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About this Document

This Reference Manual is addressed to embedded hardware and software developers.
It provides the reader with detailed descriptions about the behavior of the XMC1300
series functional units and their interaction.

The manual describes the functionality of the superset device of the XMC1300
microcontroller series. For the available functionality (features) of a specific XMC1300
derivative (derivative device), please refer to the respective Data Sheet. For simplicity,
the various device types are referenced by the collective term XMC1300 throughout this
manual.

XMC1000 Family User Documentation
The set of user documentation includes:

e Reference Manual
— decribes the functionality of the superset device.
e Data Sheets
— list the complete ordering information, available features and electrical
characteristics of derivative devices.
* Errata Sheets
— list deviations from the specifications given in the related Reference Manual or
Data Sheets. Errata Sheets are provided for the superset of devices.

Attention: Please consult all parts of the documentation set to attain consolidated
knowledge about your device.
Application related guidance is provided by Users Guides and Application Notes.

Please refer to http://www.infineon.com/xmc1000 to get access to the latest versions
of those documents.

Related Documentations

The following documents are referenced:

« ARM® Cortex MO

— Technical Reference Manual

— User Guide, Reference Material
+  ARM®v6-M Architecture Reference Manual
«  AMBA® 3 AHB-Lite Protocol Specification
« AMBA® 3 APB Protocol Specification

Copyright Notice

« Portions of CPU chapter Copyright © 2009, 2010 by ARM, Ltd. All rights reserved.
Used with permission.
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Text Conventions

This document uses the following naming conventions:

3

Functional units of the XMC1300 are given in plain UPPER CASE. For example: “The
USICO unit supports...”.

Pins using negative logic are indicated by an overline. For example: “The WAIT input
has...”.

Bit fields and bits in registers are in general referenced as
“Module_RegisterName.BitField” or “Module_RegisterName.Bit". For example: “The
USICO_PCR.MCLK bit enables the...”. Most of the register names contain a module
name prefix, separated by an underscore character “_” from the actual register name
(for example, “USICO_PCR”", where “USICO” is the module name prefix, and “PCR”
is the kernel register name). In chapters describing the kernels of the peripheral
modules, the registers are mainly referenced with their kernel register names. The
peripheral module implementation sections mainly refer to the actual register names
with module prefixes.

Variables used to describe sets of processing units or registers appear in mixed
upper and lower cases. For example, register name “MOFCRnN” refers to multiple
“MOFCR?” registers with variable n. The bounds of the variables are always given
where the register expression is first used (for example, “n = 0-31"), and are repeated
as needed in the rest of the text.

The default radix is decimal. Hexadecimal constants are suffixed with a subscript
letter “H”, as in 100,,. Binary constants are suffixed with a subscript letter “B”, as in:
111;.

When the extent of register fields, groups register bits, or groups of pins are
collectively named in the body of the document, they are represented as
“NAMEJ[A:B]", which defines a range for the named group from B to A. Individual bits,
signals, or pins are given as “NAME[C]" where the range of the variable C is given in
the text. For example: CFG[2:0] and SRPNJO0].

Units are abbreviated as follows:

— MHz = Megahertz

— us = Microseconds

kBaud, kbit = 1000 characters/bits per second

MBaud, Mbit = 1,000,000 characters/bits per second

Kbyte, KB = 1024 bytes of memory

Mbyte, MB= 1048576 bytes of memory

In general, the k prefix scales a unit by 1000 whereas the K prefix scales a unit by
1024. Hence, the Kbyte unit scales the expression preceding it by 1024. The
kBaud unit scales the expression preceding it by 1000. The M prefix scales by
1,000,000 or 1048576. For example, 1Kbyte is 1024 bytes, 1 Mbyte is
1024 x 1024 bytes, 1 kBaud/kbit are 1000 characters/bits per second,
1 MBaud/Mbit are 1000000 characters/bits per second, and 1 MHz is 1,000,000
Hz.
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« Data format quantities are defined as follows:
Byte = 8-bit quantity

Half-word = 16-bit quantity

Word = 32-bit quantity

Double-word = 64-bit quantity

Bit Function Terminology

In tables where register bits or bit fields are defined, the following conventions are used
to indicate the access types.

Table 1 Bit Function Terminology

Bit Function Description

rw The bit or bit field can be read and written.

rwh As rw, but bit or bit field can be also set or reset by hardware. If

not otherwise documented the software takes priority in case of
a write conflict between software and hardware.

r The bit or bit field can only be read (read-only).

w The bit or bit field can only be written (write-only). A read to this
register will always give a default value back.

rh This bit or bit field can be modified by hardware (read-hardware,
typical example: status flags). A read of this bit or bit field give
the actual status of this bit or bit field back. Writing to this bit or
bit field has no effect to the setting of this bit or bit field.

Register Access Modes

Read and write access to registers and memory locations are sometimes restricted. In
memory and register access tables, the following terms are used.

Table 2 Register Access Modes

Symbol Description

PV (SV), U Access permitted in Privileged (Supervisor) Mode.

Note: ARM® Cortex MO processor does not support different
privilege levels. Only Privileged (Supervisor) Mode is
supported in XMC1000 Family. Symbol “U” and Symbol “PV”
can be used to represent the access permitted in this mode.

BP Indicates that this register can only be access when the bit protection is
disabled. See detailed description of Bit Protection Scheme in the
Memory Organisation chapter.
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Table 2 Register Access Modes (cont'd)

Symbol Description

32 Only 32-bit word accesses are permitted to this register/address range.
NC No change, indicated register is not changed.

BE Indicates that an access to this address range generates a Bus Error.
nBE Indicates that no Bus Error is generated when accessing this address

range.

Reserved Bits

Register bit fields named Reserved or 0 indicate unimplemented functions with the
following behavior.

« Reading these bit fields returns 0.
¢ These bhit fields should be written with 0 if the bit field is defined as r or rh.
¢ These bit fields have to be written with 0 if the bit field is defined as rw.

These hit fields are reserved. The detailed description of these bit fields can be found in
the register descriptions.

Abbreviations

and Acronyms

The following acronyms and terms are used in this document:

ACMP Analog Comparator

AHB Advanced High-performance Bus

AMBA Advanced Microcontroller Bus Architecture
ANACTRL Analog Control Unit

APB Advanced Peripheral Bus

ASC Asynchronous Serial Channel

BCCU Brightness and Colour Control Unit

BMI Boot Mode Index

CMSIS Cortex Microcontroller Software Interface Standard
CPU Central Processing Unit

CCu4 Capture Compare Unit 4

CCus Capture Compare Unit 8

CRC Cyclic Redundancy Code

DCO Digitally Controlled Oscillator

ECC Error Correction Code
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ERU Event Request Unit

EVR Embedded Voltage Regulator

FPU Floating Point Unit

GPIO General Purpose Input/Output

HMI Human-Machine Interface

IIC Inter Integrated Circuit (also known as 12C)
s Inter-IC Sound Interface

1/0 Input / Output

JTAG Joint Test Action Group = IEEE1149.1
LED Light Emitting Diode

LEDTS LED and Touch Sense Control Unit
MSB Most Significant Bit

NC Not Connected

NMI Non-Maskable Interrupt

NVIC Nested Vectored Interrupt Controller
ORC Out of Range Comparator

PAU Peripheral Access Unit

POSIF Position Interface

PRNG Pseudo Random Number Generator
ROM Read-Only Memory

RAM Random Access Memory

RTC Real Time Clock

SCU System Control Unit

SFR Special Function Register

SHS Sample and Hold Sequencer

SPI Serial Peripheral Interface

SRAM Static RAM

SR Service Request

SSC Synchronous Serial Channel

SSW Start-up Software

TSE Temperature Sensor

UART Universal Asynchronous Receiver Transmitter
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usiC Universal Serial Interface Channel

VADC Versatile Analog-to-Digital Converter

WDT Watchdog Timer
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1 Introduction

The XMC1300 series belongs to the XMC1000 Family of industrial microcontrollers
based on the ARM Cortex-M0O processor core. The XMC1300 series devices are
optimized for motor control, power conversion and LED Lighting applications.

Increasing complexity and demand for computing power of embedded control
applications requires microcontrollers to have a significant CPU performance, integrated
peripheral functionality and rapid development environment enabling short time-to-
market, without compromising cost efficiency. Nonetheless the architecture of the
XMC1300 microcontroller pursue successful hardware and software concepts, which
have been established in Infineon microcontroller families.

1.1 Overview

The XMC1300 series devices combine the extended functionality and performance of
the Cortex-MO core with powerful on-chip peripheral subsystems and on-chip memory
units. The following key features are available within the range of XMC1300 series
devices:

CPU Subsystem

e CPU Core
— High Performance 32-bit Cortex-M0 CPU
— Most of 16-bit Thumb instruction set
— Subset of 32-bit Thumb2 instruction set
— High code density with 32-bit performance
— Single cycle 32-bit hardware multiplier
— System timer (SysTick) for Operating System support
— Ultra low power consumption
* Nested Vectored Interrupt Controller (NVIC)
« Event Request Unit (ERU) for programmable processing of external and internal
service requests
e MATH Co-processor (MATH), consists of a CORDIC unit for trigonometric calculation
and a division unit

On-Chip Memories

¢ 8 kbytes on-chip ROM
¢ 16 kbytes on-chip high-speed SRAM
e up to 200 kbytes on-chip Flash program and data memory

Communication Peripherals

« Two Universal Serial Interface Channels (USIC), usable as UART, double-SPI,
quad-SPI, IIC, 1IS and LIN interfaces
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Analog Frontend Peripherals

« A/D Converters, up to 12 channels, includes 2 sample and hold stages and a fast 12-
bit analog to digital converter with adjustable gain

¢ Up to 8 channels of out of range comparators (ORC)

« Up to 3 fast analog comparators (ACMP)

Industrial Control Peripherals

¢ Capture/Compare Units 4 (CCU4) for use as general purpose timers

e Capture/Compare Units 8 (CCU8) for motor control and power conversion

< Position Interfaces (POSIF) for hall and quadrature encoders and motor positioning
« Brightness and Colour Control Unit (BCCU), for LED color and dimming application

System Control

¢ Window Watchdog Timer (WDT) for safety sensitive applications

« Temperature Sensor (TSE)

¢ Real Time Clock module with alarm support (RTC)

e System Control Unit (SCU) for system configuration and control

e Pseudo random number generator (PRNG), provides random data with fast
generation times

Input/Output Lines With Individual Bit Controllability

e Tri-stated in input mode
e Push/pull or open drain output mode
« Configurable pad hysteresis

Debug System

e Access through the standard ARM serial wire debug (SWD) or the single pin debug
(SPD) interface

« A breakpoint unit (BPU) supporting up to 4 hardware breakpoints

¢ A watchpoint unit (DWT) supporting up to 2 watchpoints

Packages Information

* PG-TSSOP-38
* PG-TSSOP-16

Note: For details about package availability for a particular derivative please check the
datasheet.
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111 Block Diagram

The diagram below shows the functional blocks and their basic connectivity within the
XMC1300 System.

Analog system Cortex-MO Debug SWD
EVR CPU ystem | spp
1%}
ANACTRL SFRs /‘\];>£
Y AHB to APB
< .
,:<#> Bridge
PRNG ()2 =1 |
—
AHB-Lite Bus
Flash SFRs
200k + 0.5kY | | PN ACMP &
fsr Tl [ MATH ccwo (=D D T dRe
16k i
SRAM () (=D PORTS usico (=1 |K=) BCcw
sROM ()l K= woT vapc (=D [=D) ccuso
Memories
RN SCU ERUO (=) (=4 POSIFO
RTC

1) 0.5kbytes of sector O (readable only).

Figure 1-1  XMC1300 Functional diagram

1.2 Core Processing Units

The XMC1300 system core consists of the CPU and the memory interface blocks for
memories.
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1.2.1 Central Processing Unit (CPU)

The ARM Cortex-MO processor is built on a highly area and power optimized 32-bit
processor core, with a 3-stage pipeline von Neumann architecture. The processor
delivers exceptional energy efficiency through a small but powerful instruction set and
extensively optimized design, providing high-end processing hardware including a single
cycle multiplier.

The instruction set is based on the 16-bit Thumb instrcution set and includes Thumb-2
technology. This provides the exceptional perfomance expected of a modern 32-bit
architecture, with a higher code density than other 8-bit and 16-bit microcontrollers.

1.2.2 Programmable Multiple Priority Interrupt System (NVIC)

The XMC1300 provides separate interrupt nodes that may be assigned to 4 interrupt
priority levels. Most interrupt sources are connected to a dedicated interrupt node. In
some cases, multi-source interrupt nodes are incorporated for efficient use of system
resources. These nodes can be activated by several source requests and are controlled
via interrupt subnode control registers.

1.2.3 Math Coprocessor (MATH)

The MATH Coprocessor (MATH) module comprises of two independent sub-blocks to
support the CPU in math-intensive computations: a Divider Unit (DIV) for signed and
unsigned 32-hit division operations and a CORDIC (COrdinate Rotation Dlgital
Computer) Coprocessor for computation of trigonometric, linear or hyperbolic functions.

1.3 System Units

The XMC1300 controllers provide a humber of system resources designed around the
CPU.

1.3.1 Memories

8 kbytes of ROM (ROM) memory for boot code execution and exception vector table.
The ROM contains system basic initialization sequence code and is executed
immediately after reset release. The Bootstrap Loaders(BSL) and User Routines are
also stored in the ROM.

Up to 200 kbytes of on-chip Flash memory store code or constant data. Dynamic error
correction provides high read data security for all read accesses.

16 kbytes of on-chip code RAM (SRAM) are provided to store user code or data, as
well as system variables such as system stack. The SRAM is accessed via the AHB and
provides zero-waitstate access for CPU code execution.
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1.3.2 Watchdog Timer (WDT)

The main purpose of the Window Watchdog Timer is to improve the system integrity.
WDT triggers the system reset or other corrective action like e.g. an interrupt if the main
program, due to some fault condition, neglects to regularly service the watchdog. The
intention is to bring the system back from the unresponsive state into normal operation.

1.3.3 Real Timer Clock (RTC)

Real-time clock (RTC) is a clock that keeps track of the current time. RTCs are present
in almost any electronic device which needs to keep accurate time in a digital format for
clock displays and computer systems..

1.3.4 System Control unit (SCU)

The System Control Unit (SCU) handles all system cotnrol tasks besides the debug
related tasks. All functions are tightly coupled and thus, they are conveniently handled
by one unit, SCU. It consists of the Power Control Unit (PCU), Reset Control Unit, Clock
Control Unit (CCU) and the Miscellaneous Control Unit (GCU).

The CCU generates the Main clock (MCLK) and the fast Peripheral clock (PCLK) using
the 64MHz DCOL1 oscillator. The PCU has a Embedded Voltage Regulator (EVR) that is
used to generate the core voltage. It also provides voltage monitoring detectors to
secure system performance under critical condition (eg. brownout).

1.3.5 Pseudo Random Bit Generator (PRNG)

The pseudo random bit generator (PRNG) provides random data with fast generation
times.

1.4 Peripherals Units
XMC1300 offers a set of on-chip peripherals to support industrial applications.

Universal Serial Interface Channel (USIC)

The USIC is a flexible interface module covering several serial communication protocols
such as ASC, LIN, SSC, I2C, I12S. A USIC module contains two independent
communication channels which can be used in parallel. A FIFO allows transmit and
result buffering for relaxing real-time conditions. Multiple chip select signals are available
for communication with multiple devices on the same channel.

Analog to Digital Converter (VADC)

The Versatile Analog-to-Digital Converter module consists of an independent kernels
which operate according to the successive approximation principle (SAR). The
resolution is programmable from 8 to 12bit.
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The kernel provides a versatile state machine allowing complex measurement
sequences. The kernels can be synchronized and conversions may run completely in
background. Multiple trigger events can be prioritized and allow the exact measurement
of time critical signals. The result buffering and handling avoids data loss and ensures
consistency. Self-test mechanisms can be used for plausibility checks.

The basic structure supports a clean software architecture where tasks may only read
valid results and do not need to care for starting conversions.

Analog Comparator (ACMP) and Out of Range Comparator (ORC)

The Analog Comparator is used to compare the voltage of two analog inputs and a digital
output indicating which input voltage is higher. One of the input can either be the internal
reference voltage or from external pin. A low power mode is available to help to reduce
the total power comsumption.

A number of out-of-range on-chip comparators serve the purpose of over-voltage
monitoring for analog input pins of the VADC.

Temperature Sensor (TSE)

The Temperature Sensor generates a measurement result that indicates directly the die
temperature. It is also capable of generating interrupt requests when the temperature
measurement crosses the selectable upper/lower threshold value.

Capture/Compare Unit 4 (CCU4)

The CCU4 peripheral is a major component for systems that need general purpose
timers for signal monitoring/conditioning and Pulse Width Modulation (PWM) signal
generation. Power electronic control systems like switched mode power supplies or
uninterruptible power supplies can easily be implemented with the functions inside the
CCU4 peripheral.

The internal modularity of CCU4 translates into a software friendly system for fast code
development and portability between applications.

Capture/Compare Unit 8 (CCUS8)

The CCUS8 peripheral functions play a major role in applications that need complex Pulse
Width Modulation (PWM) signal generation, with complementary high side and low side
switches, multi phase control or output parity checking. The CCU8 is optimized for state
of the art motor control, multi phase and multi level power electronics systems.

The internal modularity of CCU8 translates into a software friendly system for fast code
development and portability between applications.
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Position Interface Unit (POSIF)

The POSIF unit is a flexible and powerful component for motor control systems that use
Rotary Encoders or Hall Sensors as feedback loop. The configuration schemes of the
module target a very large number of motor control application requirements.

This enables the build of simple and complex control feedback loops for industrial and
automotive motor applications, targeting high performance motion and position
monitoring.

Brightness and Color Control Unit (BCCU)

The BCCU is a dimming control peripheral for LED lighting applications that is capable
of controlling multiple LED channels. A one-hit sigma-delta bit stream is provided for
every channel that determines the brightness. The brightness can be changed gradually
along an exponential curve to appear natural to the human eye by using dedicated
dimming engines. The module supports color control by adjusting the relative intensity
of selected channels using a linear walk scheme for smooth color changes, and it also
supports high-power multi-channel LED lamps by optionally “packing” the bitstream to
provide a defined ON-time at the output.

General Purpose I/O Ports (PORTS)

The Ports provide a generic and very flexible software and hardware interface for all
standard digital I/Os. Each Port slice has individual interfaces for the operation as
General Purpose I/0 and it further provides the connectivity to the on-chip periphery and
the control for the pad characteristics.

15 Debug Unit

The on-chip debug system based on the ARM Cortex-MO™ debug system provides a
broad range of debug and emulation features built into the XMC1300. The user software
running on the XMC1300 can thus be debugged within the target system environment.

The Debug unit is controlled by an external debugging tool via the debug interface. The
debugger controls the Debug unit via a set of dedicated registers accessible via the
debug interface. Additionally, the Debug unit can be controlled by the CPU, e.g. by a
monitor program.

Multiple breakpoints can be triggered by on-chip hardware or by software. Single
stepping is supported as well as the injection of arbitrary instructions and read/write
access to the complete internal address space. A breakpoint trigger can be answered
with a CPU-halt, a monitor call or a data transfer.

The data transferred at a watchpoint (see above) can be obtained via the debug interface
for increased performance.
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2 Central Processing Unit (CPU)

XMC1300 features the ARM Cortex-MO processor. An entry-level 32-bit ARM Cortex
processor designed for a broad range of embedded applications. This CPU offers
significant benefits to users, including:

« asimple architecture that is easy to learn and program
e ultra-low power, energy efficient operation

« excellent code density

« deterministic, high-performance interrupt handling

« upward compatibility with Cortex-M processor family

References to ARM Documentation
The following documents can be accessed through http://infocenter.arm.com

[1] Cortex™-MO0 Devices, Generic User Guide (ARM DUI 0467B)
[2] ARMv6-M Architecture Reference Manual (ARM DDI 0419)
[3] Cortex Microcontroller Software Interface Standard (CMSIS)

References to ARM Figures

[4] http://lwww.arm.com

2.1 Overview

The Cortex-MO processor is built on a highly area and power optimized 32-bit processor
core, with a 3-stage pipeline von Neumann architecture. The processor delivers
exceptional energy efficiency through a small but powerful instruction set and
extensively optimized design, providing high-end processing hardware including a
single-cycle multiplier.

The Cortex-MO processor implements the ARMv6-M architecture, which is based on the
16-bit Thumb® instruction set and includes Thumb-2 technology. The Cortex-MO
instruction set provides exceptional performance expected of a modern 32-bit
architecture, with a higher code density than other 8-bit and 16-bit microcontrollers.

The Cortex-MO processor closely integrates a configurable NVIC, to deliver industry
leading interrupt performance. The NVIC provides 4 interrupt priority levels. The tight
integration of the processor core and NVIC provides fast execution of interrupt service
routines (ISRs), dramatically reducing the interrupt latency. This is achieved through the
hardware stacking of registers, and the ability to abandon and restart load-multiple and
store-multiple operations. Interrupt handlers do not require any assembler wrapper
code, removing any code overhead from the ISRs. Tail-chaining optimization also
significantly reduces the overhead when switching from one ISR to another.
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To optimize low-power designs, the NVIC integrates with the sleep modes, that include
a deep sleep function that enables the entire device to be rapidly powered down.

2.1.1 Features

The CPU provides the following functionality:

« Thumb instruction set combines high code density with 32-bit performance
* integrated sleep modes for low power consumption
« fast code execution permits slower processor clock or increases sleep mode time
¢ single cycle 32-bit hardware multiplier
* high-performance interrupt handling for time-critical applications
e extensive debug capabilities:
— Serial Wire Debug and Single Pin Debug reduce the number of pins required for
debugging.

2.1.2 Block Diagram
The Cortex-MO0 core components comprise of:

Processor Core

The CPU provides most 16-bit Thumb instruction set and subset of 32-bit Thumb2
instruction set.

Nested Vectored Interrupt Controller

The NVIC is an embedded interrupt controller that supports low latency interrupt
processing.

Debug Solution
The XMC1300 implements a complete hardware debug solution.

¢ Single Pin Debug (SPD) or 2-pin Serial Wire Debug (SWD)
« Extensive hardware breakpoint and watchpoint options

This provides high system control and visibility of the processor and memory even in
small package devices.
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Figure 2-1  Cortex-MO Block Diagram

System Level Interface

The Cortex-MO processor provides a single system-level interface using AMBA®
technology to provide high speed, low latency memory accesses.

2.2 Programmers Model

This section describes the Cortex-MO programmers model. In addition to the individual
core register descriptions, it contains information about the processor modes and stacks.

2.2.1 Processor Mode

The processor modes are:

e Thread mode
Used to execute application software. The processor enters Thread mode when it
comes out of reset.

e Handler mode
Used to handle exceptions. The processor returns to Thread mode when it has
finished all exception processing.

2.2.2 Stacks

The processor uses a full descending stack. This means the stack pointer holds the
address of the last stacked item in memory. When the processor pushes a new item onto
the stack, it decrements the stack pointer and then writes the item to the new memory
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location. The processor implements two stacks, the main stack and the process stack,
with a pointer for each held in independent registers, see Stack Pointer.

In Thread mode, the CONTROL register controls whether the processor uses the main
stack or the process stack, see CONTROL Register. In Handler mode, the processor
always uses the main stack. The options for processor operations are:

Table 2-1 Summary of processor mode, execution, and stack use options

Processor Used to Stack used

mode execute

Thread Applications Main stack or process stack®
Handler Exception handlers Main stack

1) See CONTROL Register.
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RO
R1
R2
R3
R4
R5
R6
R7
R8
R9
R10
R11
R12

Low registers

High registers

General-purpose registers

Stack Pointer SP (R13)

PSP | | MSP

Link Register LR (R14)

PC (R15)

Program Counter

PSR
PRIMASK
CONTROL

Interrupt mask register
CONTROL register

Program status register

Special registers

Figure 2-2  Core registers

The processor core registers are:

Table 2-2 Core register set summary

Name Type? Reset value Description

RO-R12 rw Unknown General-purpose registers on Page 2-6
MSP rw See description | Stack Pointer on Page 2-6

PSP rw Unknown Stack Pointer on Page 2-6

LR rw Unknown Link Register on Page 2-7

PC rw See description | Program Counter on Page 2-8

PSR rw Unknown Program Status Register on Page 2-8
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Table 2-2 Core register set summary (cont'd)

Name Type? Reset value Description

APSR rw Unknown Application Program Status Register on
Page 2-9

IPSR r 00000000, Interrupt Program Status Register on
Page 2-10

EPSR r Unknown Execution Program Status Register on
Page 2-12

PRIMASK rw 00000000, Priority Mask Register on Page 2-13

CONTROL rw 00000000, CONTROL Register on Page 2-14

1) Describes access type during program execution in thread mode and handler mode. Debug access can differ.

General-purpose registers
R0O-R12 are 32-bit general-purpose registers for data operations.

Note: For information on how to program the core registers, please refer to the ARMv6-
M Architecture Reference Manual [2].

Rx (x=0-12)
General-purpose register Rx Reset Value: XXXXXXXX

3. 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

T T T T T T T T T T T T T T T

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

Value
1 1 n\lv 1 1
Field Bits Type | Description
Value [31:0] |rw Content of Register

Stack Pointer

The Stack Pointer (SP) is register R13. In Thread mode, bit[1] of the CONTROL register
indicates the stack pointer to use:

¢ 0= Main Stack Pointer (MSP). This is the reset value.
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e 1 =Process Stack Pointer (PSP).
On reset, the processor loads the MSP with the value from address 00000000,,.

Note: For information on how to program the core registers, please refer to the ARMv6-
M Architecture Reference Manual [2].

SP
Stack Pointer Reset Value: 00000000,
3. 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Value
1 1 1 1 1 1 1 1 1 1 1 1 1
'w

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

Value
1 1 r\\lv 1 1
Field Bits Type | Description
Value [31:0] |rw Content of Register

Link Register

The Link Register (LR) is register R14. It stores the return information for subroutines,
function calls, and exceptions. On reset, the LR value is unknown.

Note: For information on how to program the core registers, please refer to the ARMv6-
M Architecture Reference Manual [2].

LR
Link Register Reset Value: XXXXXXXX,

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
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Field Bits Type | Description

Value [31:0] |rw Content of Register

Program Counter

The Program Counter (PC) is register R15. It contains the current program address. On
reset, the processor loads the PC with the value of the reset vector, which is at address
00000004,,. Bit [0] of the value is loaded into the EPSR T-bit at reset and must be 1.

Note: For information on how to program the core registers, please refer to the ARMv6-
M Architecture Reference Manual [2].

PC
Program Counter Reset Value: 00000004,

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

Value
1 1 r\\,v 1 1
Field Bits Type | Description
Value [31:0] |rw Content of Register

Program Status Register
The Program Status Register (PSR) combines:

« Application Program Status Register (APSR)
« Interrupt Program Status Register (IPSR)
« Execution Program Status Register (EPSR)

These registers are mutually exclusive bit fields in the 32-bit PSR.

Access these registers individually or as a combination of any two or all three registers,
using the register name as an argument to the MSR or MRS instructions. For example:

« read all of the registers using PSR with the MRS instruction
« write to the APSR N, Z, C, and V bits using APSR with the MSR instruction
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The PSR combinations and attributes are:

Table 2-3 PSR register combinations

Register Type Combination

PSR rwb?) APSR, EPSR, and IPSR
IEPSR r EPSR and IPSR

IAPSR rwb APSR and IPSR
EAPSR rw? APSR and EPSR

1) The processor ignores writes to the IPSR bits.
2) Reads of the EPSR bits return zero, and the processor ignores writes to the these bits

Application Program Status Register

The APSR contains the current state of the condition flags from previous instruction
executions. See the register summary in Table 2-2 for its attributes.

APSR
Application Program Status Register Reset Value: XXXXXXXXy
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
N |z | C|V 0

1 1 1 1 1 1 1 1
w w rw 'w r'w

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

0
1 1 r\\lv 1 1
Field Bits Type | Description
N 31 rw Negative flag
z 30 rw Zero flag
C 29 rw Carry or borrow flag
\% 28 rw Overflow flag
0 [27:0] |r Reserved
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The IPSR contains the exception type number of the current Interrupt Service Routine
(ISR). See the register summary in Table 2-2 for its attributes.

IPSR

Interrupt Program Status Register

Reset Value: 00000000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
1 1 1 1 1 1 I\‘ 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 ISR_NUMBER
1 1 1 1 1 1 1 1 1 1 1
r r
Field Bits Type | Description
0 [31:6] |r Reserved
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Field

Bits

Type

Description

ISR_NUMBER

[5:0]

=

Number of the current exception
0p  Thread mode
1, Reserved

25,  Reserved

3p HardFault

4, Reserved

5, Reserved

6, Reserved

75 Reserved

8, Reserved

9, Reserved
10, Reserved
11, Svcall

12, Reserved
13, Reserved

14, PendSV
15, SysTick
16, IRQO
47, IRQ31

48,-63 Reserved
See Exception types in Section 2.5.2 for more
information.
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Execution Program Status Register
The EPSR contains the Thumb state bit.
See the register summary in Table 2-2 for the EPSR attributes.

Attempts to read the EPSR directly through application software using the MSR
instruction always return zero. Attempts to write the EPSR using the MSR instruction in
application software are ignored. Fault handlers can examine the EPSR value in the
stacked PSR to determine the cause of the fault. See Exception Entry and Return in
Section 2.5.6.

EPSR
Execution Program Status Register Reset Value: XXXXXXXXy

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

0 T 0

r r

-

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

0
1 1 r\‘ 1 1
Field Bits Type | Description
0 [31:25] |r Reserved
T 24 r Thumb state bit

See Thumb state.

0 [23:0] Reserved

-

Interruptible-restartable instructions

When an interrupt occurs during the execution of an LDM, STM, PUSH, POP instruction,
the processor abandons execution of the instruction.

After servicing the interrupt, the processor restarts execution of the instruction from the
beginning.

Thumb state

The Cortex-MO processor only supports execution of instructions in Thumb state. The
following can clear the T bit to O:

¢ instructions BLX, BX and POP{PC}
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« restoration from the stacked xPSR value on an exception return
« bit[0] of the vector value on an exception entry.

Attempting to execute instructions when the T bit is 0 results in a HardFault or lockup.
See Lockup in Section 2.6.1 for more information.

Exception mask registers

The exception mask registers disable the handling of exceptions by the processor.
Disable exceptions where they might impact on timing critical tasks or code sequences
requiring atomicity.

Exceptions can be disabled or re-enabled by the MSR and MRS instructions, or the CPS
instruction, to change the value of PRIMASK or FAULTMASK.

Priority Mask Register
The PRIMASK register prevents activation of all exceptions with configurable priority.

See the register summary in Table 2-2 for its attributes.

PRIMASK
Priority Mask Register Reset Value: 00000000,

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

Il

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

PRI
0 MAS
K
I I 1 1 1 1 I I I I I
r 'w

Field Bits Type | Description
0 [31:1] |r Reserved
PRIMASK 0 rw Priority Mask
0z  No effect.
1z  Prevents the activation of all exceptions with
configurable priority.
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CONTROL Register

The CONTROL register controls the stack used when the processor is in Thread mode.
See the register summary in Table 2-2 for its attributes.

CONTROL
CONTROL Register Reset Value: 00000000,

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

bl

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

SPS
EL

2

Field Bits Type | Description
0 [31:2] |r Reserved
SPSEL 1 rw Active stack pointer

This bit defines the current stack. In Handler mode,
this bit reads as zero and ignores writes.

Oy  MSP is the current stack pointer

1z PSP is the current stack pointer

0 0 r Reserved

Handler mode always uses the MSP, so the processor ignores explicit writes to the
active stack pointer bit of the CONTROL register when in Handler mode. The exception
entry and return mechanisms automatically update the CONTROL register.

In an OS environment, it is recommended that threads running in Thread mode use the
process stack and the kernel and exception handlers use the main stack.

By default, Thread mode uses the MSP. To switch the stack pointer used in Thread
mode to the PSP, use the MSR instruction to set the Active stack pointer bit to 1.

Note: When changing the stack pointer, software must use an ISB instruction
immediately after the MSR instruction. This ensures that instructions after the ISB
instruction execute using the new stack pointer.
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2.2.4 Exceptions and Interrupts

The Cortex-MO processor supports interrupts and system exceptions. The processor
and the NVIC prioritize and handle all exceptions. An interrupt or exception changes the
normal flow of software control. The processor uses handler mode to handle all
exceptions except for reset. See Exception entry on Section 2.5.6.1 and Exception
return on Section 2.5.6.2 for more information.

The NVIC registers control interrupt handling. See Interrupt System chapter for more
information.

225 Data Types

The processor:

e supports the following data types:
— 32-bit words
— 16-bit halfwords
— 8-bit bytes
* manages all data memory accesses as little-endian. See Memory regions, types and
attributes in Section 2.3.1 for more information.

2.2.6 The Cortex Microcontroller Software Interface Standard

For a Cortex-M0O microcontroller system, the Cortex Microcontroller Software Interface
Standard (CMSIS) [3] defines:

e acommon way to:
— access peripheral registers
— define exception vectors
e the names of:
— the registers of the core peripherals
— the core exception vectors
« adevice-independent interface for RTOS kernels.

The CMSIS includes address definitions and data structures for the core peripherals in
the Cortex-MO processor.

CMSIS simplifies software development by enabling the reuse of template code and the
combination of CMSIS-compliant software components from various middleware
vendors. Software vendors can expand the CMSIS to include their peripheral definitions
and access functions for those peripherals.

This document includes the register names defined by the CMSIS, and gives short
descriptions of the CMSIS functions that address the processor core and the core
peripherals.
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Note: This document uses the register short names defined by the CMSIS. In a few
cases these differ from the architectural short names that might be used in other
documents.

The following sections give more information about the CMSIS:

* Power Management Programming Hints in Section 2.7.3

e CMSIS Functions in Section 2.2.7

¢ Accessing CPU Registers using CMSIS in Interrupt System chapter
e NVIC programming hints in Interrupt System chapter

For additional information please refer to http://www.onarm.com/cmsis

2.2.7 CMSIS Functions

ISO/IEC C code cannot directly access some Cortex-MO instructions. This section
describes intrinsic functions that can generate these instructions, provided by the CMSIS
and that might be provided by a C compiler. If a C compiler does not support an
appropriate intrinsic function, an inline assembler may be used to access the relevant
instruction.

The CMSIS provides the following intrinsic functions to generate instructions that
ISO/IEC C code cannot directly access:

Table 2-4 CMSIS functions to generate some Cortex-MO instructions

Instruction CMSIS intrinsic function

CPSIE | void __enable_irg (void)

CPSIDIi void __disable_irq (void)

ISB void __ISB (void)

DSB void __DSB (void)

DMB void __DMB (void)

NOP void __NOP (void)

REV uint32_t __ REV (uint32_t int value)
REV16 uint32_t __ REV16 (uint32_t int value)
REVSH uint32_t _ REVSH (uint32_t int value)
WFE void __WFE (void)

WFI void __WFI (void)

The CMSIS also provides a number of functions for accessing the special registers using
MRS and MSR instructions:
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Table 2-5 CMSIS functions to access the special registers

Special register Access CMSIS function
PRIMASK Read uint32_t __get PRIMASK (void)

Write void __set PRIMASK (uint32_t value)
CONTROL Read uint32_t __get CONTROL (void)

Write void __set CONTROL (uint32_t value)
MSP Read uint32_t __get MSP (void)

Write void __set_ MSP (uint32_t TopOfMainStack)
PSP Read uint32_t __get_PSP (void)

Write void __set_PSP (uint32_t TopOfMainStack)
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2.3 Memory Model

This section describes the processor memory map and the behavior of memory
accesses. The processor has a fixed default memory map that provides up to 4GB of
addressable memory. The memory map is:

OXFFFFFFFF

Device 511MB|
0xE0100000
Private peripheral 1 OMB OxEOOFFFFF
bus 0XE0000000
OxDFFFFFFF

External device 1.0GB
0xA0000000
Ox9FFFFFFF

External RAM  1.0GB
0x60000000
Ox5FFFFFFF

Peripheral 0.5GB
0x40000000
0x 3FFFFFFF

SRAM 0.5GB
0x20000000
Ox 1FFFFFFF

Code 0.5GB
0x00000000

Figure 2-3  Memory map
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The processor reserves regions of the Private peripheral bus (PPB) address range for
core peripheral registers, see About the Private Peripherals in Section 2.8.1.

2.3.1 Memory Regions, Types and Attributes

The memory map is splitinto regions. Each region has a defined memory type, and some
regions have additional memory attributes. The memory type and attributes determine
the behavior of accesses to the region.

The memory types are:

Normal The processor can re-order transactions for efficiency, or
perform speculative reads.

Device The processor preserves transaction order relative to other
transactions to Device or Strongly-ordered memory.

Strongly-ordered The processor preserves transaction order relative to all other
transactions.

The different ordering requirements for Device and Strongly-ordered memory mean that
the memory system can buffer a write to Device memory, but must not buffer a write to
Strongly-ordered memory.

The additional memory attributes include:

Execute Never (XN) Means the processor prevents instruction accesses. A
HardFault exception is generated on execution of an instruction
fetched from an XN region of memory.

2.3.2 Memory System Ordering of Memory Accesses

For most memory accesses caused by explicit memory access instructions, the memory
system does not guarantee that the order in which the accesses complete matches the
program order of the instructions, providing any re-ordering does not affect the behavior
of the instruction sequence. Normally, if correct program execution depends on two
memory accesses completing in program order, software must insert a memory barrier
instruction between the memory access instructions, see Software ordering of memory
accesses in Section 2.3.4.

However, the memory system does guarantee some ordering of accesses to Device and
Strongly-ordered memory. For two memory access instructions A1 and A2, if A1 occurs
before A2 in program order, the ordering of the memory accesses caused by two
instructions is described in Figure 2-4.
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A2 Normal Device Sc;[rrgg?;)g
Al access access
access
Normal access - - -
Device access - < <
Strongly-ordered access - < <

Figure 2-4  Memory system ordering
Where:
« “”Means that the memory system does not guarentee the ordering of the accesses.

e “<” Means that accesses are observed in program order, that is, Al is always
observed before A2.

2.3.3 Behavior of Memory Accesses
The behavior of accesses to each region in the memory map is:

Table 2-6 Memory access behavior

Address Memory Memory |XNY |Description

range region type?

0x00000000- |Code Normal - Executable region for program
OxX1FFFFFFF code. Data can be placed here.
0x20000000- |SRAM Normal - Executable region for data. Code

Ox3FFFFFFF can be placed here.

0x40000000- | Peripheral Device XN | Peripherals region.
OX5FFFFFFF

0x60000000- |External RAM | Normal
OX9FFFFFFF

0xA0000000- |External Device XN | External device memory.
OXDFFFFFFF | device

Executable region for data.
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Table 2-6 Memory access behavior (cont'd)

Address Memory Memory |XNY |Description

range region type?

O0xE0000000- | Private Strongly- | XN | This region includes the NVIC,

OXEOOFFFFF | Peripheral ordered system timer, and system control
Bus block. Only word accesses can be

used in this region.
0xE0100000- |Device Device XN | Vendor specific
OXFFFFFFFF

1) See Memory regions, types and attributes in Section 2.3.1 for more information.
The Code, SRAM, and external RAM regions can hold programs.

2.34 Software Ordering of Memory Accesses

The order of instructions in the program flow does not always guarantee the order of the
corresponding memory transactions. This is because:

« the processor can reorder some memory accesses to improve efficiency, providing
this does not affect the behavior of the instruction sequence.

* memory or devices in the memory map have different wait states

e some memory accesses are buffered or speculative.

Memory system ordering of memory accesses in Section 2.3.2 describes the cases
where the memory system guarantees the order of memory accesses. Otherwise, if the
order of memory accesses is critical, software must include memory barrier instructions
to force that ordering. The processor provides the following memory barrier instructions:

DMB The Data Memory Barrier (DMB) instruction ensures that outstanding
memory transactions complete before subsequent memory
transactions.

DSB The Data Synchronization Barrier (DSB) instruction ensures that

outstanding memory transactions complete before subsequent
instructions execute.

ISB The Instruction Synchronization Barrier (ISB) ensures that the effect of
all completed memory transactions is recognizable by subsequent
instructions.
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235 Memory Endianness

The processor views memory as a linear collection of bytes numbered in ascending
order from zero. For example, bytes 0-3 hold the first stored word, and bytes 4-7 hold the
second stored word. Section 2.3.5.1 describes how words of data are stored in memory.

2.3.5.1 Little-endian format

In little-endian format, the processor stores the least significant byte (Isbyte) of a word at
the lowest-numbered byte, and the most significant byte (msbyte) at the highest-
numbered byte. An example of the little-endian format is described in Figure 2-5.

Memory Register
7 0
31 | 24|23 ] 1645 | 8|7 | ©
Address A BO [Isbyte B3 B2 B1 BO
A+1 B1
A+2 B2

A+3( B3 |mshyte

Figure 2-5  Little-endian format (Example)
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Table 2-7 lists the supported Cortex-MO instructions. For more information on the
instructions and operands, please refer to the Cortex™-MO Devices, Generic User Guide
available through [1].

Table 2-7 Cortex-MO instructions

Mnemonic Operands Brief description Flags

ADCS {Rd,} Rn, Rm Add with carry N,Z,C\V

ADD{S} {Rd,} Rn, Add N,Z,C.V

<Rm|#imm>

ADR Rd, label PC-relative Address to -
Register

ANDS {Rd,} Rn, Rm Bitwise AND N,Z

ASRS {Rd,} Rm, Arithmetic Shift Right N,Z,C

<Rs|#mm>

B{cc} label Branch {conditionally} -

BICS {Rd,} Rn, Rm Bit Clear N,Z

BKPT #imm Breakpoint -

BL label Branch with Link -

BLX Rm Branch indirect with Link -

BX Rm Branch indirect -

CMN Rn, Rm Compare Negative N,Z,C\V

CMP Rn, <Rm|#imm> | Compare N,Z,C,V

CPSID i Change Processor State, -
Disable Interrupts

CPSIE i Change Processor State, -
Enable Interrupts

DMB - Data Memory Barrier -

DSB - Data Synchronization Barrier |-

EORS {Rd,} Rn, Rm Exclusive OR N,Z

ISB - Instruction Synchronization -
Barrier

LDM Rn{1}, reglist Load Multiple registers, -
increment after
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Table 2-7 Cortex-MO instructions (cont'd)
Mnemonic Operands Brief description Flags
LDR Rt, label Load Register from PC- -
relative address
LDR Rt, [Rn, Load Register with word -
<Rm|#imm>]
LDRB Rt, [Rn, Load Reigster with byte -
<Rm|#imm>]
LDRH Rt, [Rn, Load Reigster with halfword |-
<Rm|#mm>]
LDRSB Rt, [Rn, Load Reigster with signed -
<Rm|#imm>] byte
LDRSH Rt, [Rn, Load Reigster with signed -
<Rm]|#imm>] halfword
LSLS {Rd,} Rn, Logical Shift Left N,Z,C
<Rs|#imm>
LSRS {Rd,} Rn, Logical Shift Right N,Z,C
<Rs|#imm>
MOV{S} Rd, Rm Move N,Z
MRS Rd, spec_reg Move to general register from | -
special register
MSR spec_reg, Rm Move to special register from |N,Z,C,V
general register
MULS Rd, Rn, Rm Multiply, 32-bit result N,Z
MVNS Rd, Rm Bitwise NOT N,Z
NOP - No Operation -
ORRS {Rd,} Rn, Rm Logical OR N,Z
POP reglist Pop registers from stack -
PUSH reglist Push registers onto stack -
REV Rd, Rm Byte-Reverse word -
REV16 Rd, Rm Byte-Reverse packed -
halfwords
REVSH Rd, Rm Byte-Reverse signed halfword | -
RORS {Rd,} Rn, Rs Rotate Right N,Z,C
RSBS {Rd,} Rn, #0 Reverse Subtract N,Z,C.V
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Table 2-7 Cortex-MO instructions (cont'd)

Mnemonic Operands Brief description Flags

SBCS {Rd,} Rn, Rm Subtract with Carry N,Z,C,V

ST™M Rn!, reglist Store Multiple registers, -

increment after

STR Rt, [Rn, Store Register as word -
<Rm|#mm>]

STRB Rt, [Rn, Store Register as byte -
<Rm|#imm>]

STRH Rt, [Rn, Store Register as halfword -
<Rm|#imm>]

SUB{S} {Rd,} Rn, Subtract N,Z,CV
<Rm|#imm>

SvC #imm Supervisor Call -

SXTB Rd, Rm Sign extend byte -

SXTH Rd, Rm Sign extend halfword -

TST Rn, Rm Logical AND based test N,Z

UXTB Rd, Rm Zero extend a byte -

UXTH Rd, Rm Zero extend a halfword -

WFE - Wait for Event -

WFI - Wait for Interrupt -

24.1 Intrinsic Functions

ISO/IEC C code cannot directly access some Cortex-MO instructions. The intrinsic
functions that can generate these instructions, provided by the CMSIS and might be
provided by a C compiler are described in Section 2.2.7.
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2.5 Exception Model

This section describes the exception model. It describes:

« Exception states (Section 2.5.1)

« Exception types (Section 2.5.2)

« Exception handlers (Section 2.5.3)

« Vector table (Section 2.5.4)

« Exception priorities (Section 2.5.5)

* Exception entry and return (Section 2.5.6)

25.1 Exception States

Each exception is in one of the following states:

Inactive
Pending

Active

Active and pending

Reference Manual
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The exception is not active and not pending.

The exception is waiting to be serviced by the processor.
An interrupt request from a peripheral or from software can
change the state of the corresponding interrupt to pending.

An exception that is being serviced by the processor but has not
completed.

Note: An exception handler can interrupt the execution of
another exception handler. In this case both exceptions
are in the active state.

The exception is being serviced by the processor and there is a
pending exception from the same source.
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Exception Types

The exception types are described in Table 2-8.

Table 2-8

Exception types

Exception Types

Descriptions

Reset

Reset is invoked on power up or a warm reset. The exception
model treats reset as a special form of exception. When reset is
asserted, the operation of the processor stops, potentially at any
point in an instruction. When reset is deasserted, execution
restarts from the address provided by the reset entry in the
vector table. Execution restarts in Thread mode.

HardFault

A HardFault is an exception that occurs because of an error
during normal or exception processing. HardFaults have a fixed
priority of -1, meaning they have higher priority than any
exception with configurable priority.

SVCall

A supervisor call (SVC) is an exception that is triggered by the
SVC instruction. In an OS environment, applications can use
SVC instructions to access OS kernel functions and device
drivers.

PendSV

PendSV is an interrupt-driven request for system-level service.
In an OS environment, use PendSV for context switching when
no other exception is active.

SysTick

A SysTick exception is an exception the system timer generates
when it reaches zero. Software can also generate a SysTick
exception. In an OS environment, the processor can use this
exception as system tick.

Interrupt (IRQ)

A interrupt, or IRQ, is an exception signalled by a peripheral, or
generated by a software request. All interrupts are
asynchronous to instruction execution. In the system,
peripherals use interrupts to communicate with the processor.

Table 2-9 Properties of the different exception types
Exception |IRQ Exception Priority Vector Activation
number? | number? |type address
or offset?

- Reset -3, the highest | 0x00000004 | Asynchronous

- Reserved - - -

-13 HardFault -1 0x0000000C | Synchronous
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Table 2-9 Properties of the different exception types (cont'd)

Exception |[IRQ Exception Priority Vector Activation
number? |number? |type address

or offset?
4-10 - Reserved - - -
11 -5 Svcall Configurable® | 0x0000002C | Synchronous
12-13 - Reserved - - -
14 -2 PendSV Configurable® | 0x00000038 | Asynchronous
15 -1 SysTick Configurable® | 0x0000003C | Asynchronous
16 and 0 and Interrupt Configurable® | 0x00000040 | Asynchronous
above above (IRQ) and above?

1) To simplify the software layer, the CMSIS only uses IRQ numbers and therefore uses negative values for
exceptions other than interrupts. The IPSR returns the Exception number, see Interrupt Program Status
Register.

2) See Vector table in Section 2.5.4 for more information.
3) See Interrupt Priority Registers in Interrupt System chapter.
4) Increasing in steps of 4.

For an asynchronous exception, other than reset, the processor can execute additional
instructions between when the exception is triggered and when the processor enters the
exception handler.

Software can disable the exceptions in Table 2-9 which have configurable priority, see
Interrupt Clear-enable Register in Interrupt System chapter.

For more information about HardFaults, see Fault handling in Section 2.6.

2.5.3 Exception Handlers
The processor handles exceptions using:

Interrupt Service Interrupts IRQO to IRQ31 are the exceptions handled by ISRs.
Routines (ISRs)

Fault handlers HardFault is the only exception handled by the fault handler.

System handlers PendSV, SVCall, SysTick, and the HardFault are all system
exceptions that are handled by system handlers.

254 Vector Table

The vector table contains the reset value of the stack pointer, and the start addresses,
also called exception vectors, for all exception handlers. Figure 2-6 shows the order of
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the exception vectors in the vector table. The least-significant bit of each vector must be
1, indicating that the exception handler is written in Thumb code.

Exception number

47

P N W A~ 0O N 0 ©

IRQ number

31

N B O RPN

-13

Offset

0x00BC

0x0048
0x0044
0x0040
0x003C
0x0038

0x002 C

0x0010
0x000C

0x0004
0x0000

Vector

IRQ31

h

I

IRQ2

IRQL

IRQD

Systick

PendsV

Reserved

SVCall

Reserved

Hard fault

Reserved

Reset

Initial SP value

Figure 2-6  Vector table

The vector table is fixed at address 0x00000000.

2.5.4.1 Vector Table Remap

In XMC1300, the vector table is located inside the ROM. Therefore, the vector table is
remapped to the SRAM based on the mapping shown in Table 2-10. The user
application uses these locations as entry points for the actual exception and interrupt
handlers. This is done by placing the code for these handlers or having the branch
instruction to the handlers there.
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For example, upon an exception entry due to IRQO, the processor reads the intermediate
handler start address 2000'0040,, (fixed in ROM) from the vector table and starts
execution from there. If the actual handler is located in another address location due to
size contraints, the address 2000°0040,, should trigger a load and a branch instruction to
jump to this new location.

Note: The user application needs to reserve the SRAM addresses 2000°000C,; -
2000°'00BF,, for the remapped vector table if all vectors are used.

Table 2-10 Remapped Vector Table

Exception | IRQ Vector Default Vector Remapped Vector
Number Number Address Address

- - Initial SP Value |0000'0000,, 10001000,

- Reset 0000°0004,, 1000'1004,,V

3 -13 HardFault 0000’000C,, 2000'000C

11 -5 SVcCall 0000’002C,, 2000'002C,

14 -2 PendSV 00000038, 20000038,

15 -1 SysTick 0000’003C,, 2000'003C,

16-47 0-31 IRQN (n=0-31) |0000'0040, + (n*4) |2000'0040, + (n*4)

1) The remapped reset vector address refers to the location (start of the Flash memory) that the startup software
jumps to upon exiting the startup sequence in user mode.

255 Exception Priorities

Table 2-9 shows that all exceptions have an associated priority, with:

« alower priority value indicating a higher priority

« configurable priorities for all exceptions except Reset and HardFault.

If software does not configure any priorities, then all exceptions with a configurable

priority have a priority of 0. For information about configuring exception priorities see

e System Handler Priority Registers SHPR2, SHPR3.

« Interrupt Priority Registers in Interrupt System chapter.

Note: Configurable priority values are in the range 0-192, in steps of 64. This means that
the Reset and HardFault exceptions, with fixed negative priority values, always
have higher priority than any other exception.

For example, assigning a higher priority value to IRQ[0] and a lower priority value to
IRQ[1] means that IRQ[1] has higher priority than IRQ[O]. If both IRQ[1] and IRQIO0] are
asserted, IRQ[1] is processed before IRQ[O].
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If multiple pending exceptions have the same priority, the pending exception with the
lowest exception number takes precedence. For example, if both IRQ[0] and IRQ[1] are
pending and have the same priority, then IRQ[O0] is processed before IRQ[1].

When the processor is executing an exception handler, the exception handler is
preempted if a higher priority exception occurs. If an exception occurs with the same
priority as the exception being handled, the handler is not preempted, irrespective of the
exception number. However, the status of the new interrupt changes to pending.

2.5.6 Exception Entry and Return
Exception handling can be described using the following terms:

Preemption When the processor is executing an exception handler, an
exception can preempt the exception handler if its priority is
higher than the priority of the exception being handled.
When one exception preempts another, the exceptions are
called nested exceptions. See Exception entry in
Section 2.5.6.1 for more information.

IRQ1 —/

IRQ2 Interrupt Interrupt
exit exit
Interrupt Stackin Unstacki
Processing (PUSH to seack) 530 | BR2 ‘ (POP from stack)
Unstacking Stack Pop
Fre-emption
Source of figure [4].
Return This occurs when the exception handler is completed, and:
« there is no pending exception with sufficient priority to be

serviced
e the completed exception handler was not handling a late-
arriving exception.
The processor pops the stack and restores the processor state
to the state it had before the interrupt occurred. See Exception
return in Section 2.5.6.2 for more information.
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This mechanism speeds up exception servicing. On completion
of an exception handler, if there is a pending exception that
meets the requirements for exception entry, the stack pop is
skipped and control transfers to the new exception handler.

RQ 1
IRQ 2 Interrupt Interrupe
exit exit
= v
Interrupt Stacking Unsmcking
Processing | (PUSH to stack) | ISR1 | | Hi | (POP from stack) |

Tail-chain

Source of figure [4].

This mechanism speeds up preemption. If a higher priority
exception occurs during state saving for a previous exception,
the processor switches to handle the higher priority exception
and initiates the vector fetch for that exception. State saving is
not affected by late arrival because the state saved is the same
for both exceptions. On return from the exception handler of the
late-arriving exception, the normal tail-chaining rules apply.

IR 1
{Higher priority)

RQ 2 . Interrupt Interrupt
{Lower priority) exit exit
v v
Interrupt Stacking I'T | Unstacking
Processing (PUSH to stack) (24 (523 (POP from stack)

Lave arrival Tail-chain

Source of figure [4].

2.5.6.1 Exception entry

Exception entry occurs when there is a pending exception with sufficient priority and

either:
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« the processor is in Thread mode
« the new exception is of higher priority than the exception being handled, in which
case the new exception preempts the original exception.

When one exception preempts another, the exceptions are nested.

Sufficient priority means the exception has greater priority than any limits set by the
mask register, see Exception mask registers. An exception with less priority than this
is pending but is not handled by the processor.

When the processor takes an exception, unless the exception is a tail-chained or a late-
arriving exception, the processor pushes information onto the current stack. This
operation is referred to as stacking and the structure of eight data words is referred as a
stack frame. The stack frame contains the following information, as illustrated in
Figure 2-7.

<previous> [+— SP points here before interrupt

SP + 0x001C xPSR

SP + 0x0018 PC
Decreasing SP + 0x0014 LR
memory| SP +0x0010 R12
address| SP +0x000C R3
SP + 0x0008 R2

SP + 0x0004 R1

v SP +0x0000 RO +— SP points here after interrupt

Figure 2-7  Exception stack frame

Immediately after stacking, the stack pointer indicates the lowest address in the stack
frame. The stack frame is aligned to a double-word address.

The stack frame includes the return address. This is the address of the next instruction
in the interrupted program. This value is restored to the PC at exception return so that
the interrupted program resumes.

The processor performs a vector fetch that reads the exception handler start address
from the vector table. When stacking is complete, the processor starts executing the
exception handler. At the same time, the processor writes an EXC_RETURN value to
the LR. This indicates which stack pointer corresponds to the stack frame and what
operation mode the processor was in before the entry occurred.

If no higher priority exception occurs during exception entry, the processor starts
executing the exception handler and automatically changes the status of the
corresponding pending interrupt to active.
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If another higher priority exception occurs during exception entry, the processor starts
executing the exception handler for this exception and does not change the pending
status of the earlier exception. This is the late arrival case.

2.5.6.2 Exception return

Exception return occurs when the processor is in Handler mode and execution of one of
the following instructions attempts to set the PC to an EXC_RETURN value:

¢ aPOP instruction that loads the PC
e aBXinstruction using any register.

The processor saves an EXC_RETURN value to the LR on exception entry. The
exception mechanism relies on this value to detect when the processor has completed
an exception handler. Bits [31:4] of an EXC_RETURN value are setto 1. When this value
is loaded into the PC, the processor detects that the exception is complete, and starts
the exception return sequence. Bits [3:0] of the EXC_RETURN value indicate the
required return stack and processor mode. Table 2-11 shows the EXC_RETURN values
with description of the exception return behavior.

Table 2-11  Exception return behavior
EXC_RETURNI[31:0] |Description

OXFFFFFFF1 Return to Handler mode.
Exception return gets state from the main stack.
Execution uses MSP after return.

OxFFFFFFF9 Return to Thread mode.

Exception return gets state from MSP.
Execution uses MSP after return.
OxFFFFFFFD Return to Thread mode.

Exception return gets state from the PSP.
Execution uses PSP after return.

All other values Reserved.
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2.6 Fault Handling

Faults are a subset of the exceptions, see Exception model in Section 2.5. All faults
result in the HardFault exception being taken or cause lockup if they occur in the
HardFault handler. The faults are:

« execution of an SVC instruction at a priority equal or higher than SVCall

« execution of a BKPT instruction without a debugger attached

« asystem-generated bus error on a load or store

e execution of an instruction from an XN memory address

e execution of an instruction from a location for which the system generates a bus fault

e asystem-generated bus error on a vector fetch

« execution of an undefined instruction

e execution of an instruction when not in Thumb-State as a result of the T-bit being
previously cleared to 0

e an attempted load or store to an unaligned address

Note: Only Resetcan preempt the fixed priority HardFault handler. A HardFault can
preempt any exception other than Reset, or another hard fault.

2.6.1 Lockup

The processor enters a lockup state if a fault occurs when executing the HardFault
handlers, or if the system generates a bus error when unstacking the PSR on an
exception return using the MSP. When the processor is in lockup state it does not
execute any instructions. The processor remains in lockup state until one of the following
occurs:

e jtisreset
e itis halted by a debugger
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2.7 Power Management

The Cortex-MO processor sleep modes reduce power consumption:

« Sleep mode
« Deep sleep mode

The SLEEPDEEP bit of the SCR selects which sleep mode is used, see System Control
Register SCR.

This section describes the mechanisms for entering sleep mode, and the conditions for
waking up from sleep mode.

2.7.1 Entering Sleep Mode

This section describes the mechanisms software can use to put the processor into sleep
mode.

The system can generate spurious wakeup events, for example a debug operation
wakes up the processor. Therefore software must be able to put the processor back into
sleep mode after such an event. A program might have an idle loop to put the processor
back to sleep mode.

Wait for interrupt

The wait for interrupt instruction, WFI, causes immediate entry to sleep mode. When the
processor executes a WFI instruction it stops executing instructions and enters sleep
mode.

Wait for event

The wait for event instruction, WFE, causes entry to sleep mode depending on the value
of a one-bit event register. When the processor executes a WFE instruction, it checks
the value of the event register:

0 The processor stops executing instructions and enters sleep mode.
1 The processor clears the register to 0 and continues executing instructions without
entering sleep mode.

If the event register is 1, this indicate that the processor must not enter sleep mode on
execution of a WFE instruction. Typically, this is because an external event is asserted.
Software cannot access this register directly.

Sleep-on-exit

If the SLEEPONEXIT bit of the SCR is set to 1, when the processor completes the
execution of an exception handler and returns to Thread mode, it inmediately enters
sleep mode. This mechanism is used in applications that only require the processor to
run when an interrupt occurs.
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2.7.2 Wakeup from Sleep Mode

The conditions for the processor to wakeup depend on the mechanism that caused it to
enter sleep mode.

Wakeup from WFI or Sleep-on-exit
The following events are WFI wake-up events:

e resetevent

« debug event, if debug is enabled

e exception at a priority that would preempt any currently active exceptions, if

PRIMASK was set to 0

Note: If PRIMASK is set to 1, an interrupt or exception that has a higher priority than the
current exception priority will cause the processor to wake up. Interrupt handler is
not executed until the processor sets PRIMASK to 0. For more information about
PRIMASK, see Exception mask registers.

Wakeup from WFE
The following events are WFE wake-up events:

* resetevent

e exception or interrupt with sufficient priority to cause exception entry

e exception or interrupt entering pending state, if SEVONPEND is set to 1 (See SCR)
« debug event, if debug is enabled

Note: External events are not supported in XMC1300. Nevertheless, SEV instruction will
set the event register.

2.7.3 Power Management Programming Hints
ISO/IEC C cannot directly generate the WFI and WFE instructions. The CMSIS provides
the following functions for these instructions:

void __ WFE(void) // Wait for Event
void __ WFI(void) // Wait for Interrupt
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2.8 Private Peripherals

The following sections are the reference material for the ARM Cortex-MO core
peripherals.

2.8.1 About the Private Peripherals
The address map of the Private Peripheral Bus (PPB) is:

Table 2-12  Core peripheral register regions

Address Core peripheral Description

OXEOOOEO008- | System Control Block See Section 2.8.2 and Section 2.9.1
OXEOOOEOOF

OXEOOOEOQ10- | System timer See Section 2.8.3 and Section 2.9.2
OXEOOOEO1F

OXEOOOE100- | Nested Vectored Interrupt | See Interrupt System chapter
OXEOOOE4EF | Controller

OXxEOOOEDOQO- | System Control Block See Section 2.8.2 and Section 2.9.1
OxXEOOOED3F

OXEOOOEFO00- | Nested Vectored Interrupt | See Interrupt System chapter
OXEOOOEFO03 | Controller

2.8.2 System control block

The System Control Block (SCB) provides system implementation information, and
system control. This includes configuration, control, and reporting of the system
exceptions.

2.8.2.1 System control block usage hints and tips

Ensure software uses aligned 32-bit word size transactions to access all the system
control block registers.

2.8.3 System timer, SysTick

The processor has a 24-bit system timer, SysTick, that counts down from the reload
value to zero, reloads, that is wraps to, the value in the SYST_RVR register on the next
clock cycle, then counts down on subsequent clock cycles.

Note: When the processor is halted for debugging the counter does not decrement.
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2.8.3.1 SysTick usage hints and tips

The interrupt controller clock updates the SysTick count. When processor clock is
selected and the clock signal is stopped for low power mode, the SysTick counter stops.
When external clock is selected, the clock continues to run in low power mode and
SysTick can be used as a wakeup source.

Ensure software uses aligned word accesses to access the SysTick registers.

If the SysTick counter reload and current value are undefined at reset, the correct
initialization sequence for the SysTick counter is:

1. Program reload value.
2. Clear current value.
3. Program Control and Status register.
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2.9 PPB Registers
The CPU private peripherals registers base address is EOOOE0QO,,.

Table 2-13  Register Overview

Central Processing Unit (CPU)

Short Name Description Offset Access Mode | Description
Address |Read |write |S€ee
System Control Space (SCS)
CPUID CPUID Base Register | D00y, PV, PV, Page 2-41
32 32

ICSR Interrupt Control and D04, PV, PV, Page 2-42
State Register 32 32

AIRCR Application Interrupt DOC, PV, PV, Page 2-45
and Reset Control 32 32
Register

SCR System Control D10, PV, PV, Page 2-46
Register 32 32

CCR Configuration and D14, PV, PV, Page 2-48
Control Register 32 32

SHPR2 System Handler Priority | D1C,, PV, PV, Page 2-49
Register 2 32 32

SHPR3 System Handler Priority | D20,, PV, PV, Page 2-50
Register 3 32 32

SHCSR System Handler Control | D24, PV, PV, Page 2-51
and State Register 32 32

System Timer (SysTick)

SYST_CSR SysTick Control and 010, PV, PV, Page 2-52
Status Register 32 32

SYST_RVR SysTick Reload Value |014, PV, PV, Page 2-54
Register 32 32

SYST_CVR SysTick Current Value | 018, PV, PV, Page 2-55
Register 32 32

SYST_CALIB SysTick Calibration 01C, PV, - Page 2-56
Value Register 32
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29.1 SCS Registers

CPUID

The CPUID register contains the processor part number, version, and implementation
information.

CPUID
CPUID Base Register (EOOOEDO00,,) Reset Value: 410CC200,

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

Implementer Variant Architecture

r r r

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

PartNo Revision
1 1 1 1 1 II‘ 1 1 1 'I' 1
Field Bits Type | Description
Revision [3:0] r Revision Number
0, PatchO
PartNo [15:4] |r Part Number of the Processor

C20, Cortex-MO

Architecture [19:16] |r Architecture
Cy, ARMv6-M

Variant [23:20] |r Variant Number
0, Revision0
Implementer [31:24] |r Implementer Code
41, ARM
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— set-pending and clear-pending bits for the PendSV and SysTick exceptions

¢ indicates:

the exception number of the exception being processed
whether there are preempted active exceptions

the exception number of the highest priority pending exception
whether any interrupts are pending.

ICSR
Interrupt Control and State Register
(EOOOEDO04,,) Reset Value: 00000000,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
o PEN|PEN | PEN | PEN ‘ ISRP T '
0 DSV |DSV |DST | DST 0 ENDI 0 VESIEDGEN
. . SET |CLR | SET |CLR ‘ NG \ \ \ .
r 'w w 'w w r r r r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
VECTPENDING 0 VECTACTIVE
T r ro
Field Bits Type | Description
VECTACTIVEY |[[5:0] |r Active Exception Number
00, Thread mode
Non-zero value The exception number of the
currently active exception.
Note: Subtract 16 from this value to obtain the
CMSIS IRQ number required to index into the
Interrupt Clear-Enable, Set-Enable, Clear-
Pending, Set-Pending, or Priority Registers,
see Interrupt Program Status Register.
0 [11:6] |r Reserved
Read as 0; should be written with 0.
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Field

Bits

Type

Description

VECTPENDING

[17:12]

=

Pending Exception Number

Indicates the exception number of the highest priority
pending enabled exception.

0, No pending exceptions

Non-zero value: The exception number of the
highest priority pending enabled exception.

[21:18]

=

Reserved
Read as 0; should be written with 0.

ISRPENDING

22

Interrupt Pending Flag

This bit sets the interrupt pending flag, excluding
faults.

0g  Interrupt not pending

1z  Interrupt pending.

[24:23]

=

Reserved
Read as 0; should be written with 0.

PENDSTCLR

25

SysTick Exception Clear-pending

Og  No effect

1 removes the pending state from the SysTick
exception.

This bit is write-only. On a register read, this value is

unknown.

PENDSTSET

26

w

SysTick Exception Set-pending

Op  SysTick exception is not pending
1, SysTick exception is pending.

A write of O to the bit has no effect.

PENDSVCLR

27

PendSV Clear Pending

This bit clears a pending PendSV exception.

0 Do not clear.

1z  Removes pending state from PendSV
exception.

PENDSVSET

28

w

PendSV Set Pending

This bit sets a pending PendSV exception or reads
back the current state.

Og  PendSV exception is not pending.

1z  PendSV excepton is pending.

Note: Writing 1 to this bit is the only way to set the
PendSV exception state to pending.

A software write of 0 to the bit has no effect.
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Field Bits Type | Description
0 [31:29]

=

Reserved
Read as 0; should be written with 0.

1) This is the same value as IPSR bits[5:0], see Interrupt Program Status Register.

Note: The result is unpredictable if:

1. Both PENDSVSET and PENDSVCLR bits are set to 1.
2. Both PENDSTSET and PENDSTCLR bits are set to 1.
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AIRCR

The AIRCR register provides endian status for data accesses and reset control of the
system. To write to this register, you must write Ox5FA to the VECTKEY field, otherwise
the processor ignores the write.

AIRCR
Application Interrupt and Reset Control Register
(EOOOEDOC,,) Reset Value: FA050000,

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

VECTKEY

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

ENDI 2;2
ANN 0 0 0
ESS ETR
1 1 EQ
r r w w r
Field Bits Type | Description
0 0 r Reserved
Read as 0; should be written with 0.
0 1 w Reserved
Must be written with 0.
SYSRESETREQ 2 w System Reset Request
Og  No effect.

1z  Requests a system level reset.
This bit is read as 0.

Reserved
Read as 0; should be written with 0.

ENDIANNESS 15 r Data Endianness
0g Little-endian

VECTKEY [31:16] | rw Register Key

Reads as unknown.

On writes, write OX5FA to VECTKEY, otherwise
the write is ignored.

—

0 [14:3]
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The SCR controls features of entry to and exit from low power state.

SCR

System Control Register

(EOOOED10,,) Reset Value: 00000000,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
1 1 I\( 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SEV SLE SE(E)
0 ONP| 0 |EPD NEXI 0
END EEP
1 1 T
r w r w rw r
Field Bits Type | Description
0 0 r Reserved
Read as 0; should be written with 0.
SLEEPONEXIT |1 rw Sleep-on-exit
This bit indicates sleep-on-exit when returning from
Handler mode to Thread mode.
Og Do not sleep when returning to Thread mode.
1;  Enter sleep, or deep sleep, on return from an
ISR to Thread mode.
Setting this bit to 1 enables an interrupt driven
application to avoid returning to an empty main
application.
SLEEPDEEP 2 rw Low Power Sleep Mode
This bit controls whether the processor uses sleep or
deep sleep as its low power mode.
Og  Sleep
1; Deep sleep
0 3 r Reserved
Read as 0; should be written with 0.
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Field

Bits

Type

Description

SEVONPEND

4

'w

Send Event on Pending bit

Oz  Only enabled interrupts or events can wakeup
the processor, disabled interrupts are
excluded.

1;  Enabled events and all interrupts, including
disabled interrupts, can wakeup the processor.

When an event or interrupt enters pending state, the

event signal wakes up the processor from WFE. If

the processor is not waiting for an event, the event is

registered and affects the next WFE.

[31:5]

=

Reserved
Read as 0; should be written with 0.
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The CCR is a read-only register and it indicates some aspects of the behavior of the
Cortex-MO processor.

CCR
Configuration and Control Register
(EOOOED14,,) Reset Value: 00000208,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
1 1 I\‘ 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
STK o
0 ALIG 0 0
N _TR
1 1 1 P 1 1
r r r r r
Field Bits Type | Description
0 [2:0] r Reserved
Read as 0; should be written with 0.
UNALIGN_TRP |3 r Unaligned Access Traps
This bit always reads as 1, indicates that all
unaligned accesses generate a HardFault.
0 [8:4] r Reserved
Read as 0; should be written with 0.
STKALIGN 9 r Stack Alignment
This bit always reads as 1, indicates 8-byte stack
alignment on exception entry.
On exception entry, the processor uses bit [9] of the
stacked PSR to indicate the stack alignment. On
return from the exception, it uses this stacked bit to
restore the correct stack alignment.
0 [31:10] |r Reserved

Read as 0; should be written with 0.

Reference Manual
CPU, V2.0

2-48 V1.0, 2013-03
Subject to Agreement on the Use of Product Information



o . XMC1300
( Infineon XMC1000 Family

Central Processing Unit (CPU)

System Handler Priority Registers

The SHPR2-SHPR3 registers set the priority level, 0 to 192, of the exception handlers
that have configurable priority.

SHPR2-SHPR3 are word accessible. To access to the system exception priority level
using CMSIS, the following CMSIS functions are used:

e uint32_t NVIC_GetPriority(IRQn_Type IRQnN)
e void NVIC_SetPriority(IRQn_Type IRQn, uint32_t priority)

The system fault handlers, the priority field and register for each handler are:

Table 2-14  System fault handler priority fields

Handler Field Register description

Svcall PRI_11 System Handler Priority Register 2 on Page 2-49
PendsV PRI_14 System Handler Priority Register 3 on Page 2-50
SysTick PRI_15

Each PRI_N field is 8 bits wide, but the XMC1300 implements only bits [7:6] of each field,
and bits [5:0] read as zero and ignore writes.

SHPR2
The SHPR2 register sets the priority level for the SVCall handler.

SHPR2
System Handler Priority Register 2
(EOOOED1C,,) Reset Value: 00000000,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PRI_11 0
1 1 r\\lv '\’ 1 1

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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Field Bits Type | Description
0 [23:0] |r Reserved
Read as 0; should be written with 0.
PRI_11 [31:24] | rw Priority of System Handler 11
SVCall.
SHPR3

The SHPR3 register sets the priority level for the PendSV and SysTick handlers.

SHPR3
System Handler Priority Register 3
(EOOOED20,,)

Reset Value: 00000000,

31 30 29 28 27 26 25 24 23 22 20 19 18 17 16
PRI_15 PRI_14
1 1 r\\lv r\\lv 1 1
15 14 13 12 11 10 9 8 7 6 4 3 1 0
0
1 1 I\‘ 1 1
Field Bits Type | Description
0 [15:0] |r Reserved
Read as 0; should be written with 0.
PRI_14 [23:16] |rw Priority of System Handler 14
PendSV.
PRI_15 [31:24] | rw Priority of System Handler 15
SysTick exception.
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The SHCSR register controls and provides the status of system handlers.

SHCSR
System Handler Control and State Register
(EOOOED24,,) Reset Value: 00000000,
3. 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
1 1 I\‘ 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SVC T T T T T T T
ALL
PEN 0
DED . . .
rw r
Field Bits Type | Description
0 [14:0] |r Reserved
Read as 0; should be written with 0.
SVCALLPENDE |15 rw SVCall Pending bit
D This bit reflects the pending state on a read, and
updates the pending state, to the value written, on a
write.
0g  SVCallis not pending.
1  Svcallis pending?.
0 [31:16] |r Reserved

Read as 0; should be written with 0.

1) Pending state bits are set to 1 when an exception occurs, and are cleared to 0 when an exception becomes

active.
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29.2 SysTick Registers

SYST_CSR
The SYST_CSR register enables the SysTick features.
Reading SYST_CSR clears the COUNTFLAG bit to O.

SYST_CSR
SysTick Control and Status Register
(EOOOE010,,) Reset Value: 00000000,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I I ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ I Cou
0 NTF
LAG
1 1 1 1 1 1 r 1 1 1 1 1 rW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CLK ek | Ena
0 SOV | BLE
RCE
I I r rw rw rw
Field Bits Type | Description
ENABLE 0 rw Counter Enable
This bit enables the counter.
0g  Counter disabled.
1z  Counter enabled.
TICKINT 1 rw SysTick Exception Request
This bit enables the SysTick exception request.
0g  Counting down to zero does not assert the
SysTick exception request.
1  Counting down to zero to assert the SysTick
exception request.
In software, COUNTFLAG bit can be used to
determine if SysTick has counted to zero.
CLKSOURCE 2 rw Clock Source
This bit selects the SysTick timer clock source.
05  External clockY.
1z Processor clock.
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Field Bits Type | Description
0 [15:3] |r Reserved

Read as 0; should be written with 0.
COUNTFLAG 16 rw Counter Flag

This bit returns 1 if timer counted to 0 since the last
read of this register.

0 [31:17]

-

Reserved
Read as 0; should be written with 0.

1) In XMC1300, the external clock refers to the on-chip 32 kHz standby clock.

When ENABLE is set to 1, the counter loads the RELOAD value from the SYST_RVR
register and then counts down. On reaching O, it sets the COUNTFLAG to 1 and
optionally asserts the SysTick depending on the value of TICKINT. It then loads the
RELOAD value again, and begins counting.
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The SYST_RVR register specifies the start value to load into the SYST_CVR register.

SYST_RVR
SysTick Reload Value Register ~ (EOO0E014,)) Reset Value: XXXXXXXXy
31|30|29‘28‘27‘26‘25‘24 23‘22‘21‘20‘19‘18|17|16
0 RELOAD
s s . - s s

15 14 13 12 11 10

Field Bits Type

Description

RELOAD [23:0] |rw

Reload Value

This field sets the value to load into the SYST_CVR
register when the counter is enabled and when it
reaches 0.

=

0 [31:24]

Reserved
Read as 0; should be written with 0.

Notes on calculating the RELOAD value

1. The RELOAD value can be any value in the range 0x00000001-0x00FFFFFF. A start
value of 0 is possible, but this has no effect because the SysTick exception request
and COUNTFLAG are activated when counting from 1 to 0.

2. The RELOAD value is calculated according to its use. For example, to generate a
multi-shot timer with a period of N processor clock cycles, use a RELOAD value of
N-1. If the SysTick interrupt is required every 100 clock pulses, set RELOAD to 99.
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SYST_CVR
The SYST_CVR register contains the current value of the SysTick counter.

Writing to the SYST_CVR clears the register and the COUNTFLAG status bit to 0. The
write does not trigger the SysTick exception logic. Reading the register returns its value
at the time it is accessed.

SYST_CVR
SysTick Current Value Register  (EOOOE018,,) Reset Value: XXXXXXXXy
31|30|29‘28‘27‘26‘25‘24 23‘22‘21‘20‘19‘18|17|16
0 CURRENT
s s . - s s

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

CURRENT
1 1 1 r\\lv 1 1 1
Field Bits Type | Description
CURRENT [23:0] |rw SysTick Counter Current Value
When read, it returns the current value of the SysTick
counter.

A write of any value clears the field to 0, and also
clears the SYST_CSR.COUNTFLAG bit to 0.

0 [31:24] |r Reserved
Read as 0; should be written with 0.
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SYST_CALIB
The SYST_CALIB register indicates the SysTick calibration properties.

SYST_CALIB

SysTick Calibration Value Register(EO00E01C,,) Reset Value: 40000147,
3. 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
NOR|SKE

EF | w 0 TENMS

r r

Il
=

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

Field Bits Type | Description

TENMS [23:0] 10 Milliseconds

The reload value for 10ms timing is subject to system
clock skew errors. The default value of TENMS is
0x000147.

Reserved
Read as 0; should be written with 0.

SKEW 30 r Clock Skew

This bitis read as 1. It indicates that 10ms calibration
value is inexact, because of the clock frequency.
NOREF 31 r Reference Clock

This bit is read as 0. It indicates that external
reference clock is provided.

=

=

0 [29:24]
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3 Bus System

The single master bus system in XMC1300 consists of a high-performance system bus
based on the industry AMBA 3 AHB-Lite Protocol standard for memories and high-
bandwidth on-chip peripherals and a narrower APB for low-bandwidth on-chip
peripherals.

3.1 Bus Interfaces

This chapter describes the features for the two kinds of interfaces.

* Memory Interface
« Peripheral Interface

All on-chip modules implement Little Endian data organization.

Memory Interface

The on-chip memories are capable to accept a transfer request with each bus clock
cycle.

The memory interface data bus width is 32-hit. Flash memory supports only 32-bit
accesses while SRAM allows 32-bit, 16-bit and 8-bit write accesses. Read accesses to
SRAM is always 32-bit wide.

Peripheral Interface
Each slave on the AHB-Lite supports 32-bit accesses. Additionally:

e USICO supports 8-bit and 16-bit accesses
* MATH coprocessor supports 16-bit accesses for the Divider registers

Each slave on the APB supports only 16-bit accesses.

Note: Unaligned memory accesses to memory or peripheral slaves result in a HardFault
exception.
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4 Service Request Processing

A hardware pulse is called Service Request (SR) in an XMC1300 system. Service
Requests are the fastest way to send trigger “messages” between connected on-chip
resources.

An SR can generate any of the following requests

e Interrupt
« Peripheral action

This chapter describes the available Service Requests and the different ways to select
and process them.

Table 4-1 Abbreviations

ERU Event Request Unit

NVIC Nested Vectored Interrupt Controller
SR Service Request

4.1 Overview

Efficient Service Request Processing is based on the interconnect between the request
sources and the request processing units. XMC1300 provides both fixed and
programmable interconnect.

41.1 Features

The following features are provided for Service Request processing:

« Connectivity matrix between Service Requests and request processing units
— Fixed connections
— Programmable connections using ERU

4.1.2 Block Diagram

Figure 4-1 shows a representation of the interaction between the request sources and
the request processing units.
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On-Chip Unit

PORTS Outputs

Interconnections

ERU

NVIC On-Chip Unit PORTS
Inputs
Req
4
CPU Core
CPU

Figure 4-1 Block Diagram on Service Request Processing
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4.2 Service Request Distribution

Figure 4-2 shows an example of how a service request can be distributed concurrently.
To support the concurrent distribution to multiple receivers, the receiving modules are
capable to enable/disable incoming requests.

NVIC
o (Interrupt)
CCU4.SR3 »{ VADCO <input_x>

» ERUO.<input_x>

Figure 4-2  Example for Service Request Distribution

The units involved in Service Request distribution can be subdivided into

« Embedded real time services
« Interrupt services

Embedded real time services

Connectivity between On-Chip Units and PORTS is real time application and also chip
package dependant. Related connectivity and availability of pins can be looked up in the

* ‘“Interconnects” Section of the respective module(s) chapters
e ‘“Parallel Ports” chapter and Data Sheet for PORTS
« “Event Request Unit” chapter

Interrupt services

The following table gives an overview on the number of service requests per module and
how the service requests are assigned to NVIC Interrupt service provider.

Service Requests are always of of type “Pulse” in XMC1300.
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Table 4-2 Interrupt services per module

Modules Request Sources NVIC Type
VADC 12 6 Pulse
CCU40 4 4 Pulse
CCu80 4 2 Pulse
POSIFO 2 2 Pulse
usIco 6 6 Pulse
BCCUO 1 1 Pulse
MATH 1 1 Pulse
SCU 3 3 Pulse
ERUO 4 4 Pulse
Total 37 29 -
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5 Interrupt Subsystem

The interrupt Subsystem in XMC1300 consists of the Nested Vectored Interrupt
Controller (NVIC) and the respective modules’ interrupt generation blocks.

Note: The CPU exception model is described in the CPU chapter.

5.1 Nested Vectored Interrupt Controller (NVIC)

The NVIC is an integral part of the Cortex MO processor unit. Due to a tight coupling with
the CPU, it provides the lowest interrupt latency and efficient processing of late arriving
interrupts.

511 Features

The NVIC supports the following features:

e 32 interrupt nodes

* 4 programmable priority levels for each interrupt node
e Support for interrupt tail-chaining and late-arrival

e Software interrupt generation

5.1.2 Interrupt Node Assignment

Table 5-1 lists the service request sources per peripheral and their assignment to NVIC
interrupt nodes. For calculation of the vector routine address, please refer to the section
on Vector Table in the CPU chapter.

Table 5-1 Interrupt Node assignment

Service Request |Node ID | Description

SCU.SRO - 0..2 System Control

SCU.SR2 SRO is the system critical request

SR1 is the common SCU request
SR2 is the comparators (ACMPx and ORCX) request

ERUO0.SRO - 3...6 External Request Unit 0

ERUO0.SR3

MATH.SRO - 7 MATH

MATH.SR1

NC 8 Reserved

USICO0.SRO - 9..14 Universal Serial Interface Channel (Module 0)
USICO0.SR5

VADCO0.COSRO - |15...16 Analog to Digital Converter (Common)
VADCO0.COSR1
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Table 5-1 Interrupt Node assignment (cont'd)

Service Request |Node ID |Description

VADCO0.GOSRO - |17...18 Analog to Digital Converter (Group 0)
VADCO0.GOSR1

VADCO0.G1SRO - |19...20 Analog to Digital Converter (Group 1)
VADCO0.G1SR1

CCU40.SRO - 21..24 Capture Compare Unit 4 (Module 0)
CCU40.SR3

CCUB80.SRO - 25...26 Capture Compare Unit 8 (Module 0)
CCU80.SR1

POSIF0.SRO - 27...28 Position Interface (Module 0)
POSIF0.SR1

NC 29...30 Reserved

BCCUO0.SRO 31 Brightness Control Unit (Module 0)
5.1.3 Interrupt Signal Generation

In XMC1300, all peripherals support only the generation of pulse interrupts. Pulse
interrupts are also described as edge-triggered interrupts.

A pulse interrupt is an interrupt signal sampled synchronously on the rising edge of the
processor clock (MCLK). To ensure the NVIC detects the interrupt, the peripheral
asserts the interrupt signal for at least one MCLK clock cycle, during which the NVIC
detects the pulse and latches the interrupt.

When the processor enters the ISR, it automatically removes the pending state from the
interrupt, see Hardware and software control of interrupts.

The processor automatically stacks its state on exception entry and unstacks this state
on exception exit, with no instruction overhead. This provides low latency exception
handling.

Hardware and software control of interrupts
The Cortex-MO latches all interrupts. A peripheral interrupt becomes pending for one of
the following reasons:

« the NVIC detects that the interrupt signal is active and the interrupt is not active

< the NVIC detects a rising edge on the interrupt signal

« software writes to the corresponding interrupt set-pending register bit, see Interrupt
Set-pending Register NVIC_ISPR.

A pending interrupt remains pending until one of the following:
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« The processor enters the ISR for the interrupt. This changes the state of the interrupt
from pending to active. Then:

— The NVIC continues to monitor the interrupt signal, and If this is pulsed the state
of the interrupt changes to pending and active. In this case, when the processor
returns from the ISR the state of the interrupt changes to pending, which might
cause the processor to immediately re-enter the ISR.

If the interrupt signal is not pulsed while the processor is in the ISR, the state of the
interrupt changes to inactive when the processor returns from the ISR.
* Software writes to the corresponding interrupt clear-pending register bit.

— The state of the interrupt changes to inactive, if the state was pending; or active, if

the state was active and pending.

5.1.4 NVIC design hints and tips

An interrupt node can enter pending state even if it is disabled. Disabling an interrupt
node only prevents the processor from taking interrupts from that node.

NVIC programming hints

Software uses the CPSIE i and CPSID i instructions to enable and disable interrupts. The
CMSIS provides the following intrinsic functions for these instructions:

void __disable_irg(void) // Disable Interrupts
void __enable_irq(void) // Enable Interrupts

In addition, the CMSIS provides a number of functions for NVIC control, including:

Table 5-2 CMSIS functions for NVIC control

CMSIS interrupt control function Description

void NVIC_EnablelRQ (IRQn_t IRQn) Enable IRQnN

void NVIC_DisablelRQ (IRQn_t IRQnN) Disable IRQn

uint32_t NVIC_GetPendinglRQ (IRQn_t IRQn) | Return true (1) if IRQn is pending
void NVIC_SetPendingIRQ (IRQn_t IRQnN) Set IRQn pending

void NVIC_ClearPendingIRQ (IRQn_t IRQn) Clear IRQn pending status

void NVIC_SetPriority (IRQn_t IRQn, uint32_t | Set priority for IRQn
priority)

uint32_t NVIC_GetPriority (IRQn_t IRQn) Read priority of IRQn

void NVIC_SystemReset (void) Reset the system

The input parameter IRQn is the IRQ number. For more information about these
functions, please refer to the CMSIS documentation.
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5.1.5

CMSIS functions enable software portability between different Cortex-M profile
processors. To access the NVIC registers when using CMSIS, use the following
functions:

Interrupt Subsystem

Accessing CPU Registers using CMSIS

Table 5-3 CMSIS access NVIC functions
CMSIS function

Description

void NVIC_EnablelRQ (IRQn_Type IRQn)Y

Enables an interrupt or exception.

void NVIC_DisablelRQ (IRQn_Type IRQn)Y

Disables an interrupt or exception.

void NVIC_SetPendingIRQ (IRQn_Type
IRQn)Y

Sets the pending status of interrupt or
exception to 1.

void NVIC_ClearPendingIRQ (IRQn_Type
IRQN)Y

Clears the pending status of interrupt or
exception to 0.

uint32_t NVIC_GetPendingIRQ (IRQn_Type

Reads the pending status of interrupt or

IRQN)Y exception.
This function returns non-zero value if

the pending status is set to 1.

void NVIC_SetPriority(IRQn_Type IRQn,
uint32_t priority)Y

Sets the priority of an interrupt or
exception with configurable priority level
to 1.

Reads the priority of an interrupt or
exception with configurable priority level.
This function return the current priority
level.

uint32_t NVIC_GetPriority(IRQn_Type
IRQN)Y

1) The input parameter IRQn is the IRQ number.

5.1.6 Interrupt Priority

An interrupt node can be assigned one of four priority levels. The levels are in steps of
64, from 0 to 192, and defined in an 8-bit priority field in the Interrupt Priority Register x
(IPRx). A higher level corresponds to a lower priority, so level O is the highest interrupt
priority.

Since there are four priority fields in each IPRx register and each field corresponds to
one interrupt node, altogether 8 IPRx registers (IPRO...IPR7) are needed as shown in
Figure 5-1.
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31 | 24i23 | 16§15 | |

IPR7 PRI_3 PRI_2 PRI_1 PRI_O
(node 31) (node 30) (node 29) (node 28)

PR PRI_3 PRI_2 PRI_1 PRI_O
n (node 4n+3) (node 4n+2) (node 4n+1) (node 4n)

IPRO PRI_3 PRI_2 PRI_1 PRI_O
(node 3) (node 2) (node 1) (node 0)

Figure 5-1 Interrupt Priority Register

The IPR number and byte offset for interrupt node m (0...31) can be found as follows:

« the corresponding IPR number n is given by
n=mDIV 4
« the byte offset of the required Priority field in this register is m MOD 4, where:
byte offset 0 refers to register bits [7:0]
byte offset 1 refers to register bits [15:8]
byte offset 2 refers to register bits [23:16]
— byte offset 3 refers to register bits [31:24]
« for example, Priority field of interrupt node 21 is located at IPR5.[15:8], since
- n=21DIV4=5
— byte offset=21 MOD 4 =1

Note: IPRx registers are only word-accessible.

Refer to Table 5-2 for more information on the access to the interrupt node priority array,
which provides the software view of the interrupt node priorities.

5.1.7

The interrupt response time, defined as the time from detection of the generated pulse
and latching of the interrupt by NVIC to execution of the first instruction at the interrupt
handler, is typically 21 MCLK cycles as shown in Figure 5-2.

Interrupt Response Time
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Figure 5-2  Typical Interrupt Response Time

This assumes the following conditions:

* Interrupt generation is enabled
* No occurrence of interrupt pre-emption, late-arrival or tail-chaining
« Delays due to memory wait states are not taken into account

5.2 General Module Interrupt Structure

A module might have multiple interrupt sources. Each interrupt source has typically the
following structure (see Figure 5-3):

¢ Aninterrupt source status flag

« A set hit to allow software to set the flag to 1

¢ Aclear bit to allow software to reset the flag to 0

« An enable bit to trigger interrupt when the hardware event occurs or status flag set
bit is set (i.e. software triggered interrupt)

Note: If a flag set event (due to a peripheral HW event) occurs in the same clock cycle
as aflag clear event (due to SW Setting of the Clear bit), the set has higher priority
over the clear.

Note: Setting of the status flag by a hardware event or software writing to status flag set
bit, is independent of interrupt generation enabled/disabled. Similarly, interrupt
generation is independent of the level of the status flag.

Additionally, some modules might have more interrupt sources than interrupt lines.
Therefore, they include an interrupt routing management block, which maps the interrupt
sources to the interrupt lines.

For further details and exceptions to the above general structure, refer to the respective
module chapters. An overview of all XMC1300 interrupt sources is given at the end of
the chapter.
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Figure 5-3  Typical Module Interrupt Structure

To enable a module HW event for interrupt generation, SW has to:

« Enable the interrupt node that is allocated to the module in the NVIC, through the
NVIC_ISER register.

« If the module has an interrupt routing management block, select an available service
request output through which the interrupt will be generated to the NVIC. This is
usually done by configuring a interrupt node pointer register in the module.

* Finally, set the interrupt enable bit of the module HW event for interrupt generation.
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5.3 Registers
Table 5-4 Registers Address Space
Module Base Address End Address Note

CPU PPB: System
Control Space (SCS)

EOOOE000,

EOOOEFFF,

Registers Overview

The absolute register address is calculated by adding:
Module Base Address + Offset Address

Table 5-5 Register Overview
Short Name Description Offset Access Mode | Description
Address Rpaad [write | S€e

Nested Vectored Interrupt Controller (NVIC)

NVIC_ISER Interrupt Set-enable 100, U, PV |U, PV |Page 5-9
Registers

NVIC_ICER Interrupt Clear-enable |180, U, PV | U, PV | Page 5-10
Registers

NVIC_ISPR Interrupt Set-pending | 200, U, PV | U, PV | Page 5-11
Registers

NVIC_ICPR Interrupt Clear-pending | 280, U, PV | U, PV | Page 5-12
Registers

NVIC_IPRO - Interrupt Priority 400,- U, PV |U, PV | Page 5-13

NVIC_IPR7 Registers 41C,
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5.3.1 NVIC Registers

NVIC_ISER

Interrupt Subsystem

The ISER register enables interrupt nodes, and shows which interrupt nodes are

enabled.

NVIC_ISER

Interrupt Set-enable Register (EOOOE100y,) Reset Value: 00000000,
3. 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SETENA
1 1 r\\,v 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SETENA
1 1 1 1 1 1 r\\lv 1 1 1 1 1 1 1

Field Bits Type | Description
SETENA [31:0] |rw Interrupt Node Set-enable
Og  Read: Interrupt node disabled.
Write: No effect.
1z Read: Interrupt node enabled.

Write: Enable interrupt node

If a pending interrupt is enabled, the NVIC activates the interrupt based on its priority. If
an interrupt is not enabled, asserting its interrupt signal changes the interrupt state to
pending, but the NVIC never activates the interrupt, regardless of its priority.
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NVIC_ICER

Interrupt Subsystem

The ICER register disables interrupt nodes, and shows which interrupt nodes are

enabled.

NVIC_ICER

linterrupt Clear-enable Register  (EOOOE180,,) Reset Value: 00000000,
3. 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CLRENA
1 1 r\\,v 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CLRENA
1 1 1 1 1 1 r\\lv 1 1 1 1 1 1 1

Field Bits Type | Description
CLRENA [31:0] |rw Interrupt Node Clear-enable
Og  Read: Interrupt node disabled.
Write: No effect
1z Read: Interrupt node enabled.

Write: Disable interrupt node.
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NVIC_ISPR

The ISPR register forces interrupt nodes into the pending state, and shows which
interrupt nodes are pending.

NVIC_ISPR
Interrupt Set-pending Register
(EOOOE200,,) Reset Value: 00000000,

3. 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

T T T T T T T T T T T T T T T

SETPEND

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

SETPEND
1 1 n\lv 1 1
Field Bits Type | Description
SETPEND [31:0] |rw Interrupt Node Set-pending

Og  Read: Interrupt node is not pending.
Write: No effect

1;  Read: Interrupt node is pending.
Write: Change interrupt state to pending.

Note: Writing 1 to the ISPR bit corresponding to:
- an interrupt node that is pending has no effect
- a disabled interrupt node sets the state of that interrupt node to pending
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Interrupt Subsystem

The ICPR register removes the pending state from interrupt nodes, and shows which
interrupt nodes are pending.

NVIC_ICPR
Interrupt Clear-pending Register
(EOO0E280,,) Reset Value: 00000000,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CLRPEND
1 1 r\\,v 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CLRPEND
1 1 n\lv 1 1
Field Bits Type | Description
CLRPEND [31:0] |rw Interrupt Node Clear-pending

Og  Read: Interrupt node is not pending.
Write: No effect.
1;  Read: Interrupt node is pending.
Write: Remove interrupt state from pending.

Note: Writing 1 to an ICPR bit does not affect the active state of the corresponding
interrupt node.
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NVIC_IPRx (x=0-7)

The IPRO-IPR7 registers provide a 8-bit priority field for each interrupt node. Each
register holds four priority fields.

Interrupt Subsystem

Each priority field holds a priority value, 0-192. The lower the value, the greater the
priority of the corresponding interrupt node. The processor implements only bits [7:6] of
each field, bits [5:0] reads as 0 and ignores writes. This means writing 255 to a priority
register saves value 192 to the register.

NVIC_IPRx (x=0-7)
Interrupt Priority Register x

(EOOOE400, + 4*x) Reset Value: 00000000,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PRI_3 PRI_2
1 1 n\lv r\\lv 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PRI_1 PRI_O
1 1 r\\lv r\\,\l 1 1
Field Bits Type | Description
PRI_3 [31:24] | rw Priority, Byte Offset 3
PRI_2 [23:16] |rw Priority, Byte Offset 2
PRI_1 [15:8] |rw Priority, Byte Offset 1
PRI_O [7:0] rw Priority, Byte Offset O
54 Interrupt Request Source Overview

An overview of all XMC1300 interrupt sources and related register bits are shown in the

next few pages.
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6 Event Request Unit (ERU)

As described in the Service Request Processing chapter, XMC1300 uses the Event
Request Unit (ERU) to support the programmable interconnection for the processing of
service requests.

6.1 Features

The ERU supports these features:

* Flexible processing of external and internal service requests
* Programmable for edge and/or level triggering

e Multiple inputs per channel

< Triggers combinable from multiple inputs

¢ Input and output gating

6.2 Overview

The Event Request Unit (ERU) is a versatile multiple input event detection and
processing unit.

Service Requests ERU Event Service by
by Event Sources Event Request Unit Action Providers

> )

<
<

o

CAPCOM

CAPCOM
L
TRIGGERS IRQ

—

g

GRIO EVENTS

o/
L]

Source Inputs Channel 3

Source Inputs Channel 2

ORC

Source Inputs Channel 1

ACMP usiC

Source Inputs Channel 0

o
Event Input Selectors 7

Event Trigger Logic

Event Combinations m
=]
Trigger Cross Connect@

/ Event Status Flag

Output Gating Unit 0

Figure 6-1 Event Request Unit Overview

Each ERU unit consists of the following blocks:

« An Event Request Select (ERS) unit.
— Event Input Selectors allow the selection of one out of two inputs. For each of
these two inputs, an vector of 4 possible signals is available.
— Event Combinations allow a logical combination of two input signals to a common
trigger.
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e An Event Trigger Logic (ETL) per Input Channel allows the definition of the
transition (edge selection, or by software) that lead to a trigger event and can also
store this status. Here, the input levels of the selected signals are translated into
events.

« The Trigger Cross Connect Matrix distributes the events and status flags to the
Output Channels. Additionally, trigger signals from other modules are made available
and can be combined with the local triggers.

¢ An Output Gating Unit (OGU) combines the trigger events and status information
and gates the Output depending on a gating signal.

Note: An event of one Input can lead to reactions on several Outputs, or also events on
several Inputs can be combined to a reaction on one Output.

6.3 Event Request Select Unit (ERS)

For each Input Channel x (x = 0-3), an ERSx unit handles the input selection for the
associated ETLx unit. Each ERSx performs a logical combination of two signals (Ax, Bx)
to provide one combined output signal ERSxO to the associated ETLX. Input Ax can be
selected from 4 options of the input vector ERU_XA[3:0] and can be optionally inverted.
A similar structure exists for input Bx (selection from ERU_xB[3:0]).

In addition to the direct choice of either input Ax or Bx or their inverted values, the
possible logical combinations for two selected inputs are a logical AND or a logical OR.

EXISEL. EXICONX. EXICONX.
EXSxA NA sS
ERU_XAO
ERU_xA1l ,| Select SdEpt o~
Input » Polarity
ERU_XA2 A o 5
ERU_XA3 >l Select Crso
b X
ERU_xBO > > | c ngr o
- X
ERU_xB1 N Sleletit PSeIIeptt ﬂ AX AND Bx
npu olarity >
ERU_xB2 Bx o
ERU_xB3
EXISEL. EXICONX.
EXSxB NB ERSX

Figure 6-2 Event Request Select Unit Overview
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The ERS units are controlled via register ERUO_EXISEL (one register for all four ERSx
units) and registers EXICONXx (one register for each ERSx and associated ETLx unit,
e.g. ERUO_EXICONXx (x=0-3) for Input Channel 0).

6.4 Event Trigger Logic (ETLX)

For each Input Channel x (x = 0-3), an event trigger logic ETLx derives a trigger event
and related status information from the input ERSxO. Each ETLx is based on an edge
detection block, where the detection of a rising or a falling edge can be individually
enabled. Both edges lead to a trigger event if both enable bits are set (e.g. to handle a
toggling input).

Each of the four ETLx units has an associated EXICONX register, that controls all options
of an ETLx (the register also holds control bits for the associated ERSx unit, e.g.
ERUO_EXICONXx (x=0-3) to control ERSO and ETLO).

EXICONX. EXICONX.
FE D ETLx
Maodify set Status Flag _ EXICONX.FL
Status clear FL ™ to all OGUy
Flag
Detect
ERSXO
ERSx X Event edge event _ TRxOto
(edge) ” 0GUO
+ TRx1lto
Er_lable igger pulse So_alect > OcuL
Trigger Trigger TR 1o
Pulse Output > 0GU2
o TRx3to
> oGu3
EXICONX. EXICONX. EXICONX.
RE PE OCSs

Figure 6-3  Event Trigger Logic Overview

When the selected event (edge) is detected, the status flag EXICONx.FL becomes set.
This flag can also be modified by software. Two different operating modes are supported
by this status flag.

It can be used as “sticky” flag, which is set by hardware when the desired event has been
detected and has to be cleared by software. In this operating mode, it indicates that the
event has taken place, but without indicating the actual status of the input.
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In the second operating mode, it is cleared automatically if the “opposite” event is
detected. For example, if only the falling edge detection is enabled to set the status flag,
it is cleared when the rising edge is detected. In this mode, it can be used for pattern
detection where the actual status of the input is important (enabling both edge detections
is not useful in this mode).

The output of the status flag is connected to all following Output Gating Units (OGUy) in
parallel (see Figure 6-4) to provide pattern detection capability of all OGUy units
based on different or the same status flags.

In addition to the modification of the status flag, a trigger pulse output TRxy of ETLx can
be enabled (by bit EXICONX.PE) and selected to trigger actions in one of the OGUy
units. The target OGUYy for the trigger is selected by bit field EXICON.OCS.

The trigger becomes active when the selected edge event is detected, independently
from the status flag EXICONXx.FL.

6.5 Cross Connect Matrix

The matrix shown in Figure 6-4 distributes the trigger signals (TRxy) and status signals
(EXICONXx.FL) from the different ETLx units between the OGUy units. In addition, it
receives peripheral trigger signals that can be OR-combined with the ETLx trigger
signals in the OGUy units.
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EXICONO.FL
gzt[teecrt?on —» ERU_PDOUTO
TROO
Inputs | ERU_GOUTO
o —» ERU_IOUTO
ETLO | 1roz OoGU0 _
—» ERU_TOUTO
TRO3 Trigger
Inputs Peripheral
TR0 Triggers
EXICON1.FL .
[P)zifcrtri]on —» ERU_PDOUT1
TR10
Inputs | » ERU_GOUTL
e —» ERU_IOUT1
ETLL [ 1Rz OoGU1 _
—» ERU_TOUT1
TR13 ™ Trigger
Inputs Peripheral
TRx1 Triggers
EXICON2.FL
[P)zifggon —» ERU_PDOUT2
TR20
Inputs |, ERU_GOUT2
TR21
ETL2 oGU2 —» ERU_IOUT2
TR22
—» ERU_TOUT2
e >| Trigger
Inputs Peripheral
TRx2 Triggers
EXICONS.FL
Bziteeg{:on —»ERU_PDOUT3
TR30 I
Inputs |—» ERU_GOUT3
o —» ERU_IOUT3
ETL3 TR32 oGU3 ]
—» ERU_TOUT3
TR33 Trigger
Inputs Peripheral
TRx3 Triggers
Figure 6-4 ERU Cross Connect Matrix

6.6

Output Gating Unit (OGUy)

Each OGUy (y = 0-3) unit combines the available trigger events and status flags from the
Input Channels and distributes the results to the system. Figure 6-5 illustrates the logic
blocks within an OGUy unit. All functions of an OGUy unit are controlled by its associated
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EXOCONYy register, e.g. ERU0_EXOCONXx (x=0-3) for OGUO. The function of an OGUy

unit can be split into two parts:
e Trigger Combination:

All trigger signals TRxy from the Input Channels that are enabled and directed to
OGUy, a selected peripheral-related trigger event, and a pattern change event (if

enabled) are logically OR-combined.

« Pattern Detection:
The status flags EXICONXx.FL of the Input Channels can be enabled to take part in
the pattern detection. A pattern match is detected while all enabled status flags are

set.
Status Flags
EXICONO.FL
EXOCONy. EXOCONy.
IPENO GEEN
EXICONL.FL ERU PDOUT
> || y
EXOCONy.
IPEN1 Detect EXOCONYy.
EXICON2.FL Pattern PDR
EXOCONYy.
IPEN2 Select EXOCONy.
Gating [«—
EXICON3.FL GP
Scheme
EXOCONYy.
Triggers IPEN3
from Input » ERU_GOUTY
Channels L
TR Combine Interrupt
TR1
’ QGU Gating » ERU_IOUTY
TR2y Triggers (AND)
TR3y (OR)
T » ERU_TOUTY
ERU_OGUy1
Select
Peripheral ERU_OGUy2 Perioh EXOCONYy.
Triggers  |ERyU_oGUY3 Triggper:s ISS
OGUy
Figure 6-5  Output Gating Unit for Output Channel y

Each OGUy unit generates 4 output signals that are distributed to the system (not all of

them are necessarily used):

< ERU_PDOUTYy to directly output the pattern match information for gating purposes

in other modules (pattern match = 1).
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« ERU_GOUTYy to output the pattern match or pattern miss information (inverted
pattern match), or a permanent 0 or 1 under software control for gating purposes in
other modules.

e ERU_TOUTy as combination of a peripheral trigger, a pattern detection result
change event, or the ETLx trigger outputs TRXxy to trigger actions in other modules.

< ERU_IOUTy as gated trigger output (ERU_GOUTY logical AND-combined with
ERU_TOUTy) to trigger service requests (e.g. the service request generation can be
gated to allow service request activation during a certain time window).

Trigger Combination

The trigger combination logically OR-combines different trigger inputs to form a common
trigger ERU_TOUTYy. Possible trigger inputs are:

¢ Ineach ETLx unit of the Input Channels, the trigger output TRxy can be enabled and
the trigger event can be directed to one of the OGUy units.

« One out of three peripheral trigger signals per OGUy can be selected as additional
trigger source. These peripheral triggers are generated by on-chip peripheral
modules, such as capture/compare or timer units. The selection is done by bit field
EXOCONYy.ISS.

¢ In the case that at least one pattern detection input is enabled (EXOCONy.IPENX)
and a change of the pattern detection result from pattern match to pattern miss (or
vice-versa) is detected, a trigger event is generated to indicate a pattern detection
result event (if enabled by ECOCONy.GEEN).

The trigger combination offers the possibility to program different trigger criteria for
several input signals (independently for each Input Channel) or peripheral signals, and
to combine their effects to a single output, e.g. to generate an service request or to start
an ADC conversion. This combination capability allows the generation of a service
request per OGU that can be triggered by several inputs (multitude of request sources
results in one reaction).

The selection is defined by the bit fields ISS in registers ERU0_EXOCONXx (x=0-3).

Pattern Detection

The pattern detection logic allows the combination of the status flags of all ETLx units.
Each status flag can be individually included or excluded from the pattern detection for
each OGUy, via control bits EXOCONYy.IPENx. The pattern detection block outputs the
following pattern detection results:

e Pattern match (EXOCONy.PDR =1 and ERU_PDOUTYy = 1):
A pattern match is indicated while all status flags FL that are included in the pattern
detection are 1.

e Pattern miss (EXOCONy.PDR =0 and ERU_PDOUTYy = 0):
A pattern miss is indicated while at least one of the status flags FL that are included
in the pattern detection is 0.
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In addition, the pattern detection can deliver a trigger event if the pattern detection result
changes from match to miss or vice-versa (if enabled by EXOCONy.GEEN = 1). The
pattern result change event is logically OR-combined with the other enabled trigger
events to support service request generation or to trigger other module functions (e.g. in
the ADC). The event is indicated when the pattern detection result changes and
EXOCONy.PDR becomes updated.

The service request generation in the OGUy is based on the trigger ERU_TOUTY that
can be gated (masked) with the pattern detection result ERU_PDOUTYy. This allows an
automatic and reproducible generation of service requests during a certain time window,
where the request event is elaborated by the trigger combination block and the time
window information (gating) is given by the pattern detection. For example, service
requests can be issued on a regular time base (peripheral trigger input from
capture/compare unit is selected) while a combination of input signals occurs (pattern
detection based on ETLx status bits).

A programmable gating scheme introduces flexibility to adapt to application
requirements and allows the generation of service requests ERU_IOUTy under different
conditions:

* Pattern match (EXOCONy.GP = 10g):
A service request is issued when a trigger event occurs while the pattern detection
shows a pattern match.

* Pattern miss (EXOCONy.GP = 11;):
A service request is issued when the trigger event occurs while the pattern detection
shows a pattern miss.

* Independent of pattern detection (EXOCONy.GP = 01):
In this mode, each occurring trigger event leads to a service request. The pattern
detection output can be used independently from the trigger combination for gating
purposes of other peripherals (independent use of ERU_TOUTy and ERU_PDOUTY
with service requests on trigger events).

* No service requests (EXOCONy.GP = 00g, default setting)
In this mode, an occurring trigger event does not lead to a service request. The
pattern detection output can be used independently from the trigger combination for
gating purposes of other peripherals (independent use of ERU_TOUTy and
ERU_PDOUTYy without service requests on trigger events).

6.7 Power, Reset and Clock

ERU is running on the main clock, MCLK. It is consuming power in all operating modes
as long as the MCLK continues to run.
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6.8 Initialization and System Dependencies

Service Requests must always be enabled at the source and at the destination.
Additionally it must be checked whether it is necessary to program the ERUO process
and route a request.

Enabling Peripheral SRx Outputs

« Peripherals’ SRx outputs must be selectively enabled. This procedure depends on
the individual peripheral. Please look up the section “Service Request Generation”
within a peripheral chapter for details.

« Optionally ERUO must be programmed to process and route the request

Enabling External Requests

e Selected PORTS must be programmed for input
« ERUO must be programmed to process and route the external request

Note: The number of external service request inputs may be limited by the package
used.

Reference Manual 6-9 V1.0, 2013-03

Service Request Processing, V1.0 Subject to Agreement on the Use of Product Information



(infineon

XMC1300

XMC1000 Family

Event Request Unit (ERU)

6.9 Registers

Table 6-1 Registers Address Space

Module Base Address End Address Note
ERUO 4001 0600, 4001 06FF

Registers Overview

The absolute register address is calculated by adding:
Module Base Address + Offset Address

Table 6-2 Register Overview
Short Name Description Offset Access Mode | Description
Address Read |Write See

EXISEL ERU External Input 0000y U, PV |U, PV |Page 6-11
Control Selection

EXICONO ERU External Input 00104 U, PV |U, PV |Page 6-13
Control Selection

EXICON1 ERU External Input 0014, U, PV |U, PV |Page 6-13
Control Selection

EXICON2 ERU External Input 0018, U, PV | U, PV | Page 6-13
Control Selection

EXICON3 ERU External Input 001C, U, PV |U, PV | Page 6-13
Control Selection

EXOCONO ERU Output Control 0020, U, PV | U, PV | Page 6-15
Register

EXOCON1 ERU Output Control 0024, U, PV |U, PV | Page 6-15
Register

EXOCON2 ERU Output Control 0028, U, PV | U, PV | Page 6-15
Register

EXOCON3 ERU Output Control 002C, U, PV |U, PV |Page 6-15
Register
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6.9.1 ERU Registers

ERUO_EXISEL
Event Input Select (00y) Reset Value: 0000 0000,

3. 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

EXS3B EXS3A EXS2B EXS2A EXS1B EXS1A EXS0B EXSOA

'w 'w 'w 'w 'w w w w
Field Bits Type | Description
EXSOA [1:0] rw Event Source Select for A0 (ERSO0)

This bit field defines which input is selected for AO.
00g Input ERU_OAQ is selected
01; Input ERU_OAL is selected
10z Input ERU_OA2 is selected
11z Input ERU_OA3 is selected

EXSO0B [3:2] rw Event Source Select for BO (ERSO0)

This bit field defines which input is selected for BO.
00; Input ERU_OBO is selected

01; Input ERU_OBL1 is selected

105 Input ERU_OB2 is selected

11; Input ERU_OB3 is selected

EXS1A [5:4] rw Event Source Select for A1 (ERS1)

This bit field defines which input is selected for Al.
00g Input ERU_1AQ is selected

01g Input ERU_1Al is selected

10 Input ERU_1A2 is selected

11z Input ERU_1A3 is selected

EXS1B [7:6] rw Event Source Select for B1 (ERS1)

This bit field defines which input is selected for B1.
00z Input ERU_1BO is selected

01z Input ERU_1B1 is selected

10z Input ERU_1B2 is selected

11; Input ERU_1B3 is selected
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Field Bits Type | Description
EXS2A [9:8] rw Event Source Select for A2 (ERS2)
This bit field defines which input is selected for A2.
005 Input ERU_2AO0 is selected
01g Input ERU_2ALl is selected
10; Input ERU_2A2 is selected
115 Input ERU_2A3 is selected
EXS2B [11:10] |rw Event Source Select for B2 (ERS2)
This bit field defines which input is selected for B2.
00; Input ERU_2BO is selected
01z Input ERU_2B1 is selected
10z Input ERU_2B2 is selected
11; Input ERU_2B3 is selected
EXS3A [13:12] | rw Event Source Select for A3 (ERS3)
This bit field defines which input is selected for A3.
005 Input ERU_3AQ is selected
01 Input ERU_3AL is selected
105 Input ERU_3A2 is selected
11; Input ERU_3A3 is selected
EXS3B [15:14] | rw Event Source Select for B3 (ERS3)
This bit field defines which input is selected for B3.
00g Input ERU_3BO is selected
01; Input ERU_3B1 is selected
10z Input ERU_3B2 is selected
11z Input ERU_3B3 is selected
0 [31:16] |r Reserved
Read as 0; should be written with 0.
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ERUO_EXICONXx (x=0-3)
Event Input Control x

31

30

29

28

27 26

Event Request Unit (ERU)

(10, + 4*x) Reset Value: 0000 0000,

25 24 23 22 21 20 19 18 17 16

15

14

13

FE | RE | LD | PE

-

w rw rw rw

Field

Bits

Description

PE 0

Output Trigger Pulse Enable for ETLxX

This bit enables the generation of an output trigger
pulse at TRxy when the selected edge is detected
(set condition for the status flag FL).

0z  The trigger pulse generation is disabled

1z The trigger pulse generation is enabled

LD 1

Rebuild Level Detection for Status Flag for ETLx
This bit selects if the status flag FL is used as “sticky”
bit or if it rebuilds the result of a level detection.

0g  The status flag FL is not cleared by hardware
and is used as “sticky” bit. Once set, it is not
influenced by any edge until it becomes
cleared by software.

The status flag FL rebuilds a level detection of
the desired event. It becomes automatically set
with a rising edge if RE = 1 or with a falling
edge if FE = 1. It becomes automatically
cleared with a rising edge if RE = 0 or with a
falling edge if FE = 0.

RE 2

Rising Edge Detection Enable ETLx

This bit enables/disables the rising edge event as
edge event as set condition for the status flag FL or
as possible trigger pulse for TRxy.

0z  Arising edge is not considered as edge event
1z Arising edge is considered as edge event
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Field

Bits

Type

Description

FE

Falling Edge Detection Enable ETLX

This bit enables/disables the falling edge event as
edge event as set condition for the status flag FL or
as possible trigger pulse for TRxy.

0 Afalling edge is not considered as edge event
1z  Afalling edge is considered as edge event

OCS

[6:4]

Output Channel Select for ETLx Output Trigger
Pulse

This bit field defines which Output Channel OGUy is
targeted by an enabled trigger pulse TRxy.

0005 Trigger pulses are sent to OGUO

0015 Trigger pulses are sent to OGU1

0105 Trigger pulses are sent to OGU2

0115 Trigger pulses are sent to OGU3

Others: Reserved, do not use this combination

FL

rwh

Status Flag for ETLx

This bit represents the status flag that becomes set

or cleared by the edge detection.

Og The enabled edge event has not been
detected

1z  The enabled edge event has been detected

SS

[9:8]

Input Source Select for ERSx

This bit field defines which logical combination is
taken into account as ERSxO.

005 Input A without additional combination

01g Input B without additional combination

105z Input A OR input B

115 Input A AND input B

NA

10

Input A Negation Select for ERSx

This bit selects the polarity for the input A.
Oz Input Ais used directly

1z Input Ais inverted

NB

11

Input B Negation Select for ERSx

This bit selects the polarity for the input B.
Oz Input B is used directly

1z Input B is inverted

[31:12]

Reserved
Read as 0; should be written with 0.
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ERUO_EXOCONXx (x=0-3)
Event Output Trigger Control x
(20, + 4*x) Reset Value: 0000 0008,

3. 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

0

Il

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

T
IPEN|IPEN|IPEN|IPEN GEE
3 5 1 0 0 GP PDR N ISS
o rw o rwrw J J ‘r rW rh w r\IN

Field Bits Type |Description

ISS [1:0] rw Internal Trigger Source Selection

This bit field defines which input is selected as
peripheral trigger input for OGUy.

005 The peripheral trigger function is disabled
01; Input ERU_OGUY1 is selected

10 Input ERU_OGUy2 is selected

11z Input ERU_OGUYy3 is selected

GEEN 2 rw Gating Event Enable

Bit GEEN enables the generation of a trigger event
when the result of the pattern detection changes from
match to miss or vice-versa.

Og  The event detection is disabled

1y  The event detection is enabled

PDR 3 rh Pattern Detection Result Flag

This bit represents the pattern detection result.
Og A pattern miss is detected

1 A pattern match is detected
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Field Bits Type |Description
GP [5:4] rw Gating Selection for Pattern Detection Result
This bit field defines the gating scheme for the service
request generation (relation between the OGU output
ERU_PDOUTY and ERU_GOUTY).
00; ERU_GOUTy is always disabled and
ERU_IOUTYy can not be activated
01y ERU_GOUTYyis always enabled and ERU_IOUTy
becomes activated with each activation of
ERU_TOUTy
105 ERU_GOUTYy is equal to ERU_PDOUTY and
ERU_IOUTy becomes activated with an activation
of ERU_TOUTYy while the desired pattern is
detected (pattern match PDR = 1)
11y ERU_GOUTYy is inverted to ERU_PDOUTY and
ERU_IOUTy becomes activated with an activation
of ERU_TOUTYy while the desired pattern is not
detected (pattern miss PDR = 0)
IPENX 12+x  |rw Pattern Detection Enable for ETLx
(x =0-3) Bit IPENx defines whether the trigger event status flag
EXICONXx.FL of ETLx takes part in the pattern detection
of OGUy.
0g  Flag EXICONX.FL is excluded from the pattern
detection
1z  Flag EXICONX.FL is included in the pattern
detection
0 [31:16] |r Reserved
, [11:6] Read as 0; should be written with 0.
6.10 Interconnects

This section describes how the ERUO module is connected within the XMC1300 system.
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External Events
A

XA[3:0]
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o
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Top-Level
N\ Cross /
Inter-
connect

x=0-3

y=0-3

Figure 6-6

6.10.1

ERU Interconnects Overview

ERUO Connections
The following table shows the ERUO connections.

Table 6-3 ERUO Pin Connections

Global Connected To I/O | Description

Inputs/Outputs

ERUO0.0A0 ACMPO0.OUT I

ERUO0.0A1 P2.4 I

ERUO0.0A2 ORC2.0UT I

ERUO.0A3 VADCO0.GOBFLOUTO |1 from ADC boundary flag

ERUO0.0BO P2.0 I

ERUO0.0B1 p2.2 I
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Table 6-3 ERUO Pin Connections

Global Connected To I/10

Inputs/Outputs

ERUO0.0B2 ORCO0.0UT I

ERUO0.0B3 VADCO0.G1BFLOUTO |1 from ADC boundary flag
ERUO0.1A0 ACMP1.0UT I

ERUO0.1A1 P2.5 I

ERUO0.1A2 ORC3.0UT I

ERUO0.1A3 VADCO.GOBFLOUT1 || from ADC boundary flag
ERUO0.1B0O P2.1 I

ERUO0.1B1 P2.3 I

ERUO0.1B2 ORC1.0UT I

ERUO0.1B3 VADCO0.G1BFLOUT1 |1 from ADC boundary flag
ERUO0.2A0 ACMP2.0UT I

ERUO0.2A1 P2.6 I

ERUO0.2A2 ORC4.0UT I

ERUO0.2A3 VADCO0.GOBFLOUT2 |1 from ADC boundary flag
ERUO0.2B0O P2.10 I

ERUO0.2B1 P2.11 I

ERUO0.2B2 ORC2.0UT I

ERUO0.2B3 VADCO.G1BFLOUT?2 || from ADC boundary flag
ERUO0.3A0 ORC7.0UT I

ERUO0.3A1 pP2.7 I

ERUO0.3A2 ORC5.0UT I

ERUO0.3A3 VADCO0.GOBFLOUT3 || from ADC boundary flag
ERUO0.3B0O P2.9 I

ERUO0.3B1 P2.8 |

ERUO0.3B2 ORC6.0UT I

ERUO0.3B3 VADCO0.G1BFLOUTS3 |1 from ADC boundary flag
ERU0.0GUO01 CCU40.SRO I

ERU0.0GU02 VADCO0.COSR2 I

ERU0.0GUO03 CCU80.SR2 I

ERU0.0GU11 CCU40.SR1 I
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Table 6-3 ERUO Pin Connections

Global Connected To I/O |Description

Inputs/Outputs

ERU0.0GU12 VADCO0.COSR2 I

ERU0.0GU13 CCUB80.SR2 I

ERU0.0GU21 CCU40.SR2 I

ERU0.0GU22 VADCO0.COSR3 I

ERU0.0GU23 CCU80.SR3 I

ERU0.0GU31 CCU40.SR3 I

ERU0.0GU32 VADCO0.COSR3 I

ERU0.0GU33 CCU80.SR3 I

ERUO0.PDOUTO VADCO0.BGREQGTO |O
VADCO0.GOREQGTO
VADCO0.G1REQGTO
CCU40.IN1D
CCU40.IN0J
CCU80.INOF
CCUBS8O0.IN1L
CCuU80.IN2L
CCU80.IN3L
POSIFO0.INOD
USICO_CH1.HWINO
P0.0
P2.11

ERUO0.GOUTO P0.0 (0]
pP2.11

ERUO.TOUTO not connected (0]

ERUO0.IOUTO NVIC.ERUO.SRO (0]

SCU.RTC_extclk
VADCO.BGREQTRM
VADCO.GOREQTRM
VADCO.G1REQTRM
CCU40.CLKB
CCU40.INOK
CCU80.CLKB
CCUB80.INOG
POSIFO0.EWHEB
BCCUO.TRAPINE
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Table 6-3 ERUO Pin Connections

Global Connected To I/O | Description
Inputs/Outputs
ERUO.PDOUT1 VADC0.BGREQGTP |O

VADCO.GOREQGTP
VADCO0.G1REQGTP
CCU40.INOD
CCU40.IN1J
CCUB80.INOL
CCUB8O0.IN1F
POSIFO0.IN1D
USICO_CH1.HWIN2
PO.1

P2.10

ERU0.GOUT1 PO.1 (0]
P2.10

ERUO.TOUT1 not connected (e}

ERUO0.IOUT1 NVIC.ERUO.SR1 (0]
VADCO0.BGREQTRN
VADCO.GOREQTRN
VADCO.G1REQTRN
CCU40.CLKC
CCU40.IN1K
CCU80.CLKC
CCU80.IN1G
BCCUO.TRAPINF

ERUO0.PDOUT2 VADCO0.BGREQGTK |O
VADCO0.GOREQGTK
VADCO.G1REQGTK
CCU40.IN3D
CCU40.IN2J
CCU80.IN2F
POSIFO0.IN2D

P0.2

P2.1

ERU0.GOUT2 P0.2 (0]
P2.1

ERUO.TOUT2 not connected (e}
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Table 6-3 ERUO Pin Connections

Global Connected To I/O | Description
Inputs/Outputs
ERUO.IOUT2 NVIC.ERUO0.SR2 O

VADCO0.BGREQTRG
VADCO0.GOREQTRG
VADCO0.G1REQTRG
CCU40.IN2K
CCUB80.IN2G
POSIFO.MSETF
BCCUO.TRAPING

ERUO0.PDOUT3 VADCO0.BGREQGTL |O
VADCO.GOREQGTL
VADCO.G1REQGTL
CCUA40.IN3J
CCU40.IN2D
CCUS80.IN3F

P0.3

P2.0

ERUO0.GOUT3 P0.3 (0]
P2.0

ERUO.TOUT3 not connected (e}

ERUO0.IOUT3 NVIC.ERUO.SR3 (0]
VADCO0.BGREQTRH
VADCO.GOREQTRH
VADCO0.G1REQTRH
CCU40.IN3K
CCU80.IN3G
POSIFO.EWHEC
POSIFO.MSETG
BCCUO.TRAPINH
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7 MATH Coprocessor (MATH)

7.1 Overview

The MATH Coprocessor (MATH) module comprises of two independent sub-blocks to
support the CPU in math-intensive computations: a Divider Unit (DIV) for signed and
unsigned 32-bit division operations and a CORDIC (COrdinate Rotation Dlgital
Computer) Coprocessor for computation of trigonometric, linear or hyperbolic functions.

7.1.1 Features
The MATH Coprocessor includes the following features:

< Divide function with operand pre-processing and result post-processing

e CORDIC Coprocessor for computation of trigonometric, hyperbolic and linear
functions

« Supports kernel clock to interface clock ratio of 2:1 for faster execution

e Supports result chaining between the Divider Unit and CORDIC Coprocessor

7.1.2 Block Diagram
Figure 7-1 shows a block diagram of the MATH Coprocessor.

MATH Coprocessor

PCLK
System g
Clock
Control MCLK > Interface Block J/‘; KErIr:{sl
DIV Registers T‘I/
Address R
Decoder "I | Global Registers
—>
CORDIC
CORDIC L N]|  Kemel
Interrupt | Registers
Control [~

Figure 7-1 MATH Coprocessor Block Diagram
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7.2 Divider Unit (DIV)

7.2.1 Features
The DIV supports the following features:

« Signed/unsigned 32-bit division operation in 35 kernel clock cycles
* Operands pre-processing with configurable number of:
— Left shifts for dividend
— Right shifts for divisor
« Result post-processing with configurable number of shifts and shift direction

7.2.2 Division Operation

The DIV supports the truncated division operation, which is also the ISO C99 standard
and the popular choice among modern processors. The division and modulus functions
of the truncated division are related in the following way:

Ifq=Ddivd

andr=D mod d

thenD=q*d+r

and|r|<|d|

where “D” is the dividend, “d” is the divisor, “gq” is the quotient and “r" is the remainder.

The truncated division rounds the quotient towards zero and the sign of its remainder is
always the same as that of its dividend, i.e., sign (r) = sign (D).

To execute a divider operation with the DIV, it is first required to configure the division as
follows:

e Signed or unsigned through the DIVCON.USIGN bit
e Start mode through the DIVCON.STMODE bit

The dividend and divisor values are then written into the DVD and DVS registers. The
division is started with the write to DVS register or by setting the start bit DIVCON.ST,
depending on the start mode. If the ST bit is used, the bit is automatically cleared in the
next kernel clock cycle. The start of the division operation sets the busy flag,
DIVST.BSY.

The division operation always takes 35 kernel clock cycles, and upon completion, the
quotient and remainder values will be available at the QUOT and RMD registers, and the
BSY flag will be cleared. The end of calculation event sets the Divider event flag
EVFR.DIVEOC and can trigger an interrupt request to NVIC if enabled through the
EVIER.DIVEOCIEN bit. The flag is cleared only by a software write to the
EVFCR.DIVEOCC bit.

Figure 7-2 shows the timing diagram for a division operation.
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Kernel Clock 1 2 3 4 33 34 35 36
)
DIVCON.ST
1))
)
DIVST.BSY
EVFR.DIVEOC
)
DVD ’ 16 | ‘
DVS ’ 4 | ‘
QUOT ‘ | 4 ‘
RMD ‘ | 0 ‘

Figure 7-2  Timing Diagram for a Division Operation

Note: Reading the QUOT and RMD registers while BSY=1 will cause the DIV to insert
wait states onto the bus until the active calculation is completed (BSY=0). This
ensures that any read access on the result registers QUOT or RMD returns a valid
result. However, the interrupt latency will be increased as the bus may be locked
up for a number of kernel clock cycles.

7.2.2.1 Start Mode Selection

The condition to start a division operation is selectable through the DIVCON.STMODE

bit:

e When STMODE = 0, a division operation is started with a write to the DVS register.
In this case, no further software set of the ST bit is necessary.

« When STMODE = 1, a division is started by setting the ST bit.

For both start modes, it must be ensured that the DIV is not performing any active
calculation and the DIVST.BSY flag is 0 before starting the operation, else the start
request is discarded though DVS will still be updated with the write value. Write access
to DIVCON register is ignored while BSY = 1. It is recommended for the application to
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poll for this condition before starting the divider operation with a write to ST bit or DVS
register.

7.2.2.2 Divide by Zero Error

If a division operation is started with the divisor value in DVS register equal to 0, the
EVFR.DIVERR flag will be set and an interrupt request to NVIC can be generated if
enabled through EVIER.DIVERRIEN. The operation will still proceed as normal and
complete in 35 kernel clock cycles as shown in Figure 7-3

Kernel Clock 1 2 3 4 « 33 34 35 36
DIVCON.ST SS
EVFR.DIVERR SS
EVFR.DIVEOC SS
DVD ’ 16 | ‘
DVS ’ 0 | ‘
QuUOT ‘ FFFFFFFR,
RMD ‘ | 16 ‘

Figure 7-3  Timing Diagram with Divide by Zero Error

If DIVCON.USIGN is 0 (signed operation) and DVD is a negative value, the QUOT
register will contain all zeros, else it will contain all ones. In either case, the RMD register
will contain the value of the dividend. The flag is cleared only by a software write to the
EVFCR.DIVERRC bit.

Note: If result post-processing (see Section 7.2.3) is enabled, the value of the quotient
(all zeros or all ones) will still be shifted according to DIVCON.QSCNT.
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The DIV does not detect for overflow errors. User must always ensure that the result of
a division operation, with or without result post-processing, is within the boundaries of
DIV.

7.2.3 Operand/Result Pre-/Post-Processing

The DIV supports operand pre-processing and result post-processing by allowing the
following:

¢ Left shift of the dividend value before the start of division
« Right shift of the divisor value before the start of division
< Left or right shift of the quotient value after the end of division

The number of shifts is determined by the respective 5-bit shift count bit fields in DIVCON
register. Additionally for the quotient, the shift direction is defined by the bit
DIVCON.QSDIR.

All shifts are arithmetic shifts. This means if shift left, zeros will be inserted at LSB, while
if shift right, zeros (in unsigned mode) or the signed bit (in signed mode) will be inserted
at MSB.

If selected to be enabled by writing a non-zero value to the shift count bit fields, the shift
operations will be triggered at the start and end of the division operation and do not
consume any additional kernel clock cycles. The DIV event flag will be generated at the
end of the 35-clock execution cycle.

During operand pre-processing, the shifts are performed only on the output of the DVD
and DVS registers and not on the registers themselves. Therefore, the contents of these
registers remain unchanged.

7.3 CORDIC Coprocessor

The CORDIC Coprocessor computes trigonometric, linear, hyperbolic and related
functions.

7.3.1 Overview

This document describes the features of the CORDIC Coprocessor for XC800 product
family. It is not the purpose of this document to cover the theoretical background of the
CORDIC algorithm.

The CORDIC algorithm is a useful convergence method for computing trigonometric,
linear, hyperbolic and related functions. It allows performance of vector rotation not only
in the Euclidian plane, but also in the Linear and Hyperbolic planes.

The CORDIC algorithm is an iterative process where truncation errors are inherent.
Higher accuracy is achieved in the CORDIC Coprocessor with 27 iterations per
calculation and kernel data width of at least 32 bits. The main advantage of using this
algorithm is the fast calculation speed compared to software and high accuracy.
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The generalized CORDIC algorithm has the following CORDIC equations. The factor m
controls the vector rotation and selects the set of angles for the circular, linear and
hyperbolic function:

Xipg =X - M - -y - 27 (7.1)
Y =Y+ d - X - 2 (7.2)
Z,,=2-0d ¢ (7.3)
Where

m = 1 Circular function (basic CORDIC) with e; = atan(2)

m = 0 Linear function with g, = 2°

m = -1 Hyperbolic function with e, = atanh(2)

For clarity, the document uses the following terms for referencing CORDIC data:

¢ Result Data: Final result data at the end of CORDIC calculation (Bit BSY no longer
active).

e Calculated Data: Intermediate or last data resulting from CORDIC iterations.

« Initial Data: Data used for the very first CORDIC iteration, is usually user-initialized
data.

7.3.1.1 Features

The key features of the CORDIC Coprocessor are listed below:

* Modes of operation
— Supports all CORDIC operating modes for solving circular (trigonometric), linear
(multiply-add, divide-add) and hyperbolic functions
— Integrated look-up tables (LUTs) for all operating modes
e Circular vectoring mode: Extended support for values of initial X and Y data up to full
range of [-223,(22%-1)] for solving angle and magnitude
e Circular rotation mode: Extended support for values of initial Z data up to full range
of [-2%,(223-1)], representing angles in the range [-r,((223-1)/22%)r] for solving
trigonometry
e 24-bit accessible data width
— 32-bit kernel data width plus 2 sign extension bits and 1 overflow bit for X and Y
each
— 29-bit kernel data width plus 1 sign extension bit and 1 overflow bit for Z
— With KEEP bit to retain the last value in the kernel register for a new calculation
e 27 iterations per calculation: 62 kernel clock cycles or less, from set of start (ST) bit
to set of end-of-calculation flag, excluding time taken for write and read access of
data bytes.
« Twos complement data processing
— Only exception: X result data with user selectable option for unsigned result
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« Xand Y data generally accepted as integer or rational number; X and Y must be of

the same data form
e Truncation Error

— The result of a CORDIC calculation may return an approximation due to truncation

of LSBs

— Good accuracy of the CORDIC calculated result data, especially in circular mode

e Interrupt
— On completion of a calculation

— Interrupt enabling and corresponding flag

Table 7-1 CORDIC Applications

Use Case

Application

Angle computation

EPS, Motor control

Park transformation

Motor control

Y +XZ

Digital filtering, Pl control loop

7.3.1.2 Block Diagram

Figure 7-4 shows a block diagram of the CORDIC Coprocessor kernel.
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Figure 7-4  CORDIC Block Diagram
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7.3.2 Functional Overview

The following sections describe the function of the CORDIC Coprocessor.

7.3.2.1 Operation of the CORDIC Coprocessor

The CORDIC Coprocessor can be used for the circular (trigonometric), linear (multiply-
add, divide-add) or hyperbolic function, in either rotation or vectoring mode. The modes
are selectable by software via the CON control register.

Initialization of the kernel data register is enabled by clearing respective STATC.KEEPx
bits of the register STATC. If CON.ST_MODE = 1, writing 1 to bit CON.ST starts a new
calculation. Otherwise, by default where CON.ST_MODE = 0, a new calculation starts
after a write access to register CORDX. Each calculation involves a fixed number of 27
iterations. Bit STATC.BSY is set while a calculation is in progress to indicate busy status.
It is cleared by hardware at the end of a calculation.

As the first step on starting a CORDIC calculation (provided the corresponding KEEP
bits are not set), the initial data is loaded from the data registers CORDXx to the internal
kernel data registers. During the calculation, the kernel data registers always hold the
latest intermediate data. On completion of the calculation, the result data will be loaded
to the result registers CORRX.

The data registers CORDx function as shadow registers which can be written to without
affecting an ongoing calculation. Values are transferred to the kernel data registers only
on valid setting of bit CON.ST, or if CON.ST_MODE = 0, after write access to X data
register CORDX (provided KEEP bit of corresponding data is not set). The result data
can be read from the result registers CORRXx at the end of calculation (BSY no longer
active). The result data needs to be read before the start of the next calculation. Any
read access on the result registers CORRx while STATC.BSY is set (kernel is still
running a calculation) will cause the kernel to issue a bus wait until STATC.BSY is reset.
This will ensure that any read access on the result registers CORRXx returns a valid
result.

At the end of each calculation, STATC.BSY returns to 0. The EVFR.CDEOC bit, which
denotes the CORDIC end-of-calculation, is set. The interrupt request signal will be
activated if interrupt is enabled by EVIER.CDEOCIEN = 1. The EVFR.CDEOC flag will
have to be cleared manually via software by setting EVFCR.CDEOCC = 1. The result
data in X, Y and Z are internally checked, and in case of data overflow, the
EVFR.CDERR bit is set. An interrupt request signal will be activated if interrupt is
enabled by EVIER.CDERRIEN = 1. The EVFR.CDERR flag will have to be cleared
manually via software by setting EVFCR.CDERRC = 1.

Setting the bit CON.ST during an ongoing calculation (if CON.ST_MODE = 1) while
STATC.BSY is set has no effect. In order to start a new calculation, bit CON.ST must be
set again at a later time when STATC.BSY is no longer active. In the same manner,
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changing the operating mode during a running calculation (as indicated by STATC.BSY)
has no effect.

In automatic start mode (CON.ST_MODE = 0), if write access to CORDX occurs while
STATC.BSY is set, the new calculation will not be started, similar to the case with
CON.ST_MODE = 1.

7.3.2.2 Normalized Result Data

In all operating modes, the CORDIC Coprocessor returns a normalized result data for X
and Y, as shown in the following equation:

CORDIC Calculated Data

XorY Result Data = MPS

On the other hand, the interpretation for Z result data differs, which is also dependent on
the CORDIC function used:

For linear function, there is no additional processing of the CORDIC calculated Z data,
as such it is taken directly as the result data. The accessible Z result data is a real
number expressed as signed 4Q19.

For circular and hyperbolic functions, the accessible Z result data is a normalized
integer value, angles in the range [-r,((22%-1)/22%)n] are represented by [-2%,(2%-1)]. The
CORDIC Coprocessor expects Z data to be interpreted with this scaling:

Input Z Initial Data = Real Z Initial Value (in radians) x 8—38i608
i i = T
Real Z Result Value (in radians) = Z Result Data x 3388608

The CORDIC calculated data includes an inherent gain factor K resulting from the
rotation or vectoring. The value K is different for each CORDIC function, as shown in
Table 7-2.

Table 7-2 CORDIC Function Inherent Gain Factor for Result Data

Function Approximated Gain K

Circular 1.646760258121

Hyperbolic 0.828159360960

Linear 1
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CORDIC Coprocessor Operating Modes

Table 7-3 gives an overview of the CORDIC Coprocessor operating modes. In this table,
X, Y and Z represent the initial data, while X, Yeina @nd Zsn, represent the final result
data when all processing is complete and BSY is no longer active.

The CORDIC equations are:

Xy =X -m - -y - 27 (7.1)
Yir =Y+ di- % - 27 (7.2)
Z,1=72-0 - & (7.3)
Table 7-3 CORDIC Coprocessor Operating Modes and Corresponding Result
Data
Function Rotation Mode Vectoring Mode
d, = sign (z), z—0 d, = -sign (y), yi—~0
Circular Xanar = KIX c0s(2) - Y sin(2)]/ MPS | X, = K sqrt(X?+Y2) | MPS
m=1 | Yiina = K[Y cos(Z) + X sin(Z)] / MPS | Y500 = 0
g =atan(2") |Zga=0 Ziina = Z + atan(Y / X)
where K ~ 1.646760258121 where K ~ 1.646760258121
For solving cos(Z) and sin(Z), set X | For solving magnitude of vector
=1/K,Y=0. (sart(x®>+y?)), set X =x/K,Y =y /K.
Useful domain: Full range of X, Y | Useful domain: Full range of X and
and Z supported due to pre- Y supported due to pre- and post-
processing logic. processing logic.
For solving atan(Y / X), set Z = 0.
Useful domain: Full range of X and
Y, except X = 0.
Relationships: Relationships:
tan(v) = sin(v) / cos(v) acos(w) = atan[sqrt(1-w?) / w]
asin(w) = atan[w / sqrt(1-w?)]
Linear Xiina = X I MPS Xiina = X/ MPS
m=0 Yiina = [Y + X Z] | MPS Yiinal = 0
=2 Ziina = 0 Zina =L+ Y1 X

For solving X - Z, set Y = 0.
Useful domain: |Z] < 2.

For solving ratio Y / X, set Z = 0.
Useful domain: Y / X] <2, X > 0.

Reference Manual
MATH Coprocessor, V1.9

7-11

V1.0, 2013-03

Subject to Agreement on the Use of Product Information



o . XMC1300
( Infineon XMC1000 Family

MATH Coprocessor (MATH)

Table 7-3 CORDIC Coprocessor Operating Modes and Corresponding Result

Data
Function Rotation Mode Vectoring Mode
Hyperbolic | X = KIX cosh(Z) + Y sinh(2)] / Xiinar = K SQrt(X2-Y2) / MPS
m=-1 |MPS Yina = 0
e; = atanh(2") | Y4, = K[Y cosh(Z) + X sinh(2)]/ Zi = Z + atanh(Y / X)
MPS where k ~ 0.828159360960
Ziina1 = 0

where k ~ 0.828159360960
For solving cosh(Z) and sinh(Z) and | For solving sqrt(x®-y?), set X = x / k,
e?, setX=1/k Y=0. Y=y/k

Useful domain: |Z]| < 1.11rad, Y = 0. | Useful domain: |y| < [x]|, X > 0.

For solving atanh(Y / X), setZ = 0.
Useful domain: |atanh(Y / X)| <

1.11rad, X > 0.
Relationships: Relationships:
tanh(v) = sinh(v) / cosh(v) In(w) = 2 atanh[(w-1) / (w+1)]
e¥ = sinh(v) + cosh(v) sqrt(w) = sgrt((w+0.25)%-(w-0.25)?)
wt = gtinw) acosh(w) = In[w+sqrt(1-w?)]

asinh(w) = Infw-+sqrt(1+w?)]

Usage Notes

For solving the respective functions, user must initialize the CORDIC data (X, Y and
Z) with meaningful initial values within domain of convergence to ensure result
convergence. The ‘useful domain’ listed in Table 7-3 covers the supported domain of
convergence for the CORDIC algorithm and excludes the not-meaningful range(s) for
the function. For details regarding the supported domain of convergence, refer to
Section 7.3.3.1. For result data accuracy, refer to Section 7.3.5.

Function limitations must be considered, for example, setting initial X = 0 for
atan(Y / X) is not meaningful. Violations of such function limitations may yield
incoherent CORDIC result data.

All data inputs are processed and handled as twos complement. Only exception is
user-option for X result data (only) to be read as unsigned value.

The only case where the result data is always positive and larger than the initial data
is X result data (only) in circular vectoring mode; therefore, the user may want to use
the MSB bit as data bit instead of sign bit. By setting X_USIGN = 1, X result data will
be processed as unsigned data.

For circular and hyperbolic functions, and due to the corresponding fixed LUT, the
Z data is always handled as signed integer S28 (accessible as S23). The LUTs
contain scaled integer values (S28) of atan(27) fori= 0, 1, 2, ..., 27 and atanh(2") for
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i=1,2, .., 27, such that angles in the range [-r,((223-1)/2?%)r] are represented by
integer values ranging [-22%,(22%-1)]. Therefore, Z data is limited (not considering
domain of convergence) to represent angles [-r,((223-1)/22%)n] for these CORDIC
functions. Any calculated value of Z outside of this range will result in overflow error.
< For linear function, the Z data is always handled as signed fraction S4.24 (accessible
as S4.19 in the form signed 4Q19). The emulated LUT is actually a shift register that
holds data in the form 1.23 which gives the real value of 2. Therefore, regardless of
the domain of convergence, Z data is logically only useful for values whose
magnitude is smaller than 16. Overflow error is indicated by the EVFR.CDERR bit.

* The MPS setting has no effect on Z data. User must ensure proper initialization of Z
initial data to prevent overflow and incorrect result data.

e The CORDIC Coprocessor is designed such that with correct user setting of
MPS > 1, there is no internal overflow of the X and Y data and the read result data is
complete. However, note that in these cases, the higher the MPS setting, the lower
the resolution of the result data due to loss of LSB bit(s).

* The hyperbolic rotation mode is limited, in terms of result accuracy, in that initial Y
data must be set to zero. In other words, the CORDIC Coprocessor is not able to
return accurate result for cosh(Z)+/-sinh(Z) in a single calculation.

7.3.3.1 Domains of Convergence

It is not intended for this document to cover the theory of the inherent limits of CORDIC
convergence, which varies with different CORDIC function in rotation or vectoring mode.

For convergence of result data, there are limitations to the magnitude or value of initial
data and corresponding useful data form, depending on the operating mode used. The
following are generally applicable regarding convergence of CORDIC result data.

Rotation Mode: Z data must converge towards 0. Initial Z data must be equal or smaller
than >d, - e, where g, is always decreasing for iteration i. In other words, |Z| < Sum of
LUT. In circular function, this means |Z| < integer value representing 1.74 radians. For
linear function, |Z| < 2. In hyperbolic function, |Z| < integer value representing 1.11
radians.

Vectoring Mode: Y data must converge towards 0. The values of initial X and Y are
limited by the Z function which is dependent on the corresponding LUT. For circular
function, this means [atan(Y / X)| < 1.74 radians. For linear function, |Y / X| < 2. For
hyperbolic function, |atanh(Y / X)| < 1.11 radians. In vectoring mode, the additional
requirement is that X > 0.

While the operating modes of the CORDIC Coprocessor are generally bounded by these
convergence limits, there are exceptions for the circular rotation and circular vectoring
modes which use additional pre- (and post-)processing logic to support wider range of
inputs.
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Circular Rotation Mode: The full range of Z input [-223,(22%-1)] representing angles [-
7,((223-1)/22%)n] is supported. No limitations on initial X and Y inputs, except for overflow
considerations which can be overcome with MPS setting.

Circular Vectoring Mode: The full range of X and Y inputs [-223,(22%-1)] are supported,
while Z initial value should satisfy |Z| </ 2 to prevent possible Z result data overflow.

Note: Considerations should also be given to function limitations such as the meaning
of the result data, e.g. divide by zero is not meaningful. The ‘useful domain’
included within Table 7-3 for each of the main functions, attempts to cover both
for CORDIC convergence and useful range of the function.

Note: Input values may be within the domain of convergence, however, this does not
guarantee a fixed level of accuracy of the CORDIC result data. Refer to
Chapter 7.3.5 for details on accuracy of the CORDIC Coprocessor.

7.3.3.2 Overflow Considerations

Besides considerations for domain of convergence, the limitations on the magnitude of
input data must also be considered to prevent result data overflow.

Data overflow is handled by the CORDIC Coprocessor in the same way in all operating
modes. Overflow for X and Y data can be prevented by correct setting by the user of the
MPS bit, whose value is partly based on the CORDIC Coprocessor operating mode and
the application data.

The MPS setting has no effect on the Z data. For circular and hyperbolic functions, any
value of Z outside of the range [-r,((223-1)/22%)r] cannot be represented and will result in
Z data overflow error. Note that kernel data Z has values in the range [-r,((223-1)/2%%)n]
scaled to the range [-22,(2%3-1)], so the written and read values of Z data are always
normalized as such. For linear function, where Z is a real value, magnitude of Z must not
exceed 4 integer bits.

7.3.4 CORDIC Coprocessor Data Format

The CORDIC Coprocessor accepts (initial) data X, Y and Z inputs in twos complement
format. The result data are also in twos complement format.

The only exception is for the X result data in circular vectoring mode. The X result data
has a default data format of twos complement, but the user can select via bit
CON.X_USIGN = 1 for the X result data to be read as unsigned value. This option
prevents a potential overflow of the X result data (taken together with the MPS setting),
as the MSB bit is now a data bit. Note that setting bit CON.X_USIGN = 1 is only effective
when operating in the circular vectoring mode, which always yields result data that is
positive and larger than the initial data.
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Generally, the input data for X and Y can be integer or rational number (fraction).
However, in any calculation, the data form must be the same for both X and Y. Also, in
case of fraction, X and Y must have the same number of bits for decimal place.

The Z data is always handled as integer, based on the normalization factor for circular
or hyperbolic function. In case of linear function, accessible Z data is a real number with
fixed input and result data form of S4.19 (signed 4Q19) which is a fraction with
19 decimal places.

Refer to Chapter 7.3.2.2 for details on data normalization.

Table 7-4 summarizes the initial and result data format.

Table 7-4 Summary of X,Y and Z data format
Function Data Mode
Rotation ’ Vectoring
Circular X Initial 24-bit 2's complement
Result 24-bit 2's 24-bit 2's complement /
complement 24-bit unsigned data
(CON.X_USIGN =1)
Y Initial
Result
z Initial
Result 24-bit 2's complement
Linear X Initial
Result
Y Initial
Result
z Initial S4.19
Result
Hyperbolic X Initial
Result
Y Initial 24-bit 2’s complement
Result
z Initial
Result
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7.3.5 Accuracy of CORDIC Coprocessor

Each CORDIC calculation involves a fixed number of 27 CORDIC iterations starting from
iteration 0. The hyperbolic function is special in this respect in that it starts from
iteration 1 with repeat iterations at defined steps. The addressable data registers are
24 bits wide, while the internal kernel X and Y data registers used for calculation are
each 35 bits wide (32 data bits plus 2 sign extension bits and 1 overflow bit) and internal
kernel Z data register is 31 bits wide (29 data bits plus 1 sign extension bit and 1 overflow
bit). For more details on the data form of the LUTSs, refer to Chapter 7.3.7.1 and
Chapter 7.3.7.2.

For input data values within the specified useful domain (see Table 7-3), the result of
each calculation of the CORDIC Coprocessor is guaranteed to converge, although the
accuracy is not fixed per data form in each operating mode. The accuracy is a measure
of the magnitude of the difference between the result data and the expected data from a
high-accuracy calculator. “Normalized Deviation” (ND) is a generic term used to refer to
the magnitude of deviation of the result data from the expected result. The deviation is
calculated as if the input/result data is integer. In case the data is a rational number, the
magnitude of deviation has to be interpreted. For example, Z for linear vectoring mode
of the data form S4.19 - ND = 1 (01g) means the difference from expected real data has
magnitude of no more than [272° + 2°19]; ND = 2 (103) means the difference is no more
than |278+21%; ND = 3 (115) means the difference is no more than [219+218+219;
ND = 4 (100g) means the difference is no more than |2-17+22°|, and so on. The value of
219 s always added to account for possible truncation error.

Table 7-5 lists the probability of Normalized Deviation in a single calculation, with
approximately one million different input sets for each respective CORDIC Coprocessor
operating mode, based on the input conditions specified (always within useful domain,
possibly with additional conditions).

The accuracy of each mode can be easily increased, by working with rational numbers
(fraction) instead of integers. This refers to X and Y data only (X and Y must always be
of same data form), while the data form of Z is fixed per the respective LUT’s definition.
It is obvious to expect that for a given input of X and Y (and Z), the calculated result will
always return a constant value—regardless of whether X and Y are integers or rational
numbers. The only difference is with regards to interpreting the input and result data, i.e.,
with no decimal place or how many decimal places. The deviation of the CORDIC result
from the expected data is never smaller if X and Y are integers instead of rational
numbers. Therefore, wherever possible, assign X and Y as rational numbers with
carefully selected decimal place point, which could be based on the maximum ND of that
mode.
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Table 7-5 Normalized Deviation of a Calculation
Mode X Normalized Deviation ‘ Y or Z Normalized Deviation
Circular Input conditions: Useful Domain and [(1.64676/2)-sqrt(X?+Y?) > 600]
Vectoring 0:97.8830% 0:69.6738%
1:2.1150% 1:29.8307%
2:0.0010% 2:0.4919%
3:0.0010% 3:0.0036%
ND for X <3 ND forZ<3
Circular Input conditions: Useful Domain (Full range of X, Y and Z)
Rotation 0 : 47.8958% 0:47.8773%
1:50.3470% 1:50.3626%
2:1.7561% 2:1.7438%
3:0.0006% 3:0.0103%
4 :0.0003% 4 :0.0052%
5:0.0002% w5 : 0.0008%
ND for X <5 ND for Y <5
Linear Input conditions: Useful Domain (JY / X| <2, X > 0)
Vectoring 0: 99.5869% 0 : 47.6909%
1:0.4131% 1:52.2723%
ND for X< 1 2:0.0239%
3:0.0129%
ND forZ <3
Linear Input conditions: Useful Domain (|Z] < 2)
Rotation 0': 100% 0:48.2181%
ND for X <0 1:50.7801%
2 :0.9996%
3:0.0022%
ND forY <3
Hyperbolic Input conditions: Useful Domain (Y| < |X|, X > 0, |atanh(Y / X)| <
Vectoring 1.11rad)
0:98.1092% 0:47.7010%
1:1.8855% 1:51.2954%
2:0.0017% 2 :0.9938%
3:0.0019% 3:0.0098%
4:0.0017% ND forZ<3
ND for X <4
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Table 7-5 Normalized Deviation of a Calculation

Mode X Normalized Deviation ‘ Y or Z Normalized Deviation
Hyperbolic Input conditions: Useful Domain (|Z| < 1.11rad, Y = 0)
Rotation 0 : 47.6358% 0: 47.5419%
1:51.1029% 1:51.2064%
2:1.2578% 2:1.2478%
3:0.0012% 3:0.0013%
4 :0.0007% 4 :0.0010%
5:0.0006% 5:0.0007%
6 : 0.0005% 6 :0.0006%
7 : 0.0002% 7 :0.0003%
8 : 0.0003% ND forY <7
ND for X< 8

Note: The accuracy/deviation as stated above for each mode is not guaranteed for the
final result of multi-step calculations, e.g. if an operation involves two CORDIC
calculations, the second calculation uses the result data from the first calculation
(enabled with corresponding KEEP bit set). This is due to accumulated
approximations and errors.

7.3.6 Performance of CORDIC Coprocessor

The CORDIC calculation time increases linearly with increased precision. Increased
precision is achieved with greater number of iterations, which requires increased width
of the data parameters.

The CORDIC Coprocessor uses barrel shifters for data shifting. For a fixed number of
27 iterations per calculation, the total time from the start of calculation to the instant the
EVFR.CDEOC flag is set is approximately 62 kernel clock cycles. It should be noted that
the EVFR.CDERR flag is valid only one kernel clock cycle after the onset of
EVFR.CDEOC. This timing for one complete calculation is applicable also to those
modes which involve additional data processing, and also to the hyperbolic modes which
involve repeat iterations and an extra cycle for mode setup.

Note: The above timing exclude time taken for software loading of initial data and
reading of the final result data, to and from the six data registers.

7.3.7 CORDIC Coprocessor Look-Up Tables

This section provides the user with need-to-know information regarding the CORDIC
Coprocessor look-up-tables.

This section describes the look-up tables used in the CORDIC Coprocessor kernel.
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7.3.7.1 Arctangent and Hyperbolic Arctangent Look-Up Tables

The LUTSs are 29 bits and 30 bits wide respectively, for the arctangent table (atan LUT)
and hyperbolic arctangent table (atanh LUT). Each entry of the atan LUT is divided into
1 sign bit (MSB) followed by 28-bit integer part. For the atanh LUT, each entry has 1
repeater bit (MSB), followed by 1 sign bit, then 28-bit integer part.

The contents of the LUTs are:
« atan LUT with data form of S29, see Table 7-6

Table 7-6 Precomputed Scaled Values for atan(2")

Iteration No. | Scaled atan(27) in hex Iteration No. | Scaled atan(27) in hex
i=0 4000000 i=14 145F
i=1 25C80A4 i=15 A30
i=2 13F670B i=16 518
i=3 A2223B i=17 28C
i=4 5161A8 i=18 146
i=5 28BAFC i=19 A3
i=6 145EC4 i=20 51
i=7 A2F8B i=21 29
i=8 517CA i=22 14
i=9 28BE6 i=23 A
i=10 145F3 i=24 5
i=11 A2FA i=25 3
i=12 517D i=26 1
1=13 28BE

* atanh LUT with data form of S29, see Table 7-7

Table 7-7 Precomputed Scaled Values for atanh(27)

Iteration No. |Scaled atanh(27)in hex |lteration No. | Scaled atanh(27) in hex
i=0 - i=14 145F

i=1 2CC2F12 i=15 A30

i=2 14D01AC i=16 518

i=3 A3D4EQ i=17 28C

i=4 5197FC i=18 146
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Table 7-7 Precomputed Scaled Values for atanh(2")

Iteration No. |Scaled atanh(27)in hex |Iteration No. | Scaled atanh(2) in hex
i=5 28C1C7 i=19 A3

i=6 145F9D i=20 51

i=7 A2FA6 i=21 29

i=8 517CE i=22 14

i=9 28BE6 i=23 A

i=10 145F3 i=24 5

i=11 A2FA i=25 3

i=12 517D i=26 1

=13 28BE

The Z data is a normalized representation of the actual angle. The internal scaling is
such that [-r,((2%-1)/22%n] is equivalent to [-228,(2%8-1)]. The last 5 LSB bits are
truncated, as 24-bit data is transferred to the data bus when addressed. From user’s
point, the angles [-,((223-1)/2%%)x] are therefore represented by the range [-223,(22%-1)].

7.3.7.2 Linear Function Emulated Look-Up Table
The emulated LUT for linear function is actually a shift register. The emulated LUT has
1 integer bit (MSB) followed by 23-bit fractional part of the form 1Q23.

In linear function, where Z is a real number, the internal Z data is of the form signed
4Q19. The externally read data has the last 5 bits of the fractional part truncated,
resulting in a sign bit followed by 4-bit integer part, and finally 19-bit fractional part.
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7.4 Global Functions

Since the DIV and CORDIC have their own set of control and data registers, they can
work independently from one another.

However, they share a common bus interface and some global functions.

7.4.1 Result Chaining

The MATH Coprocessor supports result chaining between the DIV and CORDIC.

For the DIV, this means that each of the operand registers, DVD and DVS, can be
updated with the value from any one of the result registers (QUOT and RMD in DIV;
CORR|[Z:X] in CORDIC).

For the CORDIC, this means that each of the operand registers, CORD[Z:X], can be
updated with the value from either of the DIV result registers, QUOT and RMD.

In both cases, the selection is done with the operand register result chaining bit fields
(XRC) in GLBCON register.

Note: To update the CORDIC CORDI[Z:X] registers with the value from the
corresponding CORR[Z:X] registers, a separate control based on the KEEP[Z:X]
bits in STATC register, has to be used.

The update is done once the preceding DIV or CORDIC operation is completed, together
with the update to the actual result register. Figure 7-5 shows an example of chaining
the DIV quotient result to the CORDIC X-operand.
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Figure 7-5  Division Operation with CORDXRC = 01,

7.4.1.1 Result Chaining when Start Mode =0

When the respective start mode is 0, a DIV and CORDIC operation can be started by
having the application software write to the DVS and CORDX operand registers (see
Section 7.2.2.1 and Section 7.3.2). An update of these registers due to result chaining
is equivalent to a hardware write and therefore, has the same effect.

To avoid any potential deadlock situation, application must take care to avoid the
following two scenarios when using the result chaining feature:

1. DVSiis chained to QUOT or RMD while DIVCON.STMODE =0
2. DVSis chained to CORRx and CORDX is chained to QUOT or RMD, and at the same
time both DIVCON.STMODE and CON.ST_MODE =0

7.4.1.2 Handling Busy Flags when Result Chaining is Enabled

Using the example given in Figure 7-5, where a DIV result is chained to the CORDIC
operand CORDX, if CON.ST_MODE = 0, starting the DIV calculation will set not just the
DIV busy flag, but also that of the CORDIC. This is the case even though the CORDIC
is initially not active, i.e. CORDIC calculation will start only after the DIV calculation is
completed and either the QUOT or RMD value is written into CORDX. Similarly, the DIV,
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which becomes inactive after the DIV calculation is completed, does not clear its busy
flag immediately. Instead, the busy flags of both DIV and CORDIC are cleared only after
the CORDIC calculation is also completed.

The above applies also in the other direction, i.e. if a CORDIC result is chained to DIV
DVS operand register and DIVCON.STMODE = 0.

While the busy flags are set:

* Reading the DIV or CORDIC result registers will cause wait states to be inserted onto
the bus.

« While the DIV or CORDIC is active, starting a new DIV or CORDIC calculation or
writing to their respective control registers DIVCON and CON will have no effect.

« However, if the DIV or CORDIC is still inactive or has just returned from an active
state, starting a new DIV or CORDIC calculation or writing to their respective control
registers will take effect.

A new calculation start or write to control register must be avoided while the DIV’s or
CORDIC’s busy flag is set, otherwise calculation results might get corrupted.

7.5 Service Request Generation

If enabled by the respective interrupt enable bits in EVIER register, the DIV and CORDIC
error and end of calculation events will trigger the interrupt service request to NVIC. The
event is indicated by the event flag in EVFR register. The event flag can be cleared only
by writing a 1 to the event flag clear bit in EVFCR register.

Writing a 1 to the event flag set bit in EVFSR register has the same effect of an end of
calculation event.

Figure 7-6 shows the interrupt structure in the MATH Coprocessor.
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Figure 7-6  Interrupt Structure

7.6 Debug Behaviour

The MATH can be configured to enter a suspend mode when the program execution of
the CPU is halted by the debugger (indicated by the assertion of the suspend signal).
Two suspend modes are supported and can be selected through the control bit field
GLBCON.SUSCFG:

e Hard Suspend Mode
— The kernel clock is immediately switched off, thereby stopping all calculations
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« Soft Suspend Mode
— Any active calculation is allowed to continue and only after it is completed, will the
kernel clock be switched off

After the kernel clock is switched off, all registers become read-only. Writing to registers
in this state has no effect. Suspend mode is exited and normal operations resumed when
the suspend signal becomes deasserted.

The suspend mode is non-intrusive concerning the register bits. This means register bits
are not modified by hardware when entering or leaving the suspend mode.

Note: In XMC1300, bit field GLBCON.SUSCFG is reset to its default value by any reset.
If the suspend function is required during debugging, it is recommended that it is
enabled in the user initialization code. Before programming the bit field, the
interface clock has to be enabled and special care needs to be taken while
enabling the interface clock as described in the CCU (Clock Gating Control)
section of the SCU chapter.

7.7 Power, Reset and Clock

The MATH Coprocessor is located in the core power domain. The module, including all
registers, will be reset to its default state by a system reset.

The MATH Coprocessor requires two input clock signals, one for the kernel clock and
one for the interface clock.The ratio of the kernel clock to the interface can be 2:1 or 1:1
but they must be at all times synchronous to each other.

Both clocks are disabled by default and can be enabled via the SCU_CGATCLRO
register. Enabling and disabling the two clocks could cause a load change and clock
blanking could occur as described in the CCU (Clock Gating Control) section of the SCU
chapter. Itis strongly recommended to set up the two clocks in the user initialization code
to avoid clock blanking during runtime.
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7.8 Registers

Registers Overview
The absolute register address is calculated by adding:
Module Base Address + Offset Address

Note: The DIV registers shown in Table 7-9 supports both 16-bit and 32-bit bus access.
All other registers (Global and CORDIC) supports only 32-bit access.

Table 7-8 Registers Address Space
Module Base Address End Address Note
MATH 4003 0000, 4003 FFFFy

Table 7-9 Register Overview

Short Name | Description Offset | Access Mode | Description
Addr. [Read |write |Se€€
Global Registers
Reserved Reserved 0000, |BE BE
GLBCON Global Control Register 0004, |U,PV |U, PV |Page 7-27
ID Module Identification Register | 0008, |U, PV |BE Page 7-30
EVIER Event Interrupt Enable 00oC, |U,PV |U, PV |Page 7-31
Register
EVFR Event Flag Register 0010, |U,PV |U, PV |Page 7-32
EVFSR Event Flag Set Register 0014, |U,PV |U, PV |Page 7-33
EVFCR Event Flag Clear Register 0018, |U,PV |U, PV |Page 7-33
Reserved Reserved 001C,, |BE BE
Divider Registers
DVD Dividend Register 0020, |U,PV |U, PV |Page 7-35
DVS Divisor Register 0024,, |U,PV |U, PV |Page 7-35
QuUOT Quotient Register 0028, |U,PV |BE Page 7-35
RMD Dividend Register 002C, |U,PV |BE Page 7-36
DIVST Divider Status Register 0030, |U,PV |BE Page 7-36
DIVCON Divider Control Register 0034, |U,PV |U, PV |Page 7-37
Reserved Reserved 0038, - |BE BE
003F,
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Table 7-9 Register Overview (cont'd)
Short Name | Description Offset | Access Mode | Description
Addr. [Read |write | See

CORDIC Registers

STATC Status and Data Control 0040, |U, PV |U, PV |Page 7-40
Register

CON Control Register 0044, |U,PV |U, PV |Page 7-41

CORDX X Data Register 0048, |U,PV |U, PV |Page 7-43

CORDY Y Data Register 004C, |U,PV |U, PV |Page 7-43

CORDZz Z Data Register 0050, |U,PV |U, PV |Page 7-43

CORRX X Result Register 0054, |U,PV |BE Page 7-44

CORRY Y Result Register 0058, |U,PV |BE Page 7-44

CORRZ Z Result Register 005C, |U,PV |BE Page 7-45

7.8.1 Global Registers Description

GLBCON

The GLBCON register contains the global control bits for the MATH.

GLBCON
Global Control Register (0004, Reset Value: 0000 0000,
31 30 29 28 27 26 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T
0 SUSCFG
1 1 1 1
r rw
15 14 13 12 11 10 8 7 6 5 4 3 2 1 0
T T T T T T T T
0 CORDZRC| 0 |CORDYRC| 0 |[CORDXRC DVSRC DVDRC
II’ rW r I'\‘N r rW ‘ rw ‘ I rw I
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Field

Bits

Type

Description

DVDRC

[2:0]

Dividend Register Result Chaining

The DVD register in DIV will be updated with the
selected result register value when the result
chaining trigger event occurs.

0005 No result chaining is selected

001; QUOT register is the selected source
0105 RMD register is the selected source
011; CORRX is the selected source

1005 CORRY is the selected source

101; CORRZ s the selected source

1105 Reserved

111, Reserved

DVSRC

[5:3]

Divisor Register Result Chaining

The DVS register in DIV will be updated with the
selected result register value when the result
chaining trigger event occurs.

000g No result chaining is selected

001z QUOT register is the selected source
0105 RMD register is the selected source
011 CORRX s the selected source

1005 CORRY is the selected source

101; CORRZ is the selected source

1105 Reserved

111; Reserved

CORDXRC

[7:6]

CORDX Register Result Chaining

The CORDX register in CORDIC will be updated with
the selected result register value when the result
chaining trigger event occurs.

005 No result chaining is selected

01y QUOT register is the selected source

10; RMD register is the selected source

11; Reserved
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Field Bits Type | Description

CORDYRC [10:9] W CORDY Register Result Chaining

The CORDY register in CORDIC will be updated with
the selected result register value when the result
chaining trigger event occurs.

005 No result chaining is selected

01; QUOT register is the selected source

10 RMD register is the selected source

11; Reserved

CORDZRC [13:12] | rw CORDZ Register Result Chaining

The CORDZ register in CORDIC will be updated with
the selected result register value when the result
chaining trigger event occurs.

005 No result chaining is selected

01y QUOT register is the selected source

10y RMD register is the selected source

115 Reserved

SUSCFG [17:16] |rw Suspend Mode Configuration

This bit determines if a suspend mode is entered by
the MATH Coprocessor when the CPU is halted.
00; Suspend mode is never entered.

01; Hard suspend mode will be entered when CPU

=

is halted.
10; Soft suspend mode will be entered when CPU
is halted.
11; Reserved
0 [31:18] |r Reserved
, Read as 0; should be written with 0.
[15:14]
,11,8
MATH_ID

The MATH_ID register indicate the function and the design step of the MATH
Coprocessor.
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MATH_ID
Module Identification Register
(0008, Reset Value: 00F2 COXXy
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MOD_NUMBER
1 1 I\‘ 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MOD_TYPE MOD_REV
1 1 1 IJ‘ 1 1 1 1 'l' 1 1 1
Field Bits Type | Description
MOD_REV [7:0] r Module Revision Number
MOD_REYV defines the revision number. The value
of a module revision starts with 01, (first revision).
MOD_TYPE [15:8] r Module Type
This bit field is CO,,. It defines the module as a 32-bit
module.
MOD_NUMBE |[31:16] |r Module Number Value
R This bit field defines the module identification
number.

Event Interrupt Enable Register

This register enables interrupt generation for each event. If enabled, the detection of the
event will generate the interrupt pulse through the service request output.
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(ooocy) Reset Value: 0000 0000,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
1 1 l\( 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T CDE | CDE |DIVE|DIVE
0 RRIE|OCIE|RRIE|OCIE
. . ‘ N N N N
r w rw rw 'w
Field Bits Type | Description
DIVEOCIEN 0 rw Divider End of Calculation Interrupt Enable
0g  Divider end of calculation interrupt generation
is disabled.
1;  Divider end of calculation interrupt generation
is enabled.
DIVERRIEN 1 rw Divider Error Interrupt Enable
Og  Divider error interrupt generation is disabled
1;  Divider error interrupt generation is enabled
CDEOCIEN 2 rw CORDIC End of Calculation Interrupt Enable
0y CORDIC end of calculation interrupt
generation is disabled.
1z CORDIC end of calculation interrupt
generation is enabled.
CDERRIEN 3 rw CORDIC Error Interrupt Enable
0y  CORDIC error interrupt generation is disabled
1;  CORDIC error interrupt generation is enabled
0 [31:4] |r Reserved

Read as 0; should be written with 0.

Event Flag Register

This register contains the status flags for each event. If set, it indicates that the event has

been detected.
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(0010,) Reset Value: 0000 0000,

3. 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
1 1 l\( 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 CDE |CDE |DIVE|DIVE
RR | OC | RR | OC
I I r rh rh rh rh
Field Bits Type | Description
DIVEOC 0 rh Divider End of Calculation Event Flag
0z  Divider end of calculation event has not been
detected.
1;  Divider end of calculation event has been
detected.
DIVERR 1 rh Divider Error Event Flag
Og  Divider error event has not been detected
1;  Divider error event has been detected
CDEOC 2 rh CORDIC End of Calculation Event Flag
0g CORDIC end of calculation event has not been
detected.
1z CORDIC end of calculation event has been
detected.
CDERR 3 rh CORDIC Error Event Flag
0y  CORDIC error event has not been detected
1;  CORDIC error event has been detected
0 [31:4] |r Reserved

Read as 0; should be written with 0.

Event Flag Set Register

This register allows the application to set the status flags of each event in EVFR register,
as if the event has been detected. If interrupt generation for that event is enabled
previously in EVIER register, an interrupt service request will generated to the NVIC.

Writing 0 to these bits has no effect while reading always returns O.
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(0014,) Reset Value: 0000 0000,

3. 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
1 1 I\( 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 CDE |CDE |DIVE |DIVE
RRS |OCS|RRS |OCS
I I I“ w w w w
Field Bits Type | Description
DIVEOCS 0 w Divider End of Calculation Event Flag Set

0g  No effect.

1z  Setsthe Divider end of calculation event flag in
EVFR register. Interrupt will be generated if
enabled in EVIER register.

DIVERRS 1 w Divider Error Event Flag Set

Og  No effect.

1  Sets the Divider error event flag in EVFR
register. Interrupt will be generated if enabled
in EVIER register.

CDEOCS 2 w CORDIC Event Flag Set

Og  No effect.

1z  Setsthe CORDIC end of calculation event flag
in EVFR register. Interrupt will be generated if
enabled in EVIER register.

CDERRS 3 w CORDIC Error Event Flag Set

0g  No effect.

1z  Sets the CORDIC error event flag in EVFR
register. Interrupt will be generated if enabled
in EVIER register.

0 [31:4] |r Reserved

Read as 0; should be written with 0.
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Event Flag Clear Register

The event flags in EVFR register is cleared by writing a 1 to the corresponding bits in this
register.

Writing O to these bits has no effect while reading always returns O.
EVFCR
Event Flag Clear Register (0018,) Reset Value: 0000 0000,

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

0

1 1 | | | | 1 1 1 1 1 1 1

bl

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

0 CDE | CDE |DIVE|DIVE
RRC|OCC|RRC|OCC
I I I" w w w w
Field Bits Type | Description
DIVEOCC 0 w Divider End of Calculation Event Flag Clear
0g  No effect.

1z  Clearsthe Divider end of calculation event flag
in EVFR register.

DIVERRC 1 w Divider Error Event Flag Clear
0g  No effect.
1z  Clears the Divider error event flag in EVFR
register.
CDEOCC 2 w CORDIC End of Calculation Event Flag Clear
0g  No effect.

1z  Clears the CORDIC end of calculation event
flag in EVFR register.

CDERRC 3 w CORDIC Error Event Flag Clear

0g  No effect.

1y  Clears the CORDIC error event flag in EVFR
register.

0 [31:4] |r Reserved

Read as 0; should be written with 0.
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7.8.2 Divider Registers Description

DVvD

The DVD register is used to store the dividend operand of the division. It can be written
by software and if result chaining is enabled, also by hardware.

Bi\\//li)dend Register (0020,,) Reset Value: 0000 0000,
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
VAL
e “rwh e

Field Bits Type | Description
VAL [31:0] |rwh |Dividend Value

DVS

The DVS register is used to store the divisor operand of the division. It can be written by
software and if result chaining is enabled, also by hardware.

Note: A division operation can be started by a write to DVS while DIVCON.STMODE = 0.

DVS
Divisor Register (0024,) Reset Value: 0000 0000,

313029282726252423222120191817161514131211109 8 7 6 5 4 3 2 1 0

VAL
1 1 1 1 1 rv\\/h 1 1 1 1 1
Field Bits Type | Description
VAL [31:0] |rwh |Divisor Value

QuOT

The QUOT register is used to store the quotient result of the division. It will be
automatically updated by hardware upon each completion of a division operation.

Reference Manual 7-35 V1.0, 2013-03
MATH Coprocessor, V1.9 Subject to Agreement on the Use of Product Information



o . XMC1300
( Infineon XMC1000 Family

MATH Coprocessor (MATH)

Note: Wait states will be inserted on the bus if the QUOT register is read while BSY = 1.
The bus read transaction will be completed only when the new QUOT value
becomes available at the end of the active calculation/

QUOT
Quotient Register (0028, Reset Value: 0000 0000,
313029282726252423222120191817161514131211109 8 7 6 5 4 3 2 1 0
VAL
1 1 1 1 1 r\h 1 1 1 1 1
Field Bits Type | Description
VAL [31:0] |rh Quotient Value

RMD

The RMD register is used to store the remainder result of the division. It will be
automatically updated by hardware upon each completion of a division operation.

Note: Wait states will be inserted on the bus if the RMD register is read while BSY = 1.

The bus read transaction will be completed only when the new RMD value
becomes available at the end of the active calculation/

E(I\e/ln?ainder Register (o02cCy) Reset Value: 0000 0000,
31I30|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
VAL
S S N SR S R i S S S S SR

Field Bits Type | Description
VAL [31:0] |rh Remainder Value

DIVST
The DIVST register contains the status flags for the DIV.
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DIVST
Divider Status Register (0030,,) Reset Value: 0000 0000,

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

0

-

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

0 BSY
1 1 1 1 1 1 1 r 1 rh
Field Bits Type | Description
BSY 0 rh Busy Indication

Og  Divider is not running any division operation.
1z  Divider is still running a division operation.

Reserved
Read as 0; should be written with 0.

0 [31:1]

-

DIVCON

The DIVCON register contains the control bits for the DIV.

Write access to DIVCON register is ignored while BSY=1. No bus error will be generated
in this case.

Note: If result-chaining is enabled, refer also to Section 7.4.1.2 for description on
handling of the busy flag.

DIVCON
Divider Control Register (0034, Reset Value: 0000 0000,
31|30|29 28|27|26|25‘24 23‘22‘21 20‘19‘18|l7|16
0 DVSSRC 0 DVDSLC
I r I I I 'w I r ‘ rw I I

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

T T T T T
QSDI USIG|STM
R 0 QSCNT 0 DIVMODE N |ODE ST
rw II’ I I rw I r r\‘/v w rw rwh
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Field Bits Type | Description
ST 0 rwh | Start Bit
0g  No effect
1z  Start the division operation when STMODE=14
The bit is automatically cleared by hardware after
one kernel clock cycle.
STMODE 1 rw Start Mode
Selects the start mode for the division operation:
Og  Calculation is automatically started with a write
to DVS register
1z  Calculation is started by setting the ST bit to 1
Note: The start request for a new division operation
will be ignored if BSY = 1.
USIGN 2 rw Unsigned Division Enable
0g  Signed division is selected
1  Unsigned division is selected
QSDIR 15 rw Quotient Shift Direction
This bit is used to select the shift direction for the
quotient after a division:
Og  Left shift
1  Right shift
QSCNT [12:8] |rw Quotient Shift Count
If QSCNT is not equal to 0, it indicates the number of
bits the quotient will be shifted by, after the division.
If QSCNT=0, no shift operation will take place.
DVDSLC [20:16] |rw Dividend Shift Left Count
If DVDSLC is not equal to 0, it indicates the number
of bits the dividend will be shifted left by, prior to the
division.
If DVDSLC=0, no shift operation will take place.
DVSSRC [28:24] | rw Divisor Shift Right Count

If DVSSRC is not equal to 0, it indicates the number
of bits the divisor will be shifted right by, prior to the
division.

If DVSSRC=0, no shift operation will take place.
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Field Bits Type | Description
0 [31:29] |r Reserved
, Read as 0; should be written with 0.
[23:21]
[14:13]
L [7:3]
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7.8.3 CORDIC Registers Description

STATC

The STATC register generally reflects the status of the CORDIC Coprocessor. The
register also contain bits for data control.

STATC
CORDIC Status and Data Control Register(0040,,) Reset Value: 0000 0000,

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

0

r

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

KEE |KEE |KEE
PZ | PY | PX

0 BSY

rh

2
2
2

Field Bits Type | Description

BSY 0 rh Busy Indication

Indicates a running calculation when set. The flag is
asserted one clock cycle after bit ST was set. It is
deasserted at the end of a calculation.

0 [4:1]

KEEPX 5 rw Last X Result as Initial Data for New Calculation
If set, a new calculation will use the value of the
result from the previous calculation as the initial data.
In other words, the respective kernel data register
will not be overwritten by the contents of the shadow
data register at the beginning of the new calculation.
This bit should always be cleared for the very first
calculation to load the initial X data.

Independent of the KEEPX bit, the shadow data
registers will continue to hold the last written initial
data value until the next software write.

If KEEPX bit is set for a multi-step calculation, the
accuracy of the corresponding final x result data may
be reduced and is not guaranteed as shown in
Section 7.3.5.

Reserved

=
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Field Bits Type | Description
KEEPY 6 rw Last Y Result as Initial Data for New Calculation
<See description for KEEPX>
Additionally, it may not be meaningful to set this bit in
Vectoring modes as the last Y result converges to O.
KEEPZ 7 rw Last Z Result as Initial Data for New Calculation
<See description for KEEPX>
Additionally, it may not be meaningful to set this bit in
Rotation modes as the last Z result converges to 0.
0 [31:8] |r Reserved
CON

The CON register allows for the general control of the CORDIC Coprocessor. Write
action to this register while STATC.BSY is set has no effect.

Note: If result-chaining is enabled, refer also to Section 7.4.1.2 for description on
handling of the busy flag.

CON

CORDIC Control Register

(0044,) Reset Value: 0000 0062,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
1 I\‘ 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T ST T
X U|> =|ROT
0 MPS SIGN M(E)D VEC MODE ST
I Jr J J rW o w rw r\IN rwh
Field Bits Type | Description
ST 0 rwh | Start Calculation

If ST_MODE = 1, set ST to start a CORDIC
calculation. Is effective only while BSY is not set.
This bit may be set with the other bits of this register
in one write access.

Cleared by hardware at the beginning of calculation.
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Field

Bits

Type

Description

MODE

[2:1]

w

Operating Mode

00; Linear Mode

01g Circular Mode (default)
105 Reserved

11; Hyperbolic Mode

ROTVEC

w

Rotation Vectoring Selection
O  Vectoring Mode (default)
15  Rotation Mode

ST_MODE

'w

Start Method

Og  Auto start of calculation after write access to X
parameter data register CORDX(default).

1z  Start calculation only after bit ST is set

X_USIGN

w

Result Data Format for X in Circular Vectoring
Mode

When reading the X result data, X data has a data
format of:

0g  Signed, twos complement

1z Unsigned (default)

With this bit set, the MSB bit of the X result data is
processed as a data bit instead of a sign bit.

This bit is only effective when operating in circular
vectoring mode. In all other modes, X is always
processed as twos complement data.

X_USIGN =1 is meaningful in circular vectoring
mode because the result data is always positive and
always larger than the initial data.

MPS

[7:6]

w

X and Y Magnitude Prescaler

After the last iteration of a calculation, the calculated
value of X and Y are each divided by this factor to
yield the result.

Proper setting of these bits is important to avoid an
overflow of the result in the respective kernel data
registers.

00; Divide by 1

01; Divide by 2 (default)

10; Divide by 4

11; Reserved, retain the last MPS setting

[31:8]

Reserved
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CORDx

The Data registers are used to initialize the X, Y and Z parameters.

CORDX
CORDIC X Data Register (0048,,) Reset Value: 0000 0000,
313029282726252423222120191817161514131211109 8 7 6 5 4 3 2 1 0
DATA 0
1 1 1 1 1 1 1 1 1 1 1 I’\Ilv 1 |Ir 1 1 1
Field Bits Type | Description
0 [7:0] r Reserved
DATA [31:8] rw Initial X Parameter Data
Writing to this register with CON.ST_MODE =0
starts an operation.
CORDY
CORDIC Y Data Register (004c,) Reset Value: 0000 0000,
313029282726252423222120191817161514131211109 8 7 6 5 4 3 2 1 0
DATA 0
1 1 1 1 1 1 1 1 1 1 1 I’\Ilv 1 |Ir 1 1 1
Field Bits Type | Description
0 [7:0] r Reserved
DATA [31:8] rw Initial Y Parameter Data
CORDZ
CORDIC Z Data Register (0050,,) Reset Value: 0000 0000,
313029282726252423222120191817161514131211109 8 7 6 5 4 3 2 1 0
DATA 0
1 1 1 1 1 1 1 1 1 1 1 r\Ilv 1 1 1 1 1 1 1 'I' 1 1 1
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Field Bits Type | Description

0 [7:0] r Reserved

DATA [31:8] rw Initial Z Parameter Data
CORRX

The result data from CORDIC calculation will be written to the respective result registers.
Any read access on these registers while STATC.BSY is set (a calculation is still
running) will cause the kernel to issue a bus wait until BSY is reset.

CORRX
CORDIC X Result Register (0054}, Reset Value: 0000 0000,
313029282726252423222120191817161514131211109 8 7 6 5 4 3 2 1 0
RESULT 0
1 1 1 1 1 r\h Il |Ir 1 1 1
Field Bits Type | Description
0 [7:0] r Reserved
RESULT [31:8] rh X Calculation Result
CORRY
CORDIC Y Result Register (0058,,) Reset Value: 0000 0000,

313029282726252423222120191817161514131211109 8 7 6 5 4 3 2 1 0

RESULT 0

_‘
py
=

Field Bits Type | Description

0 [7:0] r Reserved

RESULT [31:8] rh Y Calculation Result
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CORRZ
CORDIC Z Result Register (005Cy) Reset Value: 0000 0000,
313029282726252423222120191817161514131211109 8 7 6 5 4 3 2 1 0
RESULT 0

1 1 1 1 1 1 1 1 1 1 1 rlh 1 |Ir 1 1 1
Field Bits Type | Description
0 [7:0] r Reserved
RESULT [31:8] rh Z Calculation Result

7.9 Interconnects
Table 7-10 shows the module interconnects:

Table 7-10 Module Interconnects

Input/Output I/O | Connected To |Description
SRO (0] NVIC Interrupt service request output.
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8 Memory Organization

This chapter provides description of the system memory organization, memory accesses
and memory protection strategy.

References

[5] Cortex®-MO User Guide, ARM DUI 0497A (1D112109)

8.1 Overview

The Memory Map in XMC1300 is based on standard ARM Cortex-M0O system memory
map.

8.1.1 Features

The Memory Map implements the following features:

e Compatibility with standard ARM Cortex-M0 CPU [5]
¢ Full compatibility across entire XMC1000 Family

8.2 Memory Map

Table 8-1 defines detailed system memory map of XMC1300 where each individual
peripheral or memory instance implement its own address spaces. For detailed register
description of the system components and peripherals, please refer to respective
chapters of this document.

Note: Depending on the device variant, not all peripherals and memory address ranges
may be available.
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FFFFFFFFH
Device
E010°0000 4
Private Peripheral Bus
E000°0000 4
External Device
(Reserved)
/A000’0000 4
External RAM
(Reserved)
Application 600070000,
g Peripherals 500070000,
s Central Peripherals
5] 4800°0000y
e System Peripherals
400000001
SRAM
20000000y
o Flash
B 1000°0000y
o ROM
00000000y
Figure 8-1 XMC1300 Address Space
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Table 8-1

XMC1300
XMC1000 Family

Memory Map

Memory Organization

Address space Address Range Description Access Type?
Read Write
Code 00000000, - ROM U, PV nBE
0OO000AFF (user-readable)
00000B00Oy, - ROM BE BE
00001FFF (non-user-readable)
00002000, - reserved BE BE
OFFFFFFF,
10000000, - Flash Sector 0 nBE nBE
10000DFF, (non-user-readable)
10000E00,, - Flash Sector O U, PV nBE
10000FFF (user-readable)
10001000, - Flash (200 Kbytes) |U, PV U, PV
10032FFF
10033000, - reserved BE BE
1FFFFFFF,
SRAM? 20000000, - SRAM Block 0 U, PV U, PV
20000FFF
20001000, - SRAM Block 1 U, PV U, PV
20001FFF
20002000, - SRAM Block 2 U, PV U, PV
20002FFF
20003000 - SRAM Block 3 U, PV U, PV
20003FFF
20004000, - reserved BE BE
3FFFFFFF,
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Table 8-1 Memory Map (cont'd)
Address space Address Range Description Access TypeV
Read Write
System 40000000, - Memory Control U, PV U, PV
Peripherals 400007FF
40000800, - reserved BE BE
4000FFFF,
40010000, - SCU (including U, PV U, PV
40010FFF, RTC)
40011000 - ANACTRL U, PV U, PV
4001107F,
40011080, - reserved BE BE
4001FFFF
40020000, - WDT U, PV U, PV
4002001F,
40020020, - reserved BE BE
4002FFFF,
40030000, - MATH Global U, PV U, PV
4003003F Registers and DIV
40030040, - MATH CORDIC U, PV U, PV
4003007F
40030080, - reserved BE BE
4003FFFF,
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Memory Map (cont'd)

Memory Organization

Address space Address Range Description Access TypeV
Read Write
System 40040000, - Port 0 U, PV U, PV
Peripherals 4004007F
(cont'd) 40040080y, - reserved BE BE
400400FF,
40040100, - Port 1 U, PV U, PV
4004017F,
40040180, - reserved BE BE
400401FF,
40040200, - Port 2 U, PV U, PV
4004027F
40040280, - reserved BE BE
4004FFFFy
40050000 - Flash Registers U, PV U, PV
400500DF,
400500E0y, - reserved BE BE
47FFFFFF,
Central Peripherals | 48000000, - USICO Channel 0 U, PV U, PV
480001FF,
48000200, - USICO Channel 1 U, PV U, PV
480003FF,
48000400, - USICO RAM nBE BE
480007FF,
48000800, - reserved BE BE
4801FFFF,,
48020000, - PRNG U, PV U, PV
4802000F
48020010, - reserved BE BE
4802FFFFy
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Table 8-1

Memory Map (cont'd)

Memory Organization

Address space Address Range Description Access TypeV
Read Write
Central Peripherals | 48030000, - VADCO Generaland |U, PV U, PV
(cont'd) 480303FF, Global Registers
48030400, - VADCO Group 0 U, PV U, PV
480307FF,
48030800, - VADCO Group 1 U, PV U, PV
48030BFF,
48030C00, - reserved BE BE
48033FFF,
48034000, - SHSO U, PV U, PV
480341FF,
48034200, - reserved BE BE
4803FFFF,
48040000, - CCu40CC40and |U, PV U, PV
480401FF Kernel Registers
48040200, - CCU40 CCc41 U, PV U, PV
480402FF,
48040300, - CCU40 CCc42 U, PV U, PV
480403FF,
48040400, - CCU40 CC43 U, PV U, PV
480404FF,
48040500, - reserved BE BE
4FFFFFFF,
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Table 8-1 Memory Map (cont'd)
Address space Address Range Description Access TypeV
Read Write

Application 50000000, - CCU80 CC80 and U, PV U, PV

Peripherals 500001FF, Kernel Registers
50000200, - CCuU80 CC81 U, PV U, PV
500002FF
50000300, - CCuU80 CC81 U, PV U, PV
500003FF
50000400, - CCuU80 CC83 U, PV U, PV
500004FF
50000500, - reserved BE BE
5000FFFF
50010000, - POSIFO U, PV U, PV
500101FF,
50010200, - reserved BE BE
5002FFFF
50030000, - BCCUO U, PV U, PV
500301FF
50030200, - reserved BE BE
57FFFFFF,

Peripheral 58000000, - reserved BE BE
5FFFFFFF,

External SRAM 60000000, - reserved BE BE
9FFFFFFF,

External Device A0000000,, - reserved BE BE
DFFFFFFF

Private Peripheral | E0O000000,, - NVIC, System timer, | U, PV U, PV

Bus EOOFFFFF, System Control

Block

Vendor specific 1 | E0100000,, - reserved BE BE
EFFFFFFF,

Vendor specific 2 | FO000000,, - System ROM Table |U, PV nBE
FOOOOFFF,
F0001000, - reserved BE BE
FFFFFFFF,
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1) For address ranges taken up by peripherals, the access type for each address in the range may differ from
that shown in the table. Refer to respective chapters for details.
2) The address range 2000'0000,, to 2000'01FF,, will be overwritten by start-up software during device start-up.
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8.3 Memory Access

This section describes the memory accesses to the different type of memories in
XMC1300.

8.3.1 Flash Memory Access

The XMC1300 provides up to 200 Kbytes of Flash memory for instruction code or
constant data, starting at address 1000'1000,,. This excludes Flash sector 0, which is
used to store system information and is always read only.

For details of Flash memory access, refer to the Flash Architecture chapter.

8.3.2 SRAM Access
The XMC1300 provides 16 Kbytes of SRAM for instruction code or constant data, as well
as system variables such as the system stack, starting at address 2000'0000,,.

The SRAM supports 8-bit, 16-bit and 32-bit writes, and generates one parity bit for each
8 bits of written data. A read operation will check for parity errors on the 32-bit read data.
Accesses to the SRAM require no wait states.

The 16 Kbytes of SRAM is logically divided into four blocks of 4 Kbytes each. Accesses
to blocks 1, 2 and 3 can be disabled and enabled again during run-time with the
peripheral privilege access scheme. See PAU chapter for details.

Note: The address range 2000'0000,, to 2000'01FF,, will be overwritten by the start-up
software during device start-up. Therefore, these addresses should not be
targeted during the download of code/data by the bootstrap loader into the SRAM
nor should they store critical data that are still needed by the application after a
system reset or SW master reset.

8.3.3 ROM Access

The XMC1300 provides 8 Kbytes of ROM, which contains the startup software, vector
table and user routines.

Read accesses to the ROM require no wait states.

8.4 Memory Protection Strategy
Two aspects of memory protection are considered:

1. Intellectual Property (IP) Protection
2. Memory Access Protection during Run-time

The memory protection measures available in XMC1300 are listed in Table 8-2.
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Table 8-2 Memory Protection Measures

Protection Aspects Protection Measures Protection Target

IP protection Blocking of unauthorized Flash memory contents
external access

Memory access protection | Bit protection scheme Specific system-critical
registers/bit fields

Peripheral privilege access | Specific address ranges;
control each range can be controlled
independently

8.4.1 Intellectual Property (IP) Protection

IP protection refers to the prevention against unauthorized read out of critical data and
user IP from Flash memory.

8.4.1.1 Blocking of Unauthorized External Access

In XMC1300, the Boot Mode Index (BMI) is used to control the boot options such that
once the BMI is programmed to enter user mode (productive), it is not allowed to enter
the other boot modes without an erase of the complete user Flash (including sector 0).

Therefore, boot options that load and execute external code, including unauthorized
code that might read out the Flash memory contents, will be blocked and only user code
originating from the Flash memory can be executed.

8.4.2 Memory Access Protection during Run-time

Memory access protection refers to the prevention against unintended write access on
a memory address space during run-time.

8.4.2.1 Bit Protection Scheme

The bit protection scheme prevents direct software writing of selected register bits (i.e.,
protected hits) using the PASSWD register in the SCU module. When the bit field MODE
is 115, writing 10011 to the bit field PASS opens access to writing of all protected bits,
and writing 101015 to the bit field PASS closes access to writing of all protected bits. In
both cases, the value of the bit field MODE is not changed even if PASSWD register is
written with 98, or A8,,. It can only be changed when bit field PASS is written with
11000g, for example, writing 0000’00CO0,, to PASSWD register disables the bit protection
scheme.

Access is opened for maximum 32 MCLKs if the “close access” password is not written.
If “open access” password is written again before the end of 32 MCLK cycles, there will
be a recount of 32 MCLK cycles.
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Table 8-3 shows the list of protected bit in XMC1300.

Table 8-3 List of Protected Register Bit Fields

Register Bit Field

SCU_CLKCR FDIV, IDIV, PCLKSEL, RTCLKSEL
SCU_CGATSETO All bits

SCU_CGATCLRO All bits

SCU_ANAOFFSET ADJL_OFFSET
VADCO_ACCPROTO All bits

VADCO_ACCPROT1 All bits

Write to all protected registers except VADCO_ACCPROT[1:0], without opening access
through bit field PASS, will be ignored. No bus error will be generated. User should read
back the register value to ensure the write has taken place.

Write to VADCO_ACCPROT[1:0], without opening access through bit field PASS, will
trigger a hard fault. If an interrupt occurs immediately after the access is opened and the
interrupt service routine requires more than 32 MCLK cycles, the write to the register will
happen after the access is closed and thereby, triggering a hard fault. To avoid this,
interrupts should be disabled before writing to these two registers.

The PASSWD register is also described in the SCU chapter.

SCU_PASSWD
Password Register (4001 0024}, Reset Value: 0000 0007,

3. 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

T
0

r

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

T
PRO
0 PASS TS MODE
1 1 1 1 1 1 1 1 1 1
r w rh rw
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Field Bits Type | Description

MODE [1:0] rw Bit Protection Scheme Control Bits

00; Scheme disabled - direct access to the
protected bits is allowed.

11y Scheme enabled - the bit field PASS has to be
written with the passwords to open and close
the access to the protected bits. (Default)

Others: Scheme enabled, similar to the setting for

MODE = 115.

These two bits cannot be written directly. To change

the value between 115 and 00, the bit field PASS

must be written with 110005. Only then will the

MODE bit field be registered.

PROTS 2 rh Bit Protection Signal Status Bit

This bit shows the status of the protection.

0  Software is able to write to all protected bits.

1  Software is unable to write to any of the
protected bits.

PASS [7:3] w Password Bits

This bit protection scheme only recognizes the
following three passwords:

11000gEnables writing of the bit field MODE.
1001150pens access to writing of all protected bits.
10101gCloses access to writing of all protected bits.

Reserved

-

0 [31:8]

8.4.2.2 Peripheral Privilege Access Control

All CPU accesses are privileged accesses. In XMC1300, a separate scheme called
Peripheral Privilege Access Control, which allows a peripheral’'s memory address space
to be disabled to block any unintended write or read access, is provided. The address
space can be re-enabled when necessary.

Refer to the PAU chapter for details.
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9 Flash Architecture

This chapter describes the non volatile memory (NVM) module. The NVM has the
following features:

« Reading by word, writing by block and erasing by page (256 bytes).

« Fast personalization support.

« Automatic verify support.

« Up to 50,000 erase cycles per page.

e Minimum data retention of 10 years at 25°C in cells that were never previously
programmed.

¢ Flash programming voltage generated on-chip.

« Configurable erase and write protection.

* Power saving sleep mode.

¢ Incremental write without erase for semaphores.

* Redundancy sector for yield improvement.

9.1 Definitions

Throughout the document the terms NVM (Non Volatile Memory) and Flash are used as
synonyms, disregarding the fact that NVM describes a broader class of memories, where
the described Flash is only a special case.

redundancy sector
uxa sector N_LOG_SEC-1 page 15
<
6 /\/ $ page 14
M &
@ f{} age 13
8 =1 /_\k/
1
3 sector 1 5 /\/
z ©
s o page 1
z tor 0 -
sectol page 0
1 page = 16 data blocks
I data block 0 ‘ data block 1 ‘ data block 2 ‘ 88 ‘ data block 14 ‘ data block 15 I
1 block = 4 words
| word 0 | word 1 | word 2 | word 3 |
NVM_LOGICAL_STRUCTURE

Figure 9-1  Logical structure of the NVM module
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9.1.1 Logical and Physical States
Erasing

The erased state of a cell is ‘1’. Forcing an NVM cell to this state is called erasing.
Erasing is possible with a granularity of a page (see below).

Writing

The written state of a cell is ‘0’. Changing an erased cell to this state is called writing.
Writing is possible with a granularity of a block (see below).

Programming

The combination of erasing and writing is called programming. Programming often
means also writing a previously erased page.

Note: The termini write and writing are also used for accessing special function
registers. The meaning depends therefore on the context.

9.1.2 Data Portions
Word

A word consists of 32 bits. A word represents the data size which is read from or written
to the NVM module within one access cycle.

Block

A block consists of 4 words (128 bit data, extended by 4 bit parity, and 6 bit ECC). A
block represents the smallest data portion that can be written.

Page

A page consists of 16 blocks.
Sector

A sector consists of 16 pages.

9.1.3 Address Types

Physical Address

Address of the CPU system.

Base Address or Memory Base Address

Physical address of the lower boundary for memory accesses of an NVM module.
Logical Address

Memory address offset inside the NVM module: If the memory is addressed, the logical
address is the physical address subtracted by the base address of the module.

Sector Address

Module specific part of the logical address specifying the sector, for calculation see
Section 9.2.1.
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Page Address
Module specific part of the logical address, for calculation see Section 9.2.1.

9.14 Module Specific Definitions
The following table defines NVM specific constants used throughout this chapter.

Table 9-1 Module Specific Definitions

Module size [KB] 204

Constant name Value Comment

N_BLOCKS 16 Number of blocks per page

N_PAGES 16 Number of pages per sector
N_SECTORS 52 Number of sectors including redundancy
N_LOG_SEC 51 Number of sectors excluding redundancy
9.2 Module Components

9.2.1 Memory Cell Array

The non-volatile memory cells are organized in sectors, which consist of pages, which
on their part are structured in blocks.

A logical memory address addr has the following structure:

MSB LSB
Lo | l l l l |
! ! ! ! !
‘ Sector ‘ Page ‘ Block ‘ Word address‘ Word oﬁset‘
address address address 2 bits 2 bits
6 bits 4 bits 4 bits ignored
Logical_address_decomposition.vsd

Figure 9-2 Decomposition of Logical Address

e addr[1:0] = word offset, for a memory address undefined and ignored
e addr[3:2] = word address

e addr[7:4] = block address

e addr[11:8] = page address

e addr[17:12] = sector address.
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The memory subsystem always accesses whole words, therefore the word offset is
ignored by the NVM module.

9.2.1.1 Page

Each page consists of 16 data blocks of 138 bits each (including parity bits and ECC
bits).

A page is the granularity of data that can be erased in the cell array.

[ Blocko | Block1 | _- Block N_BLOCK-1 |\

P N\
[ 138-bit data (including parity and ECC) I

Page_structure.vsd

Figure 9-3  Structure of a Page

9.2.1.2 Sector
16 pages form a sector.
The whole cell array is build of 52 sectors.

Reference Manual 9-4 V1.0, 2013-03
NVM, V1.0 Subject to Agreement on the Use of Product Information



o . XMC1300
( Infineon XMC1000 Family

Flash Architecture

9.3 Functional Description

The NVM module supports read and write accesses to the memory and to the special
function registers (SFRs). No read-modify-write mechanism is supported for SFRs.

The main tasks of the NVM module are reading and writing from/to the memory array.

9.3.1 SFR Accesses

Reading the special function registers is possible in every mode of the NVM module.

Register write is not possible while the state machine is busy. The write is stalled in this
case. For other exceptions see Section 9.5.2.

9.3.2 Memory Read

The NVM memory can be read with a minimum granularity of a word provided that the
word is in the memory address range of the module.

If the word is not within the memory address range of the NVM module, the module does
not react at all and a different memory module may handle the access.

Memory read accesses are only possible while no FSM procedure (erase, write, verify,
sleep or wake-up) is in progress. A memory read access while the FSM is busy is stalled
until the FSM is idle again. Then the access is carried out. Such a stall will also stop the
CPU from executing code.

The NVM will insert waitstates during memory read automatically if needed.

9.3.3 Memory Write

From the user’s viewpoint data is written directly to the memory array. Module internally
one block is buffered and the ECC bits are calculated. Then a finite state machine is
started that writes the ECC and data bits to the memaory field.

Writing does not support wrap-around, i.e. writing of a block has always to start with word
0 of the selected block and then automatically continues in ascending order up to word 3.

Since a block has to be written in four word writing steps, a special procedure has to be
followed to transfer complete block data to the NVM: Writing of a block has always to
start with word 0 of the addressed block. The following three writes need to address the
other three words of the same block in ascending order. If this rule is not observed, the
already provided words are discarded. If in this case the last provided word is addressing
a word 0, this word is already accepted as the first word of a new block write procedure.
Intermediate read operations do not influence the write data transfer. Intermediate read
operations targeting the same address as the interrupted write operation are served from
the memory array, i.e. do not read back the already transferred write data.

To write to the memory array, the NVM module has to be set to one-shot or continuous
write mode by setting the SFR NVMPROG to the corresponding value. Data to be written
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can now be written to the desired address. It is not checked, if the addressed block was
erased before. Writing to a non erased block leads to corrupted data since writing can
only clear bits but not set any bits. Reading such a block will lead most probably to an
ECC fault.

A write access to the NVM when not in write mode does not trigger an exception or
interrupt. The data is lost. Writes to the NVM are also used to trigger other operations
which are described in the following subsections. Similarly, a write access to the NVM
module has no effect and the data is lost when a protected sector is addressed (see
Section 9.3.6).

Depending on the settings of NVMPROG, an automatic verify is performed (see
Section 9.3.5).

In case of a one-shot write, write mode is automatically left. In case of continuous write
mode, further write operations to new addresses can follow, until the write mode is
explicitly left. Continuous write operations can target blocks within the complete memory
without any restriction regarding sector or page borders.

9.34 Memory Erase

Only whole pages can be physically erased, i.e. all bits of the addressed page are
physically set to ‘1.

To erase a page in the memory field, the NVM module has to be set to one-shot or
continuous page erase mode by setting the SFR NVMPROG to the corresponding value.
A write access to a memory location specifies the address of the page to be erased and
triggers the erase.

A write access to the NVM when not in page erase mode does not trigger an exception
or interrupt because they are also used to trigger other operations; as described in this
section. Similarly, no erase is triggered when a protected sector is addressed (see
Section 9.3.6).

In case of a one-shot page erase, page erase mode is automatically left. In case of
continuous page erase mode, further page erase operations can follow, until the page
erase mode is explicitly left.

9.3.5 Verify

The data written as described in Section 9.3.3 can be verified automatically. The written
data in the cell array can be automatically compared to the data still available in the
module internal buffer. This is automatically performed two times with hardread written
and hardread erased. These hardread levels provide some margin compared to the
normal read level to ensure that the data is really programmed with suitably distinct
levels for written and erased bits. The verification result can be read at SFR
NVMSTATUS.
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Stand-alone verify operations can also be started by setting the SFR NVMPROG to the
corresponding value. In this case, data written to a memory location is compared with
the content of the memory field at the specified address. The comparison here is
performed just once with a read level chosen before from normal read, hardread written
and hardread erased.

A write access to the NVM when not in verification mode does not trigger an exception
or interrupt because it is also used to trigger other operations; as described in this
section. Similarly, a write access to the NVM module has no effect, when a protected
sector is addressed (see Section 9.3.6).

In case of a one-shot verify, verify mode is automatically left. In case of continuous verify
mode, further verify operations can follow, until the verify mode is explicitly left.

Note: A continuous write operation without automatic verification, followed by two stand-
alone verifications with ‘hardread written’ and ‘hardread erased’, is faster than a
write operation with continuous automatic verification, since in the second case for
every block write the hardread level has to be changed twice, whereas in the first
case this change is performed only two times for the complete write data.

On the other hand, for the continuous automatic verification the reference data for
the verification is directly available within the NVM module, whereas for the stand-
alone verification the reference data needs to be provided again by the CPU.

9.3.6 Erase-Protection and Write-Protection

By setting NVMCONF.SECPROT, a configurable number of sectors can be selected to
be protected from any modification, i.e. a range of sectors starting with sector 0 can be
defined to be erase-protected and write-protected.

9.4 Redundancy

To increase the production yield, the NVM module contains redundancy. Redundancy is
transparent to the user.

9.5 Power Saving Modes

The NVM module supports the following power saving modes. The modes differ in power
consumption and in the time to restart the memory.

95.1 Idle Mode

Idle mode is entered after reset after charging the pumps. In idle mode the power
consumption is less than during a memory read access or write access.

Any operation of the NVM module (SFR access or memory access) can be started from
idle mode without time delay.
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9.5.2 Sleep Mode

Entering and leaving NVM sleep mode requires special state machine sequences, which
need some time. Therefore, besides SFR accesses, the NVM module cannot be used
immediately after wake-up from sleep mode, as indicated by NVMSTATUS.BUSY.

NVM sleep mode is entered via WFE/WFI when Flash Power down is activeted, see
SCU chapter. Alternatively, sleep mode for the NVM module can be triggered by writing
the respective bitin SFR NVMCONF.

In NVM sleep mode only the SFR NVMCONF can be read and written, all other SFRs
can only be read. No memory access is possible in sleep mode.

9.6 Properties and Implementation of Error Correcting Code (ECC)

The error correcting code (ECC) for the data blocks is a one-bit error correction and a
(partial) double-bit error detection for every data block of 128 bit, which uses 4 parity bits
and 6 ECC bits in addition to the protected 128 data bits. The correct ECC bits for every
block are generated automatically when the data is written.
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Table 9-3 shows a complete list of the NVM special function registers.

Flash Architecture

Table 9-2 Registers Address Space

Module Base Address End Address Note

NVM 4005 0000, 4005 00FF,

Table 9-3 Registers Overview

Register Short Register Long Name Offset Page
Name Address Number
NVM SFRs, Register Descriptions

NVMSTATUS NVM Status Register 0000, Page 9-10
NVMPROG NVM Programming Control Register | 0004 Page 9-12
NVMCONF NVM Configuration Register 0008, Page 9-15

The register is addressed wordwise.

Reading an SFR is not blocked, while the NVM module is busy. If the SFR value depends
on the completion of an NVM sequence, NVMSTATUS.BUSY must be polled for Og,
before the SFR is read. Otherwise, reading the SFR might yield a value that is not

updated yet.
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9.7.1 Register Descriptions

NVM Status Register

NVMSTATUS

NVM Status Register

15 14

13

12

11

(0000, Reset Value: 0002,

10 9 8 7 6 5 4 3 2 1 0

ECC|ECC
\I/EVRRRP 2RE |1RE| VERR SELPE B$S
AD | AD

Field

Bits

Description

15:7

Reserved
Read as 0.

WRPERR

6

Write Protocol Error

The flag accumulates write protocol violations during the

last 4-word write operations (for write or verify). Itis also set

when a triggered operation was ignored because of write

protection. The correct protocol is defined in Section 9.3.3.

It is reset by hardware when NVMPROG.RSTECC is

written.

0 WRPROTOK, No write protocol failure occurred.

1z  WRPROTFAIL, At least one write protocol failure
was detected.

ECC2READ

5

ECC2 Read?

The flag accumulates ECC two bit failure during memory

read operations. It is reset by hardware when

NVMPROG.RSTECC is written.

0g ECC2RDOK, No ECC two bit failure during memory
read operations.

1 ECC2RDFAIL, At least one ECC two bit failure was
detected.
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Field Bits | Type |Description
ECCIREAD |4 |r ECC1 ReadV
The flag accumulates ECC single bit failure during the last
memory read operations. It is reset by hardware when
NVMPROG.RSTECC is written.
0y ECCI1RDOK, No ECC single bit failure occurred.
1z ECCI1RDFAIL, At least one ECC single bit failure
was detected and corrected.
VERR 32 |r Verify Error
The flag is reset by hardware, when
NVMPROG.RSTVERR is written.
The flag is also reset, when write mode or verify-only mode
are entered, i.e. NVMPROG.ACTION.OPTYPE = 0001 or
NVMPROG.ACTION.VERIFY = 11;.
The flag accumulates, i.e. VERR is updated every time a
value higher than the current value is required, until write
mode or verify-only mode are left (automatically in case of
a one-shot write operation).
Information on number of fail bits during verify
procedure(s):
00; NOFAIL, No fail bit.
01; ONEFAIL, One fail bit in one data block.
10 TWOFAIL, Two fail bits in two different data blocks.
11z MOREFAIL, Two or more fail bits in one data block,
or three or more fail bits overall.
SLEEP 1 r Sleep Mode
0g READY, NVM not in sleep mode, and no sleep or
wake up procedure in progress.
1z SLEEP, NVM in sleep mode, or busy due to a sleep
or wake up procedure.
BUSY 0 r Busy

0g READY, The NVM is not busy. Memory reads from
the cell array and register write accesses are
possible.

1z  BUSY, The NVMis busy. Memory reads and register
write accesses are not possible.

1) If ablock is read from the field that contains two or more parity errors ECC1 and ECC2 errors may be flagged
simultaneously.
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NVM Programming Control Register

NVMPROG
NVM Programming Control Register (0004,,) Reset Value: 0000,
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T RST T T T T
RST

0 ECC VER 0 STATE

Ir r'w r'w I" I’\‘N I I
Field Bits | Type |Description
0 15:1|r Reserved

4 Read as 0; should by written with 0.

RSTECC |13 |rw Reset ECC

Can only be set by software, is reset automatically by

hardware.

Og NOP, No action.

1z RESET, Reset of NVMSTATUS.ECCXREAD and
NVMSTATUS.WRPERR.

RSTVERR |12 |rw Reset Verify Error

Can only be set by software, is reset automatically by
hardware.

0Og  NOP, No action.

1z RESET, Reset of NVMSTATUS.VERR.

0 11:8|r Reserved
Read as 0; should be written with 0.
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Field Bits

Type

Description

ACTION 7:0

w

ACTION: [VERIFY, ONE_SHOT, OPTYPE]

This field selects an erase, write, or verify operation. See also

More details on ACTION. ACTION is a concatenation of

three bit fields: ACTION[7:6] = VERIFY,

ACTIONI[5:4] = ONE_SHOT and ACTION[3:0] = OPTYPE.

OPTYPE defines the following operations:

0000g: idle or verify-only, that depends on the setting of

VERIFY;

0001g: write;

0010g: page erase.

ONE_SHOT is a parameter of OPTYPE with the following

values:

01z: once or

10g: continuously.

In case of 015, ACTION is automatically reset to idle mode

after operation has been performed.

VERIFY defines a second parameter of OPTYPE:

01;: verification of written data with hardread levels after

every write operation,

10g: no verification, 115: verification of array content.

The following operations are defined, other values are

interpreted as 00,

00, , Idle state, no action triggered. Writing 00, exits
current mode.

51, , Start one-shot write operation with automatic verify.

91, , Start one-shot write operation without verify.

61,, , Start continuous write operation with automatic verify
of every write.

Al, , Start continuous write operation without verify.

92,, , Start one-shot page erase operation.

A2, , Start continuous page erase operation.

DO,, , Start one-shot verify-only: Written data is compared
to array content.

EO,, , Startcontinuous verify-only: Written data is compared
to array content.

More details on ACTION

The operation selected by ACTION is performed, when a write to the NVM address
range is performed, which defines the address (and block data) for the operation.
Afterwards, in case of a one-shot operation, ACTION is automatically reset.
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Verification results can be read at NVMSTATUS.VERR.

ACTION can only be changed when the current value of ACTION is 00,, otherwise
ACTION is set to 00,. Once ACTION is not idle, ACTION can only be written again with
its current value; any other value leads to a reset of ACTION.

Only write operations can be automatically verified. Page erase operations cannot use
automatic verify, they must be started with ACTION.VERIFY = 10g.

If the correct erasing of a block or page is to be verified, a separate sequence using
ACTION.VERIFY = 11; has to be started.

A verify operation requires the provision of the data for a complete block and always
includes the ECC bits. The ECC bits for every block are generated automatically when
the data is written.

A verify operation started with ACTION.VERIFY = 015 is automatically performed with
both hardread written and hardread erased levels.

A verify operation started with ACTION.VERIFY = 11; is performed with the single
hardread level defined by NVMCONF.HRLEV at this starting time.

A sequence started by setting ACTION will set NVMSTATUS.BUSY only after the
transfer of the address (and block data) is performed. The end of the sequence can be
detected either by polling NVMSTATUS.BUSY or by waiting for an NVM interrupt.

Entering sleep mode resets ACTION.
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NVM Configuration Register

NVMCONF is the only SFR that can be written while the module is in sleep mode. This
is necessary to enable the use of NVM_ON =0 to go to sleep mode and of
NVM_ON = 1; to wake-up again.

NVMCONF

NVM Configuration Register (0008, Reset Value: 9000,
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NVM|INT_

"ON| oN 0 1 SECPROT 0 HRELV 0
w w w w I’\‘N r I’\IN rw

Field Bits | Type | Description

NVM_ON 15 rw NVM On

When cleared, no software code can be executed anymore
from the NVM, until it is set again. l.e., already the software
code that initiates the change in NVM_ON itself may not
reside in the NVM, otherwise the software is stalled forever.
Oy SLEEP, NVM is switched to or stays in sleep mode.
1 NORM, NVM is switched to or stays in normal mode.

INT_ON 14 rw Interrupt On

When enabled the completion of a sequence started by
setting NVMPROG.ACTION (write, erase or verify-only
sequence) will be indicated by NVM interrupt. The same is
true for the wake-up sequence.

0g INTOFF, No NVM ready interrupts are generated.
1z  INTON, NVM ready interrupts are generated.

0 13 rw Reserved for Future Use
Must be written with 0 to allow correct operation.

1 12 rw Reserved for Future Use
Must be written with 1 to allow correct operation.

SECPROT |11:4 |rw |Sector Protection?
This field defines the number of write, erase, verify
protected sectors, starting with physical sector 0.

0 3 r Reserved
Read as 0; should be written with 0.
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Field Bits | Type | Description

HRLEV 2:1 |rw |Hardread Level?

Defines single hardread level for verification with
NVMPROG.ACTION.VERIFY = 11g:

005 NR, Normal read

01; HRW, Hardread written

10 HRE, Hardread erased

11y RFU, Reserved for Future Use

0 rw Reserved for Future Use
Must be written with 0 to allow correct operation.

1)

2)

For SECPROT > 0, SECPROT defines the number of protected sectors. The sectors 0 to SECPROT-1 cannot
be written, erased, or verified. All writes that target the protected sectors are accepted, but are internally
ignored.

HRLEV defines the hardread level for a stand-alone verification sequence started with
NVMPROG.ACTION.VERIFY = 11;. This hardread level is used until the end of the verification sequence.
HRLEV may not be changed in between.
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9.8 Example Sequences

This section presents some low-level programming examples.

In all following operations the protection defined by NVMCONF.SECPROT needs to be
taken into account.

9.8.1 Writing to Memory

9.8.1.1 Writing a Single Block

This sequence requires that the target block is already erased.
Additional assumption: NVMPROG.ACTION = 00,,.

1. Start a one-shot write operation:
Write NVMPROG.ACTION = 51, or 91,,, respectively, if an automatic verification of
the written data is to be performed or not.

2. Write data for one block to the physical address.

3. Poll flag NVMSTATUS.BUSY until write sequence has finished, or wait for
NVMready interrupt (if enabled).

4. If an automatic verification of the written data was requested in the first step, read
NVMSTATUS.VERR for the verification result.

If no verification of the written data was requested in step 1, and thus no read access to
the NVM SFR is required in step 4, step 3 may be omitted.

The next access to the NVM module or the next write access to an NVM SFR (which ever
comes first) will be automatically stalled, until the operation started in step 2 is finished.

9.8.1.2  Writing Blocks

This sequence requires the target blocks are already erased.
Additional assumption: NVMPROG.ACTION = 00,,.

1. Start a continuous write operation:
Write NVMPROG.ACTION = 61, or Al,, respectively, if an automatic verification of
the written data is to be performed or not.

2. Write data for one block to the physical address.

3. Poll flag NVMSTATUS.BUSY until write sequence has finished, or wait for
NVMready interrupt (if enabled).
Optionally, step 3 may be omitted: The next access to the NVM module or the next
write access to an NVM SFR (which ever comes first) will be automatically stalled,
until the operation started in step 2 is finished.

4. Jump to step 2 unless all data is written.
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Stop continuous write operation:

Write NVMPROG.ACTION = 00,,.

If an automatic verification of the written data was requested in the first step, read
NVMSTATUS.VERR for the verification result.

9.8.2 Erasing Memory

9.8.2.1 Erasing a Single Page
Assumption: NVMPROG.ACTION = 00,

1.

2.

3.

Start a one-shot page erase operation:

Write NVMPROG.ACTION = 92,,.

Write dummy data for one word to one arbitrary physical address of the page to be
erased.

Poll flag NVMSTATUS.BUSY until page erase sequence has finished, or wait for
NVMready interrupt (if enabled).

Optionally, step 3 may be omitted: The next access to the NVM module or the next write
access to an NVM SFR (which ever comes first) will be automatically stalled, until the
operation started in step 2 is finished.

9.8.2.2 Erasing Pages
Assumption: NVMPROG.ACTION = 00y,.

1.

2.

B

Start a continuous page erase operation:

Write NVMPROG.ACTION = A2,,.

Write dummy data for one word to one arbitrary physical address of the page to be
erased.

Poll flag NVMSTATUS.BUSY until page erase sequence has finished, or wait for
NVMready interrupt (if enabled).

Optionally, step 3 may be omitted: The next access to the NVM module or the next
write access to an NVM SFR (which ever comes first) will be automatically stalled,
until the operation started in step 2 is finished.

Jump to step 2 unless all pages are erased.

Stop continuous page erase operation:

Write NVMPROG.ACTION = 00,,.

9.8.3 Verifying Memory
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9.8.3.1 Verifying a Single Block

Assumption: NVMPROG.ACTION = 00,,.

1. Choose desired hardread level by setting NVMCONF.HRLEV.

2. Start a one-shot verify operation:
Write NVMPROG.ACTION = DO,,.

3. Write reference data for one block to the physical address.

4. Poll flag NVMSTATUS.BUSY until verify sequence has finished, or wait for
NVMready interrupt (if enabled).

5. Read NVMSTATUS.VERR for the verification result.

9.8.3.2 Verifying Blocks

Assumption: NVMPROG.ACTION = 00,,.

1. Choose desired hardread level by setting NVMCONF.HRLEV.
2. Start a continuous verify operation:
Write NVMPROG.ACTION = EOQ,,.
3. Write reference data for one block to the physical address.
4. Poll flag NVMSTATUS.BUSY until verify sequence has finished, or wait for
NVMready interrupt (if enabled).
Optionally, step 4 may be omitted: The next access to the NVM module or the next
write access to an NVM SFR (which ever comes first) will be automatically stalled,
until the operation started in step 3 is finished.
Jump to step 3 unless all blocks are verified.
6. Stop continuous verify operation:
Write NVMPROG.ACTION = 00,,.
7. Read NVMSTATUS.VERR for the verification result.

o

9.8.4 Writing to an Already Written Block

Normally, writing additional bits in an already written block is not feasible, since the
already written ECC bits and the parity bits would need an update, too, which in most
cases would require to erase some bits, which is not possible. The result would be an
ECC-faulty block.

For special purposes a repeated update of specially constructed data is possible, e.g. to
store some marker bits for use in a power loss recovery SW implementation.

Starting with an erased block, and making use of the special structure of the ECC, it is
possible to repeatedly add two newly written bits in identical bit positions to two arbitrary
words of the block. This principle is shown in the exemplary writing scheme of Table 9-4,
where a block is updated 32 times without corruption of the ECC, i.e. the data stays ECC
protected throughout the procedure.
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Table 9-4 Incremental Update of a Block with Specially Constructed Data

Operatio |Block Write Data Resulting Block Content?

n

Erase FFFFFFFF FFFFFFFF FFFFFFFF

block FFFFFFFF

Add 1% FFFFFFFF FFFFFFFC FFFFFFFF | FFFFFFFF FFFFFFFC FFFFFFFF

value FFFFFFFC FFFFFFFC

Add 2 FFFFFFFF FFFFFFF3 FFFFFFFF | FFFFFFFF FFFFFFFO FFFFFFFF

value FFFFFFF3 FFFFFFFO

Add 3" FFFFFFFF FFFFFFCF FFFFFFFF | FFFFFFFF FFFFFFCO FFFFFFFF

value FFFFFFCF FFFFFFCO

Add 4" FFFFFFFF FFFFFF3F FFFFFFFF | FFFFFFFF FFFFFFOO FFFFFFFF

value FFFFFF3F FFFFFFOO

Add 5" FFFFFFFF FFFFFCFF FFFFFFFF | FFFFFFFF FFFFFCOO FFFFFFFF

value FFFFFCFF FFFFFCOO

Add 6" FFFFFFFF FFFFF3FF FFFFFFFF | FFFFFFFF FFFFFOOO FFFFFFFF

value FFFFF3FF FFFFFO00

15" value | FFFFFFFF CFFFFFFF FFFFFFFF | FFFFFFFF CO000000 FFFFFFFF
CFFFFFFF C0000000

16" value | FFFFFFFF 3FFFFFFF FFFFFFFF | FFFFFFFF 00000000 FFFFFFFF
3FFFFFFF 00000000

17" value |FFFFFFFC FFFFFFFF FFFFFFFC | FFFFFFFC 00000000 FFFFFFFC
FFFFFFFF 00000000

30" value |F3FFFFFF FFFFFFFF F3FFFFFF | FO000000 00000000 FOO00000
FFFFFFFF 00000000

31tvalue |CFFFFFFF FFFFFFFF CFFFFFFF |C0000000 00000000 CO000000
FFFFFFFF 00000000

32" value | 3FFFFFFF FFFFFFFF 3FFFFFFF | 00000000 00000000 00000000
FFFFFFFF 00000000

Add to FFFFFFFF FFFFFFFF FFFFFFFF | Same as before, but ECC2-faulty

invalidate |FFFFFFFE

written

values?

Reference Manual 9-20 V1.0, 2013-03

NVM, V1.0

Subject to Agreement on the Use of Product Information



o . XMC1300
( Infineon XMC1000 Family

Flash Architecture

1) ECC-clean and parity-clean (ECC bits and parity bits all stay erased), except where indicated otherwise.

2) This write data can be written on any of the states above (except the completely erased state), always resulting
in an unchanged data content, but now with an ECC2 error (three ECC bits and one parity bit are written).

Other combinations of write values are possible, too, as long as the basic “add two
identical bits in each of two words” is adhered to. In Table 9-4 it is also shown that an
invalidation of the data by deliberately creating an ECC2 error is possible.

To minimize the write times and also to minimize the cycle load of the block, it is
important to only write the new bits of the block as shown in Table 9-4. In principle it is
possible to repeatedly write also the already written bits again, but this would
unnecessarily increase the writing times and would also increase the cycle load.

9.8.5 Sleep Mode
Assumption: Active mode (NVMSTATUS.SLEEP = 0g) and NVMSTATUS.BUSY = 0.

To Enter Sleep Mode

1. Execute WFE/WFI or NVMCONF.NVM_ON = 0g.

2. NVMSTATUS.BUSY =1; and NVMSTATUS.SLEEP =1; until sleep mode is
reached.

3. NVMSTATUS.BUSY = 0g and NVMSTATUS.SLEEP = 1; while in sleep mode.

To Wake-up from Sleep Mode

1. Any wake-up event and NVMCONF.NVM_ON = 1.

2. NVMSTATUS.BUSY =15 and NVMSTATUS.SLEEP =1; until active mode is
reached.

3. NVMSTATUS.BUSY = 0g and NVMSTATUS.SLEEP = 0z while in active mode.

A wake-up event while the goto sleep sequence has not finished yet, does not shorten
this sequence, but only directly starts the wake-up sequence afterwards.
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9.8.6 Timing

This state diagram shows the transitions and timings of all possible sequences.
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Figure 9-4  State Diagram of the NVM Module Timings are preliminary
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10 Peripheral Access Unit (PAU)

The Peripheral Access Unit (PAU) supports access control of memories and peripherals
in a central place.

10.1 Features
The PAU provides the following features:

« Allows user application to enable/disable the access to the registers of a peripheral

e Generates a HardFault exception when there is an access to a disabled or
unassigned address location

« Provides information on availability of peripherals and size of memories

10.2 Peripheral Privilege Access Control

The user application can use the Peripheral Privilege Access Registers, PRIVDISn, to
disable access to a peripheral. When the PDISx bit corresponding to the peripheral is
set, the memory address space mapped to the peripheral is rendered invalid. An access
to such an invalid address causes a HardFault exception.

The application can clear the same bit to enable accesses to the peripheral again.

Table 10-1 shows the peripherals and their assigned PDISx bits. Peripherals without a
PDISx bit are accessible at all times.

Table 10-1  Peripherals Availability and Privilege Access Control

Peripheral |Address Grouping AVAILNn.AVAILx bit | PRIVDIS.PDISx bit
Flash Flash SFRs - PRIVDIS0.2
SRAM RAM Block 1 AVAILO.5 PRIVDIS0.5

RAM Block 2 AVAILO.6 PRIVDIS0.6

RAM Block 3 AVAILO.7 PRIVDISO0.7
WDT WDT - PRIVDIS0.19
MATH MATH Global SFRs and | AVAIL0.20 PRIVDIS0.20

DIV

MATH CORDIC AVAILO.21 PRIVDIS0.21
Ports Port 0 AVAILO0.22 PRIVDIS0.22

Port 1 AVAILO0.23 PRIVDIS0.23

Port 2 AVAILO.24 PRIVDIS0.24
uUsICO USICO_CHO AVAIL1.0 PRIVDIS1.0

USICO_CH1 AVAIL1.1 PRIVDIS1.1
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Table 10-1  Peripherals Availability and Privilege Access Control
Peripheral |Address Grouping AVAILn.AVAILx bit | PRIVDIS.PDISx bit
PRNG PRNG AVAIL1.4 -
VADCO VADCO Basic SFRs AVAIL1.5 PRIVDIS1.5
VADCO Group 0 SFRs AVAILL1.6 PRIVDIS1.6
VADCO Group 1 SFRs AVAIL1.7 PRIVDIS1.7
SHSO SHSO AVAIL1.8 PRIVDIS1.8
CCu4 CC40 and CCU40 Kernel | AVAIL1.9 PRIVDIS1.9
SFRs
CC41 AVAIL1.10 PRIVDIS1.10
CC42 AVAIL1.11 PRIVDIS1.11
CC43 AVAIL1.12 PRIVDIS1.12
CCu80 CC80 and CCU80 Kernel | AVAIL2.0 PRIVDIS2.0
SFRs
CC81 AVAIL2.1 PRIVDIS2.1
CC82 AVAIL2.2 PRIVDIS2.2
ccs83 AVAIL2.3 PRIVDIS2.3
POSIFO POSIFO AVAIL2.12 PRIVDIS2.12
BCCUO BCCUO AVAIL2.15 PRIVDIS2.15
10.3 Peripheral Availability and Memory Size

The availability of peripherals and memory sizes varies according to product variants.
The user application can read the Peripheral Availability Registers, AVAILn, to check for
the availability of peripherals in a product variant. Refer to Table 10-1 for the bit
assignement. Similarly, the Me