hardware, that s,
peripheral, initiated service requests is to read the TCD#n_CITER field and test for a
change. The hardware request and acknowledge handshake signals are not visible in the
programmer's model.

The TCD status bits execute the following sequence for a hardware-activated channel:

TCDn_CSR bits

Stage State
START ACTIVE DONE
Channel service request via hardware (peripheral
1 0 0 0
request asserted)
2 0 1 0 Channel is executing
3a 0 0 0 Channel has completed the minor loop and is idle
3b 0 0 1 Channel has completed the major loop and is idle

For both activation types, the major-loop-complete status is explicitly indicated via the
TCDn_CSR[DONE] bit.

The TCDn_CSR[START] bit is cleared automatically when the channel begins execution
regardless of how the channel activates.

13.5.5.2 Reading the transfer descriptors of active channels

The eDMA reads back the true TCDn_SADDR, TCDn_DADDR, and TCDn_NBYTES
values if read while a channel executes. The true values of the SADDR, DADDR, and
NBYTES are the values the eDMA engine currently uses in its internal register file and
not the values in the TCD local memory for that channel. The addresses, SADDR and
DADDR, and NBYTES, which decrement to zero as the transfer progresses, can give an
indication of the progress of the transfer. All other values are read back from the TCD
local memory.

13.5.5.3 Checking channel preemption status

Preemption is available only when fixed arbitration is selected as the channel arbitration
mode. A preemptive situation is one in which a preempt-enabled channel runs and a
higher priority request becomes active. When the eDMA engine is not operating in fixed
channel arbitration mode, the determination of the actively running relative priority
outstanding requests become undefined. Channel priorities are treated as equal, that is,
constantly rotating, when Round-Robin Arbitration mode is selected.

Kinetis KE1xZ Sub-Family Reference Manual, Rev. 2, 09/2016
NXP Semiconductors 259




A
Initialization/application information

The TCDn_CSR[ACTIVE] bit for the preempted channel remains asserted throughout
the preemption. The preempted channel is temporarily suspended while the preempting
channel executes one major loop iteration. If two TCDn_CSR[ACTIVE] bits are set
simultaneously in the global TCD map, a higher priority channel is actively preempting a
lower priority channel.

13.5.6 Channel Linking

Channel linking (or chaining) is a mechanism where one channel sets the
TCDn_CSR[START] bit of another channel (or itself), therefore initiating a service
request for that channel. When properly enabled, the EDMA engine automatically
performs this operation at the major or minor loop completion.

The minor loop channel linking occurs at the completion of the minor loop (or one
iteration of the major loop). The TCDn_CITER[E_LINK] field determines whether a
minor loop link is requested. When enabled, the channel link is made after each iteration
of the major loop except for the last. When the major loop is exhausted, only the major
loop channel link fields are used to determine if a channel link should be made. For
example, the initial fields of:

TCDn CITER[E LINK] = 1

TCDn CITER [LINKCH] = 0xC

TCDn CITER[CITER] value = 0x4
TCDn CSR[MAJOR_E LINK] = 1
TCDn_CSR[MAJOR_LINKCH] 0x7

executes as:
1. Minor loop done — set TCD12_CSR[START] bit
2. Minor loop done — set TCD12_CSR[START] bit
3. Minor loop done — set TCD12_CSR[START] bit
4. Minor loop done, major loop done— set TCD7_CSR[START] bit

When minor loop linking is enabled (TCDn_CITER[E_LINK] = 1), the
TCDn_CITER[CITER] field uses a nine bit vector to form the current iteration count.
When minor loop linking is disabled (TCDn_CITER[E_LINK] = 0), the
TCDn_CITER[CITER] field uses a 15-bit vector to form the current iteration count. The
bits associated with the TCDn_CITER[LINKCH] field are concatenated onto the CITER
value to increase the range of the CITER.

Kinetis KE1xZ Sub-Family Reference Manual, Rev. 2, 09/2016
260 NXP Semiconductors




Chapter 13 Enhanced Direct Memory Access (eDMA)
Note

The TCDn_CITER[E_LINK] bit and the
TCDn_BITER[E_LINK] bit must equal or a configuration error
is reported. The CITER and BITER vector widths must be
equal to calculate the major loop, half-way done interrupt point.

The following table summarizes how a DMA channel can link to another DMA channel,
i.e, use another channel's TCD, at the end of a loop.

Table 13-10. Channel Linking Parameters

Desired _L|nk TCD Control Field Name | Description
Behavior
Enable channel-to-channel linking on minor loop completion (current

Link at end of CITER[E_LINK] roration g P completion (

Minor Loop - — - - -

CITER[LINKCH] Link channel number when linking at end of minor loop (current iteration)

Link at end of CSR[MAJOR_E_LINK] Enable channel-to-channel linking on major loop completion

Major Loop CSR[MAJOR_LINKCH] |Link channel number when linking at end of major loop

13.5.7 Dynamic programming

This section provides recommended methods to change the programming model during
channel execution.

13.5.7.1 Dynamically changing the channel priority

The following two options are recommended for dynamically changing channel priority
levels:

1. Switch to Round-Robin Channel Arbitration mode, change the channel priorities,
then switch back to Fixed Arbitration mode,

2. Disable all the channels, change the channel priorities, then enable the appropriate
channels.
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13.5.7.2 Dynamic channel linking

Dynamic channel linking is the process of setting the TCD.major.e_link bit during
channel execution (see the diagram in TCD structure). This bit is read from the TCD
local memory at the end of channel execution, thus allowing the user to enable the feature
during channel execution.

Because the user is allowed to change the configuration during execution, a coherency
model is needed. Consider the scenario where the user attempts to execute a dynamic
channel link by enabling the TCD.major.e_link bit at the same time the eDMA engine is
retiring the channel. The TCD.major.e_link would be set in the programmer’s model, but
it would be unclear whether the actual link was made before the channel retired.

The following coherency model is recommended when executing a dynamic channel link
request.

1. Write 1 to the TCD.major.e_link bit.
2. Read back the TCD.major.e_link bit.
3. Test the TCD.major.e_link request status:
e If TCD.major.e_link = 1, the dynamic link attempt was successful.
e If TCD.major.e_link = 0, the attempted dynamic link did not succeed (the
channel was already retiring).

For this request, the TCD local memory controller forces the TCD.major.e_link bit to
zero on any writes to a channel’s TCD.word7 after that channel’s TCD.done bit is set,
indicating the major loop is complete.

NOTE
The user must clear the TCD.done bit before writing the
TCD.major.e_link bit. The TCD.done bit is cleared
automatically by the eDMA engine after a channel begins
execution.

13.5.7.3 Dynamic scatter/gather

Scatter/gather is the process of automatically loading a new TCD into a channel. It allows
a DMA channel to use multiple TCDs; this enables a DMA channel to scatter the DMA
data to multiple destinations or gather it from multiple sources.When scatter/gather is
enabled and the channel has finished its major loop, a new TCD is fetched from system
memory and loaded into that channel’s descriptor location in eDMA programmer’s
model, thus replacing the current descriptor.
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Because the user is allowed to change the configuration during execution, a coherency
model is needed. Consider the scenario where the user attempts to execute a dynamic
scatter/gather operation by enabling the TCD.e_sg bit at the same time the eDMA engine
1s retiring the channel. The TCD.e_sg would be set in the programmer’s model, but it
would be unclear whether the actual scatter/gather request was honored before the
channel retired.

Two methods for this coherency model are shown in the following subsections. Method 1
has the advantage of reading the major.linkch field and the e_sg bit with a single read.
For both dynamic channel linking and scatter/gather requests, the TCD local memory
controller forces the TCD.major.e_link and TCD.e_sg bits to zero on any writes to a
channel’s TCD.word7 if that channel’s TCD.done bit is set indicating the major loop is
complete.

NOTE
The user must clear the TCD.done bit before writing the
TCD.major.e_link or TCD.e_sg bits. The TCD.done bit is
cleared automatically by the eDMA engine after a channel
begins execution.

13.5.7.3.1 Method 1 (channel not using major loop channel linking)

For a channel not using major loop channel linking, the coherency model described here
may be used for a dynamic scatter/gather request.

When the TCD.major.e_link bit is zero, the TCD.major.linkch field is not used by the
eDMA. In this case, the TCD.major.linkch bits may be used for other purposes. This
method uses the TCD.major.linkch field as a TCD indentification (ID).

1. When the descriptors are built, write a unique TCD ID in the TCD.major.linkch field

for each TCD associated with a channel using dynamic scatter/gather.
2. Write 1b to the TCD.d_req bit.

Should a dynamic scatter/gather attempt fail, setting the TCD.d_req bit will prevent a
future hardware activation of this channel. This stops the channel from executing
with a destination address (daddr) that was calculated using a scatter/gather address
(written in the next step) instead of a dlast final offest value.

. Write the TCD.dlast_sga field with the scatter/gather address.
. Write 1b to the TCD.e_sg bit.
Read back the 16 bit TCD control/status field.

TN
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6.

Test the TCD.e_sg request status and TCD.major.linkch value:
If e_sg = 1b, the dynamic link attempt was successful.

If e_sg = Ob and the major.linkch (ID) did not change, the attempted dynamic link
did not succeed (the channel was already retiring).

If e_sg = Ob and the major.linkch (ID) changed, the dynamic link attempt was
successful (the new TCD’s e_sg value cleared the e_sg bit).

13.5.7.3.2 Method 2 (channel using major loop channel linking)

For a channel using major loop channel linking, the coherency model described here may
be used for a dynamic scatter/gather request. This method uses the TCD.dlast_sga field as
a TCD indentification (ID).

1.

Sk

Write 1b to the TCD.d_req bit.

Should a dynamic scatter/gather attempt fail, setting the d_req bit will prevent a
future hardware activation of this channel. This stops the channel from executing
with a destination address (daddr) that was calculated using a scatter/gather address
(written in the next step) instead of a dlast final offest value.

Write theTCD.dlast_sga field with the scatter/gather address.
Write 1b to the TCD.e_sg bit.

Read back the TCD.e_sg bit.

Test the TCD.e_sg request status:

If e_sg = 1b, the dynamic link attempt was successful.
If e_sg = Ob, read the 32 bit TCD dlast_sga field.

If e_sg = Ob and the dlast_sga did not change, the attempted dynamic link did not
succeed (the channel was already retiring).

If e_sg = Ob and the dlast_sga changed, the dynamic link attempt was successful (the
new TCD’s e_sg value cleared the e_sg bit).
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13.6 Usage Guide

NOTE
User should configure DMA_TCDn_CSR[BWC] (bit 15-14) as
10 when another DMA channel is active.

Related application notes on this DMA module are as follows.
* Using DMA for pulse counting on Kinetis
e Using DMA and GPIO to emulate timer functionality on Kinetis Family devices
* Using DMA to Emulate ADC Flexible Scan Mode on Kinetis K Series
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Usage Guide
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Chapter 14
Memory and memory map

14.1 Introduction

This device contains various memories and memory-mapped peripherals which are
located in one 4G bytes (32-bit address) contiguous memory space. This chapter
describes the memory and peripheral locations within that memory space.

The following figure shows the system memory and peripheral locations.
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Figure 14-1. Memory map
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14.2 Flash memory

14.2.1 Flash memory types

This device contains the following types of flash memory:

* Program flash memory — non-volatile flash memory that can execute program code
* FlexMemory — encompasses the following memory types:
* FlexXNVM — Non-volatile flash memory that can execute program code, store
data, or backup EEPROM data
* FlexRAM — RAM memory that can be used as traditional RAM or as high-
endurance EEPROM storage, and also accelerates flash programming

14.2.2 Flash Memory Sizes

The devices covered in this document contain:

* 1 block (256 KB) of program flash consisting of 2 KB sectors
* 1 block (32 KB) of FlexNVM consisting of 2 KB sectors
* 1 block (2 KB) of FlexRAM

The amounts of flash memory and the address range for the devices is shown in
following table.

Device

Program flash
(KB)

FlexNVM (KB)

FlexRAM (KB)

Address range

KE1xZ256VLL7

256

32

2

0x0000_0000—0x0003_FFFF (P-Flash)
0x1000_0000-0x1000_7FFF (FlexNVM)
0x1400_0000-0x1400_07FF (FlexRAM)

KE1xZ256VLH7

256

32

0x0000_0000-0x0003_FFFF (P-Flash)
0x1000_0000-0x1000_7FFF (FlexNVM)

KE1xZ128VLL7

128

32

0x0000_0000-0x0001_FFFF (P-Flash)
0x1000_0000—0x1000_7FFF (FlexNVM)
0x1400_0000-0x1400_07FF (FlexRAM)

KE1xZ128VLH7

128

32

0x0000_0000-0x0001_FFFF (P-Flash)
0x1000_0000-0x1000_7FFF (FlexNVM)

(
(
(
(
(
0x1400_0000-0x1400_07FF (FlexRAM)
(
(
(
(
(
0x1400_0000-0x1400_07FF (FlexRAM)
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14.3 SRAM memory

14.3.1 SRAM sizes

This device contains SRAM accessed by bus masters through the cross-bar switch. The
on-chip SRAM is split into SRAM_L and SRAM_U regions where the SRAM_L and
SRAM_U ranges form a contiguous block in the memory map anchored at address
0x2000_0000. As such:

 SRAM_L is anchored to Ox1FFF_FFFF and occupies the space before this ending

address.
* SRAM_U is anchored to 0x2000_0000 and occupies the space after this beginning
address.

NOTE
Burst-access cannot occur across the 0x2000_0000 boundary
that separates the two SRAM arrays. The two arrays should be
treated as separate memory ranges for burst accesses.

The amount of SRAM for the devices covered in this document is shown in the following
table.

Device SRAM_L size SRAM_U size | Total SRAM (KB) Address Range
(KB) (KB)
MKE1xZ256Vxx7 8 24 32 0x1FFF_E000-0x2000_5FFF
MKE1xZ128Vxx7 4 12 16 0x1FFF_F000-0x2000_2FFF

14.3.2 SRAM retention in low power modes

The SRAM is retained power on to all power modes on this device.

14.4 System memory map

The following table shows the high-level device memory map. This map provides the
complete architectural address space definition for the various sections. Based on the
physical sizes of the memories and peripherals, the actual address regions used may be
smaller.
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Table 14-1. System memory map

System 32-bit Address Range Destination Slave Access
0x0000_0000-0x07FF_FFFF ! Program flash and read-only data All masters
(Includes exception vectors in first 1024 bytes)
0x0800_0000-0x0FFF_FFFF Reserved -
0x1000_0000-0x13FF_FFFF FlexNVM All masters
0x1400_0000-0x17FF_FFFF FlexRAM All masters
0x1800_0000-0x1BFF_FFFF Reserved -
0x1C00_0000-0x1C00_3FFF Boot ROM Cortex-MO+ core
only

0x1C00_4000-0x1FEF_FFFF Reserved -
0x1FF0_0000-0x1FFF_FFFF 2 SRAM_L: Lower SRAM All masters
0x2000_0000—-0x200F _FFFF 2 SRAM_U: Upper SRAM bitband region All masters
0x2010_0000-0x201F_FFFF Reserved -
0x2020_0000-0x21FF_FFFF Reserved -

0x2200_0000-0x23FF_FFFF

Aliased SRAM_U bit-band region

Cortex-M0+ core
only

0x2400_0000-0x2FFF_FFFF Reserved -
0x3000_0000-0x33FF_FFFF Reserved -
0x3400_0000-0x3FFF_FFFF Reserved -

0x4000_0000-0x4007_FFFF

AIPS Peripherals

Cortex-M0+ core &
DMA

0x4008_0000-0x400F_EFFF

Reserved

0x400F_F000-0x400F_FFFF

General purpose input/output (GPIO)

Cortex-M0+ core &
DMA

0x4010_0000-0x41FF_FFFF

Reserved

0x4200_0000-0x43FF_FFFF

Reserved

0x4400_0000-Ox5FFF_FFFF

Bit Manipulation Engine (BME) access to AIPS Peripherals
for slots 0-127

Cortex-M0+ core
only

0x6000_0000-0xDFFF_FFFF

Reserved

0xE000_0000—-0xEOOF_FFFF

Private peripherals

Cortex-M0+ core
only

0xE010_0000-O0xEFFF_FFFF

Reserved

0xF000_0000-0xFO00_OFFF

Micro Trace Buffer (MTB) registers

Cortex-M0+ core
only

0xF000_1000-0xFO00_1FFF

MTB Data Watchpoint and Trace (MTBDWT) registers

Cortex-M0+ core
only

0xF000_2000-0xF000_2FFF

ROM table

Cortex-M0+ core
only

0xF000_3000-0xFO00_3FFF

Miscellaneous Control Module (MCM)

Cortex-M0+ core
only

0xF000_4000-0xFO00_4FFF

Memory Mapped Divide and Square Root (MMDVSQ)

Cortex-M0+ core
only

0xF000_5000-0xF7FF_FFFF

Reserved

Table continues on the next page...
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Table 14-1. System memory map (continued)

System 32-bit Address Range Destination Slave Access

0xF800_0000-0xFFFF_FFFF IOPORT: FGPIO (single cycle) Cortex-MO0+ core
only

1. This map provides the complete architectural address space definition for the flash. Based on the physical sizes of the
memories implemented for a particular device, the actual address regions used may be smaller. See Flash Memory Sizes
for details.

2. This range varies depending on amount of SRAM implemented for a particular device. See SRAM sizes for details.

NOTE
1. Access rights to AIPS-Lite peripheral bridge and general
purpose input/output (GPIO) module address space is
limited to the core, DMA .
2. The SRAM on this device could be accessed through
normal way with 32-bit operation, and also could be
accessed with bit operation through aliased bit-band region.

14.4.1 Aliased bit-band regions

The device supports aliased SRAM_U bit-band region with Cortex MO+ core. A 32-bit
write in the alias region has the same result as a read-modify-write operation on the
targeted bit in the bit-band region, but with only one cycle time. Aliased bit-band region
is much more efficient for bit operation.

Bit O of the value written to the alias region determines what value is written to the target
bit:

e Writing a value with bit O set writes a 1 to the target bit.
* Writing a value with bit O clear writes a 0 to the target bit.

A 32-bit read in the alias region returns either:

* a value of 0x0000_0000 to indicate the target bit is clear
* a value of 0x0000_0001 to indicate the target bit is set
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Bit-band region Alias bit-band region

31 0 31 0
I
|

1 MByte
o000

32 MByte

Figure 14-2. Alias bit-band mapping

NOTE
Each bit in bit-band region has an equivalent bit that can be
manipulated through bit 0 in a corresponding long word in the
alias bit-band region.

14.4.2 Bit Manipulation Engine

The Bit Manipulation Engine (BME) provides hardware support for atomic read-modify-
write memory operations to the peripheral address space. By combining the basic load
and store instruction support in the Cortex-M instruction set architecture with the concept
of decorated storage provided by the BME, the resulting implementation provides a
robust and efficient read-modify-write capability to this class of ultra low-end
microcontrollers. See the Bit Manipulation Engine Block Guide (BME) for a detailed
description of BME functionality.

14.5 Peripheral memory map

The peripheral memory map is accessible via a crossbar slave port and the AIPS
peripheral bridge. The peripheral bridge converts register access from AHB bus domain
to peripheral bus domain.
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For peripherals that have clock gating control bits (CGC bit) in PCC module, the
associated peripherals could be enabled/disabled by these control bits. Access to a
disabled peripheral or unimplemented AIPS slot results in a transfer error termination.

For programming model accesses via the peripheral bridges, there is generally only a
small range within the 4 KB slots that is implemented. Accessing an address that is not
implemented in the peripheral results in a transfer error termination.

14.5.1 Peripheral Bridge (AIPS-Lite) Memory Map

Table 14-2. Peripheral bridge slot assignments

System 32-bit base address Slot Module
number
0x4000_0000 0 Peripheral bridge (AIPS-Lite)
0x4000_1000 1 —
0x4000_2000 2 —
0x4000_3000 3 —
0x4000_4000 4 —
0x4000_5000 5 —
0x4000_6000 6 —
0x4000_7000 7 —
0x4000_8000 8 DMA controller
0x4000_9000 9 DMA controller transfer control descriptors
0x4000_A000 10 —
0x4000_B000 11 —
0x4000_C000 12 —
0x4000_D000 13 —
0x4000_E000 14 —
0x4000_FO000 15 RGPIO controller (aliased to 0x400F_FO000)
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 —
0x4001_9000 25 —
0x4001_A000 26 —
0x4001_B000 27 —

Table continues on the next page...
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Table 14-2. Peripheral bridge slot assignments (continued)

System 32-bit base address Slot Module
number
0x4001_C000 28 —
0x4001_D000 29 —
0x4001_E000 30 —
0x4001_F000 31 —
0x4002_0000 32 Flash memory
0x4002_1000 33 DMA channel mutiplexer O
0x4002_2000 34 —
0x4002_3000 35 —
0x4002_4000 36 —
0x4002_5000 37 —
0x4002_6000 38 —
0x4002_7000 39 Analog-to-digital converter (ADC) 1
0x4002_8000 40 —
0x4002_9000 41 —
0x4002_A000 42 —
0x4002_B000 43 —
0x4002_C000 44 Low Power SPI (LPSPI) 0
0x4002_D000 45 Low Power SPI (LPSPI) 1
0x4002_E000 46 —
0x4002_F000 47 —
0x4003_0000 48 —
0x4003_1000 49 —
0x4003_2000 50 CRC
0x4003_3000 51 —
0x4003_4000 52 —
0x4003_5000 53 —
0x4003_6000 54 Programmable delay block (PDB) 0
0x4003_7000 55 Low-power Periodic interrupt timer (LPITO)
0x4003_8000 56 FlexTimer (FTM) O
0x4003_9000 57 FlexTimer (FTM) 1
0x4003_A000 58 FlexTimer (FTM) 2
0x4003_B000 59 Analog-to-digital converter (ADC) 0
0x4003_C000 60 —
0x4003_D000 61 Real-time clock (RTC)
0x4003_E000 62 —
0x4003_F000 63 —
0x4004_0000 64 Low-power timer (LPTMRO)
0x4004_1000 65 —
0x4004_2000 66 —

Table continues on the next page...
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Table 14-2. Peripheral bridge slot assignments (continued)

System 32-bit base address Slot Module
number

0x4004_3000 67 —
0x4004_4000 68 —
0x4004_5000 69 Touch sense interface (TSI)
0x4004_6000 70 —
0x4004_7000 71 —
0x4004_8000 72 System integration module (SIM)
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 —
0x4005_1000 81 —
0x4005_2000 82 Software watchdog (WDOG)
0x4005_3000 83 —
0x4005_4000 84 —
0x4005_5000 85 —
0x4005_6000 86 Pulse Width Timer (PWT)
0x4005_7000 87 —
0x4005_8000 88 —
0x4005_9000 89 —
0x4005_A000 90 Flexible 10 (FlexIO)
0x4005_B000 91 —
0x4005_C000 92 —
0x4005_D000 93 —
0x4005_E000 94 —
0x4005_F000 95 —
0x4006_0000 96 0SC32
0x4006_1000 97 External watchdog (EWM)
0x4006_2000 98 Trigger Multiplexing Control (TRGMUX 0 )
0x4006_3000 99 Trigger Multiplexing Control (TRGMUX 1)
0x4006_4000 100 System Clock Generator (SCG)
0x4006_5000 101 Peripheral Clock Control (PCC)
0x4006_6000 102 Low Power 12C (LPI2C 0)
0x4006_7000 103 Low Power I2C (LPI2C 1)
0x4006_8000 104 —
0x4006_9000 105 —

Table continues on the next page...
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Table 14-2. Peripheral bridge slot assignments (continued)

System 32-bit base address Slot Module
number

0x4006_A000 106 Low Power UART (LPUART 0)
0x4006_B000 107 Low Power UART (LPUART 1)
0x4006_C000 108 Low Power UART (LPUART 2)
0x4006_D000 109 —
0x4006_E000 110 —
0x4006_F000 111 —
0x4007_0000 112 —
0x4007_1000 113 —
0x4007_2000 114 —
0x4007_3000 115 Analog comparator (CMP 0)
0x4007_4000 116 Analog comparator (CMP 1)
0x4007_5000 117 —
0x4007_6000 118 —
0x4007_7000 119 —
0x4007_8000 120 —
0x4007_9000 121 —
0x4007_A000 122 —
0x4007_B000 123 —
0x4007_C000 124 —
0x4007_D000 125 Power management controller (PMC)
0x4007_E000 126 System Mode controller (SMC)
0x4007_F000 127 Reset Control Module (RCM)

0x400F_F000

GPIO controller

14.6 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 14-3. PPB memory map

System 32-bit Address Range Resource | Additional Range Detail Resource
0xE000_0000-0xE000_DFFF Reserved
0xE000_E000—-0xE000_EFFF System Control Space |0xE000_E000-0xE000_EOOF Reserved
(SCS) 0xE000_E010—0xE000_EOFF SysTick
0xE000_E100-0xE000_ECFF NVIC

Table continues on the next page...
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Table 14-3. PPB memory map (continued)

System 32-bit Address Range Resource Additional Range Detail Resource
0xE000_EDO00-0xE000_ED8F System Control Block
0xE000_ED90-0xE000_EDEF Reserved
0xE000_EDF0-0xE000_EEFF Debug
0xE000_EF00-0xE000_EFFF Reserved

0xE000_F000-0xEOOF_EFFF Reserved
OxEOOF_F000-0xEQOF_FFFF Core ROM Space (CRS)

Kinetis KE1xZ Sub-Family Reference Manual, Rev. 2, 09/2016
278 NXP Semiconductors




Chapter 15
Flash Acceleration Unit (FAU)

15.1 Flash Acceleration Unit (FAU)

15.1.1 Introduction

The Flash Acceleration Unit (FAU) is a memory acceleration unit. It includes a buffer
and a cache that can accelerate program flash memory data transfers. In addition, this
module provides two separate mechanisms for accelerating the interface between bus
masters and program flash memory. A 64-bit speculation buffer can prefetch the next 64-
bit flash memory location, and a 4-way, 4-set program flash memory cache can store
previously accessed program flash memory data for quick access times.

15.1.2 Modes of operation

The FAU operates only when a bus master accesses the program flash memory or
FlexMemory.

In terms of chip power modes:
e The FAU operates only in Run and Wait modes, including VLPR and VLPW modes.
* For any power mode where the program flash memory or FlexMemory cannot be
accessed, the FAU is disabled.

15.1.3 External signal description
The FAU has no external (off-chip) signals.
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15.1.4 Memory map and register descriptions

The MCM's programming model provides control and configuration of the FAU's
features. For details, see the description of the MCM's Platform Control Register
(PLACR).

15.1.5 Functional description
The FAU is a flash acceleration unit with flexible buffers for user configuration.

Besides managing the interface between bus masters and the program flash memory and
FlexMemory, the FAU can be used to customize the program flash memory cache and
buffer to provide single-cycle system clock data access times. Whenever a hit occurs for
the prefetch speculation buffer or the cache (when enabled), the requested data is
transferred within a single system clock.

Upon system reset, the FAU is configured as follows:
* Flash cache is enabled.
* Instruction speculation and caching are enabled.
 Data speculation is disabled.
 Data caching is enabled.

Though the default configuration provides flash acceleration, advanced users may desire
to customize the FAU buffer configurations to maximize throughput for their use cases.
For example, the user may adjust the controls to enable buffering per access type (data or
instruction).

NOTE
When reconfiguring the FAU, do not program the control and
configuration inputs to the FAU while the program flash
memory or FlexMemory is being accessed. Instead, change
them with a routine executing from RAM in supervisor mode.

15.2 Usage Guide
The following part is from AN4745: Optimizing Performance on Kinetis K-series MCUS.

For many systems the on-chip flash is the main memory. The Flash Acceleration Unit
(FAU) is the interface between the flash memory blocks and the system. In a typical
configuration, the core and system bus clock speeds are clock significantly faster than the
flash memory clock. The FAU includes features designed to accelerate flash accesses.
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15.2.1 FAU Features

The FAU has two key features that help to increase the chance that flash accesses can be
serviced in a single clock cycle:

* FAU cache - There is a small cache within the FAU that stores recently accessed
flash information. The exact configuration of the FAU cache can vary from device to
device, but an FAU cache is present on all devices. Note: some Kinetis devices also
contain a system cache that is completely separate from the FAU cache. The two
caches operate independently, but can be used together to help accelerate flash reads.

 Prefetch speculation buffer - As memory accesses are usually sequential, when the
FAU receives a request for a given flash location, the FAU will prefetch the next
consecutive flash data chunk. Prefetched information is stored in the prefetch
speculation buffer until a request to a different data chunk is received.

The FAU cache and prefetch speculation buffer allow the FAU to respond to flash
accesses with no added wait states in many cases. Any time the requested information is
available in the cache or prefetch buffer, the FAU responds with no added wait states.

15.2.2 FAU Configuration

The FAU cache and prefetch buffers are enabled by default. Most applications will not
require any reconfiguration of the FAU for optimal performance.

There are some programmable options that could be changed:

* Instruction vs. data cache - By default both instructions and data accesses are cached.
This can be changed so that the entire FAU cache is used for instructions only or data
only. The FAU cache could also be disabled entirely by turning off both instruction
and data caching, but this setting is not recommended when trying to increase
performance.

* Instruction vs. data prefetching - By default both instructions and data accesses can
trigger a speculative prefetch cycle.

This can be changed so that only instructions or only data accesses initiate a speculative
prefetch. Instruction only prefetching might be desired if random data accesses are mixed
in with mostly sequential instruction accesses to the same bank of flash.
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 Cache locking - Each of the four ways in the FAU cache can be locked to force the
cache to keep some values. The FAU cache is small, so usually it is a better option to
move critical code or data to one of the SRAM blocks (preferrably SRAM_L) instead
of locking the FAU cache. This way the critical information is available with no wait
states and the entire FAU cache is still available for acceleration of flash accesses.

* Cache replacement control - The FAU cache replacement algorithm can be modified
from the default setting where instruction and data are handled the same so that ways
0-1 or ways 0-2 are dedicated for instructions and remaining ways are used for data.

NOTE

The FAU registers should not be modified while accessing the
flash. It is recommended executing any code that modifies the
FAU settings from the on-chip SRAM.
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Flash Memory Module (FTFE)

16.1 Chip-specific Information for this Module
The chip-specific Flash information is as below. See the "Ordering information" section
and the cover-page "Memory and memory interfaces" feature list in DataSheet for more

information.
e Program Flash =256 or 128 KB

« SRAM=32o0r 16 KB
* FlexXNVM =32 KB
* FlexRAM =2 KB
NOTE
For device with BootROM, the flash driver is exported from

ROM for customer use. Please visit http://www.nxp.com/kboot
for more information.

16.2 Introduction
The FTFE module includes the following accessible memory regions:

* Program flash memory for vector space and code store
* FlexXNVM for data store and additional code store
* FlexRAM for high-endurance data store or traditional RAM

Flash memory is ideal for single-supply applications, permitting in-the-field erase and
reprogramming operations without the need for any external high voltage power sources.
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The FTFE module includes a memory controller that executes commands to modify flash
memory contents. An erased bit reads '1' and a programmed bit reads '0'. The
programming operation is unidirectional; it can only move bits from the '1' state (erased)
to the '0' state (programmed). Only the erase operation restores bits from '0' to '1'; bits
cannot be programmed from a '0'toa'l".

CAUTION

A flash memory location must be in the erased state before
being programmed. Cumulative programming of bits (back-to-
back program operations without an intervening erase) within a
flash memory location is not allowed. Re-programming of
existing Os to 0 is not allowed as this overstresses the device.

The standard shipping condition for flash memory is erased
with security disabled. Data loss over time may occur due to
degradation of the erased ('1') states and/or programmed ('0")
states. Therefore, it is recommended that each flash block or
sector be re-erased immediately prior to factory programming
to ensure that the full data retention capability is achieved.

16.2.1 Features
The FTFE module includes the following features.

NOTE
See the chip-specific information section for the exact amount
of flash memory available on your device.

16.2.1.1 Program Flash Memory Features
* Sector size of 2 Kbytes

e Program flash protection scheme prevents accidental program or erase of stored data

* Program flash access control scheme prevents unauthorized access to selected code
segments

e Automated, built-in, program and erase algorithms with verify
* Section programming for faster bulk programming times

* Read access to the program flash block is possible while programming or erasing
data in the data flash block or FlexRAM
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16.2.1.2 FlexNVM memory features

When FlexNVM is partitioned for data flash memory:
* Sector size of 2 Kbytes
* Protection scheme prevents accidental program or erase of stored data
* Automated, built-in program and erase algorithms with verify
 Section programming for faster bulk programming times

* Read access to the data flash block possible while programming or erasing data in the
program flash block

16.2.1.3 FlexRAM features
* Memory that can be used as traditional RAM or as high-endurance EEPROM storage

* Up to 2 Kbytes of FlexRAM configured for EEPROM or traditional RAM operations
* When configured for EEPROM:

* Protection scheme prevents accidental program or erase of data written for
EEPROM

e Built-in hardware emulation scheme to automate EEPROM record maintenance
functions

* Programmable EEPROM data set size and FlexNVM partition code facilitating
EEPROM memory endurance trade-offs

* Supports FlexRAM aligned writes of 1, 2, or 4 bytes at a time

* Read access to FlexRAM possible while programming or erasing data in the
program or data flash memory

* When configured for traditional RAM:

* Read and write access possible to the FlexRAM while programming or erasing
data in the program or data flash memory
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16.2.1.4 Other FTFE module features
* Internal high-voltage supply generator for flash memory program and erase
operations

* Optional interrupt generation upon flash command completion

 Supports MCU security mechanisms which prevent unauthorized access to the flash
memory contents

16.2.2 Block diagram
The block diagram of the FTFE module is shown in the following figure.

Interrupt
4—\ Program flash
0
Status
Register registers >
access FlexNVM
Memor
y | Data flash 0 ——— [+
controller
To MCU's
Control flash controller
registers | 1 K
| EEPROM backup
> FlexRAM

Figure 16-1. FTFE block diagram

16.2.3 Glossary

Command write sequence — A series of MCU writes to the Flash FCCOB register
group that initiates and controls the execution of Flash algorithms that are built into the
FTFE module.

Data flash memory — Partitioned from the FlexNVM block, the data flash memory
provides nonvolatile storage for user data, boot code, and additional code store.

Data flash sector — The data flash sector is the smallest portion of the data flash
memory that can be erased.
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EEPROM — Using a built-in filing system, the FTFE module emulates the
characteristics of an EEPROM by effectively providing a high-endurance, byte-writeable
(program and erase) NVM.

EEPROM backup data header — The EEPROM backup data header is comprised of a
64-bit field found in EEPROM backup data memory which contains information used by
the EEPROM filing system to determine the status of a specific EEPROM backup flash
sector.

EEPROM backup data record — The EEPROM backup data record is comprised of a
7-bit status field, a 13-bit address field, and a 32-bit data field found in EEPROM backup
data memory which is used by the EEPROM filing system. If the status field indicates a

record is valid, the data field is mirrored in the FlexRAM at a location determined by the
address field.

EEPROM backup data memory — Partitioned from the FlexNVM block, EEPROM
backup data memory provides nonvolatile storage for the EEPROM filing system
representing data written to the FlexRAM requiring highest endurance.

EEPROM backup data sector — The EEPROM backup data sector contains one
EEPROM header and up to 255 EEPROM backup data records, which are used by the
EEPROM filing system.

Endurance — The number of times that a flash memory location can be erased and
reprogrammed.

FCCOB (Flash Common Command Object) — A group of flash registers that are used
to pass command, address, data, and any associated parameters to the memory controller
in the FTFE module.

Flash block — A macro within the FTFE module which provides the nonvolatile
memory storage.

FlexMemory — FTFE configuration that supports data flash, EEPROM, and FlexRAM.

FlexNVM Block — The FlexXNVM block can be configured to be used as data flash
memory, EEPROM backup flash memory, or a combination of both.

FlexRAM — The FlexRAM refers to a RAM, dedicated to the FTFE module, that can be
configured to store EEPROM data or as traditional RAM. When configured for
EEPROM, valid writes to the FlexRAM generates a new EEPROM backup data record
stored in the EEPROM backup flash memory.

FTFE Module — All flash blocks plus a flash management unit providing high-level
control and an interface to MCU buses.
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IFR — Nonvolatile information register found in each flash block, separate from the
main memory array.

NVM — Nonvolatile memory. A memory technology that maintains stored data during
power-off. The flash array is an NVM using NOR-type flash memory technology.

NVM Normal Mode — An NVM mode that provides basic user access to FTFE
resources. The CPU or other bus masters initiate flash program and erase operations (or
other flash commands) using writes to the FCCOB register group in the FTFE module.

Phrase — 64 bits of data with an aligned phrase having byte-address[2:0] = 000.
Longword — 32 bits of data with an aligned longword having byte-address[1:0] = 00.
Word — 16 bits of data with an aligned word having byte-address[0] = O.

Program flash — The program flash memory provides nonvolatile storage for vectors
and code store.

Program flash sector — The smallest portion of the program flash memory (consecutive
addresses) that can be erased.

Retention — The length of time that data can be kept in the NVM without experiencing
errors upon readout. Since erased (1) states are subject to degradation just like
programmed (0) states, the data retention limit may be reached from the last erase
operation (not from the programming time).

RWW-— Read-While-Write. The ability to simultaneously read from one memory
resource while commanded operations are active in another memory resource.

Section program buffer — Lower quarter of the FlexRAM allocated for storing large
amounts of data for programming via the Program Section command.

Secure — An MCU state conveyed to the FTFE module as described in the Chip
Configuration details for this device. In the secure state, reading and changing NVM
contents is restricted.

16.3 External signal description

The FTFE module contains no signals that connect off-chip.
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16.4 Memory map and registers

This section describes the memory map and registers for the FTFE module. Data read
from unimplemented memory space in the FTFE module is undefined. Writes to
unimplemented or reserved memory space (registers) in the FTFE module are ignored.

16.4.1 Flash configuration field description

The program flash memory contains a 16-byte flash configuration field that stores default
protection settings (loaded on reset) and security information that allows the MCU to
restrict access to the FTFE module.

NOTE
The flash configuration field offset addresses are relative byte
addresses. Check your device specific memory map for the
location of the program flash memory.

Flash Configuration Field Offset Size (Bytes) Field Description
Address
0x0_0400 - 0x0_0407 8 Backdoor Comparison Key. Refer to

Verify Backdoor Access Key command
and Unsecuring the MCU Using
Backdoor Key Access.

0x0_0408 - 0x0_040B 4 Program flash protection bytes. Refer to
the description of the Program Flash
Protection Registers (FPROTO-3).

0x0_040F 1 Data flash protection byte. Refer to the
description of the Data Flash Protection
Register (FDPROT).

0x0_040E 1 EEPROM protection byte. Refer to the
description of the EEPROM Protection
Register (FEPROT).

0x0_040D 1 Flash nonvolatile option byte. Refer to
the description of the Flash Option
Register (FOPT).

0x0_040C 1 Flash security byte. Refer to the
description of the Flash Security
Register (FSEC).
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16.4.2 Program flash 0 IFR map

The program flash O IFR is a 1 Kbyte nonvolatile information memory that can be read
freely, but the user has no erase and limited program capabilities (see the Read Once,
Program Once, and Read Resource commands in Read Once Command, Program Once
command and Read Resource Command). The contents of the program flash O IFR are
summarized in the following table and further described in the subsequent paragraphs.

The program flash 0 IFR is located within the program flash 0 memory block.

Address Range Size (Bytes) Field Description

0x000 — 0x39F 928 Reserved

0x3A0 — Ox3A3 4 Program Once XACCH-1 Field (index =
0x08)

0x3A4 — Ox3A7 4 Program Once XACCL-1 Field (index =
0x08)

0x3A8 — Ox3AB 4 Program Once XACCH-2 Field (index =
0x09)

0x3AC — 0x3AF 4 Program Once XACCL-2 Field (index =
0x09)

0x3B0 — 0x3B3 4 Program Once SACCH-1 Field (index =
0x0A)

0x3B4 — 0x3B7 4 Program Once SACCL-1 Field (index =
0x0A)

0x3B8 — 0x3BB 4 Program Once SACCH-2 Field (index =
0x0B)

0x3BC — 0x3BF 4 Program Once SACCL-2 Field (index =
0x0B)

0x3CO0 — O0x3FF 64 Program Once ID Field (index = 0x00 -
0x07)

16.4.2.1 Program Once field

The Program Once field in the program flash 0 IFR provides 96 bytes of user data storage
separate from the program flash O main array. The user can program the Program Once
field one time only as there is no program flash IFR erase mechanism available to the
user. The Program Once field can be read any number of times. This section of the
program flash O IFR is accessed in 8 byte records using the Read Once and Program
Once commands (see Read Once Command and Program Once command).
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16.4.3 Data flash 0 IFR map

The data flash O IFR is a 1 Kbyte nonvolatile information memory that can be read and
erased, but the user has limited program capabilities in the data flash O IFR (see the
Program Partition command in Program Partition command, the Erase All Blocks
command in Erase All Blocks Command, and the Read Resource command in Read
Resource Command). The contents of the data flash O IFR are summarized in the
following table and further described in the subsequent paragraphs.

The data flash O IFR is located within the data flash 0 memory block.

Address Range Size (Bytes) Field Description
0x00 — Ox3FB, Ox3FE — Ox3FF 1022 Reserved
0x3FD 1 EEPROM Data Set Size
0x3FC 1 FlexNVM Partition Code

16.4.3.1 EEPROM Data Set Size

The EEPROM data set size byte in the data flash 0 IFR supplies information which
determines the amount of FlexXRAM used in each of the available EEPROM subsystems.
To program the EEERST, EEESIZE value, see the Program Partition command described
in Program Partition command.

Table 16-1. EEPROM Data Set Size

Data flash IFR: 0x03FD
7 6 5 4 3 2 1 0
1 EEERST | EEESPLIT EEESIZE
= Unimplemented or Reserved

Table 16-2. EEPROM Data Set Size Field Description

Field Description
7 This read-only bitfield is reserved and must always be written as one.
Reserved
6 EEPROM Load on Reset — Determines whether the flash reset sequence takes time to load the
EEERST FlexRAM with valid EEPROM data.
'0' = FlexRAM is not loaded with valid EEPROM data during the flash reset sequence (see the Set
FlexRAM Function command described in Set FlexRAM Function command to load the FlexRAM
with valid EEPROM data)
1' = FlexRAM is loaded with valid EEPROM data during the flash reset sequence
5-4 This read-only bitfield is reserved and each bit will always read as one.
EEESPLIT

Table continues on the next page...
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Table 16-2. EEPROM Data Set Size Field Description (continued)

Field Description
3-0 EEPROM Size — Encoding of the total available FlexRAM for EEPROM use.
EEESIZE NOTE: EEESIZE must be 0 bytes (1111b) when the FlexNVM partition code (FlexNVM partition

code) is set to 'No EEPROM'.
'0000' = Reserved
'‘0001"' = Reserved
'0010' = Reserved
'0011' = 2,048 Bytes
'0100' = 1,024 Bytes
'0101' = 512 Bytes
'0110' = 256 Bytes
'0111' = 128 Bytes
1000' = 64 Bytes
1001' = 32 Bytes
1010' = Reserved
1011' = Reserved
1100' = Reserved
1101' = Reserved
"1110' = Reserved
1111' = 0 Bytes

16.4.3.2 FlexNVM partition code

The FlexXNVM partition code byte in the data flash O IFR supplies a code which specifies
how to split the FlexNVM block between data flash memory and EEPROM backup
memory supporting EEPROM functions. To program the DEPART value, see the
Program Partition command described in Program Partition command.

Table 16-3. FlexNVM partition code

Data Flash IFR: 0x03FC

6 5 4 3 2 1

| 1 | 1 DEPART

= Unimplemented or Reserved

Table 16-4. FlexNVM partition code field description

Field

Description

This read-only bitfield is reserved and must always be written as one.

Table continues on the next page...
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Table 16-4. FlexNVM partition code field description (continued)

Field Description
Reserved
3-0 FlexNVM Partition Code — Encoding of the data flash / EEPROM backup split within the FlexNVM
DEPART memory block. FlexNVM memory not partitioned for data flash is used to store EEPROM records.
DEPART Data flash (KByte) EEPROM backup (KByte)

0000 32 0

0001 Reserved Reserved

0010 Reserved Reserved

0011 0 32

0100 Reserved Reserved

0101 Reserved Reserved

0110 Reserved Reserved

0111 Reserved Reserved

1000 0 32

1001 8 24

1010 Reserved Reserved

1011 32 0

1100 Reserved Reserved

1101 Reserved Reserved

1110 Reserved Reserved

1111 32 0

16.4.4 Register descriptions

The FTFE module contains a set of memory-mapped control and status registers.

NOTE
While a command is running (FSTAT[CCIF]=0), register
writes are not accepted to any register except FCNFG and
FSTAT. The no-write rule is relaxed during the start-up reset
sequence, prior to the initial rise of CCIF. During this
initialization period the user may write any register. All register
writes are also disabled (except for registers FCNFG and

FSTAT) whenever an erase suspend request is active
(FCNFG[ERSSUSP]=1).
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FTFE memory map

Absolute . .
Section/
address Register name (ivr\nhgitt:) Access | Reset value i‘;;e
(hex)
. 16.4.4.1/
4002_0000 |Flash Status Register (FTFE_FSTAT) 8 R/W 00h 205
) . . 16.4.4.2/
4002_0001 |Flash Configuration Register (FTFE_FCNFG) 8 R/W 00h 297
. . . 16.4.4.3/
4002_0002 |Flash Security Register (FTFE_FSEC) 8 R Undefined 299
. . . 16.4.4.4/
4002_0003 |Flash Option Register (FTFE_FOPT) 8 R Undefined 300
Flash Common Command Object Registers 16.4.4.5/
R 00h
4002_0004 | e1rE FocoBs) 8 w 301
Flash Common Command Object Registers 16.4.4.5/
R 00h
4002_0005 (FTFE_FCCOB2) 8 w 301
Flash Common Command Object Registers 16.4.4.5/
R/W 00h
4002_0006 | erre FocoBt) 8 301
Flash Common Command Object Registers 16.4.4.5/
R 00h
40020007 | erFE_FCCOBO) 8 w 301
Flash Common Command Object Registers R 00h 16.4.4.5/
4002_0008 (FTFE_FCCOB?7) 8 W 301
Flash Common Command Object Registers 16.4.4.5/
R 00h
4002_0009 | e1rE FocoBs) 8 w 301
Flash Common Command Object Registers 16.4.4.5/
R 00h
4002_000A (FTFE_FCCOBS5) 8 W 301
Flash Common Command Object Registers 16.4.4.5/
R/W 00h
4002_0008 | =1re FccoBa) 8 301
Flash Common Command Object Registers 16.4.4.5/
R 00h
4002_000C | 1 FccoBg) 8 w 301
Flash Common Command Object Registers 16.4.4.5/
00h
4002_000D (FTFE_FCCOBA) 8 RIW 301
Flash Common Command Object Registers 16.4.4.5/
R 00h
4002_000E | rer FccoBg) 8 W 301
Flash Common Command Object Registers 16.4.4.5/
R 00h
4002_000F (FTFE_FCCOBS) 8 W 301
. . . 16.4.4.6/
4002_0010 |Program Flash Protection Registers (FTFE_FPROT3) 8 R/W Undefined 302
. . . 16.4.4.6/
4002_0011 |Program Flash Protection Registers (FTFE_FPROT2) 8 R/W Undefined 302
. . . 16.4.4.6/
4002_0012 |Program Flash Protection Registers (FTFE_FPROT1) 8 R/W Undefined 302
. . . 16.4.4.6/
4002_0013 |Program Flash Protection Registers (FTFE_FPROTO) 8 R/W Undefined 302
. . ' 16.4.4.7/
4002_0016 |EEPROM Protection Register (FTFE_FEPROT) 8 R/W Undefined 303
. . . 16.4.4.8/
4002_0017 |Data Flash Protection Register (FTFE_FDPROT) 8 R/W Undefined 304

Table continues on the next page...
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FTFE memory map (continued)

Absolute . .
address Register name (inYI:ittr;) Access | Reset value Sec;tu;n/

(hex) pag
. . 16.4.4.9/

4002_0018 |Execute-only Access Registers (FTFE_XACCH3) 8 R Undefined 305
. . 16.4.4.9/

4002_0019 |Execute-only Access Registers (FTFE_XACCH2) 8 R Undefined 305
. ' 16.4.4.9/

4002_001A |Execute-only Access Registers (FTFE_XACCH1) 8 R Undefined 305
. . 16.4.4.9/

4002_001B |Execute-only Access Registers (FTFE_XACCHO0) 8 R Undefined 305
. . 16.4.4.9/

4002_001C |Execute-only Access Registers (FTFE_XACCLS3) 8 R Undefined 305
. . 16.4.4.9/

4002_001D |Execute-only Access Registers (FTFE_XACCL2) 8 R Undefined 305
. . 16.4.4.9/

4002_001E |Execute-only Access Registers (FTFE_XACCL1) 8 R Undefined 305
. . 16.4.4.9/

4002_001F |Execute-only Access Registers (FTFE_XACCLO) 8 R Undefined 305
. . . 16.4.4.10/

4002_0020 |Supervisor-only Access Registers (FTFE_SACCHS3) 8 R Undefined 306
. . ' 16.4.4.10/

4002_0021 |Supervisor-only Access Registers (FTFE_SACCH2) 8 R Undefined 306
. . . 16.4.4.10/

4002_0022 |Supervisor-only Access Registers (FTFE_SACCH1) 8 R Undefined 306
. . ) 16.4.4.10/

4002_0023 |Supervisor-only Access Registers (FTFE_SACCHO) 8 R Undefined 306
) , ' 16.4.4.10/

4002_0024 |Supervisor-only Access Registers (FTFE_SACCL3) 8 R Undefined 306
. . . 16.4.4.10/

4002_0025 |Supervisor-only Access Registers (FTFE_SACCL2) 8 R Undefined 306
. . ' 16.4.4.10/

4002_0026 |Supervisor-only Access Registers (FTFE_SACCL1) 8 R Undefined 306
. . : 16.4.4.10/

4002_0027 |Supervisor-only Access Registers (FTFE_SACCLO) 8 R Undefined 306
. . . 16.4.4.11/

4002_0028 |Flash Access Segment Size Register (FTFE_FACSS) 8 R Undefined 308
. ' 16.4.4.12/

4002_002B |Flash Access Segment Number Register (FTFE_FACSN) 8 R Undefined 308

16.4.4.1 Flash Status Register (FTFE_FSTAT)
The FSTAT register reports the operational status of the FTFE module.

The CCIF, RDCOLERR, ACCERR, and FPVIOL bits are readable and writable. The
MGSTATO bit is read only. The unassigned bits read 0 and are not writable.
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NOTE
When set, the Access Error (ACCERR) and Flash Protection
Violation (FPVIOL) bits in this register prevent the launch of
any more commands or writes to the FlexRAM (when
EEERDY is set) until the flag is cleared (by writing a one to it).

Address: 4002_0000h base + 0h offset = 4002_0000h

Bit 7 6 5 4 | 3 2 1 0
Read CCIF RDCOLERR| ACCERR FPVIOL 0 MGSTATO
Write wic wic wic wic
Reset 0 0 0 0

FTFE_FSTAT field descriptions
Field Description
7 Command Complete Interrupt Flag
CCIF

The CCIF flag indicates that a FTFE command or EEPROM file system operation has completed. The
CCIF flag is cleared by writing a 1 to CCIF to launch a command, and CCIF stays low until command
completion or command violation. The CCIF flag is also cleared by a successful write to FlexRAM while
enabled for EEE, and CCIF stays low until the EEPROM file system has created the associated EEPROM
data record.
The CCIF bit is reset to 0 but is set to 1 by the memory controller at the end of the reset initialization
sequence. Depending on how quickly the read occurs after reset release, the user may or may not see the
0 hardware reset value.
0 FTFE command or EEPROM file system operation in progress
1 FTFE command or EEPROM file system operation has completed

6 FTFE Read Collision Error Flag

RDCOLERR

The RDCOLERR error bit indicates that the MCU attempted a read from an FTFE resource that was being
manipulated by an FTFE command (CCIF=0). Any simultaneous access is detected as a collision error by
the block arbitration logic. The read data in this case cannot be guaranteed. The RDCOLERR bit is
cleared by writing a 1 to it. Writing a 0 to RDCOLERR has no effect.
0 No collision error detected
1 Collision error detected

5 Flash Access Error Flag

ACCERR

The ACCERR error bit indicates an illegal access has occurred to an FTFE resource caused by a violation
of the command write sequence or issuing an illegal FTFE command. While ACCERR is set, the CCIF flag
cannot be cleared to launch a command. The ACCERR bit is cleared by writing a 1 to ACCERR while
CCIF is set. Writing a 0 to the ACCERR bit has no effect.
0 No access error detected
1 Access error detected

4 Flash Protection Violation Flag

FPVIOL

The FPVIOL error bit indicates an attempt was made to program or erase an address in a protected area
of program flash or data flash memory during a command write sequence or a write was attempted to a
protected area of the FlexRAM while enabled for EEPROM. While FPVIOL is set, the CCIF flag cannot be
cleared to launch a command. The FPVIOL bit is cleared by writing a 1 to FPVIOL while CCIF is set.
Writing a 0 to the FPVIOL bit has no effect.

Table continues on the next page...
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FTFE_FSTAT field descriptions (continued)

Field Description
0 No protection violation detected
1 Protection violation detected
3-1 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
0 Memory Controller Command Completion Status Flag
MGSTATO
The MGSTATO status flag is set if an error is detected during execution of an FTFE command or during
the flash reset sequence. As a status flag, this bit cannot (and need not) be cleared by the user like the
other error flags in this register.
The value of the MGSTATO bit for "command-N" is valid only at the end of the "command-N" execution
when CCIF=1 and before the next command has been launched. At some point during the execution of
"command-N+1," the previous result is discarded and any previous error is cleared.
16.4.4.2 Flash Configuration Register (FTFE_FCNFG)

This register provides information on the current functional state of the FTFE module.

The erase control bits (ERSAREQ and ERSSUSP) have write restrictions. PFLSH,
RAMRDY, and EEERDY are read-only status bits. The reset values for the PFLSH,
RAMRDY, and EEERDY bits are determined during the reset sequence.

Address: 4002_0000h base + 1h offset = 4002_0001h

Bit 7 6 5 4 | 3 2 1 0
Read ERSAREQ 0 PFLSH RAMRDY EEERDY
CCIE RDCOLLIE
Write
Reset 0 0
FTFE_FCNFG field descriptions
Field Description
7 Command Complete Interrupt Enable
CCIE ] ) ]
The CCIE bit controls interrupt generation when an FTFE command completes.
0 Command complete interrupt disabled
1 Command complete interrupt enabled. An interrupt request is generated whenever the FSTAT[CCIF]
flag is set.
6 Read Collision Error Interrupt Enable
RDCOLLIE
The RDCOLLIE bit controls interrupt generation when an FTFE read collision error occurs.
0 Read collision error interrupt disabled
1 Read collision error interrupt enabled. An interrupt request is generated whenever an FTFE read
collision error is detected (see the description of FSTAT[RDCOLERR]).
5 Erase All Request
ERSAREQ

Table continues on the next page...
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FTFE_FCNFG field descriptions (continued)

Field Description

This bit issues a request to the memory controller to execute the Erase All Blocks command and release
security. ERSAREQ is not directly writable but is under indirect user control. Refer to the device's Chip
Configuration details on how to request this command.

The ERSAREQ bit sets when an erase all request is triggered external to the FTFE and CCIF is set (no
command is currently being executed). ERSAREQ is cleared by the FTFE when the operation completes.

0 No request or request complete
1 Requestto:
1. run the Erase All Blocks command,
2. verify the erased state,
3. program the security byte in the Flash Configuration Field to the unsecure state, and
4. release MCU security by setting the FSEC[SEC] field to the unsecure state

4 Erase Suspend

ERSSUSP
The ERSSUSP bit allows the user to suspend (interrupt) the Erase Flash Sector command while it is

executing.

0 No suspend requested
1 Suspend the current Erase Flash Sector command execution

3 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
2 FTFE configuration
PFLSH

0 FTFE configuration supports one program flash block and one FlexNVM block

Reserved

1 RAM Ready

RAMRDY
This flag indicates the current status of the FlexRAM.

The state of the RAMRDY flag is normally controlled by the Set FlexRAM Function command. During the
reset sequence, the RAMRDY flag is cleared if the FlexNVM block is partitioned for EEPROM and will be
set if the FlexNVM block is not partitioned for EEPROM . The RAMRDY flag is cleared if the Program
Partition command is run to partition the FlexNVM block for EEPROM. The RAMRDY flag sets after
completion of the Erase All Blocks command or execution of the erase-all operation triggered external to
the FTFE.

0 FlexRAM is not available for traditional RAM access

1 FlexRAM is available as traditional RAM only; writes to the FlexRAM do not trigger EEPROM

operations

0 This flag indicates if the EEPROM backup data has been copied to the FlexRAM and is therefore available
EEERDY for read access.

During the reset sequence, the EEERDY flag remains clear while CCIF=0 and only sets if the FlexNVM
block is partitioned for EEPROM.

0 FlexRAM is not available for EEPROM operation
1 FlexRAM is available for EEPROM operations where:
¢ reads from the FlexRAM return data previously written to the FlexRAM in EEPROM mode and
* writes launch an EEPROM operation to store the written data in the FlexRAM and EEPROM
backup
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16.4.4.3 Flash Security Register (FTFE_FSEC)

This read-only register holds all bits associated with the security of the MCU and FTFE
module.

During the reset sequence, the register is loaded with the contents of the flash security
byte in the Flash Configuration Field located in program flash memory. The Flash basis
for the values 1s signified by X in the reset value.

Address: 4002_0000h base + 2h offset = 4002_0002h

Bit 7 6 5 4 3 2 1 0
Read KEYEN MEEN FSLACC SEC
Write
Reset x* X* x* x* X* x* x* x*
* Notes:

¢ x = Undefined at reset.

FTFE_FSEC field descriptions

Field Description

7-6 Backdoor Key Security Enable

KEYEN
These bits enable and disable backdoor key access to the FTFE module.

00 Backdoor key access disabled
01 Backdoor key access disabled (preferred KEYEN state to disable backdoor key access)
10 Backdoor key access enabled
11 Backdoor key access disabled

5-4 Mass Erase Enable Bits
MEEN

Enables and disables mass erase capability of the FTFE module. When the SEC field is set to unsecure,
the MEEN setting does not matter.

00 Mass erase is enabled
01 Mass erase is enabled
10 Mass erase is disabled
11 Mass erase is enabled

3-2 Factory Security Level Access Code

FSLACC
These bits enable or disable access to the flash memory contents during returned part failure analysis at

NXP. When SEC is secure and FSLACC is denied, access to the program flash contents is denied and
any failure analysis performed by NXP factory test must begin with a full erase to unsecure the part.

When access is granted (SEC is unsecure, or SEC is secure and FSLACC is granted), NXP factory testing
has visibility of the current flash contents. The state of the FSLACC bits is only relevant when the SEC bits
are set to secure. When the SEC field is set to unsecure, the FSLACC setting does not matter.

00 Factory access granted
01 Factory access denied

Table continues on the next page...
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FTFE_FSEC field descriptions (continued)

Field Description

10 Factory access denied
11 Factory access granted

SEC Flash Security

These bits define the security state of the MCU. In the secure state, the MCU limits access to FTFE
module resources. The limitations are defined per device and are detailed in the Chip Configuration
details. If the FTFE module is unsecured using backdoor key access, the SEC bits are forced to 10b.

00 MCU security status is secure
01 MCU security status is secure
10 MCU security status is unsecure (The standard shipping condition of the FTFE is unsecure.)
11 MCU security status is secure

16.4.4.4 Flash Option Register (FTFE_FOPT)

The flash option register allows the MCU to customize its operations by examining the
state of these read-only bits, which are loaded from NVM at reset. The function of the
bits is defined in the device's Chip Configuration details.

All bits in the register are read-only.

During the reset sequence, the register is loaded from the flash nonvolatile option byte in
the Flash Configuration Field located in program flash memory. The flash basis for the
values is signified by X in the reset value.

Address: 4002_0000h base + 3h offset = 4002_0003h

Bit 7 6 5 4 | 3 2 1 0
Read
Write
Reset x* x* x* x* x* x* x* xX*
* Notes:

e x = Undefined at reset.

FTFE_FOPT field descriptions

Field Description
OPT Nonvolatile Option

These bits are loaded from flash to this register at reset. Refer to the device's Chip Configuration details
for the definition and use of these bits.
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16.4.4.5 Flash Common Command Object Registers (FTFE_FCCOBn)

The FCCOB register group provides 12 bytes for command codes and parameters. The
individual bytes within the set append a 0-B hex identifier to the FCCOB register name:
FCCOBO, FCCOBI, ..., FCCOBB.

Address: 4002_0000h base + 4h offset + (1d x i), where i=0d to 11d

Bit 7 6 5 4 | 3 2 1 0
fead CCOBn
Reset 0 0 0 o | o 0 0 0
FTFE_FCCOBn field descriptions
Field Description
CCOBn The FCCOB register provides a command code and relevant parameters to the memory controller. The

individual registers that compose the FCCOB data set can be written in any order, but you must provide all
needed values, which vary from command to command. First, set up all required FCCOB fields and then
initiate the command’s execution by writing a 1 to the FSTAT[CCIF] bit. This clears the CCIF bit, which
locks all FCCOB parameter fields and they cannot be changed by the user until the command completes
(CCIF returns to 1). No command buffering or queueing is provided; the next command can be loaded
only after the current command completes.

Some commands return information to the FCCOB registers. Any values returned to FCCOB are available
for reading after the FSTAT[CCIF] flag returns to 1 by the memory controller.

The following table shows a generic FTFE command format. The first FCCOB register, FCCOBO, always
contains the command code. This 8-bit value defines the command to be executed. The command code is
followed by the parameters required for this specific FTFE command, typically an address and/or data
values.

NOTE: The command parameter table is written in terms of FCCOB Number (which is equivalent to the
byte number). This number is a reference to the FCCOB register name and is not the register
address.

FCCOB Number' Typical Command Parameter Contents [7:0]

FCMD (a code that defines the FTFE command)

Flash address [23:16]

Flash address [15:8]

Flash address [7:0]

Data Byte 0

Data Byte 1

Data Byte 2

Data Byte 3

Data Byte 4

Data Byte 5

Data Byte 6

W POl N|OO|O|D|WOW|IND|=|O

Data Byte 7
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FTFE_FCCOBn field descriptions (continued)

Field Description

FCCOB Endianness and Multi-Byte Access:

The FCCOB register group uses a big endian addressing convention. For all command parameter fields
larger than 1 byte, the most significant data resides in the lowest FCCOB register number. The FCCOB

register group may be read and written as individual bytes, aligned words (2 bytes) or aligned longwords
(4 bytes).

1. Refers to FCCOB register name, not register address

16.4.4.6 Program Flash Protection Registers (FTFE_FPROTn)

The FPROT registers define which program flash regions are protected from program and
erase operations. Protected flash regions cannot have their content changed; that is, these
regions cannot be programmed and cannot be erased by any FTFE command.
Unprotected regions can be changed by program and erase operations.

The four FPROT registers allow up to 32 protectable regions of equal memory size.

Program flash protection register Program flash protection bits
FPROTO PROT[31:24]
FPROT1 PROT[23:16]
FPROT2 PROT[15:8]
FPROT3 PROT[7:0]

During the reset sequence, the FPROT registers are loaded with the contents of the
program flash protection bytes in the Flash Configuration Field as indicated in the
following table.

Program flash protection register Flash Configuration Field offset address
FPROTO 0x000B
FPROT1 0x000A
FPROT2 0x0009
FPROTS3 0x0008

To change the program flash protection that is loaded during the reset sequence,
unprotect the sector of program flash memory that contains the Flash Configuration
Field. Then, reprogram the program flash protection byte.
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Address: 4002_0000h base + 10h offset + (1d x i), where i=0d to 3d

Bit 7 6 5 4 | 3 2 1 0
Read
Write PROT
Reset X X X X* | X X X* X*

* Notes:
¢ x = Undefined at reset.

FTFE_FPROTN field descriptions

Field Description

PROT Program Flash Region Protect

Each program flash region can be protected from program and erase operations by setting the associated
PROT bit to the protected state.

The protection can only be increased, meaning that currently unprotected memory can be protected, but
currently protected memory cannot be unprotected. Since unprotected regions are marked with a 1 and
protected regions use a 0, only writes changing 1s to Os are accepted. This 1-to-0 transition check is
performed on a bit-by-bit basis. Those FPROT bits with 1-to-0 transitions are accepted while all bits with O-
to-1 transitions are ignored.

Restriction: The user must never write to any FPROT register while a command is running (CCIF=0).

Trying to alter data in any protected area in the program flash memory results in a protection violation
error and sets the FSTAT[FPVIOL] bit. A full block erase of a program flash block is not possible if it
contains any protected region.

0 Program flash region is protected.
1 Program flash region is not protected

16.4.4.7 EEPROM Protection Register (FTFE_FEPROT)

The FEPROT register defines which EEPROM regions of the FlexXRAM are protected
against program and erase operations. Protected EEPROM regions cannot have their
content changed by writing to it. Unprotected regions can be changed by writing to the
FlexRAM.

Address: 4002_0000h base + 16h offset = 4002_0016h

Bit 7 6 5 4 | 3 2 1 0
Read
Write EPROT
Reset X* x* x* x* | x* x* x* x*

* Notes:
¢ x = Undefined at reset.
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FTFE_FEPROT field descriptions

Field

Description

EPROT

EEPROM Region Protect

Individual EEPROM regions can be protected from alteration by setting the associated EPROT bit to the
protected state. The EPROT bits are not used when the FlexNVM Partition Code is set to data flash only.
When the FlexNVM Partition Code is set to data flash and EEPROM or EEPROM only, each EPROT bit
covers one-eighth of the configured EEPROM data (see the EEPROM Data Set Size parameter
description).

The protection can only be increased. This means that currently-unprotected memory can be protected,
but currently-protected memory cannot be unprotected. Since unprotected regions are marked with a 1
and protected regions use a 0, only writes changing 1s to Os are accepted. This 1-t0-0 transition check is
performed on a bit-by-bit basis. Those FEPROT bits with 1-to-0 transitions are accepted while all bits with
0-to-1 transitions are ignored.

Restriction: Never write to the FEPROT register while a command is running (CCIF=0).

Reset: During the reset sequence, the FEPROT register is loaded with the contents of the FlexRAM
protection byte in the Flash Configuration Field located in program flash. The flash basis for the reset
values is signified by X in the register diagram. To change the EEPROM protection that will be loaded
during the reset sequence, the sector of program flash that contains the Flash Configuration Field must be
unprotected; then the EEPROM protection byte must be erased and reprogrammed.

Trying to alter data by writing to any protected area in the EEPROM results in a protection violation error
and sets the FSTAT[FPVIOL] bit.

0 EEPROM region is protected

1 EEPROM region is not protected

16.4.4.8 Data Flash Protection Register (FTFE_FDPROT)

The FDPROT register defines which data flash regions are protected against program and
erase operations. Protected Flash regions cannot have their content changed; that is, these
regions cannot be programmed and cannot be erased by any FTFE command.
Unprotected regions can be changed by both program and erase operations.

Address: 4002_0000h base + 17h offset = 4002_0017h

Bit
Read
Write

Reset

* Notes:

7 6 5 4 | 3 2 1 0

x* x* x* x* | xX* x* x* xX*

¢ x = Undefined at reset.
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FTFE_FDPROT field descriptions

Field

Description

DPROT

Data Flash Region Protect

Individual data flash regions can be protected from program and erase operations by setting the
associated DPROT bit to the protected state. Each DPROT bit protects one-eighth of the partitioned data
flash memory space. The granularity of data flash protection cannot be less than the data flash sector
size. If an unused DPROT bit is set to the protected state, the Erase all Blocks command does not
execute and sets the FSTAT[FPVIOL] bit.

The protection can only be increased, meaning that currently unprotected memory can be protected but
currently protected memory cannot be unprotected. Since unprotected regions are marked with a 1 and
protected regions use a 0, only writes changing 1s to Os are accepted. This 1-to-0 transition check is
performed on a bit-by-bit basis. Those FDPROT bits with 1-to-0 transitions are accepted while all bits with
0-to-1 transitions are ignored.

Restriction: The user must never write to the FDPROT register while a command is running (CCIF=0).

Reset: During the reset sequence, the FDPROT register is loaded with the contents of the data flash
protection byte in the Flash Configuration Field located in program flash memory. The flash basis for the
reset values is signified by X in the register diagram. To change the data flash protection that will be
loaded during the reset sequence, unprotect the sector of program flash that contains the Flash
Configuration Field. Then, erase and reprogram the data flash protection byte.

Trying to alter data with the program and erase commands in any protected area in the data flash memory
results in a protection violation error and sets the FSTAT[FPVIOL] bit. A block erase of any data flash
memory block (see the Erase Flash Block command description) is not possible if the data flash block
contains any protected region or if the FlexNVM memory has been partitioned for EEPROM.

0 Data Flash region is protected
1 Data Flash region is not protected

16.4.4.9 Execute-only Access Registers (FTFE_XACCn)

The XACC registers define which program flash segments are restricted to data read or
execute only or both data and instruction fetches.

The eight XACC registers allow up to 64 restricted segments of equal memory size.

Execute-only access register Program flash execute-only access bits

XACCHO XA[63:56]

XACCH1 XA[55:48]

XACCH2 XA[47:40]

XACCH3 XA[39:32]

XACCLO XA[31:24]

XACCLA XA[23:16]

XACCL2 XA[15:8]

XACCL3 XA[7:0]
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During the reset sequence, the XACC registers are loaded with the logical AND of
Program Flash IFR addresses A and B as indicated in the following table.

Execute-only access register Program Flash IFR address A Program Flash IFR address B
XACCHO 0x03A3 0x03AB
XACCH1 0x03A2 0x03AA
XACCH2 0x03A1 0x03A9
XACCH3 0x03A0 0x03A8
XACCLO 0x03A7 O0x03AF
XACCLA 0x03A6 0x03AE
XACCL2 0x03A5 0x03AD
XACCL3 0x03A4 0x03AC

Use the Program Once command to program the execute-only access control fields that
are loaded during the reset sequence.

Address: 4002_0000h base + 18h offset + (1d x i), where i=0d to 7d

Bit 7 6 5 4 | 3 2 1 0
Read
Write
Reset x* x* x* x* X* X* X* X*
* Notes:

¢ x = Undefined at reset.

FTFE_XACCHn field descriptions

Field Description

XA Execute-only access control

0 Associated segment is accessible in execute mode only (as an instruction fetch)
1 Associated segment is accessible as data or in execute mode

16.4.4.10 Supervisor-only Access Registers (FTFE_SACCn)

The SACC registers define which program flash segments are restricted to supervisor
only or user and supervisor access.

The eight SACC registers allow up to 64 restricted segments of equal memory size.

Supervisor-only access register Program flash supervisor-only access bits
SACCHO SA[63:56]
SACCH1 SA[55:48]

Table continues on the next page...
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Supervisor-only access register Program flash supervisor-only access bits
SACCH2 SA[47:40]
SACCH3 SA[39:32]
SACCLO SA[31:24]
SACCLA SA[23:16]
SACCL2 SA[15:8]
SACCL3 SA[7:0]

During the reset sequence, the SACC registers are loaded with the logical AND of
Program Flash IFR addresses A and B as indicated in the following table.

Supervisor-only access register Program Flash IFR address A Program Flash IFR address B
SACCHO 0x03B3 0x03BB
SACCH1 0x03B2 0x03BA
SACCH2 0x03B1 0x03B9
SACCH3 0x03B0 0x03B8
SACCLO 0x03B7 0x03BF
SACCLA1 0x03B6 0x03BE
SACCL2 0x03B5 0x03BD
SACCL3 0x03B4 0x03BC

Use the Program Once command to program the supervisor-only access control fields
that are loaded during the reset sequence.

Address: 4002_0000h base + 20h offset + (1d x i), where i=0d to 7d

Bit 7 6 5 4 | 3 2 1 0
Read
Write
Reset x* x* x* xX* X* X* X* X*
* Notes:

¢ x = Undefined at reset.

FTFE_SACCHn field descriptions

Field Description

SA Supervisor-only access control

0 Associated segment is accessible in supervisor mode only
1 Associated segment is accessible in user or supervisor mode
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16.4.4.11 Flash Access Segment Size Register (FTFE_FACSS)

The flash access segment size register determines which bits in the address are used to
index into the SACC and XACC bitmaps to get the appropriate permission flags.

All bits in the register are read-only.
The contents of this register are loaded during the reset sequence.

Address: 4002_0000h base + 28h offset = 4002_0028h

Bit 7 6 5 4 | 3 2 1 0
Read SGSIZE
Write
Reset X* X* X* X* X* X* X* X*
* Notes:

¢ x = Undefined at reset.

FTFE_FACSS field descriptions

Field Description
SGSIZE Segment Size

The segment size is a fixed value based on the available program flash size divided by NUMSG.

Program Flash Size Segment Size Segment Size Encoding
256 KBytes 4 KBytes 0x4
512 KBytes 8 KBytes 0x5
768 KBytes 16 KBytes 0x6
1 MByte 16 KBytes 0x6
1.5 MBytes 32 KBytes 0x7
2 MBytes 32 KBytes 0x7

16.4.4.12 Flash Access Segment Number Register (FTFE_FACSN)

The flash access segment number register provides the number of program flash
segments that are available for XACC and SACC permissions.

All bits in the register are read-only.

The contents of this register are loaded during the reset sequence.
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Address: 4002_0000h base + 2Bh offset = 4002_002Bh

Bit 7 6 5 4 | 3 2 1 0
Read
Write
Reset x* X* x* x* X* X* X* X*
* Notes:

¢ x = Undefined at reset.

FTFE_FACSN field descriptions

Field Description
NUMSG Number of Segments Indicator

The NUMSG field indicates the number of equal-sized segments in the program flash.

0x30 Program flash memory is divided into 48 segments (768 Kbytes, 1.5 Mbytes)
0x40 Program flash memory is divided into 64 segments (256 Kbytes, 512 Kbytes, 1 Mbyte, 2 Mbytes)

16.5 Functional Description

The following sections describe functional details of the FTFE module.

16.5.1 Flash Protection

Individual regions within the flash memory can be protected from program and erase
operations. Protection is controlled by the following registers:

* FPROTn — Four registers protect 32 regions of the program flash memory as shown
in the following figure
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Program flash

0x0_0000
Program flash size / 32 FPROT3[PROTO]
Program flash size / 32 FPROT3[PROT1]
Program flash size / 32 FPROT3[PROT2]
Program flash size / 32 FPROT3[PROT3]
° °
[ ] [ ]
[ ] [ ]
Program flash size / 32 FPROTO[PROT29]
Program flash size / 32 FPROTO[PROT30]
Program flash size / 32 FPROTO[PROT31]
Last program flash address

Figure 16-2. Program flash protection
* FDPROT —
» For 2" data flash sizes, protects eight regions of the data flash memory as shown
in the following figure

FlexNVM
0x0_0000
Data flash size / 8 DPROTO
Data flash size / 8 DPROT1
Data flash size / 8 DPROT2
Data flash size / 8 DPROT3
Data flash size / 8 DPROT4
Data flash size / 8 DPROT5
Data flash size / 8 DPROT6
Data flash size / 8 DPROT7
Last data flash address

o |

Ex=y

O [ :

Sgi

S EEPROM backup

og:

ig

Ww o

E

Last FlexNVM address

Figure 16-3. Data flash protection (2" data flash sizes)
 FEPROT — Protects eight regions of the EEPROM memory as shown in the
following figure
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FlexRAM
0x0_0000
EEPROM size / 8 EPROTO
EEPROM size / 8 EPROT1
m EEPROM size / 8 EPROT2
N
i
w EEPROM size / 8 EPROT3
S
(7]
g EEPROM size / 8 EPROT4
o
i
w EEPROM size / 8 EPROT5
EEPROM size / 8 EPROT6
EEPROM size / 8 EPROT7
Last EEPROM address
Unavailable

Last FlexRAM address

Figure 16-4. EEPROM protection

NOTE
Flash protection features are discussed further in AN4507:
Using the Kinetis Security and Flash Protection Features .
Some features described in the application note may not be
available on this device.

16.5.2 Flash Access Protection

Individual segments within the program flash memory can be designated for restricted
access. Specific flash commands (Program Check, Program Phrase, Erase Flash Block,
Erase Flash Sector) monitor FXACC contents to protect flash memory but the FSACC
contents do not impact flash command operation.

See AN5112: Using the Kinetis Flash Execute-Only Access Control Feature for further
details.

Access is controlled by the following registers:

* FXACC —
 For 2" program flash sizes, eight registers control 64 segments of the program
flash memory as shown in the following figure
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Functional Description

0x0_0000

Last program flash address

Figure 16-5. Program flash execute-only access control

* FSACC —

Program flash

Program flash size / 64

Program flash size / 64

Program flash size / 64

Program flash size / 64

Program flash size / 64

Program flash size / 64

Program flash size / 64

Program flash size / 64

Program flash size / 64

Program flash size / 64

Program flash size / 64

Program flash size / 64

XACCL3[XAO]
XACCL3[XA1]
XACCL3[XA2]
XACCL3[XA3]
XACCL3[XA4]

XACCLO[XA31]
XACCH3[XA32]

XACCHO[XA29]
XACCHO[XA60]
XACCHO[XA61]
XACCHO[XA62]
XACCHO[XA63]

* For 2" program flash sizes, eight registers control 64 segments of the program

flash memory as shown in the following figure

0x0_0000

Last program flash address

Figure 16-6. Program flash supervisor access control

16.5.3 FlexNVM Description

Program flash

Program flash size / 64

Program flash size / 64

Program flash size / 64

Program flash size / 64

Program flash size / 64

Program flash size / 64

Program flash size / 64

Program flash size / 64

Program flash size / 64

Program flash size / 64

Program flash size / 64

Program flash size / 64

This section describes the FlexNVM memory.

SACCL3[SA0]
SACCL3[SA1]
SACCL3[SA2]
SACCL3[SA3]
SACCL3[SA4]

SACCLO[SA31]
SACCH3[SA32]

SACCHO[SA59]
SACCHO[SA60]
SACCHO[SA61]
SACCHO[SA62]
SACCHO[SA63]
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16.5.3.1 FlexNVM Block Partitioning for FlexRAM

The user can configure the FlexXNVM block as either:

e Basic data flash,

 EEPROM flash records to support the built-in EEPROM feature, or
* A combination of both.

The user's FlexNVM configuration choice is specified using the Program Partition
command described in Program Partition command.

CAUTION

While different partitions of the FlexXNVM block are available,
the intention is that a single partition choice is used throughout
the entire lifetime of a given application. The FlexXNVM
partition code choices affect the endurance and data retention
characteristics of the device.

16.5.3.2 EEPROM User Perspective
The EEPROM system is shown in the following figure.

FlexRAM File EEPROM backup
Useraccess [K__)|  (effectve K system ) with 2KByte
EEPROM) handler erase sectors

Figure 16-7. Top Level EEPROM Architecture

To handle varying customer requirements, the FlexRAM and FlexNVM blocks can be
split into partitions as shown in the figure below.

1. EEPROM partition (EEESIZE) — The amount of FlexXRAM used for EEPROM
can be set from 0 Bytes (no EEPROM) to the maximum FlexRAM size (see Table
16-2). The remainder of the FlexXRAM not used for EEPROM is not accessible while
the FlexRAM is configured for EEPROM (see Set FlexRAM Function command).

The EEPROM partition grows upward from the bottom of the FlexXRAM address
space.
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2. Data flash partition (DEPART) — The amount of FlexXNVM memory used for data
flash can be programmed from O bytes (all of the FlexNVM block is available for
EEPROM backup) to the maximum size of the FlexNVM block (see Table 16-4).

3. FlexXNVM EEPROM partition — The amount of FlexXNVM memory used for
EEPROM backup, which is equal to the FlexNVM block size minus the data flash
memory partition size. The EEPROM backup size must be at least 16 times the
EEPROM partition size in FlexRAM.

The partition information (EEESIZE, DEPART) is stored in the data flash IFR and is
programmed using the Program Partition command (see Program Partition command).
Typically, the Program Partition command is executed only once in the lifetime of the
device.

Data flash memory is useful for applications that need to quickly store large amounts of
data or store data that is static. The EEPROM partition in FlexRAM is useful for storing
smaller amounts of data that will be changed often.

FlexNVM

FlexNVM base
address

FlexRAM Data flash

DEPART

FlexRAM base
address

EEPROM partition

EEESIZE

) EEPROM backup
Unavailable

Figure 16-8. FlexRAM to FlexNVM Memory Mapping for EEPROM

16.5.3.3 EEPROM implementation overview

Out of reset with the FSTAT[CCIF] bit clear, the partition settings (EEESIZE, DEPART)
are read from the data flash IFR and the EEPROM file system is initialized accordingly.
The EEPROM file system locates all valid EEPROM data records in EEPROM backup
and copies the newest data to FlexRAM. The FSTAT[CCIF] and FCNFG[EEERDY] bits
are set after data from all valid EEPROM data records is copied to the FlexRAM. After
the CCIF bit is set, the FlexRAM is available for read or write access.
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When configured for EEPROM use, writes to an unprotected location in FlexRAM
invokes the EEPROM file system to program a new EEPROM data record in the
EEPROM backup memory in a round-robin fashion. As needed, the EEPROM file
system identifies the EEPROM backup sector that is being erased for future use and
partially erases that EEPROM backup sector. After a write to the FlexRAM, the
FlexRAM is not accessible until the FSTAT[CCIF] bit is set. The FCNFG[EEERDY] bit
will also be set. If enabled, the interrupt associated with the FSTAT[CCIF] bit can be
used to determine when the FlexRAM is available for read or write access.

After a sector in EEPROM backup is full of EEPROM data records, EEPROM data
records from the sector holding the oldest data are gradually copied over to a previously-
erased EEPROM backup sector. When the sector copy completes, the EEPROM backup
sector holding the oldest data is tagged for erase.

16.5.3.4 Write endurance to FlexRAM for EEPROM

When the FlexNVM partition code is not set to full data flash, the EEPROM data set size
can be set to any of several non-zero values.

The bytes not assigned to data flash via the FlexNVM partition code are used by the
FTFE to obtain an effective endurance increase for the EEPROM data. The built-in
EEPROM record management system raises the number of program/erase cycles that can
be attained prior to device wear-out by cycling the EEPROM data through a larger
EEPROM NVM storage space.

While different partitions of the FlexNVM are available, the intention is that a single
choice for the FlexNVM partition code and EEPROM data set size is used throughout the
entire lifetime of a given application. The EEPROM endurance equation and graph
shown below assume that only one configuration is ever used.

. EEPROM - 2 x EEESIZE , .
Writes_FlexRAM = x Write_efficiency x N vmeycee

EEESIZE

where

e Writes_FlexRAM — minimum number of writes to each FlexRAM location

« EEPROM — allocated FlexNVM based on DEPART; entered with the Program
Partition command

» EEESIZE — allocated FlexRAM based on DEPART; entered with the Program
Partition command

e Write_efficiency —
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e (.25 for 8-bit writes to FlexRAM
* (0.50 for 16-bit or 32-bit writes to FlexRAM
* Npymeycee — EEPROM-backup cycling endurance

100,000,000

10,000,000

1,000,000
== 16/32-bit

s 8-bit

100,000

Average Writes per FlexRAM Location

10,000
16 64 256 1,024 4,096

Ratio of EEPROM Backup to FlexRAM

Figure 16-9. EEPROM backup writes to FlexRAM

16.5.4 Interrupts

The FTFE module can generate interrupt requests to the MCU upon the occurrence of
various FTFE events. These interrupt events and their associated status and control bits
are shown in the following table.

Table 16-5. FTFE Interrupt Sources

FTFE Event Readable Interrupt
Status Bit Enable Bit

FTFE Command Complete FSTAT[CCIF] FCNFGICCIE]

FTFE Read Collision Error FSTAT[RDCOLERR] FCNFG[RDCOLLIE]
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Note

Vector addresses and their relative interrupt priority are
determined at the MCU level.

16.5.5 Flash Operation in Low-Power Modes

16.5.5.1 Wait Mode

When the MCU enters wait mode, the FTFE module is not affected. The FTFE module
can recover the MCU from wait via the command complete interrupt (see Interrupts).

16.5.5.2 Stop Mode

When the MCU requests stop mode, if an FTFE command is active (CCIF = 0) the
command execution completes before the MCU is allowed to enter stop mode.

CAUTION
The MCU should never enter stop mode while any FTFE
command is running (CCIF = 0).

NOTE
While the MCU is in very-low-power modes (VLPR, VLPW,
VLPS), the FTFE module does not accept flash commands.

16.5.6 Flash memory reads and ignored writes

The FTFE module requires only the flash address to execute a flash memory read. MCU
read access is available to all flash memory.

The MCU must not read from the flash memory while commands are running (as
evidenced by CCIF=0) on that block. Read data cannot be guaranteed from a flash block
while any command is processing within that block. The block arbitration logic detects
any simultaneous access and reports this as a read collision error (see the
FSTAT[RDCOLERR] bit).

16.5.7 Read while write (RWW)

The following simultaneous accesses are allowed:
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e The user may read from the program flash memory while commands (typically
program and erase operations) are active in the data flash and FlexRAM memory
space.

e The MCU can fetch instructions from program flash during both data flash program
and erase operations and while EEPROM-backup is maintained by the EEPROM
commands.

* Conversely, the user may read from data flash and FlexRAM while program and
erase commands are executing on the program flash.

* When configured as traditional RAM, writes to the FlexRAM are allowed during
data flash operations.

Simultaneous data flash operations and FlexRAM writes, when FlexRAM is used for
EEE, are not possible.

Simultaneous operations are further discussed in Allowed simultaneous flash operations.

16.5.8 Flash Program and Erase

All flash functions except read require the user to setup and launch an FTFE command
through a series of peripheral bus writes. The user cannot initiate any further FTFE
commands until notified that the current command has completed. The FTFE command
structure and operation are detailed in FTFE Command Operations.

16.5.9 FTFE Command Operations

FTFE command operations are typically used to modify flash memory contents. The next
sections describe:

* The command write sequence used to set FTFE command parameters and launch
execution

* A description of all FTFE commands available

16.5.9.1 Command Write Sequence

FTFE commands are specified using a command write sequence illustrated in Figure
16-10. The FTFE module performs various checks on the command (FCCOB) content
and continues with command execution if all requirements are fulfilled.
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Before launching a command, the ACCERR and FPVIOL bits in the FSTAT register
must be zero and the CCIF flag must read 1 to verify that any previous command has
completed. If CCIF is zero, the previous command execution is still active, a new
command write sequence cannot be started, and all writes to the FCCOB registers are
ignored.

Attempts to launch an FTFE command in VLP mode will be ignored.

16.5.9.1.1 Load the FCCOB Registers

The user must load the FCCOB registers with all parameters required by the desired
FTFE command. The individual registers that make up the FCCOB data set can be
written in any order.

16.5.9.1.2 Launch the Command by Clearing CCIF

Once all relevant command parameters have been loaded, the user launches the command
by clearing the FSTAT[CCIF] bit by writing a '1' to it. The CCIF flag remains zero until
the FTFE command completes.

The FSTAT register contains a blocking mechanism, which prevents a new command
from launching (can't clear CCIF) if the previous command resulted in an access error
(FSTAT[ACCERR]=1) or a protection violation (FSTAT[FPVIOL]=1). In error
scenarios, two writes to FSTAT are required to initiate the next command: the first write
clears the error flags, the second write clears CCIF.

16.5.9.1.3 Command Execution and Error Reporting
The command processing has several steps:

1. The FTFE reads the command code and performs a series of parameter checks and
protection checks, if applicable, which are unique to each command.

If the parameter check fails, the FSTAT[ACCERR] (access error) flag is set.
ACCERR reports invalid instruction codes and out-of bounds addresses. Usually,
access errors suggest that the command was not set-up with valid parameters in the
FCCOB register group.

Program and erase commands also check the address to determine if the operation is
requested to execute on protected areas. If the protection check fails, the
FSTAT[FPVIOL] (protection error) flag is set.
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Command processing never proceeds to execution when the parameter or protection

step fails. Instead, command processing is terminated after setting the FSTAT[CCIF]
bit.

2. If the parameter and protection checks pass, the command proceeds to execution.
Run-time errors, such as failure to erase verify, may occur during the execution
phase. Run-time errors are reported in the FSTAT[MGSTATO] bit. A command may
have access errors, protection errors, and run-time errors, but the run-time errors are
not seen until all access and protection errors have been corrected.

3. Command execution results, if applicable, are reported back to the user via the
FCCOB and FSTAT registers.

4. The FTFE sets the FSTAT[CCIF] bit signifying that the command has completed.

The flow for a generic command write sequence is illustrated in the following figure.
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Read: FSTAT register

v

FCCOB
Availability Check

Previous command complete?

Results from previous command

Access Error and

yes
) o 22" p! Clear the old errors
Protection Violation Write 0x30 to FSTAT register
Check
Write to the FCCOB registers -
to load the required command parameter. |@———————
More yes
Parameters?
no
Clear the CCIF to launch the command
Write 0x80 to FSTAT register
Read: FSTAT register
Bit Polling for
Command Completion
Check

Figure 16-10. Generic Flash Command Write Sequence Flowchart

16.5.9.2 Flash commands

The following table summarizes the function of all flash commands. If any column is
marked with an 'X', the flash command is relevant to that particular memory resource.

FCMD Command Program flash 0 Data flash FlexRAM Function

0x00 Read 1s Block X X Verify that a
program flash or
data flash block is
erased. FlexNVM

Table continues on the next page...
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FCMD

Command

Program flash 0

Data flash

FlexRAM

Function

block must not be
partitioned for
EEPROM.

0x01

Read 1s Section

Verify that a given
number of program
flash or data flash
locations from a
starting address
are erased.

0x02

Program Check

Tests previously-
programmed
phrases at margin
read levels.

0x03

Read Resource

IFR,ID

IFR

Read 8 bytes from
program flash IFR,
data flash IFR, or
version ID.

0x07

Program Phrase

Program 8 bytes in
a program flash
block or a data
flash block.

0x08

Erase Flash Block

Erase a program
flash block or data
flash block. An
erase of any flash
block is only
possible when
unprotected.
FlexNVM block
must not be
partitioned for
EEPROM.

0x09

Erase Flash Sector

Erase all bytes in a
program flash or
data flash sector.

0x0B

Program Section

Program data from
the Section
Program Buffer to
a program flash or
data flash block.

0x40

Read 1s All Blocks

Verify that all
program flash,
data flash blocks,
EEPROM backup
data records, and
data flash IFR are
erased then
release MCU
security.

0x41

Read Once

IFR

Read 8 bytes of a
dedicated 64 byte
field in the program
flash 0 IFR.

Table continues on the next page...
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FCMD

Command

Program flash 0

Data flash

FlexRAM

Function

0x43

Program Once

IFR

One-time program
of 8 bytes of a
dedicated 64-byte
field in the program
flash O IFR.

0x44

Erase All Blocks

Erase all program
flash blocks, data
flash blocks,
FlexRAM,
EEPROM backup
data records, and
data flash IFR.
Then, verify-erase
and release MCU
security.

NOTE: An erase is
only possible when
all memory
locations are
unprotected.

0x45

Verify Backdoor
Access Key

Release MCU
security after
comparing a set of
user-supplied
security keys to
those stored in the
program flash.

0x49

Erase All Blocks
Unsecure

Erase all program
flash blocks, data
flash blocks,
FlexRAM,
EEPROM backup
data records, and
data flash IFR.
Then, verify-erase,
program the
security byte to the
unsecure state,
and release MCU
security.

Ox4A

Read 1s All
Execute-only
Segments

Verify that all
program flash
execute-only (XA)
segments are
erased then
release flash
access control.

0x4B

Erase All Execute-
only Segments

Erase all program
flash execute-only
(XA) segments
then release flash
access control.

Table continues on the next page...
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FCMD

Command

Program flash 0

Data flash

FlexRAM

Function

0x80

Program Partition

IFR, x

Program the
FlexNVM Partition
Code and
EEPROM Data Set
Size into the data
flash IFR. format
all EEPROM
backup data
sectors allocated
for EEPROM,
initialize the
FlexRAM.

0x81

Set FlexRAM
Function

Switches FlexRAM
function between
RAM and
EEPROM. When
switching to
EEPROM,
FlexNVM is not
available while
valid data records
are being copied
from EEPROM
backup to
FlexRAM.

16.5.9.3 Allowed simultaneous flash operations

Only the operations marked 'OK' in the following table are permitted to run
simultaneously on the program flash, data flash, and FlexRAM memories. Some
operations cannot be executed simultaneously because certain hardware resources are
shared by the memories. The priority has been placed on permitting program flash reads
while program and erase operations execute on the FlexNVM and FlexRAM. This
provides read (program flash) while write (FlexXNVM, FlexRAM) functionality.

Table 16-6. Allowed Simultaneous Memory Operations

Program flash Data flash FlexRAM
Program Erase Program Erase
Read 9 Flash | Read 9 Flash | Read | E-Write? | R-Write3
Phrase 1 Phrase 1
Sector Sector
Read OK OK OK
Program
Program |Phrase OK OK OK
flash Erase
Flash OK OK OK
Sector!

Table continues on the next page...
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Table 16-6. Allowed Simultaneous Memory Operations (continued)

Program flash Data flash FlexRAM
Program Erase Program Erase
Read 9 Flash | Read 9 Flash | Read | E-Write2 | R-Write?
Phrase 1 Phrase 1
Sector Sector
Read OK OK
Program
Data Phrase OK OK OK
flash Erase
Flash OK OK OK
Sector!
Read OK OK OK OK
FlexRAM | E-Write? OK
R-Write® OK OK OK OK

1. Also applies to Erase Flash Block
2. When FlexRAM configured for EEPROM (EEERDY=1).
3. When FlexRAM configured as traditional RAM (RAMRDY=1); single cycle operation.

16.5.10 Margin Read Commands

The Read-1s commands (Read 1s All Blocks, Read 1s Block, Read 1s Section, Read 1s
All Execute-only Segments) and the Program Check command have a margin choice
parameter that allows the user to apply non-standard read reference levels to the program
flash and data flash array reads performed by these commands. Using the preset 'user' and
'factory' margin levels, these commands perform their associated read operations at
tighter tolerances than a 'normal’ read. These non-standard read levels are applied only
during the command execution. All simple (uncommanded) flash array reads to the MCU
always use the standard, un-margined, read reference level.

Only the 'normal’ read level should be employed during normal flash usage. The non-
standard, 'user' and 'factory' margin levels should be employed only in special cases.
They can be used during special diagnostic routines to gain confidence that the device is
not suffering from the end-of-life data loss customary of flash memory devices.

Erased ('1') and programmed ('0') bit states can degrade due to elapsed time and data
cycling (number of times a bit is erased and re-programmed). The lifetime of the erased
states is relative to the last erase operation. The lifetime of the programmed states is
measured from the last program time.

The 'user' and 'factory' levels become, in effect, a minimum safety margin; i.e. if the reads
pass at the tighter tolerances of the 'user' and 'factory' margins, then the 'normal’ reads
have at least this much safety margin before they experience data loss.
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The 'user' margin is a small delta to the normal read reference level. 'User' margin levels
can be employed to check that flash memory contents have adequate margin for normal
level read operations. If unexpected read results are encountered when checking flash
memory contents at the 'user' margin levels, loss of information might soon occur during
'normal’ readout.

The 'factory' margin is a bigger deviation from the norm, a more stringent read criteria
that should only be attempted immediately (or very soon) after completion of an erase or
program command, early in the cycling life. 'Factory' margin levels can be used to check
that flash memory contents have adequate margin for long-term data retention at the
normal level setting. If unexpected results are encountered when checking flash memory
contents at 'factory' margin levels, the flash memory contents should be erased and
reprogrammed.

CAUTION

Factory margin levels must only be used during verify of the
initial factory programming.

16.5.11 Flash command descriptions

This section describes all flash commands that can be launched by a command write
sequence. The FTFE sets the FSTAT[ACCERR] bit and aborts the command execution if
any of the following illegal conditions occur:

* There is an unrecognized command code in the FCCOB FCMD field.

* There is an error in a FCCOB field for the specific commands. Refer to the error
handling table provided for each command.

Ensure that the ACCERR and FPVIOL bits in the FSTAT register are cleared prior to
starting the command write sequence. As described in Launch the Command by Clearing
CCIF, a new command cannot be launched while these error flags are set.

Do not attempt to read a flash block while the FTFE is running a command (CCIF = 0)
on that same block. The FTFE may return invalid data to the MCU with the collision
error flag (FSTAT[RDCOLERRY]) set.

When required by the command, address bit 23 selects between program flash memory
(=0) and data flash memory (=1).
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CAUTION

Flash data must be in the erased state before being
programmed. Cumulative programming of bits (adding more
zeros) is not allowed.

16.5.11.1 Read 1s Block command

The Read 1s Block command checks to see if an entire program flash or data flash block
has been erased to the specified margin level. The FCCOB flash address bits determine
which block is erase-verified.

Table 16-7. Read 1s Block Command FCCOB Requirements

FCCOB Number FCCOB Contents [7:0]
0x00 (RD1BLK)
Flash address [23:16] in the flash block to be verified
Flash address [15:8] in the flash block to be verified
Flash address [7:0]" in the flash block to be verified
Read-1 Margin Choice

AlW|[N|=|O

1. Must be 64-bit aligned (Flash address [2:0] = 000).

After clearing CCIF to launch the Read 1s Block command, the FTFE sets the read
margin for 1s according to Table 16-8 and then reads all locations within the selected
program flash or data flash block.

When the data flash is targeted, DEPART must be set for no EEPROM, else the Read 1s
Block command aborts setting the FSTAT[ACCERR] bit. If the FTFE fails to read all 1s
(i.e. the flash block is not fully erased), the FSTAT[MGSTATO] bit is set. The CCIF flag
sets after the Read 1s Block operation has completed.

Table 16-8. Margin Level Choices for Read 1s Block

Read Margin Choice Margin Level Description
0x00 Use the 'normal’ read level for 1s
0x01 Apply the 'User' margin to the normal read-1 level
0x02 Apply the 'Factory' margin to the normal read-1 level

Table 16-9. Read 1s Block Command Error Handling

Error Condition Error Bit
Command not available in current mode/security FSTAT[ACCERR]
An invalid margin choice is specified FSTAT[ACCERR]

Table continues on the next page...
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Table 16-9. Read 1s Block Command Error Handling (continued)

Error Condition Error Bit

Program flash is selected and the address is out of program flash range FSTAT[ACCERR]
Data flash is selected and the address is out of data flash range FSTAT[ACCERR]
Data flash is selected with EEPROM enabled FSTAT[ACCERR]
Flash address is not 64-bit aligned FSTAT[ACCERR]
Read-1s fails FSTAT[MGSTATO]

16.5.11.2 Read 1s Section command

The Read 1s Section command checks if a section of program flash or data flash memory
is erased to the specified read margin level. The Read 1s Section command defines the
starting address and the number of phrases to be verified.

Table 16-10. Read 1s Section Command FCCOB Requirements

FCCOB Number FCCOB Contents [7:0]

0x01 (RD1SEC)

Flash address [23:16] of the first phrase to be verified
Flash address [15:8] of the first phrase to be verified
Flash address [7:0]" of the first phrase to be verified

Number of phrases to be verified [15:8]

Number of phrases to be verified [7:0]

ol |l WO|N|=|O

Read-1 Margin Choice

1. Must be 64-bit aligned (Flash address [2:0] = 000).

Upon clearing CCIF to launch the Read 1s Section command, the FTFE sets the read
margin for 1s according to Table 16-11 and then reads all locations within the specified

section of flash memory.

If the FTFE fails to read all 1s (i.e. the flash section is not erased), the
FSTAT(MGSTATO) bit is set. The CCIF flag sets after the Read 1s Section operation

completes.
Table 16-11. Margin Level Choices for Read 1s Section

Read Margin Choice Margin Level Description
0x00 Use the 'normal’ read level for 1s
0x01 Apply the 'User' margin to the normal read-1 level
0x02 Apply the ‘Factory' margin to the normal read-1 level
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Table 16-12. Read 1s Section Command Error Handling

Error Condition Error Bit

Command not available in current mode/security FSTAT[ACCERR]
An invalid margin code is supplied FSTAT[ACCERR]
An invalid flash address is supplied FSTAT[ACCERR]
Flash address is not 64-bit aligned FSTAT[ACCERR]
The requested section crosses a flash block boundary FSTAT[ACCERR]
The requested number of phrases is zero FSTAT[ACCERR]
Read-1s fails FSTAT[MGSTATO]

16.5.11.3 Program Check command

The Program Check command tests a previously programmed program flash or data flash
longword to see if it reads correctly at the specified margin level.

Table 16-13. Program Check Command FCCOB Requirements

FCCOB Number FCCOB Contents [7:0]
0x02 (PGMCHK)
Flash address [23:16]
Flash address [15:8]
Flash address [7:0]"
Margin Choice

Byte 0 expected data

Byte 1 expected data

Byte 2 expected data

W|>|lo|o|lph|lO®|[NM|2]|O

Byte 3 expected data

1. Must be longword aligned (Flash address [1:0] = 00).

Upon clearing CCIF to launch the Program Check command, the FTFE sets the read
margin for 1s based on the provided margin choice according to Table 16-14. The
Program Check operation then reads the specified longword, and compares the actual
read data to the expected data provided by the FCCOB. If the comparison at margin-1
fails, the MGSTATO bit is set.

The FTFE will then set the read margin for Os based on the provided margin choice.The
Program Check operation will then read the specified longword and compare the actual
read data to the expected data provided by the FCCOB. If the comparison at margin-0
fails, the MGSTATO bit will be set. The CCIF flag will set after the Program Check
operation has completed.
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The starting address must be longword aligned (the lowest two bits of the byte address

must be 00):

» Byte 0 data is expected at the supplied 32-bit aligned address,
* Byte 1 data is expected at byte address specified + 0b01,
» Byte 2 data is expected at byte address specified + Ob10, and
» Byte 3 data is expected at byte address specified + Ob11.

NOTE

See the description of margin reads, Margin Read Commands

Table 16-14. Margin Level Choices for Program Check

Read Margin Choice

Margin Level Description

0x01

Read at 'User' margin-1 and 'User' margin-0

0x02

Read at 'Factory' margin-1 and 'Factory' margin-0

Table 16-15. Program Check Command Error Handling

An invalid margin choice is supplied

Error Condition Error Bit
Command not available in current mode/security FSTAT[ACCERR]
An invalid flash address is supplied FSTAT[ACCERR]
Flash address is not longword aligned FSTAT[ACCERR]
FSTAT[ACCERR]

the last reset

Flash address is located in an XA controlled segment and the Erase All Blocks, Erase All
Blocks Unsecure or the Read 1s All Blocks command has not successfully completed since

FSTAT[FPVIOL]

Either of the margin reads does not match the expected data

FSTAT[MGSTATO]

16.5.11.4 Read Resource Command

The Read Resource command is provided for the user to read data from special-purpose
memory resources located within the Flash module. The special-purpose memory
resources available include program flash IFR, data flash IFR space, and the Version ID
field. The Version ID field contains an 8 byte code that indicates a specific FTFE

implementation.

Table 16-16. Read Resource Command FCCOB Requirements

FCCOB Number

FCCOB contents [7:0]

0 0x03 (RDRSRC)
1 Flash address [23:16]
2 Flash address [15:8]

Table continues on the next page...
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Table 16-16. Read Resource Command FCCOB Requirements (continued)

FCCOB Number FCCOB contents [7:0]
Flash address [7:0]'

Resource select code (see Table 16-17)

N

Returned values
Read Data [64:56]
Read Data [55:48]
Read Data [47:40]
Read Data [39:32]
Read Data [31:24]
Read Data [23:16]
Read Data [15:8]
Read Data [7:0]

W >|lo|w|N|o|la| s>

1. Must be 64-bit aligned (Flash address [2:0] = 000).

Table 16-17. Read Resource Select Codes

Resource Select Code

Description

Resource Size

Local Address Range

0x00 Program Flash 0 IFR 1024 Bytes 0x00_0000 - 0x00_03FF
0x00 Data Flash 0 IFR 1024 Bytes 0x80_0000 - 0x80_03FF
0x01 Version ID 8 Bytes 0x00_0008 - 0x00_000F

After clearing CCIF to launch the Read Resource command, eight consecutive bytes are
read from the selected resource at the provided relative address and stored in the FCCOB
register. The CCIF flag will set after the Read Resource operation has completed. The
Read Resource command exits with an access error if an invalid resource code is

provided or if the address for the applicable area is out-of-range.

Table 16-18. Read Resource Command Error Handling

Error Condition Error Bit

Command not available in current mode/security FSTAT[ACCERR]
An invalid resource code is entered FSTAT[ACCERR]
Flash address is out-of-range for the targeted resource. FSTAT[ACCERR]
Flash address is not 64-bit aligned FSTAT[ACCERR]

16.5.11.5 Program Phrase command

The Program Phrase command programs eight previously-erased bytes in the program
flash memory or in the data flash memory using an embedded algorithm.
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CAUTION

A Flash memory location must be in the erased state before
being programmed. Cumulative programming of bits (back-to-
back program operations without an intervening erase) within a
Flash memory location is not allowed. Re-programming of
existing Os to 0 is not allowed as this overstresses the device.

Table 16-19. Program Phrase Command FCCOB Requirements

FCCOB Number

FCCOB Contents [7:0]

0x07 (PGMS)

Flash address [23:16]

Flash address [15:8]

Flash address [7:0]"

Byte 0 program value

Byte 1 program value

Byte 2 program value

Byte 3 program value

Byte 4 program value

Byte 5 program value

Byte 6 program value

| >lo|low(N[fojo|h|lw|NM|=|O

Byte 7 program value

1. Must be 64-bit aligned (Flash address [2:0] = 000)

Upon clearing CCIF to launch the Program Phrase command, the FTFE programs the
data bytes into the flash using the supplied address. The protection status is always
checked. The targeted flash locations must be currently unprotected (see the description
of the FPROT registers) to permit execution of the Program Phrase operation.

The programming operation is unidirectional. It can only move NVM bits from the erased
state ('1') to the programmed state ('0'). Erased bits that fail to program to the '0' state are
flagged as errors in MGSTATO. The CCIF flag is set after the Program Phrase operation

completes.

The starting address must be 64-bit aligned (flash address [2:0] = 000):

» Byte 0 data is written to the starting address ('start'),
* Byte 1 data is programmed to byte address start+0b01,

» Byte 2 data is programmed to byte address start+0b10, and
* Byte 3 data is programmed to byte address start+0b11, etc.
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Table 16-20. Program Phrase Command Error Handling

Error Condition Error Bit
Command not available in current mode/security FSTAT[ACCERR]
An invalid flash address is supplied FSTAT[ACCERR]
Flash address is not 64-bit aligned FSTAT[ACCERR]
Flash address points to a protected area FSTAT[FPVIOL]
Flash address is located in an XA controlled segment and the Erase All Blocks, Erase All

Blocks Unsecure or the Read 1s All Blocks command has not successfully completed since FSTAT[FPVIOL]
the last reset

Any errors have been encountered during the verify operation. FSTAT[MGSTATO]

16.5.11.6 Erase Flash Block Command

The Erase Flash Block operation erases all addresses in a single program flash or data
flash block.

Table 16-21. Erase Flash Block Command FCCOB Requirements

FCCOB Number FCCOB Contents [7:0]

0x08 (ERSBLK)
Flash address [23:16] in the flash block to be erased
Flash address [15:8] in the flash block to be erased
Flash address [7:0]" in the flash block to be erased

W= O

1. Must be 64-bit aligned (Flash address [2:0] = 000).

Upon clearing CCIF to launch the Erase Flash Block command, the FTFE erases the
main array of the selected flash block and verifies that it is erased. When the data flash is
targeted, DEPART must be set for no EEPROM (see Table 16-4) else the Erase Flash
Block command aborts setting the FSTAT[ACCERR] bit. The Erase Flash Block
command aborts and sets the FSTAT[FPVIOL] bit if any region within the block is
protected (see the description of the program flash protection (FPROT) registers and the
data flash protection (FDPROT) registers). If the erase verify fails, the MGSTATO bit in
FSTAT is set. The CCIF flag will set after the Erase Flash Block operation has
completed.

Table 16-22. Erase Flash Block Command Error Handling

Error Condition Error Bit

Command not available in current mode/security FSTAT[ACCERR]
Program flash is selected and the address is out of program flash range FSTAT[ACCERR]
Data flash is selected and the address is out of data flash range FSTAT[ACCERR]

Table continues on the next page...

Kinetis KE1xZ Sub-Family Reference Manual, Rev. 2, 09/2016
NXP Semiconductors 333




Functional Description

Table 16-22. Erase Flash Block Command Error Handling (continued)

Error Condition Error Bit
Data flash is selected with EEPROM enabled FSTAT[ACCERR]
Flash address is not 64-bit aligned FSTAT[ACCERR]
Any area of the selected flash block is protected FSTAT[FPVIOL]
The selected program flash block contains an XA controlled segment and the Erase All

Blocks, Erase All Blocks Unsecure or the Read 1s All Blocks command has not successfully FSTAT[FPVIOL]
completed since the last reset

Any errors have been encountered during the verify operation’ FSTAT[MGSTATO]

1. User margin read may be run using the Read 1s Block command to verify all bits are erased.

16.5.11.7 Erase Flash Sector command

The Erase Flash Sector operation erases all addresses in a flash sector.

Table 16-23. Erase Flash Sector Command FCCOB Requirements

FCCOB Number FCCOB Contents [7:0]
0x09 (ERSSCR)
Flash address [23:16] in the flash sector to be erased

Flash address [15:8] in the flash sector to be erased

W= O

Flash address [7:0]" in the flash sector to be erased

1. Must be 64-bit aligned (Flash address [2:0] = 000).

After clearing CCIF to launch the Erase Flash Sector command, the FTFE erases the
selected program flash or data flash sector and then verifies that it is erased. The Erase
Flash Sector command aborts if the selected sector is protected (see the description of the
FPROT registers). If the erase-verify fails the FSTAT[MGSTATO] bit is set. The CCIF
flag is set after the Erase Flash Sector operation completes. The Erase Flash Sector
command is suspendable (see the FCNFG[ERSSUSP] bit and Figure 16-11).

Table 16-24. Erase Flash Sector Command Error Handling

Error Condition Error Bit

Command not available in current mode/security FSTAT[ACCERR]
An invalid Flash address is supplied FSTAT[ACCERR]
Flash address is not 64-bit aligned FSTAT[ACCERR]
The selected program flash or data flash sector is protected FSTAT[FPVIOL]

The selected program flash sector is located in an XA controlled segment and the Erase All
Blocks, Erase All Blocks Unsecure or the Read 1s All Blocks command has not successfully FSTAT[FPVIOL]
completed since the last reset

Any errors have been encountered during the verify operation’ FSTAT[MGSTATO]
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1. User margin read may be run using the Read 1s Section command to verify all bits are erased.

16.5.11.7.1 Suspending an Erase Flash Sector Operation

To suspend an Erase Flash Sector operation set the FCNFG[ERSSUSP] bit when CCIF,
ACCERR, and FPVIOL are clear and the CCOB command field holds the code for the
Erase Flash Sector command. During the Erase Flash Sector operation (see Erase Flash
Sector command), the flash samples the state of the ERSSUSP bit at convenient points. If
the FTFE detects that the ERSSUSP bit is set, the Erase Flash Sector operation is
suspended and the FTFE sets CCIF. While ERSSUSP is set, all writes to flash registers
are ignored except for writes to the FSTAT and FCNFG registers.

If an Erase Flash Sector operation effectively completes before the FTFE detects that a
suspend request has been made, the FTFE clears the ERSSUSP bit prior to setting CCIF.
When an Erase Flash Sector operation has been successfully suspended, the FTFE sets
CCIF and leaves the ERSSUSP bit set. While CCIF is set, the ERSSUSP bit can only be
cleared to prevent the withdrawal of a suspend request before the FTFE has
acknowledged it.

16.5.11.7.2 Resuming a Suspended Erase Flash Sector Operation

If the ERSSUSP bit is still set when CCIF is cleared to launch the next command, the
previous Erase Flash Sector operation resumes. The FTFE acknowledges the request to
resume a suspended operation by clearing the ERSSUSP bit. A new suspend request can
then be made by setting ERSSUSP. A single Erase Flash Sector operation can be
suspended and resumed multiple times.

There is a minimum elapsed time limit of 4.3 msec between the request to resume the
Erase Flash Sector operation (CCIF is cleared) and the request to suspend the operation
again (ERSSUSP is set). This minimum time period is required to ensure that the Erase
Flash Sector operation will eventually complete. If the minimum period is continually
violated, i.e. the suspend requests come repeatedly and too quickly, no forward progress
is made by the Erase Flash Sector algorithm. The resume/suspend sequence runs
indefinitely without completing the erase.

16.5.11.7.3 Aborting a Suspended Erase Flash Sector Operation

The user may choose to abort a suspended Erase Flash Sector operation by clearing the
ERSSUSP bit prior to clearing CCIF for the next command launch. When a suspended
operation is aborted, the FTFE starts the new command using the new FCCOB contents.
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While FCNFG[ERSSUSP] is set, a write to the FlexRAM while FCNFG[EEERDY] is set
clears ERSSUSP and aborts the suspended operation. The FlexRAM write operation is
executed by the FTFE.

Note

Aborting the erase leaves the bitcells in an indeterminate,
partially-erased state. Data in this sector is not reliable until a
new erase command fully completes.

The following figure shows how to suspend and resume the Erase Flash Sector operation.
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Figure 16-11. Suspend and Resume of Erase Flash Sector Operation
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16.5.11.8 Program Section command

The Program Section operation programs the data found in the section program buffer to
previously erased locations in the flash memory using an embedded algorithm. Data is
preloaded into the section program buffer by writing to the FlexRAM while it is set to
function as a programming acceleration RAM (see Flash sector programming).

The section program buffer is limited to the lower quarter of the programming
acceleration RAM (relative byte addresses 0x0000-0OxO1FF - be sure to check your device
specific memory map for the location of the programming acceleration RAM or
FlexRAM). Data written to the remainder of the programming acceleration RAM is
ignored and may be overwritten during Program Section command execution.

CAUTION

A flash memory location must be in the erased state before
being programmed. Cumulative programming of bits (back-to-
back program operations without an intervening erase) within a
flash memory location is not allowed. Re-programming of
existing Os to 0 is not allowed as this overstresses the device.

Table 16-25. Program Section Command FCCOB Requirements

FCCOB Number FCCOB Contents [7:0]
0x0B (PGMSEC)
Flash address [23:16]
Flash address [15:8]
Flash address [7:0]'
Number of phrases to program [15:8]

alh|lOWIN|=|O

Number of phrases to program [7:0]

1. Must be 64-bit aligned (Flash address [2:0] = 000).

After clearing CCIF to launch the Program Section command, the FTFE will block access
to the FlexRAM and program the data residing in the Section Program Buffer into the
flash memory starting at the flash address provided.

The starting address must be unprotected (see the description of the FPROT registers) to
permit execution of the Program Section operation. Programming, which is not allowed
to cross a flash sector boundary, continues until all requested phrases have been
programmed.

After the Program Section operation has completed, the CCIF flag will set and normal
access to the FlexRAM is restored. The contents of the Section Program Buffer are not
changed by the Program Section operation.

Kinetis KE1xZ Sub-Family Reference Manual, Rev. 2, 09/2016
338 NXP Semiconductors




Chapter 16 Flash Memory Module (FTFE)

Table 16-26. Program Section Command Error Handling

Error Condition Error Bit
Command not available in current mode/security FSTAT[ACCERR]
An invalid flash address is supplied FSTAT[ACCERR]
Flash address is not 64-bit aligned FSTAT[ACCERR]
The requested section crosses a program flash sector boundary FSTAT[ACCERR]
The requested number of phrases is zero FSTAT[ACCERR]
'(;'S:rts:rat(;‘z rseiggigﬁht: Etlg)r(?qu?\:la for the requested number of phrases is more than one FSTAT[ACCERR]
The FlexBRAM is not set to function as a traditional RAM, i.e. set if RAMRDY=0 FSTAT[ACCERR]
The flash address falls in a protected area FSTAT[FPVIOL]
The requested flash section is located in an XA controlled segment and the Erase All Blocks,

Erase All Blocks Unsecure or the Read 1s All Blocks command has not successfully FSTAT[FPVIOL]
completed since the last reset

Any errors have been encountered during the verify operation FSTAT[MGSTATOQ]

16.5.11.8.1 Flash sector programming

The process of programming an entire flash sector using the Program Section command
is as follows:

1.

2.

(8]

Nowm

If required, execute the Set FlexRAM Function command to make the FlexRAM
available as traditional RAM and initialize the FlexXRAM to all ones.

Launch the Erase Flash Sector command to erase the flash sector to be programmed.
Beginning with the starting address of the FlexRAM, sequentially write enough data
to the RAM to fill an entire flash sector, or as much data is allowed due to RAM size
versus flash sector size. This area of the RAM serves as the section program buffer.

NOTE
In step 1, the section program buffer was initialized to all
ones, the erased state of the flash memory.

The section program buffer can be written to while the operation launched in step 2
1s executing, i.e. while CCIF = 0.

Execute the Program Section command to program the contents of the section
program buffer into the selected flash sector.

Repeat steps 3 through 4 to complete the entire flash sector, if necessary.

To program additional flash sectors, repeat steps 2 through 5.

To restore EEPROM functionality, execute the Set FlexRAM Function command to
make the FlexRAM available for EEPROM.
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16.5.11.9 Read 1s All Blocks Command

The Read 1s All Blocks command checks if the program flash blocks, data flash blocks,
EEPROM backup records, and data flash IFR have been erased to the specified read
margin level, if applicable, and releases security if the readout passes, i.e. all data reads as
"1

Table 16-27. Read 1s All Blocks Command FCCOB Requirements

FCCOB Number FCCOB Contents [7:0]
0 0x40 (RD1ALL)
1 Read-1 Margin Choice

After clearing CCIF to launch the Read 1s All Blocks command, the FTFE :

* sets the read margin for 1s according to Table 16-28,
* checks the contents of the program flash, data flash, EEPROM backup records, and
data flash IFR are in the erased state.

If the FTFE confirms that these memory resources are erased, access control is disabled
and security is released by setting the FSEC[SEC] field to the unsecure state. The
security byte in the flash configuration field (see Flash configuration field description)
remains unaffected by the Read 1s All Blocks command. If the read fails, i.e. all flash
memory resources are not in the fully erased state, the FSTAT[MGSTATO] bit 1s set.

The EEERDY and RAMRDY bits are clear during the Read 1s All Blocks operation and
are restored at the end of the Read 1s All Blocks operation.

The CCIF flag sets after the Read 1s All Blocks operation has completed.
Table 16-28. Margin Level Choices for Read 1s All Blocks

Read Margin Choice Margin Level Description
0x00 Use the 'normal’ read level for 1s
0x01 Apply the ‘User' margin to the normal read-1 level
0x02 Apply the 'Factory' margin to the normal read-1 level

Table 16-29. Read 1s All Blocks Command Error Handling

Error Condition Error Bit

Command not available in current mode/security FSTAT[ACCERR]
An invalid margin choice is specified FSTAT[ACCERR]
Read-1s fails FSTAT[MGSTATO]
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16.5.11.10 Read Once Command

The Read Once command provides read access to a reserved 96-byte field located in the
program flash IFR (see Program flash O IFR map and Program Once field). Access to the
Program Once field is via 12 records, each 8 bytes long. The Program Once field is
programmed using the Program Once command described in Program Once command.

Table 16-30. Read Once Command FCCOB Requirements

FCCOB Number FCCOB Contents [7:0]
0 0x41 (RDONCE)
1 Program Once record index (0x00 - 0x0B)

Returned Values

Program Once byte 0 value

Program Once byte 1 value

Program Once byte 2 value

Program Once byte 3 value

Program Once byte 4 value

Program Once byte 5 value

Program Once byte 6 value

W >|lo|w|N|o|la| s>

Program Once byte 7 value

After clearing CCIF to launch the Read Once command, an 8-byte Program Once record
is read from the program flash IFR and stored in the FCCOB register. The CCIF flag is
set after the Read Once operation completes. Valid record index values for the Read
Once command range from 0x00 to 0xOB. During execution of the Read Once command,
any attempt to read addresses within the program flash block containing this 96-byte field
returns invalid data. The Read Once command can be executed any number of times.

Table 16-31. Read Once Command Error Handling

Error Condition Error Bit
Command not available in current mode/security FSTAT[ACCERR]
An invalid record index is supplied FSTAT[ACCERR]

16.5.11.11 Program Once command

The Program Once command enables programming to a reserved 96-byte field in the
program flash IFR (see Program flash O IFR map and Program Once field). Access to the
Program Once field is via 12 records, each 8 bytes long. The Program Once field can be
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read using the Read Once command (see Read Once Command) or using the Read
Resource command (see Read Resource Command). Each Program Once record can be
programmed only once since the program flash IFR cannot be erased.

Table 16-32. Program Once Command FCCOB Requirements

FCCOB Number FCCOB Contents [7:0]
0x43 (PGMONCE)
Program Once record index (0x00 - 0x0B)
Not Used
Not Used
Program Once Byte 0 value

Program Once Byte 1 value

Program Once Byte 2 value

Program Once Byte 3 value

Program Once Byte 4 value

Program Once Byte 5 value

Program Once Byte 6 value

| >lo|low(N[fojo|h|lw|NM|=|O

Program Once Byte 7 value

After clearing CCIF to launch the Program Once command, the FTFE first verifies that
the selected record is erased. If erased, then the selected record is programmed using the
values provided. The Program Once command also verifies that the programmed values
read back correctly. The CCIF flag is set after the Program Once operation has
completed.

The reserved program flash IFR location accessed by the Program Once command cannot
be erased and any attempt to program one of these records when the existing value is not
Fs (erased) is not allowed. Valid record index values for the Program Once command
range from 0x00 to 0xOB. During execution of the Program Once command, any attempt
to read addresses within program flash returns invalid data.

Table 16-33. Program Once Command Error Handling

Error Condition Error Bit
Command not available in current mode/security FSTAT[ACCERR]
An invalid record index is supplied FSTAT[ACCERR]
The requested record has already been programmed to a non-erased value' FSTAT[ACCERR]
Any errors have been encountered during the verify operation. FSTAT[MGSTATO]

1. If a Program Once record is initially programmed to OxFFFF_FFFF_FFFF_FFFF, the Program Once command is allowed
to execute again on that same record.
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16.5.11.12 Erase All Blocks Command

The Erase All Blocks operation erases all flash memory, initializes the FlexRAM, verifies
all memory contents, and releases MCU security.

Table 16-34. Erase All Blocks Command FCCOB Requirements

FCCOB Number FCCOB Contents [7:0]
0 0x44 (ERSALL)

After clearing CCIF to launch the Erase All Blocks command, the FTFE erases all
program flash memory, data flash memory, data flash IFR space, EEPROM backup
memory, and FlexRAM, then verifies that all are erased.

If the FTFE verifies that all flash memories and the FlexRAM were properly erased,
access control is disabled and security is released by setting the FSEC[SEC] field to the
unsecure state and the FCNFG[RAMRDY] bit is set. The Erase All Blocks command
aborts if any flash or FlexRAM region is protected. The security byte and all other
contents of the flash configuration field (see Flash configuration field description) are
erased by the Erase All Blocks command. If the erase-verify fails, the
FSTAT[MGSTATO] bit is set. The CCIF flag is set after the Erase All Blocks operation
completes.

Access control determined by the contents of the FXACC registers will not block
execution of the Erase All Blocks command. While most Flash memory will be erased,
the program flash O IFR space containing the Program Once XACC and SACC fields will
not be erased and, therefore, the contents of the Program Once XACC and SACC fields
will not change. The contents of the FXACC and FSACC registers will not be impacted
by the execution of the Erase All Blocks command. After completion of the Erase All
Blocks command, access control is disabled until the next reset of the flash module or the
Read 1s All Blocks command is executed and fails (FSTAT[MGSTATO] is set).

Table 16-35. Erase All Blocks Command Error Handling

Error Condition Error Bit
Command not available in current mode/security FSTAT[ACCERR]
Any region of the program flash memory, data flash memory, or FlexRAM is protected FSTAT[FPVIOL]
Any errors have been encountered during the verify operation’ FSTAT[MGSTATO]

1. User margin read may be run using the Read 1s All Blocks command to verify all bits are erased.
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16.5.11.12.1 Triggering an erase all external to the flash module

The functionality of the Erase All Blocks/Erase All Blocks Unsecure command is also
available in an uncommanded fashion outside of the flash memory. Refer to the device's
Chip Configuration details for information on this functionality.

Before invoking the external erase all function, the FCCOBO register must not contain
0x44. When invoked, the erase-all function erases all program flash memory, data flash
memory, data flash IFR space, EEPROM backup, and FlexRAM regardless of the state of
the FSTAT[ACCERR and FPVIOL] flags or the protection settings. If the post-erase
verify passes, access control determined by the contents of the FXACC registers is
disabled and the routine releases security by setting the FSEC[SEC] field register to the
unsecure state and the FCNFG[RAMRDY] bit sets. The security byte in the Flash
Configuration Field is also programmed to the unsecure state. The status of the erase-all
request is reflected in the FCNFG[ERSAREQ)] bit. The FCNFG[ERSAREQ)] bit is
cleared once the operation completes and the normal FSTAT error reporting, except
FPVIOL, is available as described in Erase All Blocks Command/Erase All Blocks
Unsecure Command.

16.5.11.13 Verify Backdoor Access Key command

The Verify Backdoor Access Key command only executes if the mode and security
conditions are satisfied (see Flash commands by mode). Execution of the Verify
Backdoor Access Key command is further qualified by the FSEC[KEYEN] bits. The
Verify Backdoor Access Key command releases security if user-supplied keys in the
FCCOB match those stored in the Backdoor Comparison Key bytes of the Flash
Configuration Field. The column labeled Flash Configuration Field offset address shows
the location of the matching byte in the Flash Configuration Field.

Table 16-36. Verify Backdoor Access Key Command FCCOB Requirements

FCCOB Number FCCOB Contents [7:0] Flash Configuration Field Offset Address

0 0x45 (VFYKEY)

1-3 Not Used

4 Key Byte 0 0x0_0003
5 Key Byte 1 0x0_0002
6 Key Byte 2 0x0_0001
7 Key Byte 3 0x0_0000
8 Key Byte 4 0x0_0007
9 Key Byte 5 0x0_0006
A Key Byte 6 0x0_0005
B Key Byte 7 0x0_0004
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After clearing CCIF to launch the Verify Backdoor Access Key command, the FTFE
checks the FSEC[KEYEN] bits to verify that this command is enabled. If not enabled, the
FTFE sets the FSTAT[ACCERR] bit and terminates. If the command is enabled, the
FTFE compares the key provided in FCCOB to the backdoor comparison key in the Flash
Configuration Field. If the backdoor keys match, the FSEC[SEC] field is changed to the
unsecure state and security is released. If the backdoor keys do not match, security is not
released and all future attempts to execute the Verify Backdoor Access Key command are
immediately aborted and the FSTAT[ACCERR] bit is (again) set to 1 until a reset of the
FTFE module occurs. If the entire 8-byte key is all zeros or all ones, the Verify Backdoor
Access Key command fails with an access error. The CCIF flag 1s set after the Verify
Backdoor Access Key operation completes.

Table 16-37. Verify Backdoor Access Key Command Error Handling

Error Condition Error Bit

Command not available in current mode/security FSTAT[ACCERR]
The supplied key is all-Os or all-Fs FSTAT[ACCERR]
An incorrect backdoor key is supplied FSTAT[ACCERR]
Backdoor key access has not been enabled (see the description of the FSEC register) FSTAT[ACCERR]
'rl;}hsiztcommand is launched and the backdoor key has mismatched since the last power down FSTAT[ACCERR]

16.5.11.14 Erase All Blocks Unsecure Command

The Erase All Blocks Unsecure operation erases all flash memory, initializes the
FlexRAM, verifies all memory contents, programs the security byte in the Flash
Configuration Field to the unsecure state, and releases MCU security.

Table 16-38. Erase All Blocks Unsecure Command FCCOB Requirements

FCCOB Number FCCOB Contents [7:0]
0 0x49 (ERSALLU)

After clearing CCIF to launch the Erase All Blocks Unsecure command, the FTFE erases
all program flash memory, data flash memory, data flash IFR space, EEPROM backup
memory, and FlexRAM, then verifies that all are erased.

If the FTFE verifies that all flash memories and the FlexRAM were properly erased,
access control is disabled and security is released by setting the FSEC[SEC] field to the
unsecure state, the security byte (see Flash configuration field description) is
programmed to the unsecure state by the Erase All Blocks Unsecure command, and the
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FCNFG[RAMRDY] bit is set. If the erase or program verify fails, the
FSTAT[MGSTATO] bit is set. The CCIF flag is set after the Erase All Blocks Unsecure
operation completes.

Access control determined by the contents of the FXACC registers will not block
execution of the Erase All Blocks Unsecure command. While most Flash memory will be
erased, the program flash O IFR space containing the Program Once XACC and SACC
fields will not be erased and, therefore, the contents of the Program Once XACC and
SACC fields will not change. The contents of the FXACC and FSACC registers will not
be impacted by the execution of the Erase All Blocks Unsecure command. After
completion of the Erase All Blocks Unsecure command, access control is disabled until
the next reset of the flash module or the Read 1s All Blocks command is executed and
fails (FSTAT[MGSTATO] is set).

Table 16-39. Erase All Blocks Unsecure Command Error Handling

Error Condition Error Bit
Command not available in current mode/security FSTAT[ACCERR]
Any errors have been encountered during erase or program verify operations FSTAT[MGSTATO]

16.5.11.15 Read 1s All Execute-only Segments Command

The Read 1s All Execute-only Segments command checks if the program flash execute-
only segments defined by the FXACC registers have been erased to the specified read
margin level, if applicable, and releases flash access control if the readout passes, i.e. all
data reads as 'l".

Table 16-40. Read 1s All Execute-only Segments Command FCCOB Requirements

FCCOB Number FCCOB Contents [7:0]
0 0x4A (RD1XA)
1 Read-1 Margin Choice

After clearing CCIF to launch the Read 1s All Execute-only Segments command, the
flash memory module :

* sets the read margin for 1s according to Table 16-41,
* checks the contents of the program flash execute-only segments are in the erased
state.
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If the flash memory module confirms that these segments are erased, flash access control
is disabled until the next reset or, after programming any of the execute-only segments,
the Read 1s All Execute-only Segments command is executed and fails with the
FSTAT[MGSTATO] bit set. If the read fails, 1.e. all segments are not in the fully erased
state, the FSTAT[MGSTATO] bit is set.

The CCIF flag sets after the Read 1s All Execute-only Segments operation has
completed.

Table 16-41. Margin Level Choices for Read 1s All Execute-only Segments

Read Margin Choice Margin Level Description
0x00 Use the 'normal’ read level for 1s
0x01 Apply the ‘User' margin to the normal read-1 level
0x02 Apply the 'Factory' margin to the normal read-1 level

Table 16-42. Read 1s All Execute-only Segments Command Error Handling

Error Condition Error Bit

Command not available in current mode/security FSTAT[ACCERR]
An invalid margin choice is specified FSTAT[ACCERR]
Read-1s fails FSTAT[MGSTATO]

16.5.11.16 Erase All Execute-only Segments Command

The Erase All Execute-only Segments operation erases all program flash execute-only
segments defined by the FXACC registers, verifies all segments are erased, and releases
flash access control.

Table 16-43. Erase All Execute-only Segments Command FCCOB Requirements

FCCOB Number FCCOB Contents [7:0]
0 0x4B (ERSXA)

After clearing CCIF to launch the Erase All Execute-only Segments command, the flash
memory module erases all program flash execute-only segments, then verifies that all
segments are erased.

If the flash memory module verifies that all segments were properly erased, flash access
control is disabled until the next reset or, after programming any of the execute-only
segments, the Read 1s All Execute-only Segments command is executed and fails with
the FSTAT[MGSTATO] bit set. The Erase All Execute-only Segments command aborts if
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any XA controlled segment is protected. If the erase-verify fails, the FSTAT[MGSTATO]
bit is set. The CCIF flag is set after the Erase All Execute-only Segments operation
completes.

Access control determined by the contents of the FXACC registers will not block
execution of the Erase All Execute-only Segments command. While all XA controlled
segments will be erased, the program flash IFR space containing the Program Once
XACC fields will not be erased and, therefore, the contents of the Program Once XACC
fields will not change. The contents of the FXACC registers will not be impacted by the
execution of the Erase All Execute-only Segments command.

Table 16-44. Erase All Execute-only Segments Command Error Handling

Error Condition Error Bit
Command not available in current mode/security FSTAT[ACCERR]
Any XA controlled segment in the program flash memory is protected FSTAT[FPVIOL]
Any errors have been encountered during the verify operation FSTAT[MGSTATO]

16.5.11.17 Program Partition command

The Program Partition command prepares the FlexNVM block for use as data flash,
EEPROM backup, or a combination of both and initializes the FlexRAM. The Program
Partition command must not be launched from flash memory, since flash memory
resources are not accessible during Program Partition command execution.

CAUTION

While different partitions of the FlexNVM are available, the
intention is that a single partition choice is used throughout the
entire lifetime of a given application. The FlexNVM Partition
Code choices affect the endurance and data retention
characteristics of the device.

Table 16-45. Program Partition Command FCCOB Requirements

FCCOB Number FCCOB Contents [7:0]
0 0x80 (PGMPART)
1 Not Used
2 Not Used
FlexRAM load during reset option (only bit 0 used):
3 0 - FlexRAM loaded with valid EEPROM data during reset sequence
1 - FlexRAM not loaded during reset sequence

Table continues on the next page...
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Table 16-45. Program Partition Command FCCOB Requirements (continued)

FCCOB Number FCCOB Contents [7:0]
EEPROM Data Set Size Code'’
FlexNVM Partition Code?

1. See Valid EEPROM Data Set Size Codes and EEPROM Data Set Size
2. See Valid FlexNVM Partition Codes and FlexNVM partition code

Table 16-46. Valid EEPROM Data Set Size Codes

EEPROM Data Set Size Code (FCCOB4)! EEPROM Data Set Size (Bytes)
EEESPLIT (FCCOBA4[5:4)] EEESIZE (FCCOB4[3:0])

11 OxF 02

11 0x9 32

11 0x8 64

11 0x7 128

11 0x6 256

11 0x5 512

1 Ox4 1,024

11 0x3 2,048

1. FCCOB4[7:6] = 00
2. EEPROM Data Set Size must be set to 0 Bytes when the FlexNVM Partition Code is set for no EEPROM.

Table 16-47. Valid FlexNVM Partition Codes

FlexNVM Partition Code DEPART Data flash Size (Kbytes) EEPROM-backup Size (Kbytes)
(FCCOB5[3:0)"
0000 32 0
0011 0 32
1000 0 32
1001 8 24
1011 32 0

1. FCCOBS5[7:4] = 0000

After clearing CCIF to launch the Program Partition command, the FTFE first verifies
that the EEPROM Data Set Size Code and FlexNVM Partition Code in the data flash IFR
are erased. If erased, the Program Partition command erases the contents of the FlexNVM
memory. If the FlexNVM is to be partitioned for EEPROM backup, the allocated
EEPROM backup sectors are formatted for EEPROM use. Finally, the partition codes are
programmed into the data flash IFR using the values provided. The Program Partition
command also verifies that the partition codes read back correctly after programming.
The CCIF flag is set after the Program Partition operation completes.
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Prior to launching the Program Partition command, the data flash IFR must be in an
erased state, which can be accomplished by executing the Erase All Blocks command or
by an external request (see Erase All Blocks Command). The EEPROM Data Set Size
Code and FlexXNVM Partition Code are read using the Read Resource command (see

Read Resource Command).

Table 16-48. Program Partition Command Error Handling

Error Condition Error Bit

Command not available in current mode/security FSTAT[ACCERR]
The EEPROM data size and FlexNVM partition code bytes are not initially OXFFFF FSTAT[ACCERR]
Invalid EEPROM Data Set Size Code is entered (see Table 16-46 for valid codes) FSTAT[ACCERR]
Invalid FlexNVM Partition Code is entered (see Table 16-47 for valid codes) FSTAT[ACCERR]
E:E):g:g\sﬂ ;:sgﬁ&?gggggglgﬁta flash (no EEPROM) and EEPROM Data Set Size Code FSTAT[ACCERR]
(F;Isg(le\l\énl\g;?;t;tlrc:g l(:)IdeR :I'\Ijl)?s:eEsEsggge N1I‘or EEPROM backup, but EEPROM Data Set Size FSTAT[ACCERR]
FCCOB4([7:6] = 00 FSTAT[ACCERR]
FCCOB5[7:4] != 0000 FSTAT[ACCERR]
Any errors have been encountered during the verify operation FSTAT[MGSTATOQ]

16.5.11.18 Set FlexRAM Function command

The Set FlexRAM Function command changes the function of the FlexRAM:
e When not partitioned for EEPROM, the FlexRAM is typically used as traditional

RAM.
* When partitioned for EEPROM, the FlexRAM is typically used to store EEPROM
data.
Table 16-49. Set FlexRAM Function Command FCCOB Requirements
FCCOB Number FCCOB Contents [7:0]
0 0x81 (SETRAM)

FlexRAM Function Control Code
(see Table 16-50)

1

Table 16-50. FlexRAM Function Control

FlexRAM Function

Control Code Action

Make FlexRAM available as RAM:
¢ Clear the FCNFG[RAMRDY] and FCNFG[EEERDY] flags

Table continues on the next page...
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Table 16-50. FlexRAM Function Control (continued)

FlexRAM Function

Control Code Action

* Write a background of ones to all FlexRAM locations
* Set the FCNFG[RAMRDY] flag

Make FlexRAM available for EEPROM:

Clear the FCNFG[RAMRDY] and FCNFG[EEERDY] flags
Write a background of ones to all FlexRAM locations
Copy-down existing EEPROM data to FlexRAM

Set the FCNFG[EEERDY] flag

0x00

After clearing CCIF to launch the Set FlexRAM Function command, the FTFE sets the
function of the FlexRAM based on the FlexRAM Function Control Code.

When making the FlexRAM available as traditional RAM, the FTFE clears the
FCNFG[EEERDY] and FCNFG[RAMRDY] flags, overwrites the contents of the entire
FlexRAM with a background pattern of all ones, and sets the FCNFG[RAMRDY] flag.
The state of the EPROT register does not prevent the FlexRAM from being overwritten.
When the FlexRAM is set to function as a RAM, normal read and write accesses to the
FlexRAM are available. When large sections of flash memory need to be programmed,
e.g. during factory programming, the FlexRAM can be used as the Section Program
Buffer for the Program Section command (see Program Section command).

When making the FlexRAM available for EEPROM, the FTFE clears the
FCNFG[RAMRDY] and FCNFG[EEERDY] flags, overwrites the contents of the
FlexRAM allocated for EEPROM with a background pattern of all ones, and copies the
existing EEPROM data from the EEPROM backup record space to the FlexRAM. After
completion of the EEPROM copy-down, the FCNFG[EEERDY] flag is set. When the
FlexRAM is set to function as EEPROM, normal read and write access to the FlexRAM
is available, but writes to the FlexRAM also invoke EEPROM activity.

The CCIF flag will be set after the Set FlexRAM Function operation has completed.
Table 16-51. Set FlexRAM Function Command Error Handling

Error Condition Error Bit
Command not available in current mode/security FSTAT[ACCERR]
FlexRAM Function Control Code is not defined FSTAT[ACCERR]

FlexBRAM Function Control Code is set to make the FlexRAM available for EEPROM, but

FlexNVM is not partitioned for EEPROM FSTATIACCERR]
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16.5.12 Security

The FTFE module provides security information to the MCU based on contents of the
FSEC security register. The MCU then limits access to FTFE resources as defined in the
device's Chip Configuration details. During reset, the FTFE module initializes the FSEC
register using data read from the security byte of the Flash Configuration Field (see Flash
configuration field description).

The following fields are available in the FSEC register. Details of the settings are
described in the FSEC register description.

Flash security features are discussed further in AN4507: Using the Kinetis Security and
Flash Protection Features . Some features described in the application note may not be
available on this device.

Table 16-52. FSEC fields

FSEC field Description
KEYEN Backdoor Key Access
MEEN Mass Erase Capability
FSLACC Factory Security Level Access
SEC MCU security

16.5.12.1 Changing the Security State

The security state out of reset can be permanently changed by programming the security
byte of the flash configuration field. This assumes that you are starting from a mode
where the necessary program flash erase and program commands are available and that
the region of the program flash containing the flash configuration field is unprotected. If
the flash security byte is successfully programmed, its new value takes effect after the
next MCU reset.

16.5.12.1.1 Unsecuring the MCU Using Backdoor Key Access

The MCU can be unsecured by using the backdoor key access feature which requires
knowledge of the contents of the 8-byte backdoor key value stored in the Flash
Configuration Field (see Flash configuration field description). If the FSEC[KEYEN] bits
are in the enabled state, the Verify Backdoor Access Key command (see Verify Backdoor
Access Key command) can be run which allows the user to present prospective keys for
comparison to the stored keys. If the keys match, the FSEC[SEC] bits are changed to
unsecure the MCU. The entire 8-byte key cannot be all Os or all 1s, 1.e.
0x0000_0000_0000_0000 and OxFFFF_FFFF_FFFF_FFFF are not accepted by the
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Verify Backdoor Access Key command as valid comparison values. While the Verify
Backdoor Access Key command is active, program flash memory is not available for read
access and returns invalid data.

The user code stored in the program flash memory must have a method of receiving the
backdoor keys from an external stimulus. This external stimulus would typically be
through one of the on-chip serial ports.

If the KEYEN bits are in the enabled state, the MCU can be unsecured by the backdoor
key access sequence described below:

1. Follow the command sequence for the Verify Backdoor Access Key command as
explained in Verify Backdoor Access Key command

2. If the Verify Backdoor Access Key command is successful, the MCU is unsecured
and the FSEC[SEC] bits are forced to the unsecure state

An illegal key provided to the Verify Backdoor Access Key command prohibits future
use of the Verify Backdoor Access Key command. A reset of the MCU is the only
method to re-enable the Verify Backdoor Access Key command when a comparison fails.

After the backdoor keys have been correctly matched, the MCU is unsecured by changing
the FSEC[SEC] bits. A successful execution of the Verify Backdoor Access Key
command changes the security in the FSEC register only. It does not alter the security
byte or the keys stored in the Flash Configuration Field (Flash configuration field
description). After the next reset of the MCU, the security state of the FTFE module
reverts back to the Flash security byte in the Flash Configuration Field. The Verify
Backdoor Access Key command sequence has no effect on the program and erase
protections defined in the program flash protection registers.

If the backdoor keys successfully match, the unsecured MCU has full control of the
contents of the Flash Configuration Field. The MCU may erase the sector containing the
Flash Configuration Field and reprogram the flash security byte to the unsecure state and
change the backdoor keys to any desired value.

16.5.12.2 Unsecuring the MCU Using Backdoor Key Access

The MCU can be unsecured by using the backdoor key access feature which requires
knowledge of the contents of the 8-byte backdoor key value stored in the Flash
Configuration Field (see Flash configuration field description). If the FSEC[KEYEN] bits
are in the enabled state, the Verify Backdoor Access Key command (see Verify Backdoor
Access Key command) can be run which allows the user to present prospective keys for
comparison to the stored keys. If the keys match, the FSEC[SEC] bits are changed to
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unsecure the MCU. The entire 8-byte key cannot be all Os or all 1s, i.e.
0x0000_0000_0000_0000 and OxFFFF_FFFF_FFFF_FFFF are not accepted by the
Verify Backdoor Access Key command as valid comparison values. While the Verify
Backdoor Access Key command is active, program flash memory is not available for read
access and returns invalid data.

The user code stored in the program flash memory must have a method of receiving the
backdoor keys from an external stimulus. This external stimulus would typically be
through one of the on-chip serial ports.

If the KEYEN bits are in the enabled state, the MCU can be unsecured by the backdoor
key access sequence described below:

1. Follow the command sequence for the Verify Backdoor Access Key command as
explained in Verify Backdoor Access Key command

2. If the Verify Backdoor Access Key command is successful, the MCU is unsecured
and the FSEC[SEC] bits are forced to the unsecure state

An illegal key provided to the Verify Backdoor Access Key command prohibits future
use of the Verify Backdoor Access Key command. A reset of the MCU is the only
method to re-enable the Verify Backdoor Access Key command when a comparison fails.

After the backdoor keys have been correctly matched, the MCU is unsecured by changing
the FSEC[SEC] bits. A successful execution of the Verify Backdoor Access Key
command changes the security in the FSEC register only. It does not alter the security
byte or the keys stored in the Flash Configuration Field (Flash configuration field
description). After the next reset of the MCU, the security state of the FTFE module
reverts back to the Flash security byte in the Flash Configuration Field. The Verify
Backdoor Access Key command sequence has no effect on the program and erase
protections defined in the program flash protection registers.

If the backdoor keys successfully match, the unsecured MCU has full control of the
contents of the Flash Configuration Field. The MCU may erase the sector containing the
Flash Configuration Field and reprogram the flash security byte to the unsecure state and
change the backdoor keys to any desired value.

16.6 Reset Sequence

On each system reset the FTFE module executes a sequence which establishes initial
values for the flash block configuration parameters, FPROT, FDPROT, FEPROT, FOPT,
FSEC, FXACC, FSACC, and FACNFG registers and the FCNFG[RAMRDY, EEERDY]
bits.
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CCIF 1s cleared throughout the reset sequence. The FTFE module holds off all CPU
access for a portion of the reset sequence. Flash reads are possible when the hold is
removed. Completion of the reset sequence is marked by setting CCIF which enables
flash user commands.

If a reset occurs while any FTFE command is in progress, that command is immediately
aborted. The state of the word being programmed or the sector/block being erased is not
guaranteed. Commands and operations do not automatically resume after exiting reset.

16.7 Usage Guide

Related application notes on this FTFE module are as follows.
* Production Flash Programming Best Practices for Kinetis K- and L-series MCUs
» Using the Kinetis Security and Flash Protection Features
 Using the Kinetis Family Enhanced EEPROM Functionality
* Robust Over-the-Air Firmware Updates Using Program Flash Memory Swap on
Kinetis Microcontrollers
» Using the Kinetis Flash Execute-Only Access Control Feature
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Chapter 17
Clock Distribution

17.1 Introduction

This chapter presents the clock architecture overview of this device, the clock distribution
and module clocks, and a clock terminology section. The clocking generation and
configuration can be divided into 3 parts:

1. Clock sources generation
e FIRC, SIRC, SOSC, LPFLL, all from the SCG module
* OSC32
e LPO from PMC

2. Peripheral Clock Controller (PCC)

3. Module level clock control (Inside specific peripherals)

The System Clock Generator (SCG) module is used on this device for main system clock
generation. It generates clock sources like Fast IRC (FIRC, 48/52/56/60M, within 1%
accuracy), Slow IRC (SIRC, 2/8M, within 3% accuracy), System Oscillator (SOSC) and
LPFLL. It controls which clock source is used to derive the system clocks. The SCG also
divides the selected clock source into a variety of clock domains, including the clocks for
the system bus masters, system bus slaves, and flash memory .

Besides the clocks generated by SCG, there are other clock generator: OSC32, and LPO
from PMC.

Clock selection for most modules is controlled by the Peripheral Clock Controller (PCC)
module. The PCC also implements module-specific clock gating to allow granular shutoff
of modules.

Various modules have module-specific clocks that can be generated from the
FIRC_CLK, SIRC_CLK, SOSC_CLK, FLL_CLK clock. In addition, there are various
other module-specific clocks that have other alternate sources. While clock selection for
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most modules is controlled by the PCC module, some peripherals have clock source
selection/divider inside the module, for details, please see the "Peripheral Clock
Summary" table for more information.

17.2 High-Level clocking diagram

The following diagram shows the high-level clocking architecture and various clock
sources for this device.
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Figure 17-1. Clocking Diagram

17.3 Clock definitions

The following table describes the clocks in the previous block diagram and other sections
of this document.

Clock name Description
CORE_CLK Clocks the ARM core, divided by DIVCORE bits inside SCG
SYS_CLK Clocks the Crossbar, NVIC, Flash controller, FTM and PDB,

etc. SYS_CLK can run up to CORE_CLK and divided by
DIVCORE bits inside SCG.

Table continues on the next page...
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Clock name Description
BUS_CLK Clocks the Peripherals, divided by DIVSLOW bits inside SCG
FLASH_CLK Clocks the flash module, divided by DIVSLOW bits inside
SCG
FLL_CLK Optional divided FLL source for peripherals
SIRC_CLK Optional divided SIRC source for peripherals
FIRC_CLK Optional divided FIRC source for peripherals
SOSC_CLK! Optional divided System Oscillator clock for peripherals.

NOTE: SOSC_CLK/ERCLK/OSCERCLK stands for the
same clock source, in some module chapters.

0SC32_CLK RTC oscillator clock for RTC and peripherals

LPO_CLK Always on low power oscillator clock inside PMC

RTC_CLKOUT Clock output from RTC module for both internal and external

CLKOUT Optional output clock source for external devices

BUSOUT Optional output bus clock through pin for external devices or
diagnostics

1. e For WDOG, its SOSC_CLK is with no dividers, and not gated by SCG_SOSCCSR[SOSCERCLKEN].
e For FTM, its SOSC_CLK is with no dividers, but gated by SCG_SOSCCSR[SOSCERCLKEN].
* For other peripherals (LPUART etc.), its SOSC_CLK is divided by DIV, but not gated by
SCG_SOSCCSR[SOSCERCLKEN].

17.4 Typical Clock Configuration

The clock dividers are programmed via the SCG module’s clock divider registers. The
following requirements must be met when configuring the clocks for this device:

The following are a few of the more common clock configurations for this device:

Clock Normal Run (Using Normal Run (Typically VLPR
LPFLL) using FIRC) (Using SIRC or SOSC)
CORE_CLK 72 MHz 48 MHz 4 MHz
SYS_CLK 72 MHz 48 MHz 4 MHz
BUS_CLK 24 MHz 24 MHz 1 MHz
FLASH_CLK 24 MHz 24 MHz 1 MHz

17.4.1 Default start-up clock

In default out of reset, the CPU is clocked from internal Fast IRC (IRC48M). The clocks,
e.g. core clock and bus clock, are programmed via the SCG module. For the default reset
value of divider, please refer to SCG chapter for details.
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17.4.2 VLPR mode clocking

The clock dividers should not be changed while in VLPR mode. They must be
programmed prior to entering VLPR mode to guarantee:

* the core/system clocks are less than or equal to 4 MHz
* the flash/bus memory clocks is less than or equal to 1 MHz

17.5 Clock Gating

The clock to most of the modules can be individually gated on and off using the PCC
module. After any reset, PCC disables part of the clock to the corresponding module to
conserve power. Prior to initializing a module, set the corresponding clock gating control
bits in PCC register to enable the clock. Before turning off the clock, make sure to disable
the module.

Any bus access to a peripheral that has its bus interface clock disabled (CGC=0 in PCC
module) will generate a bus fault. While any bus access to a peripheral that has its
functional clock disabled (PCS=0 in PCC module) will not return a fault, but the module
cannot work properly.

NOTE
Changes to clock source should be done when clock is gated by
PCC to avoid glitches to output clock.

17.6 Module clocks

The following table summarizes the clocks associated with each module.

Table 17-1. Peripheral Clock Summary

Module Name Bus Interface Peripheral Functional Clock Max Frequency of Clock
Clock Gating Source
Gated by [CGC] | Clocks controlled | Clocks controlled by
bit of PCC by [PCS] bits of registers inside
PCC' module
Communications
LPUARTO — LPUART2 | Yes FIRC_CLK, - Max: 72 MHz
SIRC_CLK,

Table continues on the next page...
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Table 17-1. Peripheral Clock Summary (continued)

Module Name

Bus Interface

Peripheral Functional Clock

Max Frequency of Clock

Clock Gating Source
Gated by [CGC] | Clocks controlled | Clocks controlled by
bit of PCC by [PCS] bits of registers inside
PCC' module
FLL_CLK,
SOSC_CLK
LPSPIO — LPSPI1 Yes FIRC_CLK, - Max: 72 MHz
SIRC_CLK, .
FLL CLK, SCK clock Max: 25 MHz
SOSC_CLK
LPI2CO — LPI?C1 Yes FIRC_CLK, - Max: 60 MHz
SIRC_CLK,
FLL_CLK,
SOSC_CLK
FlexlO Yes FIRC_CLK, - Max: 72 MHz
SIRC_CLK,
FLL_CLK,
SOSC_CLK
Timers
LPTMR Yes FIRC_CLK, LPO_CLK,0SC32_CLK|Max: 48 MHz
SIRC_CLK, .
FLL_CLK, LPO_CLK: 128kHz
SOSC_CLK
LPIT Yes FIRC_CLK, - Max: 48 MHz
SIRC_CLK,
FLL_CLK,
SOSC_CLK
RTC Yes - LPO_CLK, Max: BUS_CLK
0SC32_CLK, .
RTC_CLKIN LPO_CLK: 1kHz
PDBO Yes SYS_CLK Max: SYS_CLK
FlexTimerO - Yes - SYS_CLK, Max: SYS_CLK
FlexTimer2 SOSC_CLK, TCLKx
PWT Yes - BUS_CLK, TCLKx Max: BUS_CLK
System Modules
Watchdog No - BUS_CLK, SIRC_CLK, |Max: BUS_CLK
LPO_CLK, SOSC_CLK LPO_CLK: 128kHz
EWM Yes - LPO_CLK LPO_CLK: 128kHz
PMC No - BUS_CLK, LPO_CLK |Max: BUS_CLK
RCM No - BUS_CLK, LPO_CLK |Max: BUS_CLK
LPO_CLK: 1kHz
Port Control Yes - BUS_CLK, LPO_CLK |Max: BUS_CLK
LPO_CLK: 128kHz
SIM No BUS_CLK Max: BUS_CLK
CRC Yes BUS_CLK Max: BUS_CLK
GPIOC No SYS_CLK Max: SYS_CLK

Table continues on the next page...
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Table 17-1. Peripheral Clock Summary (continued)

Module Name Bus Interface Peripheral Functional Clock Max Frequency of Clock
Clock Gating Source
Gated by [CGC] | Clocks controlled | Clocks controlled by
bit of PCC by [PCS] bits of registers inside
PCC! module
DMA Yes SYS_CLK Max: SYS_CLK
Memory Modules
FTFE Yes FLASH_CLK Max: FLASH_CLK
SYS RAM No SYS_CLK Max: SYS_CLK
Analog Modules
ADCO0-ADCH1 Yes FIRC_CLK, - Max: 50 MHz
SIRC_CLK,
FLL_CLK,
SOSC_CLK
ACMPO-ACMPH1 Yes BUS_CLK Max: BUS_CLK
TSI Yes BUS_CLK Max: BUS_CLK

1. The clock sources undergo clock divider DIVx in SCG (output to PCC). For details, see the "High-Level clocking diagram
section in Clocking chapter and the "Chip-specific information" section in each module chapter.

17.6.1 LPO clock distribution

WDOG
126Ktz EWM
LPTMR
PORT Control

LPO128K 128 Thiz RTC

A

17.6.2 EWM clocks
This table shows the EWM clocks and the corresponding chip clocks.

Table 17-2. EWM clock connections

Module clock Chip clock
Low Power Clock 128 kHz LPO Clock (LPO_CLK)
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17.6.3 WDOG Clocking Information

The following figure shows the input clock sources available for this module.

Peripheral Clocking - WDOG

Chapter 17 Clock Distribution

SCG module PCC module WDOG module
Peripheral Interface Clock I—
SCG DIVSLOW BUS_CLK » || ’
Registers
WDOG_CS[CLK]

00
LPO_CLK »1 01
SOSC +SOSC_CLK 10
SIRC . SIRC_CLK 1

17.6.4 ADC Clocking Information

The following figure shows the input clock sources available for this module.

Peripheral Clocking - ADC

PCC module
»| PCC_ADCx|{CGC]

Peripheral Interface Clock

SCG module
SCG DIVSLOW BUS_CLK
FLL BIV2 FLLDIV2_CLK

e i b B

PCC_ADCX[PCS]:
see PCC chapter for
detailed setting

SOSCDIV2_CLK

SOSC DIV2

SIRCDIV2_CLK

ADCx module

T

ALTCLK1
»| 0
>

SIRC DIV2

FIRCDIV2_CLK

NA —
NA —

NA

ALTCL5€ o1

ALTCLKS |4

IALTCLK4
»| 11
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NOTE
ALTCLK2~4 are not connected on this chip.

17.6.5 PDB Clock Options

The PDB module is clocked by the system clock (SYS_CLK). The SYS_CLK could run
up to CPU frequency which provides higher timing resolution and more precise delay
control with the PDB counter.

17.6.6 FTM Clocking Information

The following figure shows the input clock sources available for this module.

Peripheral Clocking - FTM

FTMx module
SCG module PCC module
SYS_CLK N aE———— Peripheral Interface Clock I—
SCG DIVCORE Bt POC_FLEXTRACGO) | T

FTMx_SC[CLKS]

SCG_SOSCCSR
SOSC_CLK— |s0sCERCLKEN]

Y
5

TCLKO ————— P>

TCLKI ———— 3 »| 11
TCLK2 —— 3

SIM_FTMOPTO[FTMxCLKSEL]

NOTE
Due to FTM hardware implementation limitations, the
frequency of the fixed frequency clock must not exceed 1/2 of
the FTM system clock frequency (SYS_CLK).

NOTE
The external clock are synchronized by FTM system clock
(SYS_CLK). Therefore, to meet Nyquist criteria considering
also jitter, the frequency of the external clock source must not
exceed 1/4 of the system clock frequency.
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17.6.7 LPTMR prescaler/glitch filter clocking options

The following figure shows the input clock sources available for this module.

Peripheral Clocking - LPTMR

PCC module
o~

Peripheral Interface Clock

SCG module
SCG DIVSLOW BUS_CLK
FLL DIV2 FLLDIV2_CLK

»{ PCC_LPTMRX[CGC]
PCC_LPTMRX[PCS]:

SOSCDIV2_CLK

SOSC DIV2

SIRCDIV2_CLK

LPTMRx module

e

LPTMRx_PSR[PCS]

00

FIRCDIV2_CLK

FIR

see PCC chapter for

NOTE

LPO_CLK

10

0SC32_CLK

>
» 01

1

X

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

17.6.8 RTC Clocking Information

The following figure shows the input clock sources available for this module.
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Peripheral Clocking - RTC

SCG module

SCG DIVSLOW

BUS_CLK

PCC module
» PCC_RTC[CGC]

Peripheral Interface Clock

[ S |

OSCE

v

SIM_CHIPCTL[RTC32KCLKSEL]
0SC32_CLK_

0SC32

RTC_CLKIN [

32kHz

RTC module

e

RTC_CRILPOS]

LPO 128K

17.6.9 TSI Clocking Information
This following figure shows the TSI clocks.

Peripheral Clocking - TSI

SCG module

SCG DIVSLOW

BUS_CLK

LPOCLK |

PCC module

Peripheral Interface Clock

Bt PCC_TSICGC]

TSI module

|| Registers

Main Clock (internal)
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17.6.10 Module Clocking Information for LPUART, LPSPI, LPI2C,

FlexlO and LPIT

The following figure shows the input clock sources available for this module.

Peri pheral CIOCki ng = LP UART Note: this example figure also applies similarly to the clocking for LPSPI, LPI2C, FlexlO and LPIT.

PCC module
o~

Peripheral Interface Clock

SCG module
SCG DIVSLOW BUS_CLK
FLL DIV2 FLLDIV2_CLK

»| PCC_LPUARTX[CGC

PCC_LPUARTX[PCS]:
see PCC chapter for
detailed setting

SOSCDIV2_CLK

SOSC DIV2

SIRCDIV2_CLK

LPUARTX module

e

»

FIRCDIV2_CLK

FIR

>

ASYNCH MODULE CLOCK
(only for LPUART, not in other modules)
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Chapter 18
System Clock Generator (SCG)

18.1 Chip-specific information for this module

18.1.1 Instantiation Information

18.1.1.1 Information of SCG on this device

LPFLL only supports up to 72 MHz on this chip.
Writing to SCG_FIRCSTAT register can cause hard fault when auto trim is disabled.

ERCLK (External Reference Clock) is either from an external pin or from the SCG
internal OSC (SOSC), and configured with the SCG_SOSCCFG[EREFS] bit.

For the supported frequency range of OSC, see the "Oscillator electrical specifications"
section in the Data Sheet.

NOTE
ROSC in this chapter has the same meaning as OSC32_CLK in
the Clock Distribution chapter.

18.1.1.1.1 SCG clock mode transitions
The following figure shows the valid clock mode transitions supported by SCG, for this
device. For more information, see the Functional description section.
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SCG Valid Mode Transitions

RUN Valid
SCS Modes

Very Low Power
Run

VLPRUN Valid
SCS Modes

)

| SIRC |

@

Figure 18-1. SCG Valid Mode Transition Diagram

18.1.1.1.2 Clocking configuration on SCG
The following figure shows the clocking configuration on SCG, for this device.
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SIRC clock
FIRC clack
SOSC clock
Q3032 slock

TRIMDIY i = 2270

Resarved
Resarved
3050 clock
Reserved

EXTAL3Z

KTAL3Z

LPFLLTRUP
LPFLLTREN

cpan laap trim

ROSCEREFS

Iﬁ N
\_

Oscillator32

data write LPFLLTREN
m— AUTOTRIM daotao read
adjusted TRIM{4BMHz) \4,
djusted TRIM(7ZMHz) RESET val LprL o) [PFLLGEL
Q0 UETE r
! I LOCKW2LSE frome FR ] =
adjustment £
adfuatrment < 1 LPFLLTRMLOCK LPFLLEN| H/2+@
adjuatrment = QJ
i clock_feed back LPFLLDIY 2=
FIRCOIVZ |—
To PCC
M SIRCOVZ =
datg write P leap tim - FIRCTREN [FRCTREN] A 1 epscone —s
’ — TRIMGOAR dote read
RANGE] _slose toop vim| , TRIMFINE
adjusted TRIM{4BMHz
adjusted TRIM{E2MHz FIRCYLD FIRCSEL
adjusted TRIM{2EMHz _
dlusted TRIM{SDMHz RESET value
! Ilﬂmomz SCG_WCCR
SCG_RCCR uer
alock_fasd_bock
A ]
3 +{ pveore
iy
H 145
SIRCSEL orsLowH | ]
TRIM{2MHz} RN
rmoda
TRIM{BMHzZ)
CLKOUTSEL
g
EXTAL HIAL soscvin] | Eoscse ] SCGOLKOUT
S
: EREFS — | | 3
Oscillator U T —1#

1

HGO

Figure 18-2. Clocking configuration on SCG
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18.2 Introduction

The system clock generator (SCG) module provides the system clocks of the MCU. The
SCG contains a frequency-locked loop (LPFLL), a slow internal reference clock (SIRC),
a fast internal reference clock (FIRC), and the system oscillator clock (SOSC). The
LPFLL trimming is controlled by the either the SOSC reference clock, ROSC reference
clock, SIRC reference clock or FIRC reference clock. The SCG can select either the
output clock of the LPFLL, or a SCG reference clock (SIRC, FIRC, and SOSC) as the
source for the MCU system clocks. The SCG also supports operation with crystal
oscillators, which allows an external crystal, ceramic resonator, or another external clock
source to produce the external reference clock (which are also available as clock sources
for the MCU systems clocks).

18.2.1 Features
Key features of the SCG module are:
* Low Power Frequency Locked-Loop (LPFLL):
* Programmable multiplier for up to 4 different frequency ranges

¢ Internal reference clocks or oscillators reference clocks can be used as the
LPFLL source for trimming purposes

* Can be selected as the clock source for the MCU system clocks

3 programmable post-divider clock outputs, which can be used as a clock source
for other on-chip peripherals

* 2 Internal reference clock (IRC) generators:

* Fast IRC clock with programmable High and Low frequency range, with 3 sets
of trim bits for accuracy

e Either the slow or the fast clock can be selected as the clock source for the MCU
system clocks

2 programmable post-divider clock outputs for each IRC, which can be used as
clock sources for other on-chip peripherals

e System Crystal Oscillator:
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e Can be used as a source for the LPFLL

* Can be selected as the clock source for the MCU system clocks

* Clock monitor with reset and interrupt request capability for SOSC, clocks

See the Clock Distribution Chapter for more information.

18.3 Memory Map/Register Definition

This section includes the memory map and register definition.

The SCG registers can only be written when in supervisor mode. Write accesses when in
user mode will result in a bus transfer error. Read accesses may be performed in both
supervisor and user mode.

SCG memory map

Absolute

address Register name (ivryilgitt';) Access | Reset value S(;(;t;c;n/
(hex)

4006_4000 |Version ID Register (SCG_VERID) 32 R 0100_0000h | 18.3.1/374
4006_4004 |Parameter Register (SCG_PARAM) 32 R See section | 18.3.2/374
4006_4010 |Clock Status Register (SCG_CSR) 32 R See section | 18.3.3/375
4006_4014 |Run Clock Control Register (SCG_RCCR) 32 R/W See section | 18.3.4/377
4006_4018 |VLPR Clock Control Register (SCG_VCCR) 32 R/W See section | 18.3.5/379
4006_4020 fs%%?éfgga%m%‘;raﬁon Register 32 R/W | 0300_0000h | 18.3.6/381

4006_4100 |System OSC Control Status Register (SCG_SOSCCSR) 32 R/W See section | 18.3.7/382

4006_4104 |System OSC Divide Register (SCG_SOSCDIV) 32 R/W | 0000_0000h | 18.3.8/384
4006_4108 |System Oscillator Configuration Register (SCG_SOSCCFG) 32 R/W | 0000_0010h | 18.3.9/385
4006_4200 |Slow IRC Control Status Register (SCG_SIRCCSR) 32 R/W | 0100_0005h | 18.3.10/387
4006_4204 |Slow IRC Divide Register (SCG_SIRCDIV) 32 R/W | 0000_0000h | 18.3.11/388
4006_4208 |Slow IRC Configuration Register (SCG_SIRCCFG) 32 R/W 0000_0001h | 18.3.12/389
4006_4300 |Fast IRC Control Status Register (SCG_FIRCCSR) 32 R/W See section | 18.3.13/390
4006_4304 |Fast IRC Divide Register (SCG_FIRCDIV) 32 R/W | 0000_0000h | 18.3.14/392
4006_4308 |Fast IRC Configuration Register (SCG_FIRCCFG) 32 R/W | 0000_0000h | 18.3.15/393
4006_430C |Fast IRC Trim Configuration Register (SCG_FIRCTCFG) 32 R/W | 0000_0000h | 18.3.16/394
4006_4318 |Fast IRC Status Register (SCG_FIRCSTAT) 32 R See section | 18.3.17/395
4006_4500 |Low Power FLL Control Status Register (SCG_LPFLLCSR) 32 R/W 0000_0000h | 18.3.18/396
4006_4504 |Low Power FLL Divide Register (SCG_LPFLLDIV) 32 R/W 0000_0000h | 18.3.19/398
4006_4508 |Low Power FLL Configuration Register (SCG_LPFLLCFG) 32 R/W | 0000_0000h | 18.3.20/399

Table continues on the next page...
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SCG memory map (continued)

Absolute . .
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
Low Power FLL Trim Configuration Register
4006_450C (SCG_LPFLLTCFG) 32 R/W | 0000_0000h | 18.3.21/400
4006_4514 |Low Power FLL Status Register (SCG_LPFLLSTAT) 32 R See section | 18.3.22/401

18.3.1 Version ID Register (SCG_VERID)
Note: Writing to this register will result in a transfer error.

Address: 4006_4000h base + 0h offset = 4006_4000h

Bit31302928272625242322212019181716|1514131211109876543210

R VERSION

Reset 0 O 0 O O O O1 0O O OO OOT OO OO OTOOT OOOTOGOU OO OQOUOTGO

SCG_VERID field descriptions

Field Description
VERSION SCG Version Number

18.3.2 Parameter Register (SCG_PARAM)

Note: Writing to this register will result in a transfer error.

Address: 4006_4000h base + 4h offset = 4006_4004h

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

R DIVPRES 0 0 CLKPRES

Reset * * * * * 0 0 0 0 O 0 0 0 0O O|O OOOOOOO?™*™ * *» *» > » *~*

* Notes:

e DIVPRES field: The reset value is controlled by which SCG System Dividers are used by Soc.

e CLKPRES field: The reset value is controlled by which SCG Clock Sources are used by Soc. Please reference the
Reference manual clocking chapter.

SCG_PARAM field descriptions

Field Description
31-27 Divider Present
DIVPRES
Indicates which system clock dividers are present in this instance of SCG.

Table continues on the next page...
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SCG_PARAM field descriptions (continued)

Field Description
DIVPRES[27]=1 System DIVSLOW is present.
DIVPRES[31]=1 System DIVCORE is present

26-16 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
15-8 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.

CLKPRES Clock Present

Indicates which clock sources are present in this instance of SCG. Any bits not defined in this bit field are
Reserved and always has the value 0 when read.

CLKPRES[0] Reserved

CLKPRES[1]=1System OSC (SOSC) is present
CLKPRES[2]=1Slow IRC (SIRC) is present
CLKPRESI[3]=1Fast IRC (FIRC) is present
CLKPRES|5]=1Low Power FLL (LPFLL) is present

18.3.3 Clock Status Register (SCG_CSR)

This register returns the currently configured system clock source and the system clock
dividers for the core (DIVCORE) and peripheral interface clock (DIVSLOW). The
SCG_CSR reflects the configuration set by one of three clock control registers
SCG_RCCR, SCG_VCCR.

Note: Writing to this register will result in a transfer error.

Address: 4006_4000h base + 10h offset = 4006_4010h

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

R 0 SCS 0 DIVCORE 0 0 0 DIVSLOW

Rest 0 O 0 0 O O1T 1 0O0OO0OO™*®*™* * *|I0OO0OOOOUOOOOOOOOOO0O 1

* Notes:
e DIVCORE field: The reset value is controlled by user FOPT bits that get uploaded during reset. The two option reset values
are div-by-1 or div-by-2 when resetting into RUN mode or div-by-4 or div-by-8 when resetting into VLPR

mode
SCG_CSR field descriptions
Field Description
31-28 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
27-24 System Clock Source
SCS

Table continues on the next page...

Kinetis KE1xZ Sub-Family Reference Manual, Rev. 2, 09/2016
NXP Semiconductors 375




Memory Map/Register Definition

SCG_CSR field descriptions (continued)

Field Description
Returns the currently configured clock source generating the system clock.
0000 Reserved
0001 System OSC (SOSC_CLK)
0010 Slow IRC (SIRC_CLK)
0011 Fast IRC (FIRC_CLK)
0100 Reserved
0101 Low Power FLL (LPFLL_CLK)
0110 Reserved
0111 Reserved
23-20 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
19-16 Core Clock Divide Ratio
DIVCORE
0000 Divide-by-1
0001 Divide-by-2
0010 Divide-by-3
0011 Divide-by-4
0100 Divide-by-5
0101 Divide-by-6
0110 Divide-by-7
0111 Divide-by-8
1000 Divide-by-9
1001 Divide-by-10
1010 Divide-by-11
1011 Divide-by-12
1100 Divide-by-13
1101 Divide-by-14
1110 Divide-by-15
1111 Divide-by-16
15-12 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
11-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7-4 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
DIVSLOW Slow Clock Divide Ratio

0000
0001
0010
0011
0100
0101
0110
0111
1000

Reserved

Divide-by-2
Divide-by-3
Divide-by-4
Divide-by-5
Divide-by-6
Divide-by-7
Divide-by-8
Reserved

Table continues on the next page...
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SCG_CSR field descriptions (continued)

Field Description

1001 Reserved
1010 Reserved
1011 Reserved
1100 Reserved
1101 Reserved
1110 Reserved
1111  Reserved

18.3.4 Run Clock Control Register (SCG_RCCR)

This register controls the system clock source and the system clock dividers for the core,
platform, external and bus clock domains when in Run mode only. This register can only
be written using a 32-bit write. Selecting a different clock source when in RUN requires
that clock source to be enabled first and be valid before system clocks switch to that
clock source. If system clock divide ratios also change when selecting a different clock
mode when in RUN, new system clock divide ratios will not take affect until new clock
source is valid.

Address: 4006_4000h base + 14h offset = 4006_4014h

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

; 0 scs 0 DIVCORE | Reserved 0 0 DIVSLOW

Rest 0 0 0 0 001 1 0O0OO0OOO™*™* ™* *|0O0OOOOUOUOOOOOOOOO 1

* Notes:
* DIVCORE field: The reset value is controlled by user FOPT bits that get uploaded during reset. The two option reset values
are div-by-1 and div-by-2

SCG_RCCR field descriptions

Field Description
31-28 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
27-24 System Clock Source
SCS

Selects the clock source generating the system clock in Run mode. Attempting to select a clock that is not
valid will be ignored. Selecting a different clock source when in Run mode requires that clock source to be
enabled first and be valid before system clocks are allowed to switch to that clock source.

0000 Reserved

0001 System OSC (SOSC_CLK)
0010 Slow IRC (SIRC_CLK)
0011 Fast IRC (FIRC_CLK)
0100 Reserved

Table continues on the next page...

Kinetis KE1xZ Sub-Family Reference Manual, Rev. 2, 09/2016
NXP Semiconductors 377




Memory Map/Register Definition

SCG_RCCR field descriptions (continued)

Field Description
0101 Low Power FLL (LPFLL_CLK)

0110 Reserved
0111 Reserved

23-20 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
19-16 Core Clock Divide Ratio

DIVCORE

0000 Divide-by-1
0001 Divide-by-2
0010 Divide-by-3
0011 Divide-by-4
0100 Divide-by-5
0101 Divide-by-6
0110 Divide-by-7
0111 Divide-by-8
1000 Divide-by-9
1001 Divide-by-10
1010 Divide-by-11
1011 Divide-by-12
1100 Divide-by-13
1101 Divide-by-14
1110 Divide-by-15
1111 Divide-by-16

15-12 This field is reserved. Software should write 0 to these bits to maintain compatibility.
Reserved
This field is reserved.
11-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7-4 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

DIVSLOW Slow Clock Divide Ratio

0000 Reserved
0001 Divide-by-2
0010 Divide-by-3
0011 Divide-by-4
0100 Divide-by-5
0101 Divide-by-6
0110 Divide-by-7
0111 Divide-by-8
1000 Reserved
1001 Reserved
1010 Reserved
1011 Reserved
1100 Reserved
1101 Reserved

Table continues on the next page...
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SCG_RCCR field descriptions (continued)

Field

Description

1110 Reserved
1111  Reserved

18.3.5 VLPR Clock Control Register (SCG_VCCR)

This register controls the system clock source and the system clock dividers for the core,
platform, external and bus clock domains when in VLPR mode only. This register can
only be written using a 32-bit write. Selecting a different clock source when in VLPR
requires that clock source to be enabled first and be valid before system clocks switch to
that clock source. If system clock divide ratios also change when selecting a different
clock mode when in VLPR, new system clock divide ratios will not take affect until new
clock source is valid.

Address: 4006_4000h base + 18h offset = 4006_4018h

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

R 0
w

Reset 0 0 0 O O O 1

* Notes:

0 0

scs 0 DIVCORE | Reserved DIVSLOW

oooo0oo0®* ** *0O0OOOTOOOOOOOOODO O 1

e DIVCORE field: The reset value is controlled by user FOPT bits that get uploaded during reset. The two option reset values

are div-by-4 and div-by-8.

SCG_VCCR field descriptions

Field Description
31-28 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
27-24 System Clock Source
SCS

Selects the clock source generating the system clock in VLPR mode. Attempting to select a clock that is
not valid will be ignored. Selects the clock source generating the system clock. Selecting a different clock
source when in VLPR mode requires that clock source to be enabled first and be valid before system
clocks switch to that clock source.

0000 Reserved

0001 System OSC (SOSC_CLK)
0010 Slow IRC (SIRC_CLK)
0011 Reserved

0100 Reserved

0101 Reserved

0110 Reserved

0111 Reserved

Table continues on the next page...
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SCG_VCCR field descriptions (continued)

Field Description
23-20 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
19-16 Core Clock Divide Ratio
DIVCORE

0000 Divide-by-1
0001 Divide-by-2
0010 Divide-by-3
0011 Divide-by-4
0100 Divide-by-5
0101 Divide-by-6
0110 Divide-by-7
0111 Divide-by-8
1000 Divide-by-9
1001 Divide-by-10
1010 Divide-by-11
1011 Divide-by-12
1100 Divide-by-13
1101 Divide-by-14
1110 Divide-by-15
1111  Divide-by-16

15-12 This field is reserved. Software should write 0 to these bits to maintain compatibility.
Reserved
This field is reserved.
11-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7-4 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

DIVSLOW Slow Clock Divide Ratio

0000 Reserved
0001 Divide-by-2
0010 Divide-by-3
0011 Divide-by-4
0100 Divide-by-5
0101 Divide-by-6
0110 Divide-by-7
0111  Divide-by-8
1000 Reserved
1001 Reserved
1010 Reserved
1011 Reserved
1100 Reserved
1101 Reserved
1110 Reserved
1111  Reserved
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18.3.6 SCG CLKOUT Configuration Register (SCG_CLKOUTCNFG)

This register controls which SCG clock source is selected to be ported out to the
CLKOUT pin.

Address: 4006_4000h base + 20h offset = 4006_4020h

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

R 0 CLKOUTSEL

Rest 0 O 0O 0 0O O1T 1 0O0OO0OOOOOTOOOOT O OT OO OOOOUOOODUOTDO

SCG_CLKOUTCNFG field descriptions

Field Description
31-28 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
27-24 SCG Clkout Select
CLKOUTSEL

Selects the SCG system clock.

0000 SCG SLOW Clock

0001 System OSC (SOSC_CLK)
0010 Slow IRC (SIRC_CLK)

0011 Fast IRC (FIRC_CLK)

0100 Reserved

0101 Low Power FLL (LPFLL_CLK)
0110 Reserved

0111 Reserved

1111  Reserved

Reserved This field is reserved.
This read-only field is reserved and always has the value 0.

Kinetis KE1xZ Sub-Family Reference Manual, Rev. 2, 09/2016
NXP Semiconductors 381




A ————
Memory Map/Register Definition

18.3.7 System OSC Control Status Register (SCG_SOSCCSR)

Address: 4006_4000h base + 100h offset = 4006_4100h

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

o - (=)
o nn] —
L (] >
R 0 (@) O [®) 0
n 0n n
(@] o] O
() N n

LK

SOSCCMRE
SOSCCM

Reset 0 0 0 0 0 * 0 0 0 0 0 0 0 0 0 0

Bt 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
R 0 E
z z
X< i i z
O o = L
Q - ) O
T 1o | o | @
a8 D ) o
Q1o | o | &
3 A %)
)

o
o
o
o

Reset 0 0 0 0 0 0 0 0 0 0 0 0

* Notes:
* SOSCERR field: This flag is reset on Chip POR only

SCG_SOSCCSR field descriptions

Field Description
31-27 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
26 System OSC Clock Error
SOSCERR

This flag is reset on Chip POR only, software can also clear this flag by writing a logic one.

0 System OSC Clock Monitor is disabled or has not detected an error
1 System OSC Clock Monitor is enabled and detected an error

Table continues on the next page...

Kinetis KE1xZ Sub-Family Reference Manual, Rev. 2, 09/2016
382 NXP Semiconductors




Chapter 18 System Clock Generator (SCG)
SCG_SOSCCSR field descriptions (continued)

Field Description
25 System OSC Selected
SOSCSEL
0 System OSC is not the system clock source
1 System OSC is the system clock source
24 System OSC Valid
SOSCVLD
The SOSC is considered valid after 4096 xtal counts.
0 System OSC is not enabled or clock is not valid
1 System OSC is enabled and output clock is valid
23 Lock Register
LK
This bit field can be cleared/set at any time.
0 This Control Status Register can be written.
1 This Control Status Register cannot be written.
22-18 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
17 System OSC Clock Monitor Reset Enable
SOSCCMRE
0 Clock Monitor generates interrupt when error detected
1 Clock Monitor generates reset when error detected
16 System OSC Clock Monitor
SOSCCM
Enables the clock monitor when SOSCVLD is set. If the clock source is disabled in a low power mode then
the clock monitor is also disabled in the low power mode. When the clock monitor is disabled in a low
power mode, it remains disabled until the clock valid flag is set following exit from the low power mode.
0 System OSC Clock Monitor is disabled
1 System OSC Clock Monitor is enabled
154 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
3 System OSC 3V ERCLK Enable
SOSCERCLKEN
SOSCERCLKEN is required for stop modes.
0 System OSC 3V ERCLK output clock is disabled.
1 System OSC 3V ERCLK output clock is enabled when SYSOSC is enabled.
2 System OSC Low Power Enable
SOSCLPEN
SOSCLPEN is required for low power modes. In VLPS mode (low power stop mode), if you want the clock
to remain ON, then both SOSCLPEN and SOSCSTEN bits must be enabled.
0 System OSC is disabled in VLP modes
1 System OSC is enabled in VLP modes
1 System OSC Stop Enable
SOSCSTEN
0 System OSC is disabled in Stop modes
1 System OSC is enabled in Stop modes if SOSCEN=1.
0 System OSC Enable
SOSCEN

Table continues on the next page...
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SCG_SOSCCSR field descriptions (continued)

Field Description
0 System OSC is disabled
1 System OSC is enabled

18.3.8 System OSC Divide Register (SCG_SOSCDIV)

The SCG_SOSCDIV register provides the control of 2 clock trees which can be used to
provide optional peripheral functional clocks, or alternative module clocks. Each clock
tree has optional dividers of the input SOSC clock. Changes to SOSCDIV should be done
when System OSC is disabled to prevent glitches to output divided clock.

Address: 4006_4000h base + 104h offset = 4006_4104h

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16

Reserved

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
} H SOSehIv2 SOSCOVT
W

Reset 0 0 0 0 0 0 0 0 0 0 0

SCG_SOSCDIV field descriptions

Field Description
31-19 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
18-16 This field is reserved.

Reserved This bit field is reserved. Software should write 0 to this bit field to maintain compatibility.
15-11 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
10-8 System OSC Clock Divide 2

SOSCDIV2

Clock divider 2 for System OSC. Used by modules that need an asynchronous clock source.

000 Output disabled
001 Divide by 1

010 Divide by 2

011 Divide by 4

100 Divide by 8

101 Divide by 16
110 Divide by 32
111 Divide by 64

Table continues on the next page...
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SCG_SOSCDIV field descriptions (continued)

Field Description
7-3 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

SOSCDIVA System OSC Clock Divide 1

Clock divider 1 for System OSC. Used to generate the system clock source for modules that need an
asynchronous clock source.

000 Output disabled
001 Divide by 1

010 Divide by 2

011 Divide by 4

100 Divide by 8

101 Divide by 16
110 Divide by 32
111 Divide by 64

18.3.9 System Oscillator Configuration Register (SCG_SOSCCFG)

The SOSCCEFG register cannot be changed when the System OSC is enabled. When the
System OSC is enabled, writes to this register are ignored, and there is no transfer error.

Address: 4006_4000h base + 108h offset = 4006_4108h

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R 0 0 E 0
Reserved RANGE HGO %
w w
Reset 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

SCG_SOSCCFG field descriptions

Field Description
31-12 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
11-8 This field is reserved.
Reserved This bit is reserved. Software should write 0 to this bit field.
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

Table continues on the next page...
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SCG_SOSCCFG field descriptions (continued)

Field Description

5-4 System OSC Range Select
RANGE

Selects the frequency range for the system crystal oscillator (OSC)

See chip-specific information for supported crystal oscillator ranges.

00 Reserved

01 Low frequency range selected for the crystal oscillator of 32 kHz to 40 kHz.
10 Medium frequency range selected for the crytstal oscillator of 1 Mhz to 8 Mhz.
11 High frequency range selected for the crystal oscillator of 8 Mhz to 32 Mhz.

3 High Gain Oscillator Select
HGO

Controls the crystal oscillator power mode of operations.

0 Configure crystal oscillator for low-power operation
1 Configure crystal oscillator for high-gain operation

2 External Reference Select
EREFS
Selects the source for the external reference clock. This bit selects which clock is output from the System
OSC (SOSC) into the SCG, thus either the crystal oscillator or from an external clock input

0 External reference clock selected
1 Internal crystal oscillator of OSC requested.

Reserved This field is reserved.
This read-only field is reserved and always has the value 0.
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18.3.10 Slow IRC Control Status Register (SCG_SIRCCSR)

Address: 4006_4000h base + 200h offset = 4006_4200h

Bit 31

30 29 28 27 26 25 24 23 22 21

20

19

18

17

o
SIRCSEL
SIRCVLD

LK

Reserved

Reset 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R Reserved 0
P pd
w | =z
5 | & |8
O (@] [ony
o T %
n n
Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1
SCG_SIRCCSR field descriptions
Field Description
31-26 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
25 Slow IRC Selected
SIRCSEL
0 Slow IRC is not the system clock source
1 Slow IRC is the system clock source
24 Slow IRC Valid
SIRCVLD
0 Slow IRC is not enabled or clock is not valid
1 Slow IRC is enabled and output clock is valid
23 Lock Register
LK

This bit field can be cleared/set at any time.

Table continues on the next page...
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SCG_SIRCCSR field descriptions (continued)

Field Description
0 Control Status Register can be written.
1 Control Status Register cannot be written.

224 This field is reserved and is always has the value 0
Reserved
This field is reserved.
3 This field is reserved and is always has the value 0
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

2 Slow IRC Low Power Enable
SIRCLPEN

0 Slow IRC is disabled in VLP modes
1 Slow IRC is enabled in VLP modes

1 Slow IRC Stop Enable
SIRCSTEN

0 Slow IRC is disabled in supported Stop modes
1 Slow IRC is enabled in supported Stop modes

0 Slow IRC Enable
SIRCEN

0 Slow IRC is disabled
1 Slow IRC is enabled

18.3.11 Slow IRC Divide Register (SCG_SIRCDIV)

To prevent glitches to the output divided clock, change SIRDIV when the Slow IRC is
disabled.

Address: 4006_4000h base + 204h offset = 4006_4204h

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 1s|15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R 0 0 SIRCDIV 0 SIRCDIV
Reserved 5 1

Reset 0 O 0 0O 0O O OOOO OOOOT OU O|OOOO OTOOO OOOOGOUOOQOUOTGO

SCG_SIRCDIV field descriptions

Field Description
31-19 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
18-16 This field is reserved.
Reserved This bit field is reserved. Software should write 0 to this bit field to maintain compatibility.
15—-11 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
10-8 Slow IRC Clock Divide 2
SIRCDIV2
Clock divider 2 for Slow IRC. Used by modules that need an asynchronous clock source.

Table continues on the next page...
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SCG_SIRCDIV field descriptions (continued)

Field Description
000 Output disabled

001 Divide by 1

010 Divide by 2

011 Divide by 4

100 Divide by 8

101 Divide by 16

110 Divide by 32

111 Divide by 64

7-3 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

SIRCDIV1 Slow IRC Clock Divide 1

Clock divider 1 for Slow IRC. Used to generate the system clock source for modules that need an
asynchronous clock source.

000 Output disabled
001 Divide by 1

010 Divide by 2

011 Divide by 4

100 Divide by 8

101 Divide by 16
110 Divide by 32
111 Divide by 64

18.3.12 Slow IRC Configuration Register (SCG_SIRCCFG)

The SIRCCFG register cannot be changed when the slow IRC clock is enabled. When the
slow IRC clock is enabled, writes to this register are ignored, and there is no transfer
error.

Address: 4006_4000h base + 208h offset = 4006_4208h

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16

R 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
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SCG_SIRCCFG field descriptions

Field Description
31-1 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
0 Frequency Range
RANGE
0 Slow IRC low range clock (2 MHz)
1 Slow IRC high range clock (8 MHz )

18.3.13 Fast IRC Control Status Register (SCG_FIRCCSR)

Address: 4006_4000h base + 300h offset = 4006_4300h

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

[any — [a)
¢ 8=
R 0 6| o |3 0
i o« o
[T T (e

LK

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R 0 0
L
o b LL Z zZ
) w o] w LLi Z
o o (O} o = w
[ = w = @ O
O (@] o (@] (@) o
T i O o o« i
TH o o o T
L

Reset 0 0 0 0 0 0 0 0
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SCG_FIRCCSR field descriptions

Field Description
31-27 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
26 Fast IRC Clock Error
FIRCERR
This flag is reset on Chip POR only, software can also clear this flag by writing a logic one
0 Error not detected with the Fast IRC trimming.
1 Error detected with the Fast IRC trimming.
25 Fast IRC Selected status
FIRCSEL
0 Fast IRC is not the system clock source
1 Fast IRC is the system clock source
24 Fast IRC Valid status
FIRCVLD
0 Fast IRC is not enabled or clock is not valid.
1 Fast IRC is enabled and output clock is valid. The clock is valid once there is an output clock from the
FIRC analog.
23 Lock Register
LK
This bit field can be cleared/set at any time.
0 Control Status Register can be written.
1 Control Status Register cannot be written.
22-10 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
9 Fast IRC Trim Update
FIRCTRUP
0 Disable Fast IRC trimming updates
1 Enable Fast IRC trimming updates
8 Fast IRC Trim Enable
FIRCTREN
0 Disable trimming Fast IRC to an external clock source
1 Enable trimming Fast IRC to an external clock source
7-4 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
3 Fast IRC Regulator Enable
FIRCREGOFF
0 Fast IRC Regulator is enabled.
1 Fast IRC Regulator is disabled.
2 Fast IRC Low Power Enable
FIRCLPEN
0 FastIRC is disabled in VLP modes
1 Fast IRC is enabled in VLP modes
1 Fast IRC Stop Enable
FIRCSTEN
0 FastIRC is disabled in Stop modes.
1 Fast IRC is enabled in Stop modes
0 Fast IRC Enable
FIRCEN

Table continues on the next page...
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SCG_FIRCCSR field descriptions (continued)

Field Description
0 Fast IRC is disabled
1 Fast IRC is enabled

18.3.14 Fast IRC Divide Register (SCG_FIRCDIV)

Changes to FIRCDIV should be done when FAST IRC is disabled to prevent glitches to
output divided clock.

Address: 4006_4000h base + 304h offset = 4006_4304h
Bit 31 30 29 28 27 26 25 24 23 22 21 2019181716|1514131211 10 9 8 7 6 5 4 3 2 1 0

FIRCDIV2 FIRCDIV1

Reserved

Reset 0 O 0 0O 0O O OO OOOOTOT OTGOO|OOOOOOO OOOOOUOOUOUOTGO

SCG_FIRCDIV field descriptions

Field Description
31-19 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
18-16 This field is reserved.
Reserved This bit field is reserved. Software should write 0 to this bit field to maintain compatibility.
15-11 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
10-8 Fast IRC Clock Divide 2
FIRCDIV2

Clock divider 2 for the Fast IRC. Used by modules that need an asynchronous clock source.

000 Output disabled
001 Divide by 1

010 Divide by 2

011 Divide by 4

100 Divide by 8

101 Divide by 16
110 Divide by 32
111 Divide by 64

7-3 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

FIRCDIV1 Fast IRC Clock Divide 1

Clock divider 1 for Fast IRC. Used to generate the system clock source for modules that need an
asynchronous clock source.

000 Output disabled
001 Divide by 1
010 Divide by 2
011 Divide by 4

Table continues on the next page...
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SCG_FIRCDIV field descriptions (continued)

Field Description

100 Divide by 8

101 Divide by 16
110 Divide by 32
111 Divide by 64

18.3.15 Fast IRC Configuration Register (SCG_FIRCCFQG)

The FIRCCFG register cannot be changed when the Fast IRC is enabled. When the Fast
IRC is enabled, writes to this register are ignored, and there is no transfer error.

Address: 4006_4000h base + 308h offset = 4006_4308h

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16

SCG_FIRCCFG field descriptions

Field Description
31-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

RANGE Frequency Range

00 FastIRC is trimmed to 48 MHz
01 FastIRC is trimmed to 52 MHz
10 Fast IRC is trimmed to 56 MHz
11 Fast IRC is trimmed to 60 MHz
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18.3.16 Fast IRC Trim Configuration Register (SCG_FIRCTCFG)

The FIRCTCEFG register cannot be changed when Fast IRC tuning is enabled. When the
Fast IRC tuning is enabled, writes to this register are ignored, and there is no transfer
erTor.

Address: 4006_4000h base + 30Ch offset = 4006_430Ch

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
\; 0 TRIMDIV TRIMSRC
Reset 0 0 0 0 0 0 0 0 0 0

SCG_FIRCTCFG field descriptions

Field Description
31-16 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
15—-11 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
10-8 Fast IRC Trim Predivide

TRIMDIV

Divide the System OSC down for Fast IRC trimming.

000 Divide by 1

001 Divide by 128

010 Divide by 256

011 Divide by 512

100 Divide by 1024

101 Divide by 2048

110 Reserved. Writing this value will result in Divide by 1.
111 Reserved. Writing this value will result in a Divide by 1.

7-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

TRIMSRC Trim Source

Configures the external clock source to tune the Fast IRC. TRMSRC must be configured before
programming FIRCSTAT register for trim update

00 Reserved
01 Reserved
10 System OSC
11  Reserved
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18.3.17 Fast IRC Status Register (SCG_FIRCSTAT)

This register is loaded from IFR during reset. These register gets uploaded with the trim
values generated by FIRC auto trimming which is enabled when FIRC is enabled and
FIRCTREN=1 and FIRCTRUP=1. When FIRC auto trimming is enabled and FIRCTRUP
is off (Note: TRIMSRC needs to be programmed to TRIMSRC=10 or TRIMSRC=11),
writes to this register is allowed and values written to this register are used to trim FIRC
clock.

Address: 4006_4000h base + 318h offset = 4006_4318h

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16

Bit 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
Vl?l 0 TRIMCOAR 0 TRIMFINE
Reset 0 0 " . " . " " 0 " " . . . " "
* Notes:

¢ TRIMCOAR field: Reset values are loaded out of IFR.
¢ TRIMFINE field: Reset values are loaded out of IFR.

SCG_FIRCSTAT field descriptions

Field Description
31-16 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
15-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13-8 Trim Coarse
TRIMCOAR

TRIMCOAR bits are used to coursely trim the Fast IRC Clock to within approximately +0.7% of the target
frequency. When FIRC is enabled and auto trimming is enabled (FIRCTREN=1 and FIRCTRUP=1), then
TRIMCOAR register gets uploaded with the trimmed coarse value. When FIRCTRUP=0, TRIMCOAR
register is writable, to allow user programming of coarse trim values.

7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

TRIMFINE Trim Fine Status

Once the Fast IRC Clock is trimmed to +0.7% of the target frequency using the TRIMCOAR bits, the
TRIMFINE bits can be used to trim the Fast IRC Clock to within +0.04% of the target frequency. When
FIRC is enabled and auto trimming is enabled (FIRCTREN=1 and FIRCTRUP=1), TRIMFINE register gets
uploaded with the trimmed fine value. When FIRCTRUP=0, TRIMFINE register is writeable, to allow user
programming of fine trim values.

Kinetis KE1xZ Sub-Family Reference Manual, Rev. 2, 09/2016
NXP Semiconductors 395




A
Memory Map/Register Definition

18.3.18 Low Power FLL Control Status Register (SCG_LPFLLCSR)

Address: 4006_4000h base + 500h offset = 4006_4500h

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
o 1 )
58|
|
R 0 = = - 0
T |E|&
o w
| | - o E
5|8
LK |
= e
[T o
o 4
.

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
¥
(@)
(@]
=
R 0 o 0 0
'_
-
o pd
o 2 w z
_| o o L
[ == -
- — -
— — [T
[T [T o
o o 3
- -

Reset 0 0 0 0 0 0 0 0
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SCG_LPFLLCSR field descriptions

Field Description
31-27 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
26 LPFLL Clock Error
LPFLLERR
This flag is reset on Chip POR only, software can also clear this flag by writing a logic one
When LPFLLTREN=1 and LPFLLTRUP=1, LPFLLERR=1 if the LPFLL can’t lock the reference clock. This
occurs when the reference clock is too fast/slow or LPFLL clock is stopped. LPFLLERR indicates a loss of
lock or loss of clock.
To change the reference clock frequency to re-lock, the LPFLLTREN or LPFLLTRUP bits must also be re-
enabled (LPFLLTREN=1 or LPFLLTRUP=1).
0 Error not detected with the LPFLL trimming.
1 Error detected with the LPFLL trimming.
25 LPFLL Selected
LPFLLSEL
0 LPFLL is not the system clock source
1 LPFLL is the system clock source
24 LPFLL Valid
LPFLLVLD
0 LPFLL is not enabled or clock is not valid.
1 LPFLL is enabled and output clock is valid.
23 Lock Register
LK
This bit field can be cleared/set at any time.
0 Control Status Register can be written.
1 Control Status Register cannot be written.
22-18 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
17 LPFLL Clock Monitor Reset Enable
LPFLLCMRE
0 Clock Monitor generates interrupt when error detected
1 Clock Monitor generates reset when error detected
16 LPFLL Clock Monitor
LPFLLCM
Enables the clock monitor when LPFLLTREN is set and LPFLL is enabled. The clock monitor is always
disabled in low power modes. When the clock monitor is disabled in a low power mode, it remains
disabled until the clock valid flag is set following exit from the low power mode.
0 LPFLL Clock Monitor is disabled
1 LPFLL Clock Monitor is enabled
15-11 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
10 LPFLL Trim LOCK
LPFLLTRMLOCK

Asserts only when LPFLLTREN=1 and LPFLLTRUP=1 and LPFLL has locked to target frequency. '

0 LPFLL not Locked
1 LPFLL trimmed and Locked

Table continues on the next page...
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SCG_LPFLLCSR field descriptions (continued)

Field Description
9 LPFLL Trim Update
LPFLLTRUP
0 Disable LPFLL trimming updates. LPFLL frequency determined by AUTOTRIM written value.
1 Enable LPFLL trimming updates. LPFLL frequency determined by reference clock multiplication
8 LPFLL Trim Enable
LPFLLTREN
0 Disable trimming LPFLL to an reference clock source
1 Enable trimming LPFLL to an reference clock source
72 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
0 LPFLL Enable
LPFLLEN
0 LPFLL is disabled
1 LPFLL is enabled

1. In open-loop mode (LPFLLTRUP=0), lock conditions cannot be checked.

18.3.19 Low Power FLL Divide Register (SCG_LPFLLDIV)

Changes to LPFLLDIV should be done when LPFLL is disabled to prevent glitches to
output divided clock.

Address: 4006_4000h base + 504h offset = 4006_4504h

24 | 23 22 21 20 19 18 17 16

Bit 31 30 29 28 27 26 25

Reserved

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R 0 LPFLLDIV2 LPFLLDIVA1
W
Reset 0 0 0 0 0 0 0 0 0 0 0

SCG_LPFLLDIV field descriptions

Field Description
31-19 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
18-16 This field is reserved.

Reserved This bit field is reserved. Software should write 0 to this bit field to maintain compatibility.
15-11 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
10-8 LPFLL Clock Divide 2

LPFLLDIV2 o
Clock divider 2 for the LPFLL. Used by modules that need an asynchronous clock source.

Table continues on the next page...
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SCG_LPFLLDIV field descriptions (continued)

Field Description
000 Output disabled

001 Divide by 1

010 Divide by 2

011 Divide by 4

100 Divide by 8

101 Divide by 16

110 Divide by 32

111 Divide by 64

7-3 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

LPFLLDIVA LPFLL Clock Divide 1

Clock divider 1 for LPFLL. Used to generate the system clock source for modules that need an
asynchronous clock source.

000 Output disabled
001 Divide by 1

010 Divide by 2

011 Divide by 4

100 Divide by 8

101 Divide by 16
110 Divide by 32
111 Divide by 64

18.3.20 Low Power FLL Configuration Register (SCG_LPFLLCFQG)

The LPFLLCFG register cannot be changed when the LPFLL is enabled. When the
LPFLL is enabled, writes to this register are ignored, and there is no transfer error.

Address: 4006_4000h base + 508h offset = 4006_4508h

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

Reset 0 O 0 O O O OO OOOOUOUOTUOO|OOOOOOO OOOOOUOOOTUOTGO

SCG_LPFLLCFG field descriptions

Field Description
31-2 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
FSEL Frequency Select

00 LPFLL is trimmed to 48 MHz
01 LPFLL is trimmed to 72 MHz

Table continues on the next page...
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SCG_LPFLLCFG field descriptions (continued)
Field Description
10
11

Reserved

Reserved

18.3.21 Low Power FLL Trim Configuration Register
(SCG_LPFLLTCFGQG)

The LPFLLTCEFG register cannot be changed when LPFLL tuning is enabled. When the
LPFLL tuning is enabled, writes to this register are ignored, and there is no transfer error.

Address: 4006_4000h base + 50Ch offset = 4006_450Ch

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
m
R 0 9
[V}
=
<
O
@)
|
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0

R 0 0
TRIMDIV TRIMSRC

w

Reset 0 0 0 0 0 0 0 0 0 0

SCG_LPFLLTCFG field descriptions

Field Description
31-17 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
16 Lock LPFLL with 2 LSBS
LOCKW2LSB

This bitfield is used to control the condition to set LPFLLTRMLOCK: difference between LPFLL actual
clock and target clock (48 MHz, 72 MHz) is within 0.8% or 0.4%;

0 LPFLL locks within 1LSB (0.4%)
1 LPFLL locks within 2LSB (0.8%)

15-13 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
12-8 LPFLL Trim Predivide

TRIMDIV

Use to divide the reference clock down for LPFLL trimming by 1,2,3,4.....31,32. The divided frequency
should be either 32.768 KHz or 2 MHz.

Table continues on the next page...
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SCG_LPFLLTCFG field descriptions (continued)
Field Description
00000 Divide by 1

00001 Divide by 2
00010 Divide by 3

11110 Divide by 31
11111 Divide by 32

7-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

TRIMSRC Trim Source

Configures the reference clock source to tune the LPFLL.

00 SIRC

01 FIRC

10 System OSC
11 RTC OSC

18.3.22 Low Power FLL Status Register (SCG_LPFLLSTAT)

This register is loaded from IFR during reset. These register gets uploaded with the trim
values generated by LPFLL auto trimming which is enabled when LPFLL is enabled and
LPFLLTREN=1 and LPFLLTRUP=1. When LPFLL auto trimming is enabled and
LPFLLTRUP is off, writes to this register is allowed and values written to this register
are used to trim LPFLL clock.

Address: 4006_4000h base + 514h offset = 4006_4514h
Bit 31 30 29 28 27 26 25 24 23 22 21 2019181716|1514131211 10 9 8 7 6 5 4 3 2 1 0

AUTOTRIM

Rest 0 O 0 0 O 0 0O OO OOOOOOO OOOOOOOOOT™ * = *» > » **

* Notes:
e AUTOTRIM field: Reset values are loaded out of IFR.

SCG_LPFLLSTAT field descriptions

Field Description
31-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

AUTOTRIM Auto Tune Trim Status

When LPFLL is enabled and auto trimming is enabled (LPFLLTREN=1 and LPFLLTRUP=1) these register
gets uploaded with the trimmed value. When LPFLLTRUP=0, these register is writeable to allow user
programming of trim values.
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SCG_LPFLLSTAT field descriptions (continued)

| Field | Description |

18.4 Functional description

18.4.1 SCG Clock Mode Transitions
The following figure shows the valid clock mode transitions supported by SCG.

Slow IRC (SIRC) boot mode is not supported on this device.

See SCG Specific Chip information for the SCG Valid Mode Transition Diagram.

When a transition between run modes or a transition into wait mode occurs, the SCG
completes the switch to the clock mode as defined in the SCG clock control register.
When completed, the system switches to the selected run/wait mode.

The modes of operation listed in the following table are the valid modes for this
implementation of the SCG.

Table 18-1. SCG modes of operation

Mode Description

System Oscillator Clock | System Oscillator Clock (SOSC) mode is entered when all the following conditions occur:
(SOSC) « RUN MODE: 0001 is written to RCCR[SCS].
VLRUN MODE: 0001 is written to VCCR[SCS].
e SOSCEN =1
e SOSCVLD =1

In SOSC mode, SCGCLKOUT and system clocks are derived from the external System Oscillator
Clock (SOSC).

Slow Internal Reference | Slow Internal Reference Clock (SIRC) mode is entered when all the following conditions occur:
Clock (SIRC) « RUN MODE: 0010 is written to RCCR[SCS].

VLRUN MODE: 0010 is written to VCCR[SCS] and 1 is written to SIRCCSR[SIRCLPEN].
e SIRCEN =1
e SIRCVLD =1

In SIRC mode, SCGCLKOUT and system clocks are derived from the slow internal reference clock.
Two frequency ranges are available for SIRC clock as described in the SIRCCFG[RANGE] register
definition. Changes to SIRC range settings will be ignored when SIRC clock is enabled.

Table continues on the next page...
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Table 18-1. SCG modes of operation (continued)

Mode Description
Fast Internal Reference |Fast Internal Reference Clock (FIRC) mode is the default clock mode of operation and is entered
Clock (FIRC) when all the following conditions occur:

¢ RUN MODE: 0011 is written to RCCR[SCS].

VLRUN MODE: Invalid mode. Programming SCG into FIRC mode will be ingored.
e FIRCEN =1
e FIRCVLD =1

In FIRC mode, SCGCLKOUT and system clocks are derived from the fast internal reference clock.
Four frequency range settings are available for FIRC clock as described in the FIRC[RANGE]
register definition. Changes to FIRC range settings will be ignored when FIRC clock is enabled.

Low Power FLL
(LPFLL)

Low Power FLL (LPFLL) mode is entered when all the following conditions occur:
* RUN MODE: 0101 is written to RCCR[SCS].
VLRUN MODE: Invalid mode. Programming SCG into LPFLL mode will be ingored.
e LPFLLEN =1
e LPFLLVLD =1

In LPFLL mode, SCGCLKOUT and system clocks are derived from the Low Power FLL (LPFLL). By
default the LPFLL will be running in open-loop mode using default trim values. In closed-loop mode
(LPFLLTREN=1 and LPFLLTRUP=1) LPFLL will be auto trimmed using a selectable reference clock
as specified by its corresponding SCG_LPFLLTCFG[TRIMSRC]. The LPFLL will lock its frequency
to the LPFLL factor, as specified by the SCG_LPFLLCFG[FSEL].

Stop

Entered whenever the MCU enters a Stop state. The power modes are chip specific. For power
mode assignments, see the chapter that describes how modules are configured and SCG behaviour
during Stop recovery. Entering Stop mode, all SCG clock signals are static except the following
clocks which can continue to run and stayed enabled in the following cases:

SIRCCLK is available in Normal Stop and VLPS mode when all the following conditions become
true:

+ SIRCCSRI[SIRCEN] = 1
+ SIRCCSR[SIRCSTEN] = 1
« SIRCCSRI[SIRCLPEN] = 1 in VLPS

FIRCCLK is available only in Normal Stop mode when all the following conditions become true:
* FIRCCSR[FIRCEN] =1
* FIRCCSRI[FIRCSTEN] =1

SOSCLK is available in following low power stop modes (Normal Stop, VLPS) when all the below
conditions are true.

¢ SOSCCSR[SOSCEN] =1
* SOSCCSR[SOSCSTEN] = 1
¢ SOSCCSR[SOSCLPEN] = 1 (required only for Low Power Stop modes (VLPS)
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Chapter 19
RTC Oscillator (0SC32)

19.1 Introduction

The RTC oscillator module provides the clock source for the RTC. The RTC oscillator
module, in conjunction with an external crystal, generates a reference clock for the RTC.

19.1.1 Features and Modes

The key features of the RTC oscillator are as follows:
* Supports 32 kHz crystals with very low power
 Consists of internal feed back resistor

e Automatic Gain Control (AGC) to optimize power consumption

The RTC oscillator operations are described in detail in Functional Description .

19.1.2 Block Diagram
The following is the block diagram of the RTC oscillator.
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RTC Signal Descriptions

control
Amplitude clk out for RTC
detector ﬂ

V
Rf

| —
| S

EXTAL32 XTAL32

PAD PAD

Figure 19-1. RTC Oscillator Block Diagram

19.2 RTC Signal Descriptions

The following table shows the user-accessible signals available for the RTC oscillator.
See the chip-level specification to find out which signals are actually connected to the

external pins.
Table 19-1. RTC Signal Descriptions

Signal Description 110
EXTAL32 Oscillator Input |
XTAL32 Oscillator Output (0]

19.2.1 EXTAL32 — Oscillator Input
This signal is the analog input of the RTC oscillator.

19.2.2 XTAL32 — Oscillator Output
This signal is the analog output of the RTC oscillator module.
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19.3 External Crystal Connections

The connections with a crystal is shown in the following figure. External load capacitors
are required based on crystal parameters, but feedback resistor is not required.

RTC Oscillator Module

XTAL32 Vss EXTAL32

||:||
Crystal ! RI t — Cx
y rystal or Resonator y

Figure 19-2. Crystal Connections

Cy

19.4 Memory Map/Register Descriptions
The following section shows the memory map and explains the register.

OSC32 memory map

Absolute . .
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
4006_0000 |RTC Oscillator Control Register (OSC32_CR) 8 R/W 00h 19.4.1/407

19.4.1 RTC Oscillator Control Register (OSC32_CR)

Address: 4006_0000h base + 0Oh offset = 4006_0000h

Bit 7 6 5 4 | 3 2 1
Read
ROSCEN
Write
Reset 0
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OSC32_CR field descriptions

Field Description
7 RTC 32k Oscillator enable
ROSCEN
This bit is used to enable the RTC 32k VLP Oscillator.
NOTE: If RTC_CR[OSCE]is set, this bit will be bypassed. OSC32 then works in crystal mode.
0 Oscillator is disabled.
1 Oscillator is enabled.
6 RTC 32k Oscillator stop mode enable
ROSCSTPEN
This bit is used to enable the RTC 32k VLP Oscillator in stop mode together with ROSCEN bitfield.
0 Oscillator is disabled regardless the state of ROSCEN.
1 Oscillator is enabled in Stop mode when ROSCEN is set.
5 RTC 32k Oscillator stable flag
ROSCSTB
This flag indicates when using the crystal mode if the oscillator has started up stably after 4096 cycles.
0 RTC 32k oscillator is unstable now and no clock will go out of the block.
1 RTC 32k oscillator is stable.
4 RTC 32k Oscillator external reference clcok selection
ROSCEREFS
NOTE: If RTC_CR[OSCE]is set, this bit will be bypassed. OSC32 then works in crystal mode.
0 Bypass mode. RTC oscillator selects the external 32k clock.
1 Crystal mode.
3-1 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

19.5 Functional Description

As shown in Figure 19-1, the module includes an amplifier which supplies the negative
resistor for the RTC oscillator. The gain of the amplifier is controlled by the amplitude
detector, which optimizes the power consumption. A schmitt trigger is used to translate
the sine-wave generated by this oscillator to a pulse clock out, which is a reference clock
for the RTC digital core.

The oscillator includes an internal feedback resistor of approximately 100 M() between
EXTAL32 and XTAL32.
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19.6 Reset Overview

There 1s no reset state associated with the RTC oscillator.

19.7 Interrupts

The RTC oscillator does not generate any interrupts.

Kinetis KE1xZ Sub-Family Reference Manual, Rev. 2, 09/2016
NXP Semiconductors 409




Interrupts

Kinetis KE1xZ Sub-Family Reference Manual, Rev. 2, 09/2016
410 NXP Semiconductors




Chapter 20
Peripheral Clock Controller (PCC)

20.1 Chip-specific information for this module

20.1.1 Information of PCC on this device

The clock connection information for this module is as follows.

Clock Source : SCG Clock Source Descriptions PCS Clock Names of PCC
SOSCDIV2_CLK SOSCDIV2 of system OSC clock OSCCLK
SIRCDIV2_CLK SIRCDIV2 of slow IRC clock SCGIRCLK
FIRCDIV2_CLK FIRCDIV2 of fast IRC clock SCGFIRCLK
SFLLDIV2_CLK FLLDIV2 of LPFLL clock SCGFLLCLK

20.2 Introduction

The Peripheral Clock Control module (PCC) provides peripheral clock control and
configuration registers.

In addition to the peripheral clock gates, clock multiplexers, and clock dividers, the PCC
contains an interface between the peripherals and the system to control and acknowledge
the Stop, Doze, and Debug signals.

20.2.1 Features

The PCC module enables software to configure the following clocking options for each
peripheral:
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* Clock gating

¢ Clock source selection

¢ Clock divide values

The following figure is a block diagram of the PCC clock source selection and clock
gating. Some peripherals also have a clock divider available. See the peripheral's PCC
register for more information.

PCC - Peripheral Clock Muxing and Gating

Peripheral clock select Clock Divide
(PCS bits in Control

the Peripheral's (PCD bits in
PCC register). the Peripheral's
. PCC register).

Clock Sources \{ V
from Clock Generator
Module Clock

— | Diider [

Clock Divider Peripheral Functional Clock -
External only available for
Peripheral-Specific certain peripherals This clock is used by the Peripheral
Clock Source ) i
> Functional Logic
£ (example - derive baud rates)
, Post-Divider Mux
PCC Register values Control
& Test Control Signals (Ext Clk selected
ﬂ if PCS=000)
Clock Gate
Control
Peripheral Interface Clock
Bus Clock p| Clock P »
Gate
This clock is used by PCC

Control and Config Registers

Figure 20-1. PCC Clock Source Selection and Gating

20.3 Functional description

The Peripheral Clock Control (PCC) module provides clock gating and clock source
selection to each peripheral.
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Each peripheral has its own unique PCCn register that provides clock gating for the
peripheral's interface clock and its functional clock where applicable.

Optional peripheral functional clock sources can come from the SCG (xxxDIVy_CLK) or
other modules such as LPO. Not all peripherals will make use of all available peripheral
functional clocks.

See each peripheral's PCCn register for details.

20.4 Memory map and register definition

Each peripheral has its own dedicated PCC Register, which controls the clock gating,
clock source and dividers for that specific peripheral.

NOTE
For each core processor, the number of PCC registers is
different. Write accesses to unused PCC registers are blocked
and result in a bus error.

20.4.1 PCC Register Descriptions

20.4.1.1 PCC Memory Map

Absolute Register Width | Access | Reset value

address (In bits)
40065020h (PCC DMAO (PCC_DMAO) 32 RW C0000000h
40065080h [PCC FLASH (PCC_FLASH) 32 RW C0000000h
40065084h |PCC DMAMUXO0 (PCC_DMAMUXO) 32 RW 80000000h
4006509Ch |PCC ADC1 (PCC_ADCH1) 32 RW C0000000h
400650B0h |PCC LPSPIO (PCC_LPSPIO0) 32 RW 80000000h
400650B4h |PCC LPSPI1 (PCC_LPSPI1) 32 RW 80000000h
400650C8h |PCC CRC (PCC_CRC) 32 RW 80000000h
400650D8h |PCC PDBO (PCC_PDBO) 32 RW 80000000h
400650DCh |PCC LPITO (PCC_LPITO) 32 RW 80000000h
400650E0h |PCC FLEXTMRO (PCC_FLEXTMRO) 32 RW 80000000h
400650E4h |PCC FLEXTMR1 (PCC_FLEXTMR1) 32 RW 80000000h
400650E8h |PCC FLEXTMR2 (PCC_FLEXTMR2) 32 RW 80000000h

Table continues on the next page...
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Absolute Register Width | Access | Reset value
address (In bits)
400650ECh |PCC ADCO (PCC_ADCO0) 32 RW C0000000h
400650F4h |PCC RTC (PCC_RTC) 32 RW 80000000h
40065100h |PCC LPTMRO (PCC_LPTMRO) 32 RW 80000000h
40065114h |PCC TSI (PCC_TSI) 32 RW 80000000h
40065124h |PCC PORTA (PCC_PORTA) 32 RW 80000000h
40065128h |PCC PORTB (PCC_PORTB) 32 RW 80000000h
4006512Ch |PCC PORTC (PCC_PORTC) 32 RW 80000000h
40065130h |PCC PORTD (PCC_PORTD) 32 RW 80000000h
40065134h |PCC PORTE (PCC_PORTE) 32 RW 80000000h
40065158h |PCC PWT (PCC_PWT) 32 RW 80000000h
40065168h |PCC FLEXIO (PCC_FLEXIO) 32 RW 80000000h
40065180h |PCC OSC32 (PCC_0SC32) 32 RW 80000000h
40065184h |PCC EWM (PCC_EWM) 32 RW 80000000h
40065198h |PCC LPI2C0 (PCC_LPI2C0) 32 RW 80000000h
4006519Ch |PCC LPI2C1 (PCC_LPI2C1) 32 RW 80000000h
400651A8h |PCC LPUARTO (PCC_LPUARTO) 32 RW 80000000h
400651ACh |PCC LPUART1 (PCC_LPUART1) 32 RW 80000000h
400651B0h |PCC LPUART2 (PCC_LPUART2) 32 RW 80000000h
400651CCh |PCC CMPO (PCC_CMPO) 32 RW 80000000h
400651D0h |PCC CMP1 (PCC_CMP1) 32 RW 80000000h

20.4.1.2 PCC DMAO (PCC_DMAO)

20.4.1.2.1 Address

Register Offset
PCC_DMAO 40065020h

20.4.1.2.2 Function
PCC Register
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20.4.1.2.3 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R PR INUS
CGC E Reserved Reserved Reserved
w
Reset 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bits 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R
Reserved HEED Reserved
W rved

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

20.4.1.2.4 Fields

Field Function
31 Enable
PR This bit shows whether the peripheral is present on this device.

0 - Peripheral is not present.
1 - Peripheral is present.

30 Clock Control
CGC This read/write bit enables the clock for the peripheral.

0 - Clock disabled
1 - Clock enabled

29 Clock Gate Control
INUSE >This read-only bit shows that this peripheral is being used .

0 - Peripheral is not being used.
1 - Peripheral is being used. Software cannot modify the existing clocking configuration.

28-27 This read-only bit field is reserved and always has the value 0.
26:24 This read-only bit field is reserved and always has the value 0.
2;4 This read-only bit field is reserved and always has the value 0.
; This read-only bit field is reserved and always has the value 0.
2:) This read-only bit field is reserved and always has the value 0.
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20.4.1.3 PCC FLASH (PCC_FLASH)

20.4.1.3.1 Address

Register Offset
PCC_FLASH 40065080h

PCC Register

20.4.1.3.2 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R PR INUS
CGC E Reserved Reserved Reserved
w
Reset 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bits 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R
Reserved HEED Reserved
W rved

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

20.4.1.3.3 Fields

Field Function
31 Enable
PR This bit shows whether the peripheral is present on this device.

0 - Peripheral is not present.
1 - Peripheral is present.

30 Clock Control
CGC This read/write bit enables the clock for the peripheral.

0 - Clock disabled
1 - Clock enabled

29 Clock Gate Control

INUSE >This read-only bit shows that this peripheral is being used .

0 - Peripheral is not being used.
1 - Peripheral is being used. Software cannot modify the existing clocking configuration.

28-27 This read-only bit field is reserved and always has the value 0.

26-24 This read-only bit field is reserved and always has the value 0.
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Field Function

2;4 This read-only bit field is reserved and always has the value 0.
; This read-only bit field is reserved and always has the value 0.
2:) This read-only bit field is reserved and always has the value 0.

20.4.1.4 PCC DMAMUXO0 (PCC_DMAMUXO0)

20.4.1.4.1 Address

Register Offset
PCC_DMAMUXO 40065084h

PCC Register

20.4.1.4.2 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R PR INUS
CGC E Reserved Reserved Reserved
w
Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bits 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R
Reserved REED Reserved
W rved

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

20.4.1.4.3 Fields

Field Function
31 Enable
PR This bit shows whether the peripheral is present on this device.
0 - Peripheral is not present.
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Field Function
1 - Peripheral is present.
30 Clock Control
CGC This read/write bit enables the clock for the peripheral.

0 - Clock disabled
1 - Clock enabled

29 Clock Gate Control
INUSE >This read-only bit shows that this peripheral is being used .

0 - Peripheral is not being used.
1 - Peripheral is being used. Software cannot modify the existing clocking configuration.

28-27 This read-only bit field is reserved and always has the value 0.
2(;24 This read-only bit field is reserved and always has the value 0.
2;4 This read-only bit field is reserved and always has the value 0.
; This read-only bit field is reserved and always has the value 0.
2:) This read-only bit field is reserved and always has the value 0.

20.4.1.5 PCC ADC1 (PCC_ADCH1)

20.4.1.5.1 Address

Register Offset
PCC_ADCH1 4006509Ch

PCC Register

Kinetis KE1xZ Sub-Family Reference Manual, Rev. 2, 09/2016
418 NXP Semiconductors




4
Chapter 20 Peripheral Clock Controller (PCC)

20.4.1.5.2 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R PR INUS
cec| E Reserved PCS Reserved
W
Reset 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bits 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R
Reserved HEED Reserved
W rved

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

20.4.1.5.3 Fields

Field Function
31 Enable
PR This bit shows whether the peripheral is present on this device.

0 - Peripheral is not present.
1 - Peripheral is present.

30 Clock Control
CGC This read/write bit enables the clock for the peripheral.

0 - Clock disabled
1 - Clock enabled

29 Clock Gate Control
INUSE >This read-only bit shows that this peripheral is being used .

0 - Peripheral is not being used.
1 - Peripheral is being used. Software cannot modify the existing clocking configuration.

28-27 This read-only bit field is reserved and always has the value 0.
26-24 Peripheral Clock Source Select
PCS This read/write bit field is used for peripherals that support various clock selections.

This field can only be written when the CGC bit is 0 (clock disabled). Likewise, if the INUSE flag is set,
this field is locked.

000 - Clock is off .

001 - System Oscillator Bus Clock.
010 - Slow IRC Clock.

011 - Fast IRC Clock.

100 - Reserved.

101 - Low-power FLL (LPFLL) clock.
110 - Reserved.

111 - Reserved.

23-4 This read-only bit field is reserved and always has the value 0.
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Field Function
3 This read-only bit field is reserved and always has the value 0.
2-0 This read-only bit field is reserved and always has the value 0.

20.4.1.6 PCC LPSPIO (PCC_LPSPIO0)

20.4.1.6.1 Address

Register Offset
PCC_LPSPIO 400650B0h

PCC Register

20.4.1.6.2 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R PR INUS
cge| E Reserved PCS Reserved
W
Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R Rese

Reserved Reserved
w rved

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

20.4.1.6.3 Fields

Field Function
31 Enable
PR This bit shows whether the peripheral is present on this device.

0 - Peripheral is not present.
1 - Peripheral is present.

30 Clock Control

CGC This read/write bit enables the clock for the peripheral.
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Field Function

0 - Clock disabled
1 - Clock enabled

29 Clock Gate Control
INUSE >This read-only bit shows that this peripheral is being used .

0 - Peripheral is not being used.
1 - Peripheral is being used. Software cannot modify the existing clocking configuration.

28-27 This read-only bit field is reserved and always has the value 0.
26-24 Peripheral Clock Source Select
PCS This read/write bit field is used for peripherals that support various clock selections.

This field can only be written when the CGC bit is 0 (clock disabled). Likewise, if the INUSE flag is set,
this field is locked.

000 - Clock is off .

001 - System Oscillator Bus Clock.
010 - Slow IRC Clock.

011 - Fast IRC Clock.

100 - Reserved.

101 - Low-power FLL (LPFLL) clock.
110 - Reserved.

111 - Reserved.

23-4 This read-only bit field is reserved and always has the value 0.
3 This read-only bit field is reserved and always has the value 0.
2-0 This read-only bit field is reserved and always has the value 0.

20.4.1.7 PCC LPSPI1 (PCC_LPSPI1)

20.4.1.7.1 Address

Register Offset
PCC_LPSPI1 400650B4h

PCC Register
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20.4.1.7.2 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R PR INUS
cec| E Reserved PCS Reserved
W
Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R Rese

Reserved Reserved
W rved

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

20.4.1.7.3 Fields

Field Function
31 Enable
PR This bit shows whether the peripheral is present on this device.

0 - Peripheral is not present.
1 - Peripheral is present.

30 Clock Control
CGC This read/write bit enables the clock for the peripheral.

0 - Clock disabled
1 - Clock enabled

29 Clock Gate Control
INUSE >This read-only bit shows that this peripheral is being used .

0 - Peripheral is not being used.
1 - Peripheral is being used. Software cannot modify the existing clocking configuration.

28-27 This read-only bit field is reserved and always has the value 0.
26-24 Peripheral Clock Source Select
PCS This read/write bit field is used for peripherals that support various clock selections.

This field can only be written when the CGC bit is 0 (clock disabled). Likewise, if the INUSE flag is set,
this field is locked.

000 - Clock is off .

001 - System Oscillator Bus Clock.
010 - Slow IRC Clock.

011 - Fast IRC Clock.

100 - Reserved.

101 - Low-power FLL (LPFLL) clock.
110 - Reserved.

111 - Reserved.

23-4 This read-only bit field is reserved and always has the value 0.
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Field Function
3 This read-only bit field is reserved and always has the value 0.
2-0 This read-only bit field is reserved and always has the value 0.

20.4.1.8 PCC CRC (PCC_CRC)

20.4.1.8.1 Address

Register Offset
PCC_CRC 400650C8h

PCC Register

20.4.1.8.2 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R PR INUS
CGC E Reserved Reserved Reserved
w
Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R Rese

Reserved Reserved
w rved

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

20.4.1.8.3 Fields

Field Function
31 Enable
PR This bit shows whether the peripheral is present on this device.

0 - Peripheral is not present.
1 - Peripheral is present.

30 Clock Control

CGC This read/write bit enables the clock for the peripheral.
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Field Function

0 - Clock disabled
1 - Clock enabled

29 Clock Gate Control

INUSE >This read-only bit shows that this peripheral is being used .

0 - Peripheral is not being used.
1 - Peripheral is being used. Software cannot modify the existing clocking configuration.

28-27 This read-only bit field is reserved and always has the value 0.
26:24 This read-only bit field is reserved and always has the value 0.
2;4 This read-only bit field is reserved and always has the value 0.
; This read-only bit field is reserved and always has the value 0.
2:) This read-only bit field is reserved and always has the value 0.

20.4.1.9 PCC PDBO (PCC_PDBO0)

20.4.1.9.1 Address

Register Offset
PCC_PDBO 400650D8h

PCC Register

20.4.1.9.2 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R PR INUS
CGC E Reserved Reserved Reserved
w
Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bits 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R
Reserved Fese Reserved
w rved

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0
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20.4.1.9.3 Fields
Field Function
31 Enable
PR This bit shows whether the peripheral is present on this device.
0 - Peripheral is not present.
1 - Peripheral is present.
30 Clock Control
CGC This read/write bit enables the clock for the peripheral.
0 - Clock disabled
1 - Clock enabled
29 Clock Gate Control
INUSE >This read-only bit shows that this peripheral is being used .
0 - Peripheral is not being used.
1 - Peripheral is being used. Software cannot modify the existing clocking configuration.
28-27 This read-only bit field is reserved and always has the value 0.
26-24 This read-only bit field is reserved and always has the value 0.
23-4 This read-only bit field is reserved and always has the value 0.
3 This read-only bit field is reserved and always has the value 0.
2-0 This read-only bit field is reserved and always has the value 0.
20.4.1.10 PCC LPITO (PCC_LPITO)
20.4.1.10.1 Address
Register Offset
PCC_LPITO 400650DCh
PCC Register
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20.4.1.10.2 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R PR INUS
cec| E Reserved PCS Reserved
W
Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bits 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R Rese

Reserved Reserved
W rved

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

20.4.1.10.3 Fields

Field Function
31 Enable
PR This bit shows whether the peripheral is present on this device.

0 - Peripheral is not present.
1 - Peripheral is present.

30 Clock Control
CGC This read/write bit enables the clock for the peripheral.

0 - Clock disabled
1 - Clock enabled

29 Clock Gate Control
INUSE >This read-only bit shows that this peripheral is being used .

0 - Peripheral is not being used.
1 - Peripheral is being used. Software cannot modify the existing clocking configuration.

28-27 This read-only bit field is reserved and always has the value 0.
26-24 Peripheral Clock Source Select
PCS This read/write bit field is used for peripherals that support various clock selections.

This field can only be written when the CGC bit is 0 (clock disabled). Likewise, if the INUSE flag is set,
this field is locked.

000 - Clock is off .

001 - System Oscillator Bus Clock.
010 - Slow IRC Clock.

011 - Fast IRC Clock.

100 - Reserved.

101 - Low-power FLL (LPFLL) clock.
110 - Reserved.

111 - Reserved.

23-4 This read-only bit field is reserved and always has the value 0.
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Field Function
3 This read-only bit field is reserved and always has the value 0.
2-0 This read-only bit field is reserved and always has the value 0.

20.4.1.11 PCC FLEXTMRO (PCC_FLEXTMRO)

20.4.1.11.1 Address

Register Offset
PCC_FLEXTMRO 400650E0h

PCC Register

20.4.1.11.2 Diagram

Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R PR INUS
CGC E Reserved Reserved Reserved
w
Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bits 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R
Reserved lese Reserved
w rved

Reset 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0

20.4.1.11.3 Fiel