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Revision History: V1.1 2014-12

Significant changes since previous version: TC22x/TC23x Family User’s Manual
V1.0, 2014-01

Chapter Subjects (major changes since last revision)
- e “TC21x" added to headlines and title.

Introductio | Introduction, Table “Overview of TC22x/TC23x Family Devices”:
n * Added LFBGA-292 package option to TC23x-ADAS.

* Added TQFP-144 package option to TC21x.

* Added SAL package option to all devices.

SCU/CCU |+ Removed documentation of internal oscillator load caps (“adjustable
Load Caps”) as these are not implemented.
SCU/SCU |+ Corrected DTSCON.CAL width.
« Removed design related register reference from “OCDS Behavior of
WDTs".
MTU * MCONTROL.Res4 field (bits 14:12) marked as “Must be written with

0x4” in to maintain redundancy.

« Sections “Reading a Single Memory Location” and “Writing a Single
Memory Location” should always write MCONTROL with the MS nibble
0x4 instead of 0xO0.

» Design related register reference “RDR” removed.
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Revision History: V1.1 2014-12

SMU .

Corrected register long name of SMU_RTC to “Recovery Timer
Configuration”.

DMA alarm ALM2[24] is now reserved. Alarm implemented by DMA SRI
error detection alarms.

Improved description of alarm ALM3[27].

SCU alarm ALM3[28] is now reserved. Feature not implemented.
Pre-alarms PreAlarm[129=DMA.(Safety FF Error Detection)] and
PreAlarm[130=PMU.(Safety FF Error Detection)] removed because
DMA and PMU do not implement Safety FF.

Added configuration hints to SMU_AG<n>CF<m> Registers: reserved
alarms shall be configured as “No Action”.

Enhanced description of register SMU_RMEF and SMU_RMSTS.
Enhanced description of register SMU_PCTL with advice how to
operate it in the application.

Changed section “SMU Integration Guidelines”.

Explained “Register Monitor” = “Safety Flip-Flop”.

Improved Figure “SMU State Machine”.

Improved section “FSP Fault State”.
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Revision History: V1.1 2014-12

PMU/Flas
h

Repeated the advice to handle PVER as signal to jump to the next
word-line in the receipe for the Robust EEPROM emulation. Previously
this advice was only contained in the section “Handling Errors During
Operation”.

Showed the ECC decoder of the BootROM in the block diagram and
described its SEC-DED capability.

Highlighted in the description of FCON and the wait cycle description
that after System Resets and Power-On Resets the wait cycles are only
sufficient for 100 MHz.

Noted in the “Application Hints” that the recommended sequence for
issuing “Verify Erased Logical Sector Range” is analog to “Erase”.
Changed recommendations in the “Application Hints” for ECC test
patterns. Made the all-O/all-1 and address error patterns optional.
Recommended to store 2 of the 4 pattern sets inverse to the other 2.
Improved description of “Load Page” to make the offsets used for 32-bit
transfers more explicit.

Added to the description of “Write Page” the clear statement that each
page shall be programmed only once.

Noted that “Verify Erased Logical Sector Range” is not blocked on
password containing UCBs when the protection is disabled.

Removed confusing statement that unavailable DFlash ranges can be
programmed to all-1.

Noted explicitly that the UCBs 8 to 11 are read-only.

Clarified that both “Write Page” and “Write Burst” can be used to
program UCBs.

Removed statement about restricted FAR capabilities.

Removed note from “Erase Logical Sector Range” that warned from
erasing more than 256 KByte because of increased suspend times. The
suspend times are not increasing.

Changed note for “Erase Logical Sector Range” that described that
erase time can be much shorter than maximum times documented in
the Data Sheet. The reason was removed as there are more
dependencies.

Documented “Test Pass Marker” in UCB_IFX.

Removed term “Reset Class” and replaced by named resets.

Stated explicitly that a failed HSM boot prevents device boot.

DMA .

Added address alignment rules to address registers.
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IR » Added clarification: a pending Service Request is cleared in the Service
Request Node with the Acknowledge from the Service Provider. The
Acknowledge does not mean that the Service Request is serviced at
that time (e.g. disabled or not implemented DMA channel, Trap on CPU
prevents execution of Service Request).
« Added description of the ECC algorithm used for the IR internal Error
Detection.
OCDS * Replaced detailed OCDS chapter with overview chapter. OCDS and
Emulation functionality is described in separate documentation.
ASCLIN » Block “Auto Baud Rate Operation” added.
« Description of register field “BRD.MEASURED” improved.
QSPI * Removed maximum baud rates from feature list as these depend on
pad speeds and PCB implementation.
MultiCAN+ |« Added additional text on Section Transmitter Delay Compensation to
describe more details on secondary sample point implementation.
* Added on footnote of Table Minimum Operating Frequencies for CAN
FD “When message objects are configured as transmit or receive FIFO
structures i.e MOFCRn.MMC = 0001/0010, only the base object of 1 is
counted towards the minimum frequency requirement, all other slave
objects on the FIFO do not count towards the minimum frequency
requirement.
* Under Section “Data Frames” abbreviation added for FDF, BRS, ESI
bit.
e Under Section “Transceiver Delay Compensation”, amended from
“measured Transmitter Delay” to “measured loop delay”.
e All reference to EDL is renamed to FDF, register bit MOFCR.EDL is
renamed to MOFCR.FDF, functionality remains the same.
e Changed CAN FD descriptions to customer relevant information.
» Fixed pad naming for all devices.
e CRC issue of CAN FD standard documented and recommended
additional software CRC.
SENT * Changed minimum tick timer to 0.2 ps.

Changed “Extended Serial Data Frame” to “Enhanced Serial Message
Frame”. Updated its description.

User's Manual
Revision History, V3.0
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GTM e Corrected/added wiring tables for QFP-80.
* Corrected description of CLK_SEL field of GTM_DTMx_CTRL
registers.
CCU6 e« Changed signal name “VADC_GOBFL3" to “VADCGOBFL3" for
consistency with VADC chapter (no functional change).

Trademarks
TriCore® is a trademark of Infineon Technologies AG.
Copyrights

Portions Copyright © 2013 Synopsys, Inc. Used with permission. All rights reserved.
Synopsys & DesignWare are registered trademarks of Synopsys, Inc.

We Listen to Your Comments

Is there any information in this document that you feel is wrong, unclear or missing?
Your feedback will help us to continuously improve the quality of this document.
Please send your proposal (including a reference to this document) to:

mcdocu.comments@infineon.com

Trademarks of Infineon Technologies AG

AURIX™ C166™, CanPAK™, CIPOS™, CIPURSE™, EconoPACK™, CoolMOS™,
CoOISET™, CORECONTROL™, CROSSAVE™, DAVE™, DI-POL™, EasyPIM™,
EconoBRIDGE™, EconoDUAL™, EconoPIM™, EconoPACK™, EiceDRIVER™,
eupec™, FCOS™, HITFET™, HybridPACK™, [2RF™ |SOFACE™, IsoPACK™,
MIPAQ™, ModSTACK™, my-d™, NovalithIC™, OptiMOS™, ORIGA™,
POWERCODE™; PRIMARION™, PrimePACK™, PrimeSTACK™, PRO-SIL™,
PROFET™, RASIC™, ReverSave™, SatRIC™, SIEGET™, SINDRION™, SIPMOS™,
SmartLEWIS™,  SOLID FLASH™, TEMPFET™, thinQ!™, TRENCHSTOP™,
TriCore™,

Other Trademarks

Advance Design System™ (ADS) of Agilent Technologies, AMBA™, ARM™, MULTI-
ICE™, KEIL™, PRIMECELL™, REALVIEW™, THUMB™, uVision™ of ARM Limited,
UK. AUTOSAR™ s licensed by AUTOSAR development partnership. Bluetooth™ of
Bluetooth SIG Inc. CAT-ig™ of DECT Forum. COLOSSUS™, FirstGPS™ of Trimble
Navigation Ltd. EMV™ of EMVCo, LLC (Visa Holdings Inc.). EPCOS™ of Epcos AG.
FLEXGO™ of Microsoft Corporation. FlexRay™ is licensed by FlexRay Consortium.
HYPERTERMINAL™ of Hilgraeve Incorporated. IEC™ of Commission Electrotechnique
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Internationale. IrDA™ of Infrared Data Association Corporation. ISO™ of
INTERNATIONAL ORGANIZATION FOR STANDARDIZATION. MATLAB™  of
MathWorks, Inc. MAXIM™ of Maxim Integrated Products, Inc. MICROTEC™,
NUCLEUS™ of Mentor Graphics Corporation. MIPI™ of MIPI Alliance, Inc. MIPS™ of
MIPS Technologies, Inc., USA. muRata™ of MURATA MANUFACTURING CO.,
MICROWAVE OFFICE™ (MWO) of Applied Wave Research Inc., OmniVision™ of
OmniVision Technologies, Inc. Openwave™ Openwave Systems Inc. RED HAT™ Red
Hat, Inc. RFMD™ RF Micro Devices, Inc. SIRIUS™ of Sirius Satellite Radio Inc.
SOLARIS™ of Sun Microsystems, Inc. SPANSION™ of Spansion LLC Ltd. Symbian™
of Symbian Software Limited. TAIYO YUDEN™ of Taiyo Yuden Co. TEAKLITE™ of
CEVA, Inc. TEKTRONIX™ of Tektronix Inc. TOKO™ of TOKO KABUSHIKI KAISHA TA.
UNIX™ of X/Open Company Limited. VERILOG™, PALLADIUM™ of Cadence Design
Systems, Inc. VLYNQ™ of Texas Instruments Incorporated. VXWORKS™, WIND
RIVER™ of WIND RIVER SYSTEMS, INC. ZETEX™ of Diodes Zetex Limited.

Last Trademarks Update 2011-11-11
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About this Document

About this Document

This User’'s Manual describes the Infineon TC21x/TC22x/TC23x family, a family of 32-
bit microcontroller DSPs based on the Infineon TriCore Architecture.

The term “TC21x/TC22x/TC23x” generally refers to the following devices:

+ TC21x
+ TC22x
e TC23x

* TC23x ADAS

This document is designed to be read primarily by design engineers and software
engineers who need a detailed description of the interactions of the
TC21x/ITC22x/TC23x functional units, registers, instructions, and exceptions.

This TC21x/TC22x/TC23x User's Manual describes the features of the
TC21x/TC22x/TC23x with respect to the TriCore Architecture. Where the
TC21x/ITC22x/TC23x directly implements TriCore architectural functions, this manual
simply refers to those functions as features of the TC21x/TC22x/TC23x. In all cases
where this manual describes a TC21x/TC22x/TC23x feature without referring to the
TriCore Architecture, this means that the TC21x/TC22x/TC23x is a direct
implementation of the TriCore Architecture.

Where the TC21x/TC22x/TC23x implements a subset of TriCore architectural features,
this manual describes the TC21x/TC22x/TC23x implementation, and then describes
how it differs from the TriCore Architecture. Such differences between the
TC21x/TC22x/TC23x and the TriCore Architecture are documented in the section
covering each such subject.

Note: This document describes the maximum feature set of the TC21x/TC22x/TC23x
family. Some features or characteristics may not be available in each device
version. For an overview of common and key differentiating features see Table 1.

Related Documentation

A complete description of the TriCore architecture is found in the document entitled
“TriCore Architecture Manual”. The architecture of the TC21x/TC22x/TC23x is described
separately this way because of the configurable nature of the TriCore specification:
Different versions of the architecture may contain a different mix of systems
components. The TriCore architecture, however, remains constant across all derivative
designs in order to preserve compatibility.

This TC21x/TC22x/TC23x Target Specification together with the “TriCore Architecture
Manual” is required to understand the complete TC21x/TC22x/TC23x microcontroller
functionality.

User's Manual P-1 V1.1, 2014-12
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Text Conventions

This document uses the following text conventions for named components of the
TC21x/TC22x/TC23x:

Functional units of the TC21x/TC22x/TC23x are given in plain UPPER CASE. For
example: “The QSPI supports full-duplex and half-duplex synchronous
communication”.
Pins using negative logic are indicated by an overline. For example: “The external
reset pin, ESRO, has a dual function.”.
Bit fields and bits in registers are in general referenced as
“Module_Register name.Bit field” or “Module_Register name.Bit”. For example: “The
Current CPU Priority Number bit field CPU_ICR.CCPN is cleared”. Most of the
register names contain a module name prefix, separated by an underscore character
“ " from the actual register name (for example, “QSPI0O_GLOBALCON", where
“QSPIQ” is the module name prefix, and “GLOBALCON" 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 = 0-255"), 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
“NAMEIA: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
— Ms = Microseconds
— kBaud, kbit = 1000 characters/bits per second
— MBaud, Mbit = 1000000 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, and p scales by .000001. For example, 1 Kbyte is
1024 bytes, 1 Mbyte is 1024 x 1024 bytes, 1 kBaud/kbit are 1000 characters/bits

User's Manual P-2 V1.1, 2014-12
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About this Document

per second, 1 MBaud/Mbit are 1000000 characters/bits per second, and 1 MHz is
1000000 Hz.

» 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

Abbreviations and Acronyms

The following acronyms and terms are used in this document:

ADC Analog-to-Digital Converter
ALU Arithmetic and Logic Unit
ASCLIN Asynchronous/Synchronous Serial Controller with LIN
BCU Bus Control Unit

BROM Boot ROM & Test ROM

CAN Controller Area Network

CCU6 Capture Compare Unit 6

CCuU Clock Control Unit

CPS CPU Slave Interface

CPU Central Processing Unit

CRC Cyclic Redundancy Code

CSA Context Save Area

CSFR Core Special Function Register
DAP Device Access Port

DAS Device Access Server
DCACHE Data Cache

DFLASH Data Flash Memory

DMA Direct Memory Access

DMI Data Memory Interface

DSPR Data Scratch Pad RAM

ECC Error Correction Code

EEC Emulation Extension Chip

EMI Electro-Magnetic Interference
User's Manual P-3 V1.1, 2014-12
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E-Ray
EVR
FCS
FM-PLL
FPI

FPU
GPIO
GPR
GPT12
GTM
PCACHE
12C

IFX

I/0

IOM
JTAG
LIN

LMU
MBIST
MCHK
MMU
MSB
MTU
MultiCAN+
NC

NMI
OCDS
OVRAM
PLL
PCACHE
PFLASH
PMI

User's Manual
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Flexray Controller

Embedded Voltage Regulator
Flash Command State Machine
PLL with Frequency Modulation support
Flexible Peripheral Interconnect (Bus protocol)
Floating Point Unit

General Purpose Input/Output
General Purpose Register
General Purpose Timer 12
Generic Timer Module

Program Cache

Inter-Integrated Circuit Controller
Infineon Technologies AG

Input / Output

1/0 Monitor Unit

Joint Test Action Group = IEEE1149.1
Local Interconnect Network

Local Bus Memory Unit

Memory Build In Self Test
Memory Checker module
Memory Management Unit

Most Significant Bit

Memory Test Unit

Enhanced Multiple CAN controller
Not Connected

Non-Maskable Interrupt

On-Chip Debug Support

Overlay Memory

Phase Locked Loop

Program Cache

Program Flash Memory

Program Memory Interface

P-4
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PSPR
QSPI
RAM
RISC
SBCU
scu
SENT
SFI
SFR
SMU
SPB
SPD
SPI
SRAM
SR
SRN
ST™
SWD
TC1.6E
VADC
WDT

User's Manual
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Program Scratch Pad RAM

Queued SPI Controller

Random Access Memory

Reduced Instruction Set Computing
System Peripheral Bus Control Unit
System Control Unit

Single Edge Nibble Transmission

Shared Resource Interconnect to FPI Bus Interface (SFI Bridge)
Special Function Register

Safety Management Unit

System Peripheral Bus (based on FPI protocol)
Single Pin DAP

Synchronous Serial Controller

Static Data Memory

Shared Resource Interconnect

Service Request Node

System Timer

Supply Watchdog

TriCore CPU 1.6 (High Efficiency variant)
Versatile Analog-to-Digital Converter
Watchdog Timer
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Introduction

1 Introduction

This User’'s Manual describes the Infineon TC21x/TC22x/TC23x family, a family of 32-
bit microcontroller DSPs based on the Infineon TriCore Architecture.

The term “TC21x/TC22x/TC23x” generally refers to the following devices:

+ TC21x
+ TC22x
e TC23x

* TC23x ADAS

11 System Architecture of the TC21x/TC22x/TC23x

The TC21x/TC22x/TC23x combines three powerful technologies within one silicon die,
achieving new levels of power, speed, and economy for embedded applications:

* Reduced Instruction Set Computing (RISC) processor architecture
« Digital Signal Processing (DSP) operations and addressing modes
* On-chip memories and peripherals

DSP operations and addressing modes provide the computational power necessary to
efficiently analyse complex real-world signals. The RISC load/store architecture
provides high computational bandwidth with low system cost. On-chip memory and
peripherals are designed to support even the most demanding high-bandwidth real-time
embedded control-systems tasks.

Additional high-level features of the TC21x/TC22x/TC23x include:

« Efficient memory organization: instruction and data scratch memories, caches

e Serial communication interfaces — flexible synchronous and asynchronous modes
* DMA Controller — DMA operations and interrupt servicing

* Flexible interrupt system — configurable interrupt priorities and targets

e General-purpose timers

« High-performance on-chip buses

« On-chip debugging and emulation facilities

« Flexible interconnections to external components

* Flexible power-management

The TC21x/TC22x/TC23x is a high-performance microcontroller with one TriCore CPU,
program and data memories, buses, bus arbitration, interrupt system, DMA controller
and a powerful set of on-chip peripherals. The TC21x/TC22x/TC23x is designed to meet
the needs of the most demanding embedded control systems applications where the
competing issues of price/performance, real-time responsiveness, computational power,
data bandwidth, and power consumption are key design elements.

The TC21x/TC22x/TC23x offers several versatile on-chip peripheral units such as serial
controllers, timer wunits, and analog-to-digital converters. Within  the
TC21x/TC22x/TC23x, all these peripheral units are connected to the TriCore CPU /

User's Manual 1-1 V1.1, 2014-12
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system via the System Peripheral Bus (SPB) and the Shared Resource Interconnect
(SRI). Several 1/0 lines on the TC21x/TC22x/TC23x ports are reserved for these
peripheral units to communicate with the external world.

111 TC21x/TC22x/TC23x Block Diagram

Figure 1 shows the block diagram of the TC21x/TC22x/TC23x product device (PD) and
the TC23x ADAS device. Please note that not all features that are shown in the block
diagram are available in all TC21x/TC22x/TC23x variants.

Emulation devices (ED) contain additional components. A block diagram can be found
in separate documentation.
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Figure 1 TC21x/TC22x/TC23x Block Diagram

1.1.2 Device Variants

Table 1 contains a comparative overview of the devices of the TC21x/TC22x/TC23x
Family including TC21x as derivate of the TC22x. Additional derivates with different
feature set might be specified. The feature set of a certain derivate is documented in its
Data Sheet or Data Sheet Addendum.

User's Manual 1-3 V1.1, 2014-12
Introduction_EP, 2.13



(infineon

TC21x/TC22x/TC23x Family

Introduction

Table 1 Overview of TC21x/TC22x/TC23x Family Devices
Feature TC21x TC22x TC23x TC23x
ADAS
CPU Core |Type TC1.6E
Cores / 1719 1/1
Checker Cores
Max. Freq. 133 MHz 200 MHz
FPU yes
MPU yes
Program Size 512 Kbyte 1 Mbyte 2 Mbyte
Flash
Data Flash | Size 64 Kbyte 96 Kbyte 128 Kbyte
Cache Instruction 8 Kbyte
Data 4 line read buffer
SRAM Size 48 / 8 Kbyte | 88 / 8 Kbyte 184 / 8 Kbyte
(DSPR/PSPR)
Size LMU 0 Kbyte 32 Kbyte
Size EMEM 0 Kbyte 512 Kbyte
DMA Channels 16
ADC (SAR) |Voltage range 0 ... 5.5V (determined by ADC supply)
Inputs 24
Converters ‘ 4
Resolution 12 Bits
Channels 12 +12 12+12 +
overlay 1 +1
User's Manual 1-4 V1.1, 2014-12
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Table 1 Overview of TC21x/TC22x/TC23x Family Devices (cont'd)
Feature TC21x TC22x TC23x TC23x
ADAS
GTM TIM 1 (8 input channels)
TOM 2 (in sum up to 32 PWM channels)
ATOM/MCS 0/0
CMU/ICM 1/1
PSM 0
TBU 1
SPE 0
CMP / MON 0/0
BRC /DPLL 0/0
DTM 2
Timer GPT12 1
CCU6 1 module with 2 kernels
STM Modules 1
FlexRay Modules - 1
Channels - 2
CAN Modules 2
Nodes 3 per module
Message 128 128 per module
Objects
CAN FD yes yes (in both modules)
Debug over yes yes (only in CAN, not in
CAN CAN1 module)
QSPI Modules 4
Speed up to 20 MBaud on dedicated pins (4 interfaces)
ASCLIN Interfaces 2
SENT Channels 4
Ethernet Channels 0 ‘ 1
ASIL Level up to ASIL-D
Safety SMU 1
support IOM 1
User's Manual 1-5 V1.1, 2014-12
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Table 1 Overview of TC21x/TC22x/TC23x Family Devices (cont'd)
Feature TC21x TC22x TC23x TC23x
ADAS
FFT 0 1
HSIC (High | Channels 2
Speed Input
Capture)
Security HSM 0 1
Embedded | Type LDO from3.3Vto 1.3V LDO and switched
Voltage capacitor DCDC from 3.3 V
Regulator t0o1.3V
Low Power | Standby RAM DSPR
Feature Wakeup Timer yes
Packages | Type (Pitch) TQFP-80, TQFP-80, TQFP-100, |TQFP-144
TQFP-100, |TQFP-100, |[TQFP-144 |(0.4mm)
TQFP-144 |TQFP-144 |(all 0.4mm), |LFBGA-292
(all 0.4mm) |(all 0.4mm) |LFBGA-292 |(0.8mm)
(0.8mm)
I/O Voltage 3.3V CMOS (5V input supported on ADC pins)
T ambient Range (SAK) =40 ... +125°C
Range (SAL) -40 ... +150°C
Clocking System PLL yes
with FM
capability
ERAY PLL no yes
Internal Load None implemented.
Caps C1/C2
1) Some derivates without checker core.
User's Manual 1-6 V1.1, 2014-12
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2 Package Characteristics

This chapter gives a short overview about the package concepts and characteristics of
the AURIX microcontroller family. Further package related parameters and
characteristics may also be found in the corresponding sections of chapter “Electrical
Specification” and/or in the Data Sheet.

The AURIX devices will be based on a family concept regarding compatible port
mapping and compatible pinout / ballout between family devices in the same package.
Both QFP packages (for devices with lower pin count) as well as BGA packages (for
devices with higher pin count) and bare die variants will be offered according to customer
requirements.

2.1 Feature List

* Lead free packages

e QFP and BGA package variants (BGA currently not planned for TC22x)
* Moisture Level 3 (JEDEC) or better

« Bare die versions (currently not planned for TC21x/TC22x/TC23Xx)

« EMC and ESD behavior according to automotive requirements

User’s Manual 2-1 V1.1, 2014-12
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3 On-Chip System Buses and Bus Bridges

The TC21x/TC22x/TC23x has two independent on-chip buses:

» Shared Resource Interconnect (SRI)
e System Peripheral Bus (SPB)

crecter core
FPU PMUO
PMI DMI
TC1.6E 88-184 KB DFlash | Pflash0
B KB PSR, CPUO DSPR, 96-128 KB 1-2MB
o Pt =
Ehnt srou
gt
s ws v Cs1l=1

SRI Cross Bar \mevconnelT (XBar_SRI) T T

OCDS
y L1 Debug
InterfacelJTAG

3.3V Ext. Supply

System Peripheral Bus (SPB)

Scu Interrupt
MTU Router
EVR
PLL

[

r =
PLL ERAY | i
i f(—x  Hsmodo

CCu6

QsPI | Ports
1
i
[
|

SENT

System Peripheral Bus (SPB)

TC22x PD.
TC23x PD & ADAS

Figure 3-1  On Chip Buses in TC21x/TC22x/TC23x Processor Subsystem
The SRI connects the TC1.6 CPU , the main high bandwidth peripherals and the general
purpose DMA module to its local resources for instruction fetches and data accesses.

The System Peripheral Bus connects the TC1.6 CPU and the general purpose DMA
module to the medium and low bandwidth peripherals.

Note: The TC1.6 has one SRI slave interface that provides access to the TC1.6 SRAMs,
SFRs and CSFRs.

3.1 What is new

Major differences of the TC21x/TC22x/TC23x XBar Bus System architecture compared
to previous TC1.6 based products:

-
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e Empty list (This is the initial version of AURIX Products)
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3.2 SRI Crossbar (XBar_SRI)

3.21 Introduction

The Shared Resource Interconnection (SRI) is the high speed system bus for
TriCorel.6.x CPU based devices. The central module of the interconnect is the
XBar_SRI which connects all components in one SRI system. The XBar_SRI handles,
arbitrates and forwards the communication between all connected SRI-Master and SRI-
Slave peripherals.

The XBar_SRI supports parallel transaction between different SRI-Master and SRI-
Slave peripherals. It supports also pipe lined requests from the SRI-Master interfaces
and pipeline address phases to the connected SRI-Slave interfaces.

SRI | sri
Master | slave
SRI SRI
Master [ ] slave
SRI 8 ~ L SRI
Master | | S |- » 3 1° | Slave

sciis

SRI Default
Slave

Figure 3-2  XBAR_SRI point to point connection scheme

The XBar_SRI provides SRI Slave Interfaces (SCIx) to connect SRI Slave modules and
SRI Master Interfaces (MCIx) to connect SRI Master models to the XBar_SRI. The
XBar_SRI includes an Default SRI Slave that provides access to the XBar_SRI control

User's Manual 3-3 V1.1, 2014-12
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registers and that takes over all SRI transactions to address outside the connected SRI
Slave address ranges. The XBar_SRI includes also one Arbiter module per connected
SRI slave module and the infrastructure for the enabled read/write data paths. Each
connected SRI slave module as well as the default slave have an related arbiter module
within the XBar_SRI.

Please note that only these SRI-Master <-> SRI-Slave connections are implemented that
are required for the system functionality (example: connection between PMI Master and
PMI Slave is not implemented, see also Table 3-7).

For performance optimization the XBar_SRI includes arbitration schemes that allows to
configure SRI master priorities for each SRI slave individually (arbiter functionality). For
debug support on system level the XBar_SRI includes debug support for SRI-Error and
SRI-Transaction ID errors (local SRI slave module support in the related arbiter, global
control in the Default Slave) .

Table 3-1 SRI Bus Terms

Term Description

Agent An SRI agent is any master or slave device which is connected to
the SRI Bus.

Master An SRI master device is an SRI agent which is able to initiate

transactions on the SRI.

Slave An SRI slave device is an SRI agent which is not able to initiate
transactions on the SRI. It is only able to handle operations that
are dedicated to it by SRI CrossBar (XBar_SRI).

XBar_SRI The SRI CrossBar (XBar_SRI) provides the interconnects
between connected Master and Slaves. The XBar_SRI includes
arbitration mechanisms and debug capabilities. The XBar_SRI
has 16 Master Connection Interfaces (MCIO - MCI15) to connect
SRI master devices to it and 15 Slave Connection Interfaces (SCIO0
- SCI14) to connect SRI slave devices to it.

MCI Each Master is connected via one Master Connection Interface
(MCl x, x=0...15). The XBar_SRI control registers include control
and debug informations related to the Master Connection
Interfaces MCI x (x =0 ... 15).

SCI Each Slave is connected via one Slave Connection Interface (SCI
X, X =0...14). The XBar_SRI control registers include control and
debug informations related to the Slave Connection Interfaces SCI
X(x=0...14).

The XBar_SRI default slave is connected to SCI 15.

User's Manual 3-4 V1.1, 2014-12
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3.2.1.1 XBar_SRI Features
XBar_SRI feature overview:

« Single/Block Data Read Transaction Support (8/16/32/64 Bit)

« Single/Block Data Write Transactions Support (8/16/32/64 Bit)

* Read Modify Write Support

e Supports pipelined requests from SRI master peripherals

« Supports pipelined address phases to SRI slave peripherals

« Single arbiter module for each connected Slave device

« Arbitration priority scheme can be configured for each Slave device individually

« Flexible arbitration schemes (priority, two round robin groups, starvation prevention)

« Breakpoint signal generation based on SRI transactions (OCDS Level 1)

« Configurable MCDS trace interface

« Information integrity support covering SRI address phase signals and the transmitted
read/write data

e SRI Address Phase includes Supervisor Mode information (covered by SRI
information integrity support)

3.2.2 SRI Transactions

Each SRI transaction consists of:

* one request phase
* one or multiple data phases if not finished with error acknowledge

An SRI master that is requesting for access to an SRI slave is providing all necessary
informations about the transaction in parallel with the request. This means that there are
no separate on chip bus request and on chip bus address phases. An SRI
request/address phase consists of:

e request signal

* lock signal (indicating a read modify write transaction)

e 32-bit address

* 4-bit SRI Op-Code (kind of single data or burst transaction)

« read/write signal (read, write or read modify transaction)

e supervisor mode signal

e Transaction ID (consists of a unique 6-bit Master TAG ID and a 2 bit running number
increased for each new transaction of this master)

+ 8-bitaddress phase ECCY (Error Correction Code covering all address phase signals
with the exception of request and grant)

* one or multiple data phases if not finished with error acknowledge

1) In the current implementation the Error Correction Code is only used for error detection. Detected errors are
reported to the SMU but not corrected.
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After the request for a slave access was granted by the related XBar_SRI arbiter module,
the transaction can be either finished with error acknowledge or with the read/write data
phases as defined during the request/address phase.

Each data phase ends with the transmission of data phase informations including:

* Read or Write Transaction ID (must be equal to the related Transaction ID otherwise
the address phase is invalid)

«  8-bit read/write data ECCY (Error Correction Code covering the 64-bit read/write data
and the bits [23:3] of the related address.

* 64 bit read or write data. In case of an 8-bit, 16-bit or 32-bit read/write transaction the
unused bits are filled with “don’t care” data. The read/write data ECCY covers the 64
data bits as transferred (including the possible don't care data).

3.2.3 SRI Op-Codes

The SRI Op-Code defines for a SRI transaction the number of data phases, the
addressing mode in case of a multi beat transaction and valid bytes in case of a single
data transaction.

Table 3-2 Operation Code Encoding

sri_opc[3:0] Identifier Description

0000 SDTB Single Data Transfer Byte (8 bit)

0001 SDTH Single Data Transfer Half-Word (16 bit)

0010 SDTW Single Data Transfer Word (32 bit)

0011 SDTD Single Data Transfer Double-Word (64 bit)

0100 - Reserved

0101 - Reserved

0110 - Reserved

0111 - Reserved

1000 BTR2 Block Transfer Request (2 transfers)
Wrap Around Address Mode is used.

1001 BTR4 Block Transfer Request (4 transfers)
Wrap Around Mode is used.

1010 BTRL2Y Block Transfer Request (2 transfers)
Linear Address Mode is used.

1011 BTRL4Y Block Transfer Request (4 transfers)
Linear Address Mode is used.

1100 - Reserved
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Table 3-2 Operation Code Encoding

sri_opc[3:0] Identifier Description
1101 - Reserved
1110 - Reserved
1111 - Reserved

1) The SRIimplementation in the TC21x/TC22x/TC23x does not support bursts with linear addressing modes.

3.2.4 SRI Error Conditions

The sri_err_n signal is used by the slave during a transaction to signal the corresponding
master that an error has happened which results in an immediate termination of the
current transaction. Errors during transaction are tracked by the XBar_SRI and are
signalled to via an interrupt and directly to the SMU.

Only the following error conditions are supported and recognized by SRI slaves:

« access level is incorrect (user/supervisor)

« unmapped address access from an SRI master”
e unsupported op-code

* reserved op-code

An SRl error can be generated by the application SW e.g. with an access to a reserved
address (see chapter Memory Map):

3.2.5 SRI Transaction ID Error Conditions

Transaction ID is an identifier connected to all phases of a transaction in order to make
the transaction unique in the SRI system during the transactions live time.

The transaction ID is used by SRI masters and slaves to identify problems in the SRI
system that results in data packets received by a master or slave that do not match the
corresponding arbitration/address phase. If the read/write transaction identifier doesn’t
match with the previous send transaction identifier in the address phase, this is identified
as a transaction ID error and tracked by the XBar_SRI.

In situations where at the data source side (master for write transactions, slave for read
transactions) a data phase has to be invalidated (e.g. detection of an not correctable
SRAM ECC error) and invalid transaction ID is send in order to invalidate the data phase.

An SRI Transaction ID error condition can be generated by injecting an non correctable
error into one of the SRAMSs (e.g. CPU Instruction Scratch Pad SRAM) and than reading
the corrupted data by a CPU.

1) The accesses to unmapped slaves is checked by a default slave.
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3.2.6 Operational Overview

This chapter describes the functionality of the XBar_SRI module in order to enable the
user to configure the XBar_SRI control registers and to use the XBar_SRI debug
resources.

Xbar SRI
< request phase signals | R
(req/gnt/addr etc.) L Arbiter addr] ess
S1 phalse
signjals
SRI -~
Master _data phase ‘,ﬂ -
o ave S1
M1 (ctrl. signals & write datd " -
X
Mg data phase
- E: (ctrl. signals and read datd
x|
Lt Arbiter _
- SZ Lo
- SRI
=™ Slave S2
u -
X

sri_master_slave_2

Figure 3-3  XBAR_SRI connections between SRI Master and SRI Slaves
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From other From other
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Y

A
[x =<
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Figure 3-4  XBAR_SRI connections between SRI Slave and SRI Master modules

3.2.6.1 Functional Blocks

The XBar_SRI represents the highest level of the hierarchical SRI-Bus system. Since, it
is closest to the TC1.6 core, peripherals critical to CPU performance can be attached to
it.

The XBar_SRI module is partitioned into blocks for arbitration and data path control
which are necessary for each XBar_SRI master- or slave interface and one block that
covers the default slave - and debug functionality.

The XBar_SRI module can handle and process several transaction of different master in
parallel if the masters requests different slaves.

XBar_SRI Master Connection Interface (MCI)

Each SRI master module in the system is mapped to one or more XBar_SRI Master
Connection Interfaces (MCI). Each MCI is related within the XBAR_SRI module to a
default arbitration priority and to register control bits and register control bit fields. So
each SRI master in the system is mapped to an XBar_SRI internal default arbitration
priority and to master related control register bits and bit fields via its MCI number (see
also see also Table 3-4 and Table 3-6).
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XBar_SRI Slave Connection Interface (SCI)

Each SRI slave module in the system is mapped to one XBar_SRI Slave Connection
Interfaces (SCIx). Each SCI is related within the XBAR_SRI module to one arbiter
module with its arbiter module control register and to register control bits and register
control bit fields related to this SCIx. So each SRI slave module in the system is mapped
to an XBar_SRI internal arbiter module and to slave related control register bits and bit
fields via its SCI number (see also see also Table 3-7).

XBar_SRI Arbiter

Each XBar_SRI slave connection interface is mapped to exactly one dedicated
instantiation of the slave arbiter module in the XBar_SRI. This module includes all
required functionality for the following tasks:

e Arbitration: the module includes all required functionality for the arbitration. This
includes SRI address decoding, SRI request arbitration, SRI request starvation
algorithm, SRI address phase generation and control registers for the priority of the
connected master connection interfaces and an FSM to detect the end of the current
SRI transaction.

« Debugging: the module tracks the SRI transactions to the dedicated slave connection
interface for SRI errors. The transaction information of the first transaction where the
SRI protocol error is captured in arbiter internal control registers.

The module tracks the requests from all masters to detect starvation of masters in the
arbitration rounds.

« Error signalling: The first SRI error or starvation error is signalled to the default slave
module via two sideband signals.

e XBar_SRI control bus interface: the module has a slave interface to the XBar_SRI
control bus. The slave arbiter decodes the address of each new control bus
transaction and, if addressed, processes the read/write transaction to the module
internal control registers.

Default Slave

The XBar_SRI default slave module is a XBar_SRI internal SRI slave module with its
own, dedicated arbiter module inside the XBar_SRI. For accesses to the XBar_SRI
control registers only SRI single data transactions of word size are supported. Other SIR
op-codes are not supported by the default slave module and acknowledged with an
error. The default slave module includes all required functionality for the following tasks:

* As a SRI default slave, it deals with all transactions that are directed to a nonexisting
slave in the SRI system as it is described in the SRI protocol. The purpose of the SRI
default slave in that situation is to guarantee a defined behavior by terminating these
SRI transactions with an error.

e The XBar_SRI default slave module is the SRI interface to all XBar_SRI internal
diagnostic- and control registers.
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e The XBar_SRI default slave module samples the mci_id_err_n and sci_id_err_n
signals from all XBar_SRI master and slave connection interface modules. If the
default slave module detects mci_id_err_n and sci_id_err_n pulses it generates an
interrupt to the system. The sampling of each mci_id_err_n and sci_id_err_n signal
from an arbiter can be disabled via the default slave interrupt control register
IDINTEN.

« The XBar_SRI default slave module includes the interrupt node control structure and
the corresponding control register.
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3.2.7 Functional Overview

3.2.7.1 Arbitration Block

The arbiter has access to all arbitration-/address phase signals from the master
connector interfaces he is enabled for, therefore he sees requests from all master
connector interfaces in parallel.

In order to check if a master request is addressed to 'its’ slave connector interface for the
next transaction the arbiter checks if the address transmitted together with the request
from the master matches with the allocated address area of this slave via address
decoding. Due to the fact that a master can access any slave for a transaction all arbiters
of the XBar_SRI are checking the requested address from a requesting master in
parallel.

Due to the fact that multiple masters can request for one slave in parallel, each slave has
to decode the addresses from all the master connector interfaces it is enabled for in
parallel.

XBar-SRI Arbiter Module

PRIOH /PRIOL Starvation
Registers Prevention

- — o
' 2| | crantsignaist
MCI 0 . Address) | MUX16:1 & rant signals to
gl B Decodey/ 4- a P MCI's
] =
MCI 1 > g. Address)} | & PRI 1 x161 |-> 3 §
e Decode| [« _ o) Priority @
ved @ Y o
° 10! e Round Y Driven >
g ' > Robin & 173 Arbitration -
° ! - Mux 16:1 g
iy L s
g s © z
° S il . 2 o Address Phase
210 a .
MCI x > v.-@ ,E MUX161 g Signals to SCI
) &
vl > g
. w
- Map of MCI Requeststo Request Phase D>
Priorities/ RR Groups Signals from MCI's L]

Figure 3-5 XBAR_SRI arbiter scheme

Address Map Checking

The arbiter performs the address comparison for all pending requests from the
connected SRI master modules to its slave module in parallel.
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Arbitration

A transaction request from a master that matches the address area of a slave connection
interface takes part in the next arbitration cycle.

The arbitration is divided into two levels:

e priority driven arbitration
 arbitration within round robing groups (priority 2 and 5)

After reset all enabled master connector interface are mapped to the priorities 2 or 5
(also see also Table 3-4). The priorities and the priority algorithm of the master
connection interfaces can be programmed for each arbiter individually. The
programming of the master priorities can be done by SRI read/write transaction via the
default slave module.

The highest priority for an arbiter is 0 and the lowest is 7.

According to the transaction rules described in the SRI protocol specification the arbiter
asserts the sri_gnt_x signal to grant the slave to this winning master.

In parallel - or after granting the master, the arbiter sends the address phase for the next
transaction to the slave by propagating all necessary informations via the slave
connection interface to the slave. The arbiter sends the address phase in parallel with
the grant or delayed depending on the address phase pipeline status of the
corresponding SRI slave.

For debug purposes, the arbiter samples all necessary transaction informations and
provides them to the XBar_SRI default slave module if an SRI error happened and the
protocol error feature was enabled.

Arbitration Algorithms

The arbiter related to a slave connection interface (SCI) can be connected to all master
connection interfaces (MCI), see also Chapter 3.2.8.3. The priority of each MCI can be
controlled via the arbiter priority registers (PRIOX). The priority of a master is defined by
3 bit field in the PRIOL / PRIOH register that is related to this master / its MCI number.
This can be configured individually for each arbiter so the same master can be handled
with different priorities for accesses to different slaves. After reset all enabled MCI are
configured with the priority 2 or 5 (Round Robin group).

Please Note:

It must be ensured that two enabled masters don’'t have the same priority, with the
exception of priority 2 and priority 5 (round robin group priorities).

For changing the priorities during runtime (switching the priorities), all master connection
interfaces that should be remapped have to be mapped to the round robin group

priorities (2 / 5) before mapping them to their new priorities can be done. This will prevent
situations where two masters have the same priority but not a round robin one.
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Priority Driven Arbitration

The general arbitration algorithm is priority driven where priority O is the highest priority
and 7 the lowest one. If multiple masters are requesting for one slave, the master with
the highest priority will win the next arbitration round (see also 'starvation prevention’).

Round Robin Groups

The arbiter arbitrates in general priority driven, where Priority 2 and priority 5 contain a
second ’arbitration’ layer. Both priorities can be used as round robin priorities for a group
of max. 8 MCI's each. If only one master is mapped to a round robin group priority, the
master’s request will be treated as normal master request with the priority of the round
robin group. If more than one master is mapped to the priority of a round robin group, the
requests of the mapped masters will be handled by the round robin algorithm, the
winning request of the round robin group arbitration has the priority of the round robin
group within the priority driven arbitration.

After the winner of a round robin group is granted, the round robin group starts with a
new arbitration round which means the requesting MCI’s of the round robin group with
the next highest MCI ID number will win the next round robin arbitration round. If there is
no requesting MCI with a higher ID number in the round robin group, the algorithm will
start with the MCI with the lowest MCI ID number that is mapped to the group, going to
the next higher MCI ID number and so on.

Request Latency

If no other request is pending, a request from an MCI has a latency of 1 clock cycle,
starting with the detection of the SRI master request on the bus, ending with the SRI
grant to the requesting MCI and the SRI address phase to the addressed SCI.

Table 3-3 XBar_SRI Request Latency

Clock Cycle Nr.: | Task(s)

0 (Default Slave) |sri_req_nis sampled at XBar_SRI MCI (Only valid for access to the
XBar_SRI control registers)

1 address decoding, mapping of MCI'’s to priorities / round robin
groups and starvation prevention. Round robin arbitrations, priority
driven arbitration, mux request phase signals to the address phase
registers masking sri_req_n from MCIx after granting the MCIx

2 sri_gnt_n to the requesting MCI, SRI address phase to SCI.

Grant -> New Request Latency (Request Dead Time)

After an MCI was granted, it takes 2 clock cycles before a new request from the same
MCI will participate in a new arbitration round even when the SRI master has requested

User's Manual 3-14 V1.1, 2014-12
TC23/TC22x OCB System, V1.0D1



. TC21x/TC22x/TC23x Famil
(Infineon y

On-Chip System Buses and Bus Bridges

permanently. This request dead time is a result of the synchronous sri_req_n de-
assertion and the XBar_SRI request latency.

Default MCI x Priorities after Reset

After Reset all Master Connection interfaces are mapped to the round robin groups
(priority 2 and 5, lower number means higher priority). Table 3-4 shows the default
priority of the MCI with the related coding in the XBAR_PRIOH and XBAR_PRIOL
registers. After reset, the priority scheme of the MCls can be re-configured via the
XBAR_PRIOH and XBAR_PRIOL registers, for each SCI (accesses to the Slave
connected to an SCI) individually. See also Chapter 3.2.8.1,

Note: If multiple CPUs are connected to the Aurix_Bus it is proposed to give the CPU
master interfaces (DMI and PMI) the same round robin priority, e.g. 5. This
ensures a fair arbitration between CPU access conflicts to the same on chip
resource, e.g. Flash.

Table 3-4 Default MCI Priority in the XBar_SRI Arbiters

Priority Coding |Round Default Comments
Robin Mapping:
Group
000 - -
001 - -
010 Yes, max | MCI 0-7 Maximal 8 MCI can be mapped to the
8 master priority 2 e.g. can have the priority
'010'.
3 011 - -
100 - -
5 101 Yes, max. | MCI 8-15 | Maximal 8 MCI can be mapped to the
8 master priority 8 e.g. can have the priority
101",
110 - -
7 111 - -

Starvation Prevention

Starvation can occur when masters with high priority continuously request a dedicated
slave, preventing other masters with lower priority from getting access to this slave. To
prevent such a situation, a starvation counter has been implemented in each arbiter. This
mechanism allows the promotion of weak masters.
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Each time the starvation counter in a slave module has and underflow, all pending
requests to this arbiter will be entered in the arbiters request list. This even applies to all
masters mapped to a round robin group.

Next time when the starvation counter has an underflow, the masters of this request list
will be entered in the arbiters request promotion list if:

« The request was not granted during the last starvation period

The masters in that request promotion list will be the next to be granted independent of
their priorities. The masters in the request promotion list will be granted one after the
other, starting with the master which has the lowest MCI number in this list if there are
more than one. The master promotion list has the highest priority within the arbiters main
arbitration algorithm, therefore all masters in the promotion list will be granted before the
arbiter switches back to its 'normal’ arbitration. A master is removed from both lists when
it is granted.

If several masters are mapped to a round robin priority, all masters of that round robin
arbitration round will be entered in the request list/request promotion list when not
granted.

The value controlling the counter period is programmable. After reset the starvation
counter has a value of zero. On a starvation counter underflow it is reloaded with the
content of the arbiter control register ARBCON.SPC. An underflow occurs in the clock
cycle when the counter tries to count down from zero.

The number of arbitration cycles a master must wait for the slave varies. But it's
guaranteed to be no more than 2 x ARBCON.SPC until the master is promoted to the
request promotion list.

Each time there is an underflow it is checked if there are any masters in the request
promotion list that were not granted since the last underflow. This can happen if there
are to many/to long transactions to be promoted compared to ARBCON.SPC value. In
this case an error is generated via the xcb_sc_err_n signal to the default slave if the
feature was enabled (bit ARBCONx.SCERREN set).

If currently a RMW transaction is processed the starvation counter is stopped before the
next overflow. The starvation counter is released again after the address phase of the
write part is generated or an error for the RMW transaction was received.

If currently a Read-Modify-Write (RMW) transaction is processed by the slave the
starvation protection counter is stopped until this RMW is finished.

3.2.7.2 Default Slave
The default slave serves three features in the XBar_SRI implementation:
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Control and Configuration Registers Interface

The XBar_SRI default slave module handles all read and write transactions to the
debug- and control registers of the XBar_SRI. For this purpose, the default slave module
has its own address space which must be mapped into the system address space by an
address decoder, provided by the customer.

For a detailed description of the registers see Chapter 3.2.9.

Non Existing Addresses
The XBar_SRI internal default slave module has its own arbiter module.

If an SRI master sends a request with a non existing address® to the XBar_SRI, the
transaction will be directed to the default slave. The default slave finishes the transaction
with error following the SRI protocol rules, which activates the error tracking mechanism
of the arbiter. As a result of the error, the default slave module signals this incorrect
behavior to the system by generating an interrupt.

A write from an SRI master to a non existing address on the System Peripheral Bus
(SPB) will be handled by the Bus Control Unit on the SPB only. A read from an SRI
master to a non existing address on the SPB will be handled by the by the Bus Control
Unit on the SPB and also captured by the XBar_SRI arbiter as it will see the transaction
as read transaction finished with Error Acknowledge.

Error Handling

If an arbiter detects an SRI protocol error during a transaction with a corresponding slave
the involved arbiter samples all relevant information of the transaction in the arbiter
internal diagnostic registers (ERRADDRx and ERRx) and signals this event via
xcb_sri_err_n or xcb_sri_err_d_n sideband signal to the default slave module.

Note: The two error registers ERRx and ERRADDRX in each arbiter are updated with
the content of the currently processed transaction in the data phase. The registers
are only updated if they are not locked due to a pending protocol error and
sri_ready_n was asserted in parallel with sri_err_n deasserted.

The error capture registers in the arbiter can’t be changed until the interrupt was
acknowledged to the slave arbiter module (set the ARBCON.INTACK) via the default
slave.

The stored informations can be read from the default slave module with SRI single data
read transactions, the acknowledge can be sent to the default slave via a write to a
specific address.

1) non existing address = all Reserved address ranges described in the Memory Map chapter
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This can result in a loss of interrupt data information of the same source beyond the first
until the write was processed but as all SRI errors must be analyzed and fixed before the
product will work, these kind of errors can be analyzed one after the other.

In case that a master or a slave signals an ID error to the XBar_SRI the default slave
marks the source of the ID error by setting the according bit in register IDINTSAT if this
feature was enabled for that specific master and/or slave interface.
As a result, the default slave generates an interrupt to the system.

Note: While a status bit for a error source is set in either the INTSAT or IDINTSAT
register a new error from this particular source doesn’t generate a new interrupt.

1. Each participant in the SRI-Bus system has three interrupt sources; protocol errors,
ID errors and time-out due to starvation. All error from the SRI-Bus components are
combined in the single SRN of the XBar_SRI.

Each arbiter has two 32 bit registers containing the error information. This registers are
accessed as all other registers, via the default slave module.

The default slave module has one service request node (SRN) to start interrupts for
detected SRI errors. Protocol errors, starvation errors as well as ID errors are handled
together by this node.

3.2.7.3 Register Access Protection

The XBar_SRI registers are protected by a master TAG ID based access protection
mechanism. Each on chip resource with direct or indirect bus master capability has a
uniqgue master TAG ID that can be use to identify the master of an on chip bus
transaction.

Access Enable:

TAG ID based protection means that on chip bus write access to the XBar_SRI control
registers can be disabled for each master TAG ID individually (with the exception of the
Access Enable registers itself, which is Safety Endinit protected). For a disabled master
TAG ID, write access will be disconnected with error acknowledge, read access will be
processed.

Access Enable Registers (XBAR_ACCEN1/0):
-> defines which master TAG ID is allowed to write to XBar_SRI control registers
-> are Safe Endinit write protected

The Access Enable registers (XBAR_ACCENZ1/0) are Safe Endinit protected. The Safe
Endinit system status is defined by a Watchdog Unit in the System Control Unit (SCU)
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After reset, all XBAR_ACCENL1/0 access enable bhits and access control bits are
enabled, access protection mechanism has to be configured and checked to bring the
system in a safe state.

Default Slave
Access Protection

Safe

Endinit
XBAR_ACCENO | Access
— Enable
XBAR_ACCEN1 | Registers XBAR SRI

SRI Read/ Control Registers
Write Y

Peripheral .
Access TAG ID check write

| transactions with

XBAR_ACCEN1/0

Figure 3-6  XBar_SRI: Control Register Access Protection scheme

3.2.7.4 SRI ECC Error Handling
The SRI protocol provides information integrity support covering:

e The address phase of an SRI transaction
e The transmitted read and write data

The integrity support mechanism is using Error Correction Code (ECC).

Note: In the current implementation the Error Correction Code (ECC) is only used for
error detection. Detected errors are reported to the SMU but not corrected.

Detected SRI address phase ECC errors:

e If an SRI slave detects an SRI address phase ECC error it finishes the transaction
with SRI error acknowledge and does not further process it (see also
Chapter 3.2.7.5). Error is signalled to the SMU.

Detected SRI read data ECC errors:

« PMI and DMI: a bus error trap will be generated but only if and when a received 64
bit read data is really used by the CPU. This as PMI / DMI can read complete cache
lines (4x64 hit) where the critical 64 bit is used, the other 3 x 64 bit are speculative
reads and might not be used by the CPU later.

+ DMA: the DMA ignores read data ECC errors but signals the error to the SMU.

* SFI: the SFI SRI master ignores read data ECC errors but signals the error to the
SMU

Detected SRI write data ECC errors:
« An detected write data ECC error is signalled to the SMU
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e SRI write data ECC errors to SRAMs will not be executed by the related slave
modules.

It can happen that a data during a transaction shows an ECC error inside the data source
peripheral (master during write, slave during read). Example: A burst read transaction
from a memory slave peripheral where the second, third or forth data taken from the
SRAM shows inside the slave/master an ECC error. In this situation a slave can finish a
read transaction with error acknowledge (if the error is detected before the first data
phase) or a slave / master can invalidate the related data phase with an invalid read /
write transaction ID error (see also Chapter 3.2.7.5).

ECC Code

The ECC codes used for the IR Error Detection mechanism is a Hsiao 22_5 code with
DED (double error detection) capability:

* SRI Address Phase informations are protected by the 64_8 code
* SRI Read / Write data are protected by the 96_8 code

CONSTANT code_matrix : matrix_vec96_ 8 :=(
*'011001101101011111100101101111010001011100000100001000100101100
1000100010101100000010111010101121",
''000110110110101011101010110111100111011100001000010001001010101
000100010001010100010101110101011",
""101101011000110101010011011011110011111100010000100010010011010
000000100101101110100010000111101",
**000110011111000110111100011110111100111100100001000100011100000
101001010110001011000100011001110",
"110111100011111000111111100001111010100101000010000111100000001
010001101000000011111000111110000",
'*1110000000111112110111211111100011100101010000011111000000000010
111110000000001101111111000000000*,
"1110111111000000000111111121111101111000011111100000000000000011
011111111111110000000000000000000"",
"111111212111121211100000000000001111110011111121211211212121111100
000000000000000000000000000000000™) ;

CONSTANT code_matrix : matrix_vec64 8 o= (
""000101110000010000100010010110010001000101011000000101110101011
1,
*'011101110000100001000100101010100010001000101010001010111010101
1",
""001111110001000010001001001101000000010010110111010001000011110
1",
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""110011110010000100010001110000010100101011000101100010001100111
9161010010100001000011110000000101000110100000001111100011111000
S)'15.0010101000001111100000000001011111000000000110111111100000000
E)'1:].1100001111110000000000000001101111111111111000000000000000000
915.111100111111111111111111111000000000000OOOOOOOOOOOOOOOOOOOOOO
0");

3.2.7.5 Error Tracking Capability

The XBar_SRI tracks all SRI transactions for SRI protocol errors. Additionally it tracks
informations about starvation errors and SRI transaction ID errors. This is done by all
arbiters and the default slave in parallel as the XBar_SRI supports the processing of
multiple transactions from master and slaves in parallel which can result in parallel
events at different slave connector interfaces.

For this purpose, each arbiter has two error/debug registers where it samples the
transaction informations of the transaction where the first protocol error happened.

Note: Protocol errors and debug trigger events can lock the error/debug registers. Only
the first event of both sources can lock the registers. All other events are not
captured with this two error/debug registers unless the lock was released in the
meantime.

Further protocol errors will be ignored by an arbiter that has detected an protocol error
until the tracking mechanism is re-activated via the arbiter internal control register. A
detected protocol error or starvation error is signalled by the arbiter to the default slave
module via two separate sideband signals for SRI- and starvation error. The default
slave samples the sideband signals pulses in an error status register INTSAT. As each
slave has its own sideband signals, the default slave has the information which arbiter
has detected an SRI protocol or starvation error. Each error signal can be masked
individually by control registers in the arbiter modules. All debug registers are accessible
via the SRI-Bus interface of the default slave.

For transaction ID errors of write transactions the SCI propagates the sci_id_err_n signal
via the sri_wr_tr_id_err signal from the slave to the default slave module. The default
slave sets the assigned bit in register IDINTSAT.

For transaction ID error of read transactions the MCls propagate the sri_id_err_n signal
via the sri_rd_tr_id_err signal from the master to the default slave module. The default
slave sets the assigned bit in register IDINTSAT.

Once an error was signalled from an arbiter or an MCI/SCI to the default slave, the
default slave module sends an interrupt request to the system. The system can read out
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the error status registers in the default slave module to find out which arbiter(s) or
master/slave have detected an error, then the system can start with more detailed
diagnostics by reading out the error/debug registers in the arbiter for a protocol error.
The error informations captured for an SRI protocol error allows the identification of the
master via the sampled master tag ID and the final destination via the sampled target
address. Additionally the arbiter samples the op-code and the sri_rd_n, sri_wr_n and
sri_svm control signals of the transaction.

In addition to the SRI transaction information, the XBar_SRI captures sideband signal
informations (XBAR_ERRO.MCI_SBS and XBAR_ERRD.MCI_SBS). In the
TC21x/TC22x/TC23x these sideband signals are used by the DMA SRI master interface
to provide informations about the requestor of a transaction, in parallel to the SRI request
phase. Table 3-5 shows the encoding of the MCI_SBS bit field for the encoding of the
TC21x/TC22x/TC23x.

Table 3-5 Encoding of ERRx.MCI_SBS in the TC21x/TC22x/TC23x
MCI_SBS[7:0] Bit field encoding

MCI_SBS[7:0] This bit field is only valid if the master TAG ID of the
address phases is related to one of the DMA hardware
resource groups.

MCI_SBS[7:0] is showing the number of the DMA channel
that initiated the transaction.

After reading all relevant error informations, the error/debug tracking mechanism can be
reactivated.

3.2.7.6 Debug Trigger Event Generation (OCDS Level 1)

This functionality can be used to generate breakpoints on selectable and configurable
events in the SRI-Bus traffic.

The debug trigger event generation is controlled via the three debug registers DBCON,
DBADD and DBMADD and the three status registers DBSAT, ERR and ERRADDR.

All DBXXX registers reset only with the debug reset (Class 1 reset).

The register DBSAT collects all debug trigger events from all arbiters in the XBar_SRI
module. When an arbiter generates a debug trigger event the according bit in register
DBSAT is set.

The DBCON register defines the debug trigger event conditions for each arbiter
individually. Several individual break conditions can be combined by enabling them in
parallel. Possible break conditions are:

* Write transactions
— If bit DBCON.WREN is set only transactions with an asserted sri_wr_n signal can
generate a debug event.
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Note: Only if DBCON.WREN and DBCON.RDEN are set together a RMW transaction
generate a debug trigger event.

* Read transactions
— If bit DBCON.RDEN is set only transactions with an asserted sri_rd_n signal can
generate a debug event.

Note: Only if DBCON.WREN and DBCON.RDEN are set together a RMW transaction
generate a debug trigger event.

e Supervisor mode transactions
— If bit DBCON.SVMEN is set only transactions with an asserted sri_svm signal can
generate a debug event.
» Transactions from a dedicated master
— If bit DBCON.MASEN is set only transactions initiated by master
DBCON.MASTER can generate a debug event.
« Transactions accessing a defined address area
— If bit DBCON.ADDEN is set only transactions accessing an address in the selected
address area can generate a debug event. The selected address area is defined
by the registers DBADD and DBMADD. Register DBADD defines one global 32-
bit address that is compared with sri_addr[31:0] for all bits where DBMADDR is set
to 1.
All enabled debug trigger conditions are combined by a logical AND.

Example: If DBCON.WREN and DBCON.SVMEN are set and all other enables are
cleared a debug trigger event is only generated for a write transaction operating in the
supervisor mode.

Additionally a debug trigger event is generated if DBCON.ERREN is set and an error
occurs. Please note that an error occurs only when the generation for this source is
enabled in the linked registers ARBCON or IDINTEN.

The result of the logical AND of the first five debug trigger event options is combined with
the result of the error debug trigger event by a logical OR.

A debug event is signaled to the default slave. The default slave combines all XBar_SRI
arbiter debug event signals with its own and generates the debug event signal that is
sent to the OTGM module.

The debug event signal to the OTGM will be asserted for as long at least one condition
inside an XBar module or the XBar default slave module is met.

Debug Trigger events inside the XBar_SRI are sampled in the register DBSAT.
Additionally an interrupt can be generated for debug trigger events by the XBar_SRI.

When debug condition is reached in one of the XBar_SRI arbiter modules, informations
of the transaction that matched to the debug condition is captured in the two error/debug
capture registers ERRx and ERRADDRX. If the two registers are already locked due to
an earlier action the capturing is not performed.
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Writing to DBCON.REARM will rearm the feature, this also sets DBCON.ARM.

3.2.7.7 Interrupt and Debug Events of the XBar_SRI Module

There are some interactions between interrupt them self and debug events. In general
due to the nature of the crossbar concept several interrupts from the same or a different
source (arbiter, MCI or SCI) can occur. One interrupt could occur several times before a
service request routine is initiate. Additionally can all interrupts occur in parallel to one
or more debug trigger events.

All following examples assume a time interval without any acknowledge either from a
service routine or a debug routine and all consecutive interrupts/events come from the
same source.

Two Consecutive Protocol Errors

The first protocol error is captured as normal together with a generation of an interrupt
to the system. The second protocol error is not captured as the two registers ERR and
ERRADD are already locked and no interrupt is generated.

Two Consecutive Starvation Errors

The first starvation error generate an interrupt to the system. The second starvation error
will not generate an interrupt to the system.

Two Consecutive Transaction ID Errors

The first transaction ID error generate an interrupt to the system. The second transaction
ID error will not generate an interrupt to the system.

Two Consecutive Debug Trigger Events

The first debug trigger event is captured as normal together with a generation of debug
trigger event signal to the system. The second debug trigger event is not captured as the
two registers ERR and ERRADD are already locked and a debug trigger event signal is
generated.

Protocol Error followed by a Debug Trigger Event

The first protocol error is captured as normal together with a generation of an interrupt
to the system. The later debug trigger event is not captured as the two registers ERR
and ERRADD are already locked and a debug trigger event signal is generated to the
system.
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Debug Trigger Event followed by a Protocol Error

The first debug trigger event is captured as normal together with a generation of debug
trigger event signal to the system. The later protocol error is not captured as the two
registers ERR and ERRADD are already locked and no interrupt is generated.

Starvation/Transaction ID Error followed by a Debug Trigger Event

The first starvation/transaction ID error generate an interrupt to the system. The later
debug trigger event is captured to the two registers ERR and ERRADD and a debug
trigger event signal is generated to the system.

Debug Trigger Event followed by a Starvation/Transaction ID Error

The first debug trigger event is captured as normal together with a generation of debug
trigger event signal to the system. The later starvation/transaction ID error generates an
interrupt to the system.

Releasing the Lock from registers ERR and ERRADD

If the ERR and ERRADD registers are locked only from one even only (protocol error or
debug trigger event) the lock can be releasing by:

« Writing a one to ARBCONX.INTACK when the registers are locked by a protocol error
« Writing a one to DBCONX.REARM when the registers are locked by a debug trigger
event

If both, a protocol error and a debug trigger event occurred since the lock was released
the last time both locks have to be released

* Writing a one to DBCONx.REARM AND Writing and to ARBCONX.INTACK when the
registers are locked by a debug trigger event AND a protocol error

3.2.8 Implementation of the Cross Bar (XBar_SRI) in the
TC21x/TC22x/TC23x

This chapter describes the SRI Interconnect implementation in the
TC21x/ITC22x/TC23x. The knowledge of the specific implementation (e.g. the
connection of the SRI master / slave devices to the Interconnect) is necessary in order to:

« map error informations to the connected slave devices
» define the arbitration scheme for accesses to the connected slave devices
* map XBar_SRI (arbiter) control registers to connected slave devices

This chapter includes three tables that are describing: the relationship (mapping) of

» the relationship (mapping) of TC21x/TC22x/TC23x SRI master devices to the
XBar_SRI Master Connection Interfaces MCI 0 - MCI 15 (Table 3-6)

« the relationship (mapping) of TC21x/TC22x/TC23x SRI slave devices to the
XBar_SRI Slave Connection Interfaces SCI 0 - SCI 15 (Table 3-7)
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< the point to point connections between TC21x/TC22x/TC23x SRI master and slave
devices (Table 3-7)

3.2.8.1 Mapping of SRI Master Modules to XBar_SRI Master Interfaces

Table 3-6 shows the mapping of master devices to the XBar_SRI Master Interfaces (MCI
0 - MCI 15). Most of the XBar_SRI control registers are related to the XBar_SRI Slave
Interfaces (SCI 0 - SCI 15) or the XBar_SRI Master Interfaces. Therefore it is important
to know which TC21x/TC22x/TC23x SRI master device relates to which XBar_SRI Slave
Interface.

Example 1:

The XBar_SRI includes error registers where each MCI is represented with 1 bit,
showing if during the transfers requested by the master devices connected to the MCI's
an error situation occurred (e.g. XBAR_IDINTSAT).

Example 2:

The XBar_SRI includes one arbiter module per connected SRI slave device. Each arbiter
module includes a four bit field where the priority requests from connected MCI can be
defined. If the access priority of the DMI SRI master to one SRI slave device has to be
changed, this can be done via the bit field related to MCI 4 in the arbiter control register
related to this SRI slave (control registers: XBAR_PRIOHX, XBAR_PRIOLX,
XBAR_PRIODXx).

Table 3-6 Mapping of TC21x/TC22x/TC23x SRI master devices to MCI

XBar_SRI Master | MCI Priority |Connected SRI master device

Connection Number |after

Interface Reset

MCI 0 0 2 DMA

MCI 1 1 - -

MCI 2 2 - -

MCI 3 3 - -

MCI 4 4 - -

MCI 5 5 TC23x:2 | TC23x: SFI (HSM access to SRI)
TC22x: - | TC22x: -

MCI 6- MCI11 6-11 - -

MCI 12 12 5 CPUO.DMI

MCI 13 13 5 CPUO.PMI

MCI 14- MCI 15 14-15 - -
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Note: If multiple CPUs are connected to the Aurix_Bus it is proposed to give the CPU
master interfaces (DMI and PMI) the same round robin priority, e.g. 5. This
ensures a fair arbitration between CPU access conflicts to the same on chip
resource, e.g. Flash.

3.2.8.2 Mapping of SRI Slave modules to XBar_SRI Slave Interfaces

Table 3-7 shows the mapping of slave modules to the XBar_SRI Slave Interfaces (SCI
0 - SCI 15). Most of the XBar_SRI control registers are related to the XBar_SRI Slave
Interfaces (SCI 0 - SCI 15) or the XBar_SRI Master Interfaces. Therefore it is important
to know which TC21x/TC22x/TC23x SRI slave device relates to which XBar_SRI Slave
Interface or arbiter module.

Example 1:

The XBar_SRI includes error registers where each SCl is represented with 1 bit, showing
if during the transfers requested by the master devices connected to the MCI’s an error
situation occurred (e.g. XBAR_DBSAT, XBAR_IDINTSAT, XBAR_IDINTEN).

Example 2:

The XBar_SRI includes one arbiter module per connected SRI slave device. Each arbiter
module includes error capturing resources and breakpoint capabilities. These can be
used e.g. to analyze accesses to the connected slave device that where answered with
error acknowledge by the slave device (e.g. XBAR_ERRO, XBAR_ERRADDRD).

Table 3-7 Mapping of TC21x/TC22x/TC23x SRI slave devices to SCI

XBar_SRI Slave Connected SRI master device

Connection Interface

(SCI)

SCIO0 CPUO (PSPR, DSPR, SFR, CSFR, PCache RAM, PTAG)
SCI1-2 -

SCI 3 -

SCl 4 LMU (EMEM)

SCI 5 -

SCI 6 PMUO: DFlash, BootROM, CTRL Reg

SC17 PMUO: PFlash0

SCI 8- SCI 14 -

SCI 15 XBar_SRI Default Slave
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3.2.8.3 TC21x/TC22x/TC23x SRI Master / Slave Interconnection Matrix

Table 3-7 shows the SRI master to SRI Slave interconnects that are implemented in the
TC21x/TC22x/TC23x (" " in a table cell means connection implemented. "x” in a table cell
means connection not implemented)

o B N ol Ke)
Z|7|T|T
>1=lc|c
H|Q |
@)
O|T
822
o
=3
NS
ZIZILZ|Z
niun|uoln
Ol101010
ol |
NW
CPUO SSCO0
LMU SSC4
PMUO: Dflash /BROM| SSC6
PMUO: PflashO SSC7

TC23x_TC22x_xbar _connect

Figure 3-7  TC21x/TC22x/TC23x: SRI Master / Slave Interconnection Matrix

3.2.8.4 Connection Master-Slave in XBar_SRI

As the SRI-Bus protocol is a point to point based bus implementation multiplexer inside
the data paths in front of the MClIs and arbiter/SClIs are required (see Figure 3-3 and
Figure 3-4).

The write data path multiplexer in front of the SClIs are controlled by the related arbiter
modules. The read data path multiplexers in front of the MCls are controlled by all
arbiters.

Master - and Slave side MUX

During an SRI transaction, the corresponding arbiter has to establish the data path
connection from his slave connection interface to the corresponding master connection
interface in order to enable the master to receive the SCI control signals , if it is a read
transaction the read data, send by the slave.
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3.2.9
Figure 3-8 and Table 3-8 are showing the address maps with all registers of the SRI

SRI Crossbar Registers

Crossbar (XBar_SRI) module.

XBar_SRI Unit Register Overview

Identification

Default Slave

Arbiter Register

Arbiter Register

Register Register SCIx Default Slave
XBAR_ID XBAR_DBSAT XBAR_EXTCONy XBAR_EXTCOND
- XBAR_INTSAT XBAR_ARBCONX XBAR_ARBCOND
XBAR_IDINTSAT XBAR_PRIOHXx XBAR_PRIOHD
XBAR_IDINTEN XBAR_PRIOLX XBAR_PRIOLD
XBAR_ERRADDRYX| XBAR_ERRADDRD
XBAR_ERRXx XBAR_ERRD

XBAR_DBCONx

XBAR_DBCOND

XBAR_DBADDXx

XBAR_DBADDD

XBAR_DBMADDXx

XBAR_DBMADDD

XBar_reg_its

Figure 3-8

List of used Reset Class abbreviations:

* Reset Class 1 -> Debug Reset (see description in the chapter SCU / Reset Types)
* Reset Class 3 -> Power On Reset, Application Reset, System Reset (see description

in the chapter SCU / Reset Types)

Note: Addresses listed in column “Offset Address” of Table 3-8 are word (32-bit)

addresses.

Note: XBar_SRI registers can be accessed only with SDTW (32 bit) transactions. 8, 16

TC21x/TC22x/TC23x Control Registers

bit and RMW transactions are not supported.

Table 3-8 Registers Address Space - XBar_SRI Register Address Space
Module Base Address End Address Note

XBAR F870 0000, F870 04FF,
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Table 3-9 Registers Overview - Aurix_Bus Module Control Registers
Short Name | Description Offset |Access Mode | Reset | Descriptio
1
Addr.Y beoq Twrite |Class |n See
- Reserved 400, - |BE BE - -
404,
ID Identification Register? 408, U, SV |BE - Page 3-34
DBSAT Debug Trigger Event 40C, |U,SV |SV,P |1 Page 3-35
Status Register?
INTSAT Arbiter Interrupt Status | 410y, U,Sv |[SV,P |3 Page 3-36
Register?
IDINTSAT ID Interrupt Status 414, U,SVv |SV,P |3 Page 3-39
Register?
IDINTEN ID Interrupt Enable 418, U,Ssv |[SV,P |3 Page 3-41
Register 2
- Reserved 41C, - |BE BE - -
4F4,,
ACCEN1 Access Enable 4F8, U, SV SV, 3 Page 3-64
Register 1 SE
ACCENO Access Enable 4FC, |U, SV |9V, 3 Page 3-63
Register 0 SE
- Reserved 4FF, |BE BE - -
EXTCOND TC23x: External Slave 000, Uu,Sv |[SV,P |3 Page 3-43
Control (SFI control
registers)
- TC23x: Reserved 000y BE BE - -
ARBCOND | Arbiter Control Register | 004, U,Sv |[SV,P |3 Page 3-45
Default Slave
PRIOHD Arbiter Priority Register | 008, U,Sv |[SV,P |3 Page 3-47
High Default Slave
PRIOLD Arbiter Priority Register |00C, |U,SV |SV,P |3 Page 3-48
Low Default Slave
ERRADDRD | Arbiter Address 010y U,sv |SV,P |3 Page 3-50
Error/Debug Capture
Register Default Slave
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Table 3-9 Registers Overview - Aurix_Bus Module Control Registers
Short Name | Description Offset |Access Mode | Reset | Descriptio
1
Addr.Y [oaaq [write | Class | n See
ERRD Arbiter Error/Debug 014 U,SVv |SV,P |3 Page 3-53
Capture Register Default
Slave
DBCON Arbiter x Debug Control | 018, U,Ssv |SV,P |1 Page 3-56
Register
DBADD Arbiter x Debug Address |01C,; |U,SV [SV,P |1 Page 3-59
Register
DBMADD Arbiter x Debug Mask 020, U,Sv |SV,P |1 Page 3-45
Address Register
- Reserved 024, - |BE BE - -
040,
ARBCONO Arbiter O Control 044, U,SVv |SV,P |3 Page 3-45
Register
PRIOHO Arbiter O Priority 048, U,Sv |SV,P |3 Page 3-47
Register High
PRIOLO Arbiter O Priority 04C, |U,SV |SV,P |3 Page 3-48
Register Low
ERRADDRO | Arbiter 0 Address 050, U, sv |SV,P |3 Page 3-50
Error/Debug Capture
Register
ERRO Arbiter O Error/Debug 054, U,SVv |SV,P |3 Page 3-51
Capture Register
DBCONO Arbiter 0 Debug Control | 058, Uu,Sv |[SV,P |1 Page 3-53
Register
DBADDO Arbiter 0 Debug Address |05C,; |U, SV |SV,P |1 Page 3-56
Register
DBMADDO | Arbiter 0 Debug Mask 060, U, sv |[SV,P |1 Page 3-60
Address Register
- Reserved 064, - |BE BE - -
140,
ARBCON4 TC23x: Arbiter 4 Control | 144, U,Sv |SV,P |3 Page 3-45
Register
PRIOH4 TC23x: Arbiter 4 Priority | 148y, U,SVv |SV,P |3 Page 3-47
Register High
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Table 3-9 Registers Overview - Aurix_Bus Module Control Registers
Short Name | Description Offset |Access Mode | Reset | Descriptio
1
Addr.Y [oaaq [write | Class | n See
PRIOL4 TC23x: Arbiter 4 Priority | 14C,, U,SVv |SV,P |3 Page 3-48
Register Low
ERRADDR4 | TC23x: Arbiter 4 150, U, sv |SV,P |3 Page 3-50
Address Error/Debug
Capture Register
ERR4 TC23x: Arbiter 4 154, U, sv |SV,P |3 Page 3-51
Error/Debug Capture
Register
DBCON4 TC23x: Arbiter 4 Debug | 158, U,Sv |[SV,P |1 Page 3-53
Control Register
DBADD4 TC23x: Arbiter 4 Debug |15C, |U,SV |SV,P |1 Page 3-57
Address Register
DBMADD4 | TC23x: Arbiter 4 Debug | 160, U, SV |SV,P |1 Page 3-61
Mask Address Register
- TC22x: Reserved 144, - |BE BE - -
160,
- Reserved 164, - |BE BE - -
1Coy,
ARBCONG6 | Arbiter 6 Control 1C4, |U,SV [SV,P |3 Page 3-45
Register
PRIOHG6 Arbiter 6 Priority 1C8,, U,SVv |SV,P |3 Page 3-47
Register High
PRIOL6 Arbiter 6 Priority 1CC, |U,SV |SV,P |3 Page 3-47
Register Low
ERRADDRG | Arbiter 6 Address 1D0, |U,SV [SV,P |3 Page 3-50
Error/Debug Capture
Register
ERR6 Arbiter 6 Error/Debug 1D4, |U,SV |SV,P |3 Page 3-51
Capture Register
DBCONG6 Arbiter 6 Debug Control |1D8, |U,SV |SV,P |1 Page 3-53
Register
DBADDG6 Arbiter 6 Debug Address |1DC,; |U,SV |SV,P |1 Page 3-58
Register
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Table 3-9 Registers Overview - Aurix_Bus Module Control Registers
Short Name | Description Offset |Access Mode | Reset | Descriptio
1
Addr.? [oaaq [write | Class | n See
DBMADDG6 Arbiter 6 Debug Mask 1EO0, Uu,Ssv |SV,P |1 Page 3-61
Address Register
- Reserved 1E4,- |BE BE - -
200,
ARBCON?Y7 | Arbiter 7 Control 204y U,SVv |SV,P |3 Page 3-45
Register
PRIOH7 Arbiter 7 Priority 208, U,Ssv |[SV,P |3 Page 3-47
Register High
PRIOL7 Arbiter 7 Priority 20C, |U,SV |SV,P |3 Page 3-48
Register Low
ERRADDRY7 | Arbiter 7 Address 210y Uu,Sv |SV,P |3 Page 3-50
Error/Debug Capture
Register
ERR7 Arbiter 7 Error/Debug 214, Uu,Sv |SV,P |3 Page 3-51
Capture Register
DBCON7 Arbiter 7 Debug Control | 218, U,Sv |SV,P |1 Page 3-53
Register
DBADD7 Arbiter 7 Debug Address |21C,;, |U,SV |SV,P |1 Page 3-58
Register
DBMADD7 Arbiter 7 Debug Mask 220, U,Ssv |SV,P |1 Page 3-62
Address Register
- Reserved 224, - |BE BE - -
3FF,
1) The absolute register address is calculated as follows:
Module Base Address (Table 3-9) + Offset Address (shown in this column)
2) This register is located inside the default slave
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3.29.1 TC21x/TC22x/TC23x Control Registers

The identification register allows the programmer version-tracking of the module. The
table below shows the identification register which is implemented in the LBCU module.

XBAR_ID
Module Identification Register (408,) Reset Value: 0004 DOXX,,

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

MOD_NUMBER

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

MOD_TYPE MOD_REV
1 } 1 1 1 1 r\‘
Field Bits Type | Description
MOD_REV [7:0] r Module Revision Number

This bit field defines the module revision number.
The value of a module revision starts with 01, (first
revision).

MOD_TYPE [15:8]

=

Module Type
The bit field is set to CO,, which defines the module
as a 32-bit module.

Module Number Value
This bit field defines a module identification
number. The value for the LBCU module is 000F,.

MOD_NUMBER |[31:16]

=
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XBAR_DBSAT
Debug Trigger Event Status Register (40C,,) 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

SCID 0 SCI7|SCl6| 0 |[SCl4 0 SCI0
rwh I I w I I I rwh rwh rw rwh ‘ rw ‘ rwh
Field Bits Type | Description

SCIo 0 rwh | SCI Debug Trigger Event Status

Oy  No Debug Trigger Event was detected for
SCIO by its arbiter.

1z  ADebug Trigger Event was detected for SCIO
by its arbiter.

Writing a '1’ to this bit clears the bit.

SCl4 4 rwh | SCI Debug Trigger Event Status

0y  No Debug Trigger Event was detected for
SCl4 by its arbiter.

1z  ADebug Trigger Event was detected for SCl4
by its arbiter.

Writing a '1’ to this bit clears the bit.

SCin n rwh | SCI Debug Trigger Event Status

(n =6-7) 0  No Debug Trigger Event was detected for
SCIn by its arbiter.

1z  ADebug Trigger Eventwas detected for SCin
by its arbiter.

Writing a '1’ to this bit clears the bit.

SCID 15 rwh | Default Slave Debug Trigger Event Status

O  No Debug Trigger Event was detected for the
default slave by its arbiter.

1; A Debug Trigger Event was detected for the
default slave by its arbiter.

Writing a "1’ to this bit clears the bit.
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Field Bits Type |Description

0 [31:16], [rw Reserved
[14:8], Read as 0; must be written with 0.
5, [3:1]

Note: This register is not reset with the normal system reset as all other registers in the
XBar_SRI. This register is only reset with the special debug reset.

XBAR_INTSAT
Arbiter Interrupt Status Register (410,) Reset Value: 0000 0000,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T
PRS 0 PRS|PRS| ., |PRS 0 PRS
CID CI7 | Cl6 Cl4 CI0
rwh ' T ' I rwh  rwh r rwh r rwh

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

SCS 0 SCS|SCs 0 SCS 0 SCS
CID Cl7 | Cle Cla Clo
rwh I I r I I I rwh  rwh r rwh ‘ r rwh
Field Bits Type |Description

SCSCIO0 0 rwh Starvation Error from SCIO0 Status

Og  No starvation error is pending from SCIO
1z A starvation error is pending from SCIO
Writing a zero to the bit leaves the content
unchanged.

Writing a one to the bit clears it.

In case of a parallel clearing via software and an
error from the hardware the bit remains set and is
not cleared.
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Field Bits Type |Description

SCSCl4 4 rwh | Starvation Error from SCI4 Status

0z  No starvation error is pending from SCl4
1z A starvation error is pending from SCl4
Writing a zero to the bit leaves the content
unchanged.

Writing a one to the bit clears it.

In case of a parallel clearing via software and an
error from the hardware the bit remains set and is

not cleared.
SCSCIn n rwh Starvation Error from SCin Status
(n =6-7) Oz  No starvation error is pending from SCIn

1z A starvation error is pending from SCin
Writing a zero to the bit leaves the content
unchanged.

Writing a one to the bit clears it.

In case of a parallel clearing via software and an
error from the hardware the bit remains set and is
not cleared.

SCSCID 15 rwh | Starvation Error from Default Slave Status

0z  No starvation error is pending from default
slave

1z A starvation error is pending from default
slave

Writing a zero to the bit leaves the content

unchanged.

Writing a one to the bit clears it.

In case of a parallel clearing via software and an

error from the hardware the bit remains set and is

not cleared.

PRSCIO 16 rwh | Protocol Error from SCIO Status

0g  No protocol error is pending from SCIO

1z A protocol error is pending from SCIO
Writing a zero to the bit leaves the content
unchanged.

Writing a one to the bit clears it.

In case of a parallel clearing via software and an
error from the hardware the bit remains set and is
not cleared.
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Field Bits

Type

Description

PRSCIl4 20

rwh

Protocol Error from SCI4 Status

0g  No protocol error is pending from SCI4

1z A protocol error is pending from SCl4
Writing a zero to the bit leaves the content
unchanged.

Writing a one to the bit clears it.

In case of a parallel clearing via software and an
error from the hardware the bit remains set and is
not cleared.

PRSCIn n+16
(n =6-7)

rwh

Protocol Error from SCin Status

0z  No protocol error is pending from SCin

1z A protocol error is pending from SCin
Writing a zero to the bit leaves the content
unchanged.

Writing a one to the bit clears it.

In case of a parallel clearing via software and an
error from the hardware the bit remains set and is
not cleared.

PRSCID 31

rwh

Protocol Error from Default Slave Status

0  No protocol error is pending from default
slave

1z A protocol error is pending from default slave

Writing a zero to the bit leaves the content

unchanged.

Writing a one to the bit clears it.

In case of a parallel clearing via software and an

error from the hardware the bit remains set and is

not cleared.

0 [30:24],
21,
[19:17],
[14:8],
5, [3:1]

=

Reserved
Read as 0; should be written with 0.

Note: Only the bits assigned to configured SCls are implemented. Not implemented bits
treated as reserved bits, read as "0, should be written with "0".
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Transaction ID Interrupt Status Register(414,)
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Reset Value: 0000 0000,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0 IDM | IDM 0 IDM 0 IDM
Cl13|Cl12 CI5 ClIo
r rwh rwh I r I I rwh r rwh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IDSC 0 IDSC|IDSC 0 IDCS 0 IDSC
ID 17 16 Cl4 10
rwh T I I rwh rwh r rwh r rwh
Field Bits Type | Description
IDSCIO 0 rwh | Transaction ID Error from SCIO Status

0z  No transaction ID error is pending from SCIO

1z  Atransaction ID error is pending from SCIO

Writing a zero to the bit leaves the content

unchanged.

Writing a one to the bit clears it.

Note: In case of a parallel clearing via software and
an error from the hardware the bit remains
set and is not cleared.

IDCSCl4 4 rwh | Transaction ID Error from SCl4 Status
0z No transaction ID error is pending from SCIl4
1 Atransaction ID error is pending from SCl4

Writing a zero to the bit leaves the content
unchanged.
Writing a one to the bit clears it.

Note: In case of a parallel clearing via software and
an error from the hardware the bit remains
set and is not cleared.
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Field

Bits

Type

Description

IDSCIn
(n =6-7)

rwh

Transaction ID Error from SCin Status

0z  No transaction ID error is pending from SCin
1z  Atransaction ID error is pending from SCin
Writing a zero to the bit leaves the content
unchanged.

Writing a one to the bit clears it.

Note: In case of a parallel clearing via software and
an error from the hardware the bit remains
set and is not cleared.

IDSCID

15

rwh

Transaction ID Error from Default Slave Status

Og  No transaction ID error is pending from
default slave

1z  Atransaction ID error is pending from default
slave

Writing a zero to the bit leaves the content

unchanged.

Writing a one to the bit clears it.

In case of a parallel clearing via software and an

error from the hardware the bit remains set and is

not cleared.

IDMCIO

16

rwh

Transaction ID Error from MCIO Status

Og  No transaction ID error is pending from MCin
1z  Atransaction ID error is pending from MCIn
Writing a zero to the bit leaves the content
unchanged.

Writing a one to the bit clears it.

Note: In case of a parallel clearing via software and

an error from the hardware the bit remains
set and is not cleared.

IDMCI5

21

rwh

Transaction ID Error from MCI5 Status

0z  No transaction ID error is pending from MCin
1z Atransaction ID error is pending from MCin
Writing a zero to the bit leaves the content
unchanged.

Writing a one to the bit clears it.

Note: In case of a parallel clearing via software and
an error from the hardware the bit remains
set and is not cleared.

User's Manual

TC23/TC22x OCB System, V1.0D1

3-40 V1.1, 2014-12



. TC21x/TC22x/TC23x Famil
(Infineon y

On-Chip System Buses and Bus Bridges

Field Bits Type |Description
IDMCIn n+16 rwh | Transaction ID Error from MCIn Status
(n =12-13) 0z  No transaction ID error is pending from MCin

1z Atransaction ID error is pending from MCIn
Writing a zero to the bit leaves the content
unchanged.

Writing a one to the bit clears it.

Note: In case of a parallel clearing via software and
an error from the hardware the bit remains
set and is not cleared.

0 [31:30], |r Reserved
[27:22], Read as 0; should be written with 0.
[20:17],
[14:8],
5, [3:1]

Note: Only the bits assigned to configured SCls are implemented. Not implemented bits
treated as reserved bits, read as "0", should be written with “0".

XBAR_IDINTEN
Transaction ID Interrupt Enable Register(418,,) Reset Value: 3031 80D1,

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

T T T

o  |ENM|ENM 0 ENM o ENM
cl13|ci12 cis Clo

|" rw w I I II' I I 'w ‘r w

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

ENS 0 ENS|ENS| . |ENS 0 ENS
CID Cl7 | CI6 Cla clo
w I I r I I I 'w 'w r 'w r w

Field Bits Type |Description
ENSCIO 0 rw Enable ID Error from SCIO

0g  No transaction ID error from SCIO are

sampled
1z  Atransaction ID error from SCIO are sampled
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Field Bits Type |Description
ENSCI4 4 rw Enable ID Error from SCl4
0z  No transaction ID error from SCl4 are
sampled
1z  Atransaction ID error from SCI4 are sampled
ENSCIn n rw Enable ID Error from SCin
(n =6-7) 0g  No transaction ID error from SCIn are
sampled
1z  Atransaction ID error from SCin are sampled
ENSCID 15 rw Enable ID Error from Default Slave
0z  Notransaction ID error from the default slave
is sampled
1y  Atransaction ID error from the default slave is
sampled
ENMCIO 16 rw Enable ID Error from MCIO
0z  No transaction ID error from MCIn are
sampled
1z  Atransaction ID error from MCIn are sampled
ENMCI5 21 rw Enable ID Error from MCI5
Og  No transaction ID error from MCIn are
sampled
1z  Atransaction ID error from MCIn are sampled
ENMCIn n+16 rw Enable ID Error from MCin
(n =12-13) Oz  No transaction ID error from MCIn are
sampled
1z  Atransaction ID error from MCIn are sampled
0 [31:30], |r Reserved
[27:22], Read as 0; should be written with 0.
[20:17],
[14:8],
5, [3:1]

Note: Only the bits assigned to configured SCls are implemented. Not implemented bits
treated as reserved bits, read as 0", should be written with "0".

Note: Reset values for bits/bit fields coupled to masters or slaves that are not configured

or enabled are zero.
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XBAR_EXTCOND
External Control Register D (000,) Reset Value: 0000 0200,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

0 MAX_WS

rw 'w

NOD FRE
NOR WF
MAX_WS 0 MW ELT 0 QDIS 0 WD 0
Il Il 1 R 1 F Il Il Il
rw w w rw rw rw rw rw rw
Field Bits Type |Description
WFWD 3 w Wait for FPI Write Data

For FPI-Bus block write transfers the transaction

request can be delayed until all write data arrived

from the FPI-Bus in the SFI. As on thew FPI-Bus

side very slow masters can resident SRI-Bus slaves

can blocked for many SRI-Bus cycles if the write

transaction is started with the first write data

0g  Write transactions on the SRI-Bus are
requested with the first received write data
from the FPI-Bus (default)

1z  Write transactions on the SRI-Bus are
requested with the last received write data
from the FPI-Bus

FREQDISF 6 rw Disable Fast Request Feature for FPI to SRI
Transactions

0g  Fast request feature is enabled (default)
1;  Fastrequest feature is disabled

NODELTR 9 rw Control Signal for deferred transactions

0  Deferred Transactions are generated

1;  Deferred Transactions are not generated
(default)
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Field Bits Type |Description

NORMW 10 rw Control Signal for deferred transactions

0g  Deferred Transactions are generated for
RMW (default)

1z  Deferred Transactions are not generated for
RMW

MAX_WS [19:13] |rw FPI-Bus Wait State Retry Ratio

SFI slave interface retries a read transaction to the
FPI bus after the programmed value of wait states to
change the read transaction in a delayed read

transaction.
0 [31:20], |rw Reserved
[12:11], Read as 0; shall be written with 0.
[8:7],
[5:4],
[2:0]

Note: Only the bits assigned to configured SCls are implemented. Not implemented bits
treated as reserved bits, read as "0, should be written with "0".

Note: Reset values for bits/bit fields coupled to masters or slaves that are not configured
or enabled are zero.
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XBAR_ARBCONO

Arbiter Control Register 0 (044,) Reset Value: FFFO 0003,
XBAR_ARBCON4
Arbiter Control Register 4 (144,) Reset Value: FFFO 0003,
XBAR_ARBCONX (x = 6-7)
Arbiter Control Register x (044,,+x*40,) Reset Value: FFFO 0003,
XBAR_ARBCOND
Arbiter Control Register D (004,) Reset Value: FFFO 0003,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SPC 0
1 1 1 l’\I,\I 1 1 1 I\‘

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

‘ ‘ o T T iNTa| SET | SET | SCE|PRE
0 CK SCIN|PRIN|RRE |RRE
1 1 1 1 1 1 1 T T N N
r rwh rwh rwh rw rw
Field Bits Type | Description
PRERREN 0 rw SRI Protocol Error Enable

0z  Protocol errors are not recognized and no
information is captured.

1z  Protocol errors are recognized and
information is captured.

SCERREN 1 rw SRI Starvation Error Enable

Og  Starvation based errors are not recognized
and no information is captured.

1z  Starvation based errors are recognized and
information is captured.

SETPRINT 2 rwh | Set SRI Protocol Interrupt

Og  No protocol interrupt is generated

1z A protocol interrupt is generated

After the interrupt is generated by set the bit it's
automatically cleared by the hardware
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Field Bits Type |Description
SETSCINT 3 rwh | Set SRI Starvation Interrupt
0z  No starvation interrupt is generated
1z A starvation interrupt is generated
After the interrupt is generated by set the bit it's
automatically cleared by the hardware
INTACK 4 rwh | Interrupt Acknowledge
0z  Default value
1z An Error for this arbiter is pending. The
ERRADDR and ERR registers are not
updated for new errors.
Writing a one to this bit field while it's set have
the following results:
The error lock of registers ERRADDR and
ERR are released and the register could be
updated with the next interrupt request
detected (see Chapter 3.2.7.5).
In the cycle after the write action the
hardware automatically clears the bit.
SPC [31:20] |rw Starvation Protection Counter Reload Value
The reload value defines the period for the
starvation protection.
0 [19:5] r Reserved

Read as 0; should be written with 0.

Note: Only the bits assigned to

configured SCIs are implemented. Bits for non

configured SCls are treated as reserved bits.
Note: The ‘D" at ARBCOND stands for Default Slave.
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XBAR_PRIOHO

Arbiter Priority Register 0
XBAR_PRIOH4

Arbiter Priority Register 4
XBAR_PRIOHXx (x = 6-7)
Arbiter Priority Register x
XBAR_PRIOHD

Arbiter Priority Register D

31 30 29 28 27

26

On-Chip System Buses and Bus Bridges

(048,) Reset Value: 0000 0000,
(148,) Reset Value: 0055 5555,
(048,,+x*40,) Reset Value: 0000 0000,
(008,) Reset Value: 0000 0000,

25 24 23 22 21 20 19 18 17 16

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0
1 1 1 1 1 II‘ 1
Field Bits Type | Description
0 [31:0] r Reserved
Read as 0; should be written with 0.

Note: Only the bits assigned to

configured MCls are implemented. Bits for non

configured SCls are treated as reserved bits.
Note: The ‘D" at XBAR_PRIOLD stands for Default Slave.

Note: Reset values for bits/bit fields coupled to masters or slaves that are not configured

or enabled are zero.
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Arbiter Priority Register D (ooc,) Reset Value: 7654 0000,
XBAR_PRIOLO
Arbiter Priority Register 0 (04cy) Reset Value: 7654 0000,
XBAR_PRIOL4
Arbiter Priority Register 4 (24Cy) Reset Value: 7654 0000,
XBAR_PRIOLX (X = 6-7)
Arbiter Priority Register x (04C+x*40,) Reset Value: 7654 0000,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MASTER7 MASTER6 MASTER5 0
W Tw Tw r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 MASTERO
1 1 1 } 1 1 1 r\\lv
Field Bits Type | Description
MASTERO [3:0] rw Master O Priority
(Priority of DMA access)
This bit field contains the master priority for the
arbitration used by the arbiter of slave x.
For each master a unique number for this slave has
to be used.
A lower number has a higher priority in the
arbitration round than a higher one.
MASTER5 [23:20] |rw Master 5 Priority

(Priority of SFI access)

This bit field contains the master priority for the
arbitration used by the arbiter of slave x.

For each master a unique number for this slave has
to be used.

A lower number has a higher priority in the
arbitration round than a higher one.

User's Manual

TC23/TC22x OCB System, V1.0D1

3-48 V1.1, 2014-12



(infineon

TC21x/TC22x/TC23x Family

On-Chip System Buses and Bus Bridges

Field

Bits

Type

Description

MASTER6

[27:24]

Master 6 Priority

(Priority of CPUO.DMI access)

This bit field contains the master priority for the
arbitration used by the arbiter of slave x.

For each master a unique number for this slave has
to be used.

A lower number has a higher priority in the
arbitration round than a higher one.

MASTERY

[31:28]

Master 7 Priority

(Priority of CPUQ.PMI access)

This bit field contains the master priority for the
arbitration used by the arbiter of slave x.

For each master a unique number for this slave has
to be used.

A lower number has a higher priority in the
arbitration round than a higher one.

[19:4]

—

Reserved
Read as 0; should be written with 0.

Note: Only the bits assigned to

configured MCls are implemented. Bits for non

configured SCls are treated as reserved bits.
Note: The ‘D" at XBAR_PRIOLD stands for Default Slave.

Note: Reset values for bits/bit fields coupled to masters or slaves that are not configured

or enabled are zero.
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XBAR_ERRADDRD

Error/Debug Address Capture Register D(010,,) Reset Value: 7000 0000,
XBAR_ERRADDRO
Error/Debug Address Capture Register 0(050,,) Reset Value: 6000 0000,
XBAR_ERRADDR4
Error/Debug Address Capture Register 4(150,) Reset Value: 8000 0000,
XBAR_ERRADDRG6
Error/Debug Address Capture Register 6(1D0,,) Reset Value: 8800 0000,
XBAR_ERRADDRY7
Error/Debug Address Capture Register 7(210,,) Reset Value: 8020 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

ADDR
1 1 1 1 1 ri’] 1
Field Bits Type | Description
ADDR [31:0] rh Transaction Address

This biffield contains the address of the erroneous
transaction from the address phase

Note: The default value can differ from the one shown here because a constant can be
used to reduce the number of compared bits in the arbitration if a slave occupies
only a limited address area. For more details see the design specification of the
XBar_SRI.

Note: The ‘D" at XBAR_ERRADDRD stands for Default Slave.
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XBAR_ERRO

Error/Debug Capture Register 0 (054,) Reset Value: 0000 0000,
XBAR_ERR4

Error/Debug Capture Register 4 (154,) Reset Value: 0000 0000,
XBAR_ERRX (x = 6-7)

Error/Debug Capture Register x  (054,+x*40,,) Reset Value: 0000 0000,
XBAR_ERRD

Error/Debug Capture Register D (014,) Reset Value: 0000 0000,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MCI_SBS ADDR_ECC
1 r-lh 1 1 1 1 r\h

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

TR_ID OPC 0 |SVM|WR | RD
I rlh I I I I rh r rh rh rh
Field Bits Type | Description
RD 0 rh Read Indication Status

O  The read indication SRI-Bus signal line was
asserted (read or start of RMW transaction)

1z The read indication SRI-Bus signal line was
deasserted (no read transaction)

WR 1 rh Write Indication Status

O0g  The write indication SRI-Bus signal line was
asserted (write or start of RMW transaction)

1z The write indication SRI-Bus signal line was
deasserted (no write transaction)

SVM 2 rh Supervisor Mode Indication Status

Og  The supervisor mode indication SRI-Bus
signal line was deasserted

1z The supervisor mode indication SRI-Bus
signal line was asserted

OPC [7:4] rh Operation Code
This bit field contains the op-code of the erroneous
transaction.
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Field

Bits

Type

Description

TR_ID

[15:8]

Transaction ID

This bit field contains the transaction ID of the
erroneous transaction from the address phase. The
Transaction ID is build out of an 6 bit unique TAG ID
TR_ID[5:0] and a 2 bit running number TR_ID[7:6]
(see also Chapter 3.6).

ADDR_ECC

[23:16]

SRI Address Phase ECC
This bit field contains the Address Phase ECC of
the erroneous transaction

Note: In the current implementation the ECC code
is only used for error detection. Detected
errors are reported to the SMU but not
corrected.

MCI_SBS

[31:24]

MCI Sideband Signals [7:0]

This bit field contains the MCI Sideband Signals
[7:0] that are related to the address phase
informations captured by the ERRD/ERRADDR
registers.

In the TC21x/TC22x/TC23x Family the sideband
signals are used by the DMA SRI master interface
to provide information about the DMA requestor of
a DMA transaction (for the encoding see

Table 3-5).

Reserved
Read as 0; should be written with 0

Note: The ‘D" at XBAR_ERRD stands for Default Slave.
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Debug Control Register 0 (058,) Reset Value: 0000 0000,
XBAR_DBCON4
Debug Control Register 4 (158,) Reset Value: 0000 0000,
XBAR_DBCONKX (x = 6-7)
Debug Control Register x (058,,+x*40,,) Reset Value: 0000 0000,
XBAR_DBCOND
Debug Control Register D (018,) Reset Value: 0000 0000,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MAS ERR |ADD|SVM |WRE|RDE
0 MASTER EN 0 EN|EN|EN| N | N
[" I I I’\IN I I w I“ rw rw rw rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 SEE REA |DBS|DBE
1 1 1 1 1 1 1 VT RM AT N
r w w rh r
Field Bits Type | Description
DBEN 0 r Status of OCDS Enable Signal
Displays the value of the OCDS enable signal from
Cerberus.
DBSAT 1 rh Debug (OCDS) Trigger Status
0y  Thedebug (OCDS) trigger was used and has
to be rearmed
1z  The debug (OCDS) trigger is armed
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Field Bits Type |Description
REARM 2 w Rearm Debug (OCDS) Trigger
0z Read back value
1z Writing a one to this bit arms sets bit
DBCON.DBSAT.
Writing a one to this bit field while it's set have
the following results:
The debug lock of registers ERRADDR and
ERR are released and the register could be
updated with the next debug event request
detected (see Chapter 3.2.7.5).
In the cycle after the write action the
hardware automatically clears the bit.
Note: This bit is automatically reset by the
hardware after DBCON.DBSAT was set.
SETDBEVT 3 w Set Debug Event
0z  Default value
1z A debug trigger event will be generated by
this arbiter if the debug feature is enabled
(DBCON.ENST is set). The registers ERR
and ERRADD capture the status if not locked
already.
Note: This bit is automatically reset by the
hardware.
RDEN 16 rw Read Trigger Enable
O Read Transaction are not used to trigger the
debug trigger event (OCDS)
1z Read Transaction are used to trigger the
debug trigger event (OCDS)
WREN 17 w Write Trigger Enable
O  Write Transaction are not used to trigger the
debug trigger event (OCDS)
1z  Write Transaction are used to trigger the
debug trigger event (OCDS)
SVMEN 18 w SVM Trigger Enable

0g SVM Transaction are not used to trigger the
debug trigger event (OCDS)

1z  SVM Transaction are used to trigger the
debug trigger event (OCDS)
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Field Bits Type |Description
ADDEN 19 rw Address Trigger Enable

0z  Transaction addresses are not used to trigger
the debug trigger event (OCDS)

1  Transaction address defined by the registers
DBADD and DBMADD are used to trigger the
debug trigger event (OCDS)

ERREN 20 w Error Trigger Enable

Og  Errored Transactions are not used to trigger
the debug trigger event (OCDS)

1z  Errored Transactions are used to trigger the
debug trigger event (OCDS)

Reading this bit return always zero.

Note: Protocol errors, starvation errors and
transaction ID errors can be used where, but
have to enabled before as usual in registers
ARBCON or IDINTEN depending on the error
type.

MASEN 23 rw Master Trigger Enable

Og  The Master TAG ID as defined in the bit field
MASTER is not used to trigger the debug
trigger event (OCDS)

1y The Master TAG ID as defined in the bit field
MASTER is used to trigger the debug trigger
event (OCDS)

MASTER [29:24] |rw Master TAG ID Trigger Selector

The value of this bit field define the Master TAG ID

within the address phase of an SRI transaction to

the related SRI slave module that triggers the
debug trigger event (OCDS). The Master TAG IDs

are defined here: Table 3-15.

0 [31:30], |r Reserved
[22:21], Read as 0; should be written with 0.
[15:4]

Note: This register is not reset with the normal system reset as all other registers in the
XBar_SRI. This register is only reset with the special debug reset.

Note: The ‘D" at XBAR_DBCOND stands for Default Slave.
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XBAR_DBADDD

Debug Address Register D (o1cy) Reset Value: 0000 0000,
31 | 30 | 29 . 28 . 27 . 26 . 25 . 24 . 23 . 22 | 21 | 20 | 19 | 18 | 17 | 16
ADDRESS

! ! ! ! e
15‘14‘13|12|11|10|9|8|7|6 5 4 3 2 1‘0
ADDRESS 0
W r
Field Bits Type | Description
ADDRESS [31:2] rw Debug Address Boundary
0 [1:0] r Reserved

Read as 0; should be written with 0.

Note: This register is reset with the debug reset (Class 1 reset).
Note: The last 'D” at XBAR_DBADDD stands for Default Slave.

XBAR_DBADDO

Debug Address Register 0 (05Cy) Reset Value: 7000 0000,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ADD T T ADD T T ADD T T T T T
RES ONE RES 0 RES 0 ADDRESS
S 1 S 1 1 S | | 1
w r rw r 'w r w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
ADDRESS 0
1 1 1 1 r\II\I 1 1 '\’
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Field Bits Type | Description
ADDRESS, 27, w Debug Address Boundary
ADDRESS, 23,
ADDRESS, [20:2],
ADDRESS 31
ONE [30:28] |r Reserved
Read as 1; should be written with 0.
0 [26:24], |r Reserved
[22:21], Read as 0; should be written with 0.
[1:0]

Note: This register is reset with the debug reset (Class 1 reset).

XBAR_DBADD4

Debug Address Register 4 (15Cy) Reset Value: 8000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ONE ADDRESS
r I I I I I I 'w I

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

ADDRESS 0
L L 1 1 1 1 nllv 1 1 1 1 1 1 ;'
Field Bits Type | Description
ADDRESS [30:2] rw Debug Address Boundary
ONE 31 r Reserved
Read as 1; should be written with 0.
0 [1:0] r Reserved
Read as 0; should be written with 0.

Note: This register is reset with the debug reset (Class 1 reset).
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XBAR_DBADDG6

Debug Address Register 6 (abpcy) Reset Value: 8000 0000,
31 30 | 29 . 28 27 26 . 25 . 24 . 23 . 22 | 21 | 20 | 19 | 18 | 17 | 16
ONE| ADDRESS 0 ADDRESS
r ‘ rw ) r ) I I I ‘ 'w ‘

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

ADDRESS 0
1 1 1 1 r\I,\I 1 1 '\’
Field Bits Type | Description
ADDRESS, [30:28], [rw Debug Address Boundary
ADDRESS [26:2]
ONE 31 r Reserved
Read as 1; should be written with 0.
0 27,[2:0] |r Reserved
Read as 0; should be written with 0.

Note: This register is reset with the debug reset (Class 1 reset).

XBAR_DBADD7

Debug Address Register 7 (21Cp) Reset Value: 8800 0000,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ADD T T T T T T T T T T T
ONE| 0 |RES 0 ADDRESS
S
1 1 1 1 1 1 1 1 1 L L
r r rw r 'w

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

T T T T T T T T T T
ADDRESS 0
1 1 1 1 1 1 1 Il
w r
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Field Bits Type | Description
ADDRESS, 29, w Debug Address Boundary
ADDRESS [20:2]
ONE 31 r Reserved
Read as 1; should be written with 0.

0 30, r Reserved

[28:21], Read as 0; should be written with 0.

[1:0]

Note: This register is reset with the debug reset (Class 1 reset).

XBAR_DBMADDD

Debug Mask Address Register D (020,) Reset Value: 0000 0000,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ADDRESS
L L 1 1 1 1 1 1 1 1 1 1 1 L L
'w

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

ADDRESS
1 1 1 1 1 r\I,V 1
Field Bits Type |Description
ADDRESS [31:0] rw Debug Address Boundary

Note: This register is reset with the debug reset (Class 1 reset).
Note: The last ‘D" at XBAR_DBMADDD stands for Default Slave.
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XBAR_DBMADDO

Debug Mask Address Register 0 (060,) Reset Value: 7760 0000,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ADD T T ADD T T ADD T T T T T
RES ONE RES ONE RES| ONE ADDRESS
S 1 S 1 1 S Il Il Il
rw r rw r rw r rw

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

ADDRESS 0
1 1 1 1 r\I,\I 1 1 '\’
Field Bits Type | Description
ADDRESS, [20:2], |rw Debug Address Boundary
ADDRESS, 27,
ADDRESS, 23,
ADDRESS 31
ONE, [30:28], |r Reserved
ONE, [26:24], Read as 1; should be written with 0.
ONE [22:21]
0 [1:0] r Reserved
Read as 0; should be written with 0.

Note: This register is reset with the debug reset (Class 1 reset).
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XBAR_DBMADD4

Debug Mask Address Register 4 (160,) Reset Value: 8000 0000,
31 30 | 29 . 28 . 27 . 26 . 25 . 24 . 23 . 22 | 21 | 20 | 19 | 18 | 17 | 16
ONE ADDRESS
r ) ) ) ) I I 'w I

ADDRESS 0
1 1 1 1 r\I,\I 1 1 '\’
Field Bits Type | Description
ADDRESS [30:2] rw Debug Address Boundary
ONE 31 r Reserved

Read as 1; should be written with 0.

0 [1:0] Reserved

Read as 0; should be written with 0.

—

Note: This register is reset with the debug reset (Class 1 reset).

XBAR_DBMADDG6

Debug Mask Address Register 6 (1EO0) Reset Value: 8800 0000,
31 30‘29|28 27 26|25|24|23|22‘21‘20‘19‘18‘17‘16
ONE| ADDRESS |ONE ADDRESS

r ‘ w I r I I I I ‘ 'w ‘

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

2
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Field Bits Type |Description
ADDRESS, [30:28], |rw Debug Address Boundary
ADDRESS [26:2]
ONE, 31, r Reserved
ONE 27 Read as 1; should be written with O.
0 [1:0] r Reserved

Read as 0; should be written with 0.

Note: This register is reset with the debug reset (Class 1 reset).

XBAR_DBMADD7

Debug Mask Address Register 7 (220,) Reset Value: DFEO 0000,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T ADD T T T T T T T T T T T
ONE |RES ONE ADDRESS
1 S 1 1 1 1 1 1 1 1
r w r 'w

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

2

Field Bits Type |Description
ADDRESS, 29, w Debug Address Boundary
ADDRESS [20:2]
ONE, [31:30], |r Reserved
ONE [28:21] Read as 1; should be written with 0.
0 [1:0] r Reserved

Read as 0; should be written with 0.

Note: This register is reset with the debug reset (Class 1 reset).
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Access Enable Register 0 (ACCENO)

The Access Enable Register 0 controls write access for transactions with the on chip bus
master TAG ID 000000g to 0111115 (see On Chip Bus chapter for the products TAG ID
<-> master peripheral mapping). The registers ACCENO / ACCENL1 are providing one
enable bit for each possible 6-bit TAG ID encoding.

Mapping of TAG IDs to ACCENO.ENx: ENO -> TAG ID 000000g, EN1 -> TAG ID 0000015
,...,EN31 ->TAG ID 011111,.

XBAR_ACCENO
Access Enable Register 0 (4FCy) Reset Value: FFFF FFFF,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
EN3 |EN3|EN2 | EN2 |[EN2 | EN2 | EN2 | EN2 | EN2 | EN2 | EN2 | EN2 | EN1 | EN1 | EN1 | EN1

EN9 | EN8 | EN7 | EN6 | EN5 | EN4 | EN3 | EN2 | EN1 | ENO

w w rw w w rw rw w w 'w w 'w 'w 'w 'w 'w

Field Bits Type | Description
ENn n rw Access Enable for Master TAG ID n
(n =0-31) This bit enables write access to the module kernel

addresses for transactions with the Master TAG ID n
Og  Write access will not be executed
1z  Write access will be executed

Access Enable Register 1 (ACCEN1)

The Access Enable Register 1 controls write access for transactions with the on chip bus
master TAG ID 1000005 to 111111 (see On Chip Bus chapter for the products TAG ID
<-> master peripheral mapping). ACCENL1 is not implemented with register bits as the
related TAG IDs are not used in the AURIX devices.

Mapping of TAG IDs to ACCEN1.ENx: ENO -> TAG ID 100000B, EN1 -> TAG ID
1000018, ... ,EN31 -> TAG ID 111111B.
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Access Enable Register 1 (4F8,) Reset Value: 0000 0000,
31 | 30 | 29 . 28 . 27 . 26 25 . 24 . 23 20 | 19 | 18 | 17 | 16
0

"' T
15‘14‘1?,'12'11'10 9|8|7 4 3 2 1 0
0
r
Field Bits Type | Description
0 [31:0] r Reserved

Read as 0; should be written with 0.
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3.3 Shared Resource Interconnect to FPI Bus Interface (SFI Bridge)
This section describes the basic functionality of the SFI Bridge.

3.3.1 Functional Overview

The SFI Bridge is implemented as an uni-directional bus bridge that forwards
transactions from the System Peripheral Bus (SPB) to the SRI Interconnect. The bridge
supports all transactions types of both the SRI Bus and FPI Bus.

The bridge is transparent, this means that the address of a transaction and the master
TAG of a bus master is forwarded to the other side of the bridge. Addresses are only
changed by the bridge where it is required by the transaction conversion from the 64 bit
SRI Interconnect to the 32 bit SPB.

Bus Errors at Writes via the SFI Bridge

Write transactions are handled as posted writes. The SFl is able to buffer multiple posted
writes. This means that a write operation from the SPB through the SFI Bridge to the SRI
Interconnect can be finished on SPB and than generated on the SRI autonomously by
the SFI. If this write operation results in a bus error on the SRI the Error information is
not passed back to the SPB bus. This is also valid for transactions from SRI to SPB via
SFI bridge. The bus error is detected by the on chip bus control logic of the target on chip
bus system (BCU_FPI on the SPB, XBar_SRI on the SRI) which can generate an
interrupt.

Note that this behavior occurs only at write operations via the SFI Bridge. It can also be
triggered by an erroneous write cycle of a read-modify-write bus transaction.
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34 System Peripheral Bus
The TC21x/TC22x/TC23x has one on-chip FPI Bus:

e System Peripheral Bus (SPB)
— System bus for on-chip peripherals

This section gives an overview of the on-chip FPI Bus. It describes its bus control units,
the bus characteristics, bus arbitration, scheduling, prioritizing, error conditions, and
debugging support.

3.4.1 Overview

The FPI Bus interconnects the on-chip peripheral functional units with the
TC21x/TC22x/TC23x processor subsystem.

The FPI Bus is designed to be quick to be acquired by on-chip functional units, and quick
to transfer data. The low setup overhead of the FPI Bus access protocol guarantees fast
FPI Bus acquisition, which is required for time-critical applications.

The FPI Bus is designed to sustain high transfer rates. For example, a peak transfer rate
of up to 320 Mbyte/s can be achieved with the 32-bit data bus at 80 MHz bus clock.
Multiple data transfers per bus arbitration cycle allow the FPI Bus to operate close to its
peak bandwidth.

Additional features of the FPI Bus include:

* Optimized for high speed and high performance

» Support of multiple bus masters and pipelined transactions

* 32-bit wide address and data buses

¢ 8-, 16-, and 32-bit data transfers

e 64-, 128-, and 256-bit block transfers

e Central simple per-cycle arbitration

» Slave-controlled wait state insertion

e Support of atomic operations LDMST, ST.T and SWAP.W

e Starvation prevention mechanism that can take care that even low priority requests
will be granted after a configurable number of arbitration cycles, permanently
enabled

« Default slave that takes over transactions no other slave responds

e Timout detection and handling

« Capturing of transaction information in case of a bus error that cn be released by
again by SW incl. transaction address, control incl. op-code, data

* Address Phase includes Supervisor Mode information

e All SPB (FPI) slave modules implemented with a TAG ID based access protection
that provides a generic write protection for the control registers

The functional units of the TC21x/TC22x/TC23x are connected to the FPI Bus via FPI
Bus interfaces. An FPI Bus interfaces acts as bus agents, requesting bus transactions
on behalf of their functional unit, or responding to bus transaction requests.
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There are two types of bus agents:

« FPI Bus master agents can initiate FPI Bus transactions and can also act as slaves.
< Slave agents can only react and respond to FPI Bus transaction requests in order to
read or write internal registers of slave modules as for example memories.

When an FPI Bus master attempts to initiate a transfer on the FPI Bus, it first signals a
request for bus ownership to the bus control unit (SBCU). When bus ownership is
granted by the SBCU, an FPI Bus read or write transaction is initiated. The unit targeted
by the transaction becomes the FPI Bus slave, and responds with the requested action.

Some functional units operate only as slaves, while others can operate as either masters
or slaves on the FPI Bus.

FPI Bus arbitration is performed by the Bus Control Unit (SBCU) of the FPI Bus. In case
of bus errors, the SBCU generates an interrupt request to the CPU and provides
debugging information about the actual bus error to the CPU.
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3.4.2 Bus Transaction Types
This section describes the SPB transaction types.

Single Transfers

Single transfers are byte, half-word, and word transactions that target any slave
connected to SPB. Note that the SFI Bridge operates as an SPB master.

Block Transfers

Block transfers operate in principle in the same way as single transfers do, but one
address phase is followed by multiple data phases. Block transfers can be composed of
2 word, 4 word, or 8 word transfers.

Note: In general, block transfers (2 word, 4 word, or 8 word) cannot be executed in the
TC21x/TC22x/TC23x with peripheral units that operate as FPI Bus slaves during
an FPI Bus transaction.

Block transfers are initiated by the following CPU instructions: LD.D, LD.DA, MOV.D,
ST.D and ST.DA. Additionally there are communication peripherals that are able to
generate block transfers (e.g. Ethernet).

Atomic Transfers

Atomic transfers are generated by LDMST, ST.T and SWAP.W instructions that require
two single transfers. The read and write transfer of an atomic transfer are always locked
and cannot be interrupted by another bus masters. Atomic transfers are also referenced
as read-modify-write transfers.

Note: See also Table 3-11 for available FPI Bus transfer types.

3.4.3 Reaction of a Busy Slave

If an FPI Bus slave is busy at an incoming FPI Bus transaction request, it can delay the
execution of the FPI Bus transaction. The requesting FPI Bus master releases the
FPI Bus for one cycle after the FPI Bus transaction request, in order to allow the FPI Bus
slave to indicate if it is ready to handle the requested FPI Bus transaction. This sequence
is repeated as long as the slave indicates that it is busy.

Note: For the FPI Bus default master, the one cycle gap does not result in a performance
loss because it is granted the FPI Bus in this cycle as default master if no other
master requests the FPI Bus for some other reasons.
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3.4.4 Address Alignment Rules

FPI Bus address generation is compliant with the following rules:

« Half-word transactions must have a half-word aligned address (A0 = 0). Half-word
accesses on byte lanes 1 and 2 addresses are illegal.

* Word transactions must always have word-aligned addresses (A[1:0] = 00g).

« Block transactions must always have block-type aligned addresses.

3.4.5 FPI Bus Basic Operations
This section describes some basic transactions on the FPI Bus.
The example in Figure 3-9 shows the three cycles of an FPI Bus operation:

1. Request/Grant Cycle: The FPI Bus master attempts to perform a read or write
transfer and requests for the FPI Bus. If the FPI Bus is available, it is granted in the
same cycle by the FPI Bus controller.

2. Address Cycle: After the request/grant cycle, the master puts the address on the
FPI Bus, and all FPI Bus slave devices check whether they are addressed for the
following data cycle.

3. Data Cycle: In the data cycle, either the master puts write data on the FPI Bus which
is read by the FPI Bus slave (write cycle) or vice versa (read cycle).

Transfers 2 and 3 show the conflict when two master try to use the FPI Bus and how the
conflict is resolved. In the example, the FPI Bus master of transfer 2 has a higher priority
than the FPI Bus master of transfer 3.

Bus Cycle 1 2 3 4 5
Request/ | Address Data
Transfer 1 Grant Cycle Cycle
Request/ | Address Data
Transfer 2 Grant Cycle Cycle
Transfer 3 Request/Grant Address Data
Cycle Cycle

MCA06109

Figure 3-9  Basic FPI Bus Transactions

At a block transfer, the address cycle of a second transfer is extended until the data
cycles of the block transfer are finished. In the example of Figure 3-10, transfer 1 is a
block transfer, while transfer 2 is a single transfer.
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Bus Cycle 1 2 3 4 5 6 7
Transfer 1 Request/ | Address Data Data Data Data
Grant Cycle Cycle Cycle Cycle Cycle
Request/ Data
Transfer 2 Grant Address Cycle Cycle
MCA06110
Figure 3-10 FPI Bus Block Transactions
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3.5 FPI Bus Control Unit (SBCU)

The TC21x/TC22x/TC23x incorporates one FPI Bus control Unit (BCU) for the FPI based
System Peripheral Bus (SPB), called System Bus Control Unit (SBCU).

351 FPI Bus Arbitration

The arbitration unit of the BCU determines whether it is necessary to arbitrate for FPI
Bus ownership, and, if so, which available bus requestor gets the FPI Bus for the next
data transfer. During arbitration, the bus is granted to the requesting agent with the
highest priority. If no request is pending, the bus is granted to a default master. If no bus
master takes the bus, the BCU itself will set the FPI Bus into an idle state.

3.5.1.1 Arbitration on the System Peripheral Bus

The TC21x/TC22x/TC23x SPB has multiple bus agents that can become SPB master:

» Each agent is assigned to 4-bit priority bit field in the PRIOH or in the PRIOL register

« The value in a priority bit field defines the related SPB master agent priority

« Alower priority number has a higher priority, '0’ is the highest priority

e Each priority bit field in the PRIOH and PRIOL has a unique default value that can be
changed during ramp up

Note: The DMA controller as an bus agent supports three priorities as this module
covers two DMA Move Engines but also the Cerberus (JTAG/L1 Debug Interface)
which might be used with the highest or lowest priority. Additionally the DMA Move
Engine channels can be assigned to one of the three priorities.

3.5.1.2 Default Master

If no request is active, the FPI-Bus will be granted to a Default Master. The FPI master
that was most recently granted will be granted to the Default Master. After reset, the
master with the priority 0 will be the Default Master.

3.5.1.3 Arbitration Algorithms
The arbitration algorithm implemented in the BCU is based on:

« Priority driven arbitration of master agents with a pending request
e Starvation Prevention mechanism can increase master agent priorities during
Starvation Prevention process

The default priority of each connected FPI master agent can be changed during runtime
via the arbiter priority registers (PRIOH, PRIOL, see "Changing Master Priorities”). There
is a 4-bit priority bit field for each master agent in the PRIOH/PRIOL registers that defines
the priority of this for this arbiter. After reset, each priority register has a default value,
which means that each FPI master has unique default priority.

User's Manual 3-71 V1.1, 2014-12
TC23/TC22x OCB System, V1.0D1



. TC21x/TC22x/TC23x Famil
(Infineon y

On-Chip System Buses and Bus Bridges

The default priority settings should be optimal for most applications. Where required, the
arbitration setting can be adapted to the specific application needs (see "Changing
Master Priorities).

It must be ensured that two FPI master agents don't have the same priority.

Priority Driven Arbitration

The general arbitration algorithm is priority driven where priority O is the highest priority
and 15 the lowest one. If multiple masters are requesting for one slave, the master with
the highest priority will win the next arbitration round (see also 'starvation prevention’).

Changing Master Priorities

Master priorities must be configured during ramp up as long only one FPI master agent
is active (CPUQ). Master priorities must not be changed while multiple FPI master agents
are active / enabled.
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3.5.1.4 Starvation Prevention

Starvation prevention is a feature of the SBCU that can take care that even requesting
low priority master agents will be granted after a period, where the period length can be
controlled by SBCU control registers. Because the priority assignment of the SPB agents
is fixed, it is possible that a lower-priority bus requestor may never be granted the bus if
a higher-priority bus requestor continuously asks for, and receives, bus ownership. To
protect against bus starvation of lower-priority masters, the starvation prevention
mechanism of the SBCU will detect such cases and momentarily raise the priority of the
lower-priority requestor to the highest priority (above all other priorities), thereby
guaranteeing it access.

Starvation protection employs a counter that is decremented each time an arbitration is
performed on the connected FPI bus. The counter is re-loaded with the starvation period
value in the SBCU_CON.SPC bit field as long it is enabled SBCU_CON.SPE. When this
counter is counted down to zero, for each active bus request a request flag is stored in
the BCU. This flag is cleared automatically when a master is granted the bus.

When the next period is finished, an active request of a master from which the request
flag was set, a starvation event happened. This master will now be set to the highest
priority and will be granted service. If there are several masters to which this starvation
condition applies, they are served in the order of their configured priority ranking.

If a master that is processing its transaction under starvation condition is retried, its
corresponding request flag is automatically again.

Starvation protection is permanently enabled. The sample period of the counter is
programmed through bit field SBCU_CON.SPC. SPC should be set to a value at least
greater than or equal to the number of masters. Its reset value is FF,.

3.5.2 FPI Bus Error Handling

When an error occurs on an FPI Bus, its BCU captures and stores data about the
erroneous condition and generates a service request if enabled to do so. The error
conditions that force an error-capture are:

» Error Acknowledge: An FPI Bus slave responds with an error to a transaction.

* Un-implemented Address: No FPI Bus slave responds to a transaction request.

« Time-out: A slave does not respond to a transaction request within a certain time
window. The number of bus clock cycles that can elapse until a bus time-out is
generated is defined by bit field SBCU_CON.TOUT.

When a transaction causes an error, the address and data phase signals of the

transaction causing the error are captured and stored in registers.

e The Error Address Capture Register (SBCU_EADD) stores the 32-bit FPI Bus
address that has been captured during the erroneous FPI Bus transaction.

e The Error Data Capture Registers (SBCU_EDAT) stores the 32-bit FPI Bus data bus
information that has been captured during the erroneous FPI Bus transaction.
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e The Error Control Capture Register (SBCU_ECON) stores status information of the
bus error event.

If more than one FPI Bus transaction generates a bus error, only the first bus error is
captured. After a bus error has been captured, the capture mechanism must be released
again by software. The lock is removed by reading the register SBCU_ECON which
clears the SBCU_ECON.ERRCNT bit field.

Note: It is recommended to read in a debug season register ECON last as this removes
the lock and a new error can already modify the content of the other two registers
EDAT and EADD.

If a write transaction from TriCore causes an error on the SPB, the originating master is
not informed about this error as it is not an SPB master agent. With each bus error-
capture event, a service request is generated, and an interrupt can be generated if
enabled and configured in the corresponding service request register.

Interpreting the BCU Control Register Error Information

Although the address and data values captured in registers SBCU_EADD and
SBCU_EDAT, respectively, are self-explanatory, the captured FPIBus control
information needs some more explanation.

Register SBCU_ECON captures the state of the read (RDN), write (WRN), Supervisor
Mode (SVM), acknowledge (ACK), ready (RDY), abort (ABT), time-out (TOUT), bus
master identification lines (TAG) and transaction operation code (OPC) lines of the
FPI Bus.

The SVM signal is set to 1 for an access in Supervisor Mode and set to O for an access
in User Mode. The time-out signal indicates if there was no response on the bus to an
access, and the programmed time (via SBCU_TOUT) has elapsed. TOUT is setto 1 in
this case. An acknowledge code has to be driven by the selected slave during each data
cycle of an access. These codes are listed in Table 3-10.

Table 3-10 FPI Bus Acknowledge Codes
Code (ACK) |Description

00g NSC: No Special Condition.
01y SPT: Split Transaction (not used in the TC21x/TC22x/TC23x).
10g RTY: Retry. Slave can currently not respond to the access. Master

needs to repeat the access later.

11, ERR: Bus Error, last data cycle is aborted.

Transactions on the FPI Bus are classified via a 4-bit operation code (see Table 3-11).
Note that split transactions (OPC =1000; to 11105) are not used in the
TC21IX/TC22x/TC23x.
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Table 3-11  FPI Bus Operation Codes (OPC)

On-Chip System Buses and Bus Bridges

OPC Description

00004 Single Byte Transfer (8-bit)

00015 Single Half-Word Transfer (16-bit)
00104 Single Word Transfer (32-bit)
0100g 2-Word Block Transfer

01014 4-Word Block Transfer

01104 8-Word Block Transfer

1111 No operation

00114, 0111, 10005 - 11105 | Reserved

3.5.3 System Registers

Figure 3-11 shows these system registers which include registers for:
The SBCU module includes the following TC21x/TC22x/TC23x standard system

registers
* Register access protection

The following TC21x/TC22x/TC23x standard system registers are not included:

* Module Clock Control
* Module Kernel Reset

* OCDS Control and Status Register

with <> ACCEN1/0

BCU
System Registers
Safe Access
Lo Enable
Endinit + Registers
INT_ACCENO
> INT_ACCEN1
FPI Read/
Write
Peripheral
Access
TAG ID check of
L——»| write transactions

BCU

Kernel Registers

Figure 3-11 TC23/TC22x OCB System System Registers
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3.5.3.1 Register Access Protection (ACCEN1/0)

The TC23/TC22x OCB System module provides a master TAG ID based write access
protection as part of the AURIX safety concept. Each on chip resource with direct or
indirect bus master capability has a unique master TAG ID that can be use to identify the
master of an on chip bus transaction (see also chapter On Chip Bus Systems).

The SRC register is write protected via an On Chip Bus Master TAG-ID protection (see
Chapter 3.5.3.1). This protection is controlled via the Interrupt Router control registers
ACCEN10 and ACCENOQO.

TAG ID based protection means that the support of write transactions to the TC23 /
TC22x OCB System control registers can be enabled / disabled for each master TAG
ID individually. For a disabled master TAG ID, write access will be disconnected with
error acknowledge, read access will be processed (see also Figure 3-11).

The register access protection is controlled via the registers INT_ACCEN1 and
INT_ACCENO where each hit is related to one encoding of the 6 bit On Chip Master TAG
ID.

The INT_ACCEN1/0 registers are controlling the write access to all TC23 / TC22x OCB
System control and system registers with the exception of the INT_ACCEN1/0 registers
them self. INT_ACCEN1/0 are Safety Endinit protected.

After reset, all access enable bits and access control bits are enabled, access protection
mechanism has to be configured and checked to bring the system in a safe state.

3.5.3.2 Kernel Reset Registers (KRST1/0, KRSTCLR)

The TC23 / TC22x OCB System module does not include the kernel reset registers
(KRST1, KRSTO, KRSTCLR).

Note: The TC23/TC22x OCB System module does not support a module kernel reset.

3.5.3.3 Clock Control Register (CLC)

The TC23 / TC22x OCB System module does not include the module clock control
(CLC).

Note: The TC23 / TC22x OCB System module does not support the Clock Control
register functionality which means that the TC23 / TC22x OCB System module
clock can not be disabled by the CLC register.

3.5.3.4 OCDS Control and Status Register (OCS)

The TC23 / TC22x OCB System module does not include OCDS Control and Status
(OCS) register.

Note: The TC23 / TC22x OCB System module does not support the OCS register
functionality.
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354 BCU Debug Support

For debugging purposes, the BCU has the capability for breakpoint generation support.
This OCDS debug capability is controlled by the Cerberus module and must be enabled
by it (indicated by bit SBCU_DBCNTL.EO).

When BCU debug support has been enabled (EO =1), any breakpoint request
generated by the BCU to the Cerberus disarms the BCU breakpoint logic for further
breakpoint requests. In order to rearm the BCU breakpoint logic again for the next
breakpoint request generation, bit SBCU_DBCNTL.RA must be set. The status of the
BCU breakpoint logic (armed or disarmed) is indicated by bit SBCU_DBCNTL.OA.

There are three types of trigger events:

e Address triggers
» Signal triggers
e Grant triggers

3.5.4.1 Address Triggers

The address debug trigger event conditions are defined by the contents of the
SBCU_DBADR1, SBCU_DBADR2, and SBCU_DBCNTL registers. A wide range of
possibilities arise for the creation of debug trigger events based on addresses. The
following debug trigger events can be selected:

e Match on one signal address

« Match on one of two signal addresses
¢ Match on one address area

¢ Mismatch on one address area

Each pair of DBADRX registers and DBCNTL.ONAX bits determine one possible debug
trigger event. The combination of these two possible debug trigger events defined by
DBCNTL.CONCOM1 determine the address debug trigger event condition.

SBCU_DBADR1 SBCU_DBADR? SBCU_DBCNTL
| ADR1 || ADR2 || |0NA2| |0NA1| |

I > 2

- Control
Compare Logic 1 |«
j (equal, greater ﬂ‘ Address 1
Pl Bus equal) " Trigger
Address T - Control

<

| Compare Logic 2
"| (equal, less equal) J-l.> Address 2
Trigger

MCA06114

Figure 3-12 Address Trigger Generation
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3.5.4.2 Signal Status Triggers

The signal status debug trigger event conditions are defined by the contents of the
SBCU_DBBOS and SBCU_DBCNTL registers. Depending on the selected configuration
a wide range of possibilities arise for the creation of a debug trigger event based on
FPI Bus status signals. Possible combinations are:

* Match on a single signal status
* Match on a multiple signal status

With the multiple signal match conditions, all single signal match conditions are
combined with a logical AND to the signal status debug trigger event signal. The
selection whether or not a single match condition is selected can be enabled/disabled
selectively for each condition via the SBCU_DBCNTL.ONBOSKX bhits.

SBCU_DBBOS SBCU_DBCNTL

ONJON | ON] ON
RD| |WR|  [SVM] | OPC| 1g553|p0s2|B0S1|BOSO

4
IF Il J‘g I
RD True < >1

o»ly
o) If N 4
g wRr ;:E} ’lfj R
'ug; 0—»0 ﬂ. Signal
@ \f il 4 |—» Status
= svm p| True ) Trigger
& 0—o
—»] n 3
If Equal
orc—4 N '
0—»0 L |
MCA06115
Figure 3-13 Signal Status Trigger Generation
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3.5.4.3 Grant Triggers

On-Chip System Buses and Bus Bridges

The signal status debug trigger event conditions are defined via the registers
SBCU_DBGRNT and SBCU_DBCNTL. Depending on the configuration of these
registers, any combination of FPI Bus master trigger events can be configured. Only the
enabled masters in the SBCU_DBGRNT register are of interest for the grant debug
trigger event condition. The grant debug trigger event condition can be enabled/disabled

via bit SBCU_DBCNTL.ONG (see Figure 3-14).

SBCU_DBGRNT

SBCU_DBCNTL

GNT15 |GNT14

GNT13

GNTO

ONG

Y

Master15 is granted as ; | I
bus master

J‘l &
Masterl14 is granted as J'l | & I
bus master

> H n- Grant
Trigger
n &
Master13 granted as bus ! | I
master 'I_I
MasterO is granted as n, ﬂ»
bus master d | |
MCA06116
Figure 3-14 Grant Trigger Generation
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3.5.4.4 Combination of Triggers

The combination of the four debug trigger signals to the single BCU breakpoint trigger
event is defined via the bits CONCOM|[2:0] of register SBCU_DBCNTL (see
Figure 3-15). The two address triggers are combined to one address trigger that is
further combined with signal status and grant trigger signals. A logical AND or OR
combination can be selected for the BCU breakpoint trigger generation.

SBCU_DBCNTL

CONCOM2 | CONCOM1 | CONCOMO

Address 1 Trigger L Address
ﬂ_ AND/OR | Trigger I
. Selection
Address 2 Trigger ——» AND/OR !
Selecti
Signal Status Trigger n‘ p| SEECton —|—> J'l BCU
AND/OR kDo
i Il Selection > Breakpoint
Grant Trigger Trigger

MCA06117

Figure 3-15 BCU Breakpoint Trigger Combination Logic

3.5.4.5 BCU Breakpoint Generation Examples
This section gives three examples of how BCU debug trigger events are programmed.

OCDS Debug Example 1

e Task: Generation of a BCU debug trigger event on any SPB write access to address
00002004, or 000020A0,, by an SPB master.

For this task, the following programming settings for the BCU breakpoint logic must be
executed:

1. Writing SBCU_DBADR1 = 0000 2004,
2. Writing SBCU_DBADR2 = 0000 20A0,,
3. Writing SBCU_DBCNTL = C1115010,;:

a) ONBOSJ[3:0] = 11005 means that no signal status trigger is generated (disabled)
for a read signal match AND write signal match condition according to the settings
of bits RD and WR in register SBCU_DBBOS. Debug trigger event generation for
Supervisor Mode signal match and op-code signal match condition is disabled.

b) ONA2 = 01z means that the equal match condition for debug address 2 register is
selected.
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c) ONAL = 01; means that the equal match condition for debug address 1 register is
selected.

d) ONG = 1 means that the grant debug trigger is enabled.

e) CONCOM[2:0] = 101z means that the address trigger is created by address
trigger 1 OR address trigger 2 (CONCOML1 = 0), and that the grant trigger is
ANDed with the address trigger (CONCOMO = 1), and that the signal status trigger
is ANDed with the address trigger (CONCOM2 = 1).

f) RA = 1 means that the BCU breakpoint logic is rearmed.

Writing SBCU_DBGRNT = FFFFFFD7,;:

means that the grant trigger for the SPB master is enabled.

Writing SBCU_DBBOS = 00001000,;:

means that the signal status trigger is generated on a write transfer and not on a read

transfer.

OCDS Debug Example 2

Task: generation of a BCU debug trigger event on any half-word access in User
Mode to address area 01FFFFFF, to 02FFFFFF, by any master.

For this task, the following programming settings for the BCU breakpoint logic must be

executed:

1. Writing SBCU_DBADR1 = 01FFFFFF,,
2. Writing SBCU_DBADR?2 = 02FFFFFF
3. Writing SBCU_DBCNTL = 32206010,;

a) ONBOSJ[3:0] = 0011; means that the signal status trigger is disabled for a read or
for write signal status match but enabled for Supervisor Mode match AND op-code
match conditions according to the settings of bit SVM and bit field OPC in register
SBCU_DBBOS.

b) ONA2 = 10z means that the address 2 trigger is generated if the FPI Bus address
is less or equal to SBCU_DBADR2.

c) ONAL = 105 means that the address 1 trigger is generated if the FPI Bus address
is greater or equal to SBCU_DBADRI1.

d) ONG = 0 means that the grant debug trigger is disabled.

e) CONCOM[2:0] = 1105 means that the address trigger is created by address
trigger 1 AND address trigger 2 (CONCOML1 = 1), and that the grant trigger is OR-
ed with the address trigger (CONCOMO = 0), and that the signal status trigger is
AND-ed with the address trigger (CONCOM2 = 1).

f) RA = 1 means that the BCU breakpoint logic is rearmed.

4. Writing SBCU_DBGRNT = FFFFFFFF,:
means that no grant trigger for SPB masters is selected (“don’t care” because also
disabled by ONG = 0).

5. Writing SBCU_DBBOS = 00000001,;:

means that the signal status trigger is generated for read (RD = 0) and write (WR = 0)

half-word transfers (OPC = 0001g) in User Mode (SVM = 0).
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3.55 System Bus Control Unit Registers

Figure 3-16 and Table 3-13 are showing the address maps with all registers of the
System Bus Control Unit (SBCU) module.

List of used Reset Class abbreviations:

* Reset Class 1 -> Debug Reset (see description in the chapter SCU / Reset Types)
* Reset Class 3 -> Power On Reset, Application Reset, System Reset (see description
in the chapter SCU / Reset Types)

SBCU Control Registers Overview

Module ID Access Enable
Register Register
INT_ID INT_ACCENO
INT_ACCENL

BCU System Registers

Control Registers Master Priority Address/Data Debug Registers
Register Register
SBCU_CON SBCU_PRIOH SBCU_ECON SBCU_DBCNTL
SBCU_PRIOL SBCU_EADD SBCU_DBGRNT
SBCU_EDAT SBCU_DBADR1
SBCU_DBADR2
SBCU_DBBOS

SBCU_DBGNTT
SBCU_DBADRT
SBCU_DBBOST
SBCU_DBDAT

BCU Control and Debug Registers

SBCU_reg_its

Figure 3-16 SBCU Registers

Table 3-12 Registers Address Space - SBCU Address Space

Module Base Address End Address Note
SBCU F003 0000, FO03 00FF,
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Table 3-13  Registers Overview - SBCU Control Registers
Short Description Offset |Access Mode | Reset | Description
1
Name Addr.Y booq Twrite |Class | See
- Reserved 000, - |BE BE - -
004,
SBCU_ID | SBCU Module 008, U, SV |BE - Page 3-85
Identification Register
- Reserved 00C, |BE BE - -
SBCU_ SBCU Control Register |010, U,SV|SV,P |3 Page 3-88
CON
SBCU_ Arbiter Priority Register | 014 U, SV |SV,E, |3 Page 3-89
PRIOH High P
SBCU_ Arbiter Priority Register | 018, U,SV|SV,E, |3 Page 3-90
PRIOL Low P
- Reserved 01C, |BE BE -
SBCU_ SBCU Error Control 0204 U, SV SV, P Page 3-92
ECON Capture Register
SBCU_ SBCU Error Address 024, U, SV|SsV,P |3 Page 3-94
EADD Capture Register
SBCU_ SBCU Error Data 028, U,SV|SV,P |3 Page 3-94
EDAT Capture Register
- Reserved 02C, |BE BE - -
SBCU_ SBCU Debug Control 030, U, SV|sV,P |1 Page 3-96
DBCNTL |Register
SBCU_ SBCU Debug Grant 034, U, SvV|sVv,P |1 Page 3-99
DBGRNT | Mask Register
SBCU _ SBCU Debug Address 038, U, SV|ISV,P |1 Page 3-101
DBADR1 |Register 1
SBCU_ SBCU Debug Address  [03C,, |U,SV|SV,P |1 Page 3-101
DBADR2 | Register 2
SBCU_ SBCU Debug Bus 040, U, SV|SV,P |1 Page 3-102
DBBOS Operation Signals
Register
SBCU_ SBCU Debug Trapped | 044, U, SV |BE 1 Page 3-103
DBGNTT | Master Register
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Table 3-13  Registers Overview - SBCU Control Registers

Short Description Offset |Access Mode | Reset | Description
1

Name Addr poaq [write |Class | See
SBCU_ SBCU Debug Trapped | 048, U, SV |BE 1 Page 3-105
DBADRT | Address Register
SBCU_ SBCU Debug Trapped |04C, |U, SV |BE 1 Page 3-106
DBBOST | Bus Operation Signals

Register
SBCU_ SBCU Debug Data 0504 U, SV |BE 1 Page 3-109
DBDAT Status Register
- Reserved 054, - |BE BE - -

OF4,,

SBCU_ Access Enable Register |OF8, U, SV |syv, 3 Page 3-86
ACCEN1 |1 (Access Mode, Write: SE

P1)
SBCU _ Access Enable Register | OFC,, U, SV |Sv, 3 Page 3-87
ACCENO |0 (Access Mode, Write: SE

P1)

1) The absolute register address is calculated as follows:
Module Base Address (Table 3-12) + Offset Address (shown in this column)

User's Manual 3-84 V1.1, 2014-12
TC23/TC22x OCB System, V1.0D1



. TC21x/TC22x/TC23x Famil
(Infineon y

On-Chip System Buses and Bus Bridges

3.5.5.1 SBCU System Registers

Module Identification Register (ID)

The identification register allows the programmer version-tracking of the module. The
table below shows the identification register which is implemented in the SBCU module.

SBCU_ID
Module Identification Register (008,) Reset Value: 0000 6AXX,

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

MOD_NUMBER MOD_REV
1 } 1 1 1 1 r\‘
Field Bits Type |Description
MOD_REV [7:0] r Module Revision Number

This bit field defines the module revision number.
The value of a module revision starts with 01, (first
revision).

Module Number Value
This bit field defines a module identification
number. The value for the LBCU module is 006AH.

Reserved
Read as 0; should be written with 0.

MOD_NUMBER | [15:8]

—

=

0 [31:16]

Access Enable Register 0 (ACCENO)

The Access Enable Register 0 controls write access for transactions with the on chip bus
master TAG ID 0000004 to 011111 (see On Chip Bus chapter for the products TAG ID
<-> master peripheral mapping). The registers ACCENOO / ACCENOL are providing one
enable bit for each 6-bit On Chip Bus Master TAG ID encoding.

Mapping of TAG IDs to ACCENO.ENx: ENO -> TAG ID 000000g, EN1 -> TAG ID 0000014
,...,EN31 ->TAG ID 011111,
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SBCU_ACCENO
Access Enable Register 0 (OFC,) Reset Value: FFFF FFFF,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
EN3 | EN3 | EN2 | EN2 | EN2 | EN2 | EN2 | EN2 | EN2 | EN2 | EN2 | EN2 | EN1 | EN1 | EN1 | EN1

EN9 | EN8 | EN7 | EN6 | EN5 | EN4 | EN3 | EN2 | EN1 | ENO

w w rw rw rw rw rw w w w 'w 'w 'w 'w 'w 'w

Field Bits Type | Description
ENn n rw Access Enable for Master TAG ID n
(n =0-31) This bit enables write access to the module kernel

addresses for transactions with the Master TAG ID n
0z  Write access will not be executed
1z Write access will be executed

Access Enable Register 1 (ACCEN1)

The Access Enable Register 1 controls write access for transactions with the on chip bus
master TAG ID 1000005 to 1111115 (see On Chip Bus chapter for the products TAG ID
<-> master peripheral mapping). ACCEN11/01 are not implemented with register bits as
the related On Chip Bus Master TAG IDs are not used in the AURIX devices.

Mapping of TAG IDs to ACCEN1.ENx: ENO -> TAG ID 100000B, EN1 -> TAG ID
1000018, ... ,EN31 -> TAG ID 111111B.
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SBCU_ACCEN1

On-Chip System Buses and Bus Bridges

Access Enable Register 1 (OF8,) Reset Value: 0000 0000,
31 | 30 | 29 . 28 . 27 . 26 25 . 24 . 23 20 | 19 | 18 | 17 | 16
0

"' T
15‘14‘1?,'12'11'10 9|8|7 4 3 2 1 0
0
r
Field Bits Type | Description
0 [31:0] r Reserved

Read as 0; should be written with 0.
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3.5.5.2 SBCU Control Registers Descriptions

The SBCU Control Register controls the overall operation of the SBCU, including setting
the starvation sample period, the bus time-out period, enabling starvation-protection
mode, and error handling.

SBCU_CON
SBCU Control Register (010, Reset Value: FF09 FFFF,
31 | 30 | 29 . 28 . 27 . 26 . 25 . 24 23 . 22 | 21 | 20 19 18 | 17 16
SPC 0 ONE 0 DBG
w T r r w

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

TOUT
1 1 1 1 1 r\I,\I 1
Field Bits Type | Description
TOUT [15:0] |rw SBCU Bus Time-Out Value

The bit field determines the number of System
Peripheral Bus time-out cycles. Default after reset is
FFFF, (= 65536 bus cycles).

Please Note: TOUT value must be >= 5.

DBG 16 rw SBCU Debug Trace Enable

The bit enables/disables the error capture

mechanism for the registers BCU_ECON,

BCU_EADD, BCU_EDAT

0y SBCU debug trace disabled

1z  SBCU debug trace enabled (default after reset)

Note: The bit does not affect the SMU alarm or the
BCU interrupt that are send in case of an error
condition.

SPC [31:24] |rw Starvation Period Control

Determines the sample period for the starvation

counter. Must be larger than the number of masters.

The reset value is FF,.

ONE 19 r Reserved

Read as 1; should be written with 0.
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Field Bits Type | Description
0 [23:20], |r Reserved
[18:17] Read as 0; should be written with 0.
SBCU_PRIOH
Arbiter Priority Register High (014,) Reset Value: FEDC BA98,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DMAL RESERVEDE HSMCMI HSMRMI
W T Tw w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RESERVEDB RESERVEDA RESERVED9 RESERVEDS
o T T r

Field Bits Type | Description

DMAL [31:28] |rw Master 15 Priority?
This bit field contains the master priority for master
connected to BCU request input 15
A lower number has a higher priority in the
arbitration round than a higher one.

HSMRMI [19:16] |rw Master 12 Priority
This bit field contains the master priority for master
connected to BCU request input 12
A lower number has a higher priority in the
arbitration round than a higher one.

HSMCMI [23:20] |rw Master 13 Priority
This bit field contains the master priority for master
connected to BCU request input 13
A lower number has a higher priority in the
arbitration round than a higher one.
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Field Bits Type |Description

RESERVEDE, |[27:24], |r Reserved

RESERVEDB, |[15:12], Read as 1; should be written with 0.
RESERVEDA, |[11:8],

RESERVED9, |[7:4],

RESERVEDS8 [3:0]

1) Including DMA transactions from DMA channels with low priority, MLI and from Cerberus with low priority.

SBCU_PRIOL
Arbiter Priority Register Low (018,) Reset Value: 7654 3210,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CPUO RESERVED6 DMAM RESERVED4
W T Tw r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RESERVED3 RESERVED2 RESERVED1 DMAH
o T T W

Field Bits Type | Description

DMAH [3:0] rw Master 0 Priority?
This bit field contains the master priority for master
connected to BCU request input O
A lower number has a higher priority in the
arbitration round than a higher one.

DMAM [23:20] |rw Master 5 Priority?
This bit field contains the master priority for master
connected to BCU request input 5
A lower number has a higher priority in the
arbitration round than a higher one.

CPUO [31:28] |rw Master 7 Priority
This bit field contains the master priority for master
connected to BCU request input 8
A lower number has a higher priority in the
arbitration round than a higher one.
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Field Bits Type |Description
RESERVEDG6, |[27:24], |r Reserved
RESERVED4, |[19:16], Read as 1; should be written with 0.

RESERVED3, |[15:12],
RESERVED2, |[11:8],
RESERVEDL |[7:4]

1) Including DMA transactions from DMA channels with high priority and from Cerberus with high priority.

2) Including DMA transactions from DMA channels with medium priority.

Note: Reset values for bits/bit fields coupled to masters or slaves that are not configured
or enabled are zero

3.5.5.3 SBCU Error Registers Descriptions

The capture of bus error conditions is enabled by setting SBCU_CON.DBG to 1. In case
of a bus error, information about the condition will then be stored in the SBCU error
capture registers. The SBCU error capture registers can then be examined by software
to determine the cause of the FPI Bus error.

If enabled and an FPI Bus error occurs, the SBCU_ECON register holds the captured
FPI Bus control information and an error count of the number of bus errors. The
SBCU_EADD register stores the captured FPI Bus address. The SBCU_EDAT register
stores the captured FPI Bus data.

If the capture of FPI Bus error conditions is disabled (SBCU_CON.DBG = 0), the SBCU
error capture registers remain untouched.

Note: The SBCU error capture registers store only the parameters of the first error. In
case of multiple bus errors, an error counter SBCU_ECON.ERRCNT shows the
number of bus errors since the first error occurred. An application reset clears this
bit field to zero, but the counter can be set to any value through software. This
counter is prevented from overflowing, so a value of 226 - 1 indicates that at least
this many errors have occurred, but there may have been more. After
SBCU_ECON has been read, the SBCU_ECON, SBCU_EADD and SBCU_EDAT
registers are re-enabled to trace FPI Bus error conditions.
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SBCU_ECON
SBCU Error Control Capture Register (020,,) Reset Value: 0000 0000,
31 | 30 | 29 . 28 27 . 26 . 25 . 24 . 23 . 22 21 20 19 18 | 17 16
OPC TAG RDN|WRN|SVM| ACK |ABT
rWh I I I rV\IIh I I rwh rwh rwh rWh rwh

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

RDY T$U ERRCNT

rwh  rwh I I I I I I rV\IIh

Field Bits Type | Description

ERRCNT [13:0] |rwh |FPIBus Error Counter

ERRCNT is incremented on every occurrence of an
FPI Bus error. ERRCNT is reset to O after the
SBCU_ECON register is read.V)

TOUT 14 rwh | State of FPI Bus Time-Out Signal

This bit indicates the state of the time-out signal at an
FBI Bus error.

Oz No time-out occurred

1y  Time-out has occurred

RDY 15 rwh | State of FPI Bus Ready Signal

This bit indicates the state of the ready signal at an
FBI Bus error.

0  Wait state(s) have been inserted. Ready signal

was active
1z  Ready signal was inactive
ABT 16 rwh | State of FPI Bus Abort Signal

This bit indicates the state of the abort signal at an

FBI Bus error.

0y  Master has aborted an FPI Bus transfer. Abort
signal was active

1z  Abort signal was inactive

ACK [18:17] |rwh | State of FPI Bus Acknowledge Signals

This bit field indicates the acknowledge code that has
been output by the selected slave at an FPI Bus
error. Coding see Table 3-10.
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Field

Bits

Type

Description

SVM

19

rwh

State of FPI Bus Supervisor Mode Signal

This bit indicates whether the FPI Bus error occurred
in Supervisor Mode or in User Mode.

Og  Transfer was initiated in User Mode

1z  Transfer was initiated in Supervisor Mode

WRN

20

rwh

State of FPI Bus Write Signal
This bit indicates whether the FPI Bus error occurred
at a write cycle (seeTable 3-14).

RDN

21

rwh

State of FPI Bus Read Signal
This bit indicates whether the FPI Bus error occurred
at aread cycle (seeTable 3-14).

TAG

[27:22]

rwh

FPI Bus Master Tag Number Signals
This bit field indicates the FPI Bus master TAG
number (definitions see Table 3-15).

OPC

[31:28]

rwh

FPI Bus Operation Code Signals
The FPI Bus operation codes are defined in
Table 3-11.

1) Inthe TC21x/TC22x/TC23x, aborted accesses to a 0 wait state SPB slave may also increment ERRCNT when
the slave generates an error acknowledge.

Table 3-14  FPI Bus Read/Write Error Indication

RD WR FPI Bus Cycle

0 0 FPI Bus error occurred at the read transfer of a read-modify-write
transfer.
FPI Bus error occurred at a read cycle of a single transfer.
FPI Bus error occurred at a write cycle of a single transfer or at the
write cycle of a read-modify-write transfer.

1 1 Does not occur.
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SBCU_EADD
SBCU Error Address Capture Register (024,,) Reset Value: 0000 0000,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

FPIADR

rwh

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

FPIADR
1 1 1 1 1 rv\llh 1
Field Bits Type | Description
FPIADR [31:0] |rwh |Captured FPI Bus Address

This bit field holds the 32-bit FPI Bus address that has
been captured at an FPI Bus error. Note that if multiple
bus errors occurred, only the address of the first bus
error is captured.

SBCU_EDAT
SBCU Error Data Capture Register (028, Reset Value: 0000 0000,
31 ! 30 ! 29 . 28 . 27 . 26 . 25 . 24 . 23 . 22 ‘ 21 ‘ 20 ‘ 19 ‘ 18 ! 17 ! 16
FPIDAT
. . . . e

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

FPIDAT

L L 1 1 1 1 1 1 1 1 1 1 1 L L
rwh
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Field

Bits

Type

Description

FPIDAT

[31:0]

rwh

Captured FPI Bus Data

This bit field holds the 32-bit FPI Bus data that has
been captured at an FPI Bus error. Note that if multiple
bus errors occurred, only the data of the first bus error
is captured.
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SBCU OCDS Registers Descriptions

(030y) Reset Value: 0000 7003,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ONB |ONB |ONB |ONB
os3|osz2 | os1 | oso 0 ONA2 0 ONA1 0 ONG
rw rw rw w ; T\IN II’ TW J r l rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CON|CON|coN ' T
0 |COM|COM|COM 0 RA 0 OA | EO
2 1 0
r rw rw rw I I r I I w I" r r
Field Bits Type | Description
EO 0 r Status of SBCU Debug Support Enable
This bit is controlled by the Cerberus and enables
the SBCU debug support.
Og  SBCU debug support is disabled
1z  SBCU debug support is enabled
(default after reset)
OA 1 r Status of SBCU Breakpoint Logic
Og  The SBCU breakpoint logic is disarmed. Any
further breakpoint activation is discarded
1z  The SBCU breakpoint logic is armed
The OA bit is set by writing a 1 to bit RA. When OA
is set, registers SBCU_DBGNTT, SBCU_DBADRT,
and SBCU_DBDAT are reset. Also SBCU_DBBOST
is reset with the exception of the bit field FPIRST.
RA 4 w Rearm SBCU Breakpoint Logic
Writing a 1 to this bit rearms SBCU breakpoint logic
and sets bit OA = 1. RA is always reads as 0.
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Field

Bits

Type

Description

CONCOMO

12

'w

Grant and Address Trigger Relation

Og  The grant phase trigger condition and the
address trigger condition (see CONCOML1) are
combined with a logical OR for further control

1  The grant phase trigger condition and the
address trigger condition (see CONCOML1) are
combined with a logical AND for further control
(see Figure 3-15)

CONCOM1

13

w

Address 1 and Address 2 Trigger Relation

Oz  Address 1 trigger condition and address 2
trigger condition are combined with a logical
OR to the address trigger condition for further
control

1  Address 1 trigger condition and address 2
trigger condition are combined with a logical
AND to the address trigger condition for further
control (see Figure 3-15)

CONCOM2

14

w

Address and Signal Trigger Relation

Og  Address trigger condition (see CONCOML1)
and signal status trigger conditions are
combined with a logical OR for further control

1z  Address phase trigger condition (see
CONCOML1) and the signal status trigger
conditions are combined with a logical AND for
further control (see Figure 3-15)

ONG

16

rw

Grant Trigger Enable

Oy  No grant debug event trigger is generated

1y  The grant debug event trigger is enabled and
generated according the settings of register
SBCU_DBGRNT (see Figure 3-15)

ONA1

[21:20]

Address 1 Trigger Control

00z No address 1 trigger is generated

01; An address 1 trigger event is generated if the
FPI Bus address is equal to SBCU_DBADRL1

10 An address 1 trigger event is generated if
FPI Bus address is greater or equal to
SBCU_DBADR1

11; same as 00g

(See also Figure 3-12).
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Field Bits Type | Description
ONA2 [25:24] |rw Address 2 Trigger Control
00; No address 2 trigger is generated
01; An address 2 trigger event is generated if the
FPI Bus address is equal to SBCU_DBADR2
10; An address 2 trigger event is generated if
FPI Bus address is less or equal to
SBCU_DBADR2
11; same as 005
See also Figure 3-12.
ONBOSO0 28 rw Opcode Signal Status Trigger Condition
0 A signal status trigger is generated for all
FPI Bus op-codes except a “no operation” op-
code
1z A signal status trigger is generated if the
FPI Bus op-code matches the op-code as
defined in DBBOS.OPC (see Figure 3-13)
ONBOS1 29 rw Supervisor Mode Signal Trigger Condition
Og  The signal status trigger generation for the
FPI Bus Supervisor Mode signal is disabled
1z A signal status trigger is generated if the
FPI Bus Supervisor Mode signal state is equal
to the value of DBBOS.SVM (see Figure 3-13)
ONBOS2 30 w Write Signal Trigger Condition
O  The signal status trigger generation for the
FPI Bus write signal is disabled
1z A signal status trigger is generated if the
FPI Bus write signal state is equal to the value
of DBBOS.WR (see Figure 3-13)
ONBOS3 31 rw Read Signal Trigger Condition

Og

15

The signal status trigger generation for the
FPI Bus read signal is disabled

A signal status trigger is generated if the

FPI Bus read signal state is equal to the value
of DBBOS.RD (see Figure 3-13)
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Field Bits Type | Description

0 [3:2], r Reserved

[11:5], Read as 0; should be written with 0.
15,
[19:17],
[23:22],
[27:26]

SBCU_DBGRNT
SBCU Debug Grant Mask Register  (034,) Reset Value: 0000 FFFF,

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

DMA HSM|HSM CPU DMA DMA
L |ONEl S | R ONE o |ONE|[", ONE H
rw rw rw rw I I‘\IN I w w r'w FW rw

Field Bits Type | Description

DMAH 0 w Cerberus Grant Trigger Enable, High Priority?

0g  FPI Bus transactions with high-priority DMA as
bus master are enabled for grant trigger event
generation

1z  FPI Bus transactions with high-priority DMA as
bus master are disabled for grant trigger event
generation

DMAM 5 w DMA Grant Trigger Enable, Medium Priority?

Og  FPI Bus transactions with medium-priority
DMA channels as bus master are enabled for
grant trigger event generation

1z  FPI Bus transactions with medium-priority
DMA channels as bus master are disabled for
grant trigger event generation
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Field Bits Type | Description

CPUO 7 w CPUO Grant Trigger Enable

0  FPI Bus transactions with CPUO as bus master
are enabled for grant trigger event generation

1z  FPI Bus transactions with CPU as bus master
are disabled for grant trigger event generation

HSMRMI 12 w HSM Register Master Interface Grant Trigger

Enable

0g  FPI Bus transactions requested by the HSM
bus master are enabled for grant trigger event
generation

1z  FPI Bus transactions requested by the HSM
bus master are disabled for grant trigger event
generation

HSMCMI 13 w HSM Cache Master Interface Grant Trigger Enable

0  FPI Bus transactions requested by the HSM
bus master are enabled for grant trigger event
generation

1;  FPI Bus transactions requested by the HSM
bus master are disabled for grant trigger event
generation

DMAL 15 w DMA Grant Trigger Enable, Low Priority®

0g  FPI Bus transactions with low-priority DMA
channels as bus master are enabled for grant
trigger event generation

1z  FPI Bus transactions with low-priority DMA
channels as bus master are disabled for grant
trigger event generation

ONE, 14, w Reserved

ONE, [11:8], Read as 1 after reset; reading these bits will return
ONE, 6, the value last written.

ONE [4:1]

0 [31:16] |r Reserved

Read as 0; should be written with 0.

1) Including DMA transactions from DMA channels with high priority and from Cerberus with high priority.
2) Including DMA transactions from DMA channels with medium priority.

3) Including DMA transactions from DMA channels with low priority and from Cerberus with low priority.
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SBCU_DBADR1
SBCU Debug Address 1 Register (038,) Reset Value: 0000 0000,

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

ADR1
1 1 1 1 1 r\I,\I 1
Field Bits Type | Description
ADR1 [31:0] |rw Debug Trigger Address 1

This register contains the address for the address 1
trigger event generation.

SBCU_DBADR2

SBCU Debug Address 2 Register (03C,) Reset Value: 0000 0000,
31‘30‘29|28|27|26|25|24|23|22‘21‘20‘19‘18‘17‘16
ADR2

! ! ! ! e

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

ADR2
1 1 1 1 1 r\I,V 1
Field Bits Type |Description
ADR2 [31:0] |rw Debug Trigger Address 2

This register contains the address for the address 2
trigger event generation.
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SBCU Debug Bus Operation Signals Register

31

30

29

28

27

26

(040, Reset Value: 0000 0000,

25 24 23 22 21 20 19 18 17 16

15

14

RD

WR 0 SVM OPC

w r 'w 'w

Field

Bits

Description

OPC

[3:0]

Opcode for Signal Status Debug Trigger

This bit field determines the type (opcode) of an

FPI Bus transaction for which a signal status debug

trigger event is generated (if enabled by

DBCNTL.ONBOSO = 1).

0000;  Trigger on single byte transfer selected

0001;  Trigger on single half-word transfer
selected

0010z  Trigger on single word transfer selected

01005  Trigger on 2-word block transfer selected

0101;  Trigger on 4-word block transfer selected

01105  Trigger on 8-word block transfer selected

1111;  Trigger on no operation selected

Other bit combinations are reserved.

SVM

w

SVM Signal for Status Debug Trigger

This bit determines the mode of an FPI Bus
transaction for which a signal status debug trigger
event is generated (if enabled by
DBCNTL.ONBOSL1 = 1).

Og  Trigger on User Mode selected

1z  Trigger on Supervisor Mode selected
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Field Bits Type | Description

WR 8 rw Write Signal for Status Debug Trigger

This bit determines the state of the WR signal of an

FPI Bus transaction for which a signal status debug

trigger event is generated (if enabled by

DBCNTL.ONBOS2 = 1).

Og  Trigger on a single write transfer or write cycle
of an atomic transfer selected

1z  No operation or read transaction selected

RD 12 rw Write Signal for Status Debug Trigger

This bit determines the state of the RD signal of an

FPI Bus transaction for which a signal status debug

trigger event is generated (if enabled by

DBCNTL.ONBOS3 = 1).

Og  Trigger on a single read transfer or read cycle
of an atomic transfer selected

1;  No operation or write transfer selected

0 [7:5], r Reserved
[11:9], Read as 0; should be written with 0.
[31:13]

SBCU_DBGNTT
SBCU Debug Trapped Master Register

(044,) Reset Value: 0000 FFFF,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ONE DMACHNR
—w ' w

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

T T T T
DMA HSM|HSM CPU DMA DMA
L ONE cmi | rmi ONE 0 ONE M ONE H
o rwrwrw ' w ' w rwrw W rw
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Field

Bits

Type

Description

DMAH

High-Priority DMA FPI Bus Master Status®

This bit indicates whether the DMA with a medium

priority request was FPI Bus master when the break

trigger event occurred.

0g  The medium-priority DMA was the FPI bus
master.

1z  The medium-priority DMA was not the FPI Bus
master.

DMAM

rw

Medium-Priority DMA FPI Bus Master Status?

This bit indicates whether the DMA with a medium

priority request was FPI Bus master when the break

trigger event occurred.

0g  The medium-priority DMA was the FPI bus
master.

1;  The medium-priority DMA was not the FPI Bus
master.

CPUO

rw

CPUO FPI Bus Master Status

This bit indicates whether the CPUO was FPI Bus
master when the break trigger event occurred.

Og  The CPUO was the FPI Bus master.

1z  The CPUO was not the FPI Bus master.

HSMRMI

12

rw

HSM Register FPI Bus Master Interface Status
This bit indicates whether the HSM was FPI Bus
master when the break trigger event occurred.

0y HSMRMI was the FPI bus master.

1; HSMRMI was not the FPI Bus master.

HSMCMI

13

HSM Cache FPI Bus Master Interface Status
This bit indicates whether the HSM was FPI Bus
master when the break trigger event occurred.
0g HSMCMI was the FPI bus master.

1z HSMCMI was not the FPI Bus master.
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Field Bits Type

Description

DMAL 15 rw

Low-Priority DMA FPI Bus Master Status®

This bit indicates whether the DMA with a low-

priority request was the FPI Bus master when the

break trigger event occurred.

Og  The low-priority DMA was the FPI Bus
master.

1z  The low-priority DMA was not the FPI Bus
master.

DMACHNR [23:16] |rw

DMA-FPI Channel Grant Status
The encoding is directly dedicated to the dma
channel number

ONE, [31:24], [rw
ONE, 14,

ONE, [11:8],
ONE, 6,

ONE [4:1]

Reserved
Read as 1; shall be written with 0.

1) Including DMA transactions from DMA channels with high priority and from Cerberus with high priority.
2) Including DMA transactions from DMA channels with medium priority.
3) Including DMA transactions from DMA channels with low priority, MLI and from Cerberus with low priority.

SBCU_DBADRT

SBCU Debug Trapped Address Register

31 30 29 28 27 26

(048,) Reset Value: 0000 0000,
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

FPIADR

15 14 13 12 11 10

rh

9 8 7 6 5 4 3 2 1 0

FPIADR
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Field Bits Type | Description

FPIADR [31:0] |rh FPI Bus Address Status

This register contains the FPI Bus address that was
captured when the OCDS break trigger event
occurred.

SBCU_DBBOST
SBCU Debug Trapped Bus Operation Signals Register

(04cy) Reset Value: 0000 3180,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0 FPITAG
L L 1 1 L 1 1 1 1 1 1 1 L L
rh rh

FPIA
ENDI|FPIT FPIR |FPIO FPI |[FPIR FPIS
NIT louT BOR D | Ps FPIRST WR | DY FPIACK VM FPIOPC

rh rh rh rh rh rh rh rh rh rh rh

Field Bits Type |Description

FPIOPC [3:0] rh FPI Bus Opcode Status

This bit field indicates the type (opcode) of the
FPI Bus transaction captured from the FPI Bus signal
lines when the BCU break trigger event occurred.
00005  Single byte transfer

0001;  Single half-word transfer

0010z  Single word transfer

0100z  2-word block transfer

0101  4-word block transfer

01105  8-word block transfer

1111;  No operation

Other bit combinations are reserved.
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Field

Bits

Type

Description

FPISVM

FPI Bus Supervisor Mode Status

This bit indicates the state of the Supervisor Mode
signal captured from the FPI Bus signal lines when
the BCU break trigger event occurred.

Oy  User mode

1y  Supervisor mode

FPIACK

[6:5]

FPI Bus Acknowledge Status

This bit field indicates the acknowledge signal status
captured from the FPI Bus signal lines when the BCU
break trigger event occurred.

00; No special case

01z Error

10y Reserved

11z Retry, slave did not respond

FPIRDY

rh

FPI Bus Ready Status

This bit indicates the ready signal status captured
from the FPI Bus signal lines when the BCU break
trigger event occurred.

Og Last cycle of transfer

1z Not last cycle of transfer

FPIWR

rh

FPI Bus Write Indication Status

This bitindicates the write signal status captured from

the FPI Bus signal lines when the BCU break trigger

event occurred.

O0g  Single write transfer or write cycle of an atomic
transfer

1z No operation or read transfer

FPIRST

[10:9]

h

=

FPI Bus Reset Status

This bit field indicates the reset signal status captured
from the FPI Bus signal lines when the BCU break
trigger event occurred.

00g Reset of all FPI Bus components

11, No reset

Others Reserved
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Field

Bits

Type

Description

FPIOPS

11

rh

FPI Bus OCDS Suspend Status

This bit indicates the OCDS suspend signal status
captured from the FPI Bus signal lines when the BCU
break trigger event occurred.

Oy No OCDS suspend request is pending

1z An OCDS suspend request is pending

FPIRD

12

rh

FPI Bus Read Indication Status

This bit indicates the read signal status captured from

the FPI Bus signal lines when the BCU break trigger

event occurred.

0z  Single read transfer or read cycle of an atomic
transfer

1z No operation or write transfer

FPIABORT

13

rh

FPI Bus Abort Status

This bit indicates the abort signal status captured
from the FPI Bus signal lines when the BCU break
trigger event occurred.

0  Atransfer that has already started was aborted
1z Normal operation

FPITOUT

14

rh

FPI Bus Time-out Status

This bit indicates the time-out signal status captured
from the FPI Bus signal lines when the BCU break
trigger event occurred.

0g  Normal operation

1;  Atime-out event was generated

ENDINIT

15

rh

FPI Bus Endinit Status

This bit indicates the ENDINIT signal status captured
from the FPI Bus signal lines when the BCU break
trigger event occurred.

O0g  Normal operation

1  System was in ENDINIT state

FPITAG

[21:16]

FPI Bus Master TAG Status

This bit field indicates the master TAG captured from
the FPI Bus signal lines when the BCU break trigger
event occurred (see Table 3-15). The master TAG
identifies the master of the transfer which generated
BCU break trigger event.

[31:22]

Reserved
Read as 0; should be written with 0.
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SBCU_DBDAT
SBCU Debug Data Status Register
(050,) Reset Value: 0000 0000,

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

FPIDATA

rh

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

FPIDATA
1 1 1 1 1 rh 1
Field Bits Type |Description
FPIDATA [31:0] |rh FPI Bus Data Status

This register contains the FPI Bus data that was
captured when the OCDS break trigger event
occurred.

3.6 On Chip Bus Master TAG Assignments

Each master interface on the System Peripheral Bus and on the SRI Bus is assigned to
a 6-bit identification number, the master TAG number (see Table 3-15). This makes it
possible for software debug and MCDS purposes to distinguish which master has
performed the current transaction (see “XBAR_ERRO” on Page 3-51Y and
“SBCU_DBADRT” on Page 3-105).

Table 3-15  On Chip Bus Master TAG Assighments

TAG-Number |Module |Location |Description
0000004 CPUO SRI/SPB | DMI.NonSafe TAG ID
000001, CPUO SRI/SPB |DMI.Safe TAG ID
0000104 - - Reserved
0000114 - - Reserved
0001004 - - Reserved

1) Pls. note that the Transaction ID bit field in the register “XBAR_ERRO0” on Page 3-51 includes the TAG ID on
the 6 MSB (TRID[5:0]).

User's Manual 3-109 V1.1, 2014-12
TC23/TC22x OCB System, V1.0D1



. TC21x/TC22x/TC23x Famil
(Infineon y

On-Chip System Buses and Bus Bridges

Table 3-15 On Chip Bus Master TAG Assignments
TAG-Number |Module |Location |Description

0001014 - - Reserved

0001104 DMA SRI/SPB | DMA Resource Partition 0
0001114 DMA SRI/SPB | DMA Resource Partition 1
0010004 DMA SRI/SPB | DMA Resource Partition 2
0010014 DMA SRI/SPB | DMA Resource Partition 3
0010104 DMA SRI/SPB | Cerberus

001011, - - Reserved

0011004 Ethernet | SPB TC23x ED: Ethernet

TC23x: Reserved
TC22x: Reserved

0011014 HSM SPB TC23x: HSMCMI, HSMRMIY
TC22x: Reserved
0011104 - - Reserved
0011114 - - Reserved
0100004 CPUO SRI PMI
0100014 - - Reserved
0111004 10C32 BBB Cerberus on Back Bone Bus (ED)
0111014 EMEM BBB EMEM Master on Back Bone Bus (ED)
Others - - Reserved

1) Both HSM FPI Master Interfaces (HSMCMI, HSMRMI) are using the sam TAG ID

3.7 On Chip Bus Access Times

The table describes the CPU access times in CPU clock cycles for the
TC21x/TC22x/TC23x. The access times are described as maximum CPU stall cycles
where e.g. an data access to the local DSPR results in zero stall cycles. Pls. note that
the CPU does not always immediately stall after the start of a data read from another
SPR due to instruction pipelining effects. This means that the average number will be
below the here shown numbers[RF00105].

Note: All values are preliminary
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Table 3-16

CPU access latency in CPU clock cycles for TC21x/TC22x/TC23x

CPU Access Mode

CPU clock cycles

Data read access to own DSPR

Data write access to own DSPR

Data read access to own or other PSPR

Data write access to own or other PSPR

Data read access to own or other DSPR

Data write access to own or other DSPR

Instruction fetch from own PSPR

Instruction fetch from other PSPR (critical word)

Instruction fetch from other PSPR (any remaining words)

Instruction fetch from other DSPR (critical word)

oo/l ojlunjo|uo|O| O

Instruction fetch from other DSPR (any remaining words)

0

Initial Pflash Access (critical word)

5 + configured PFlash
Wait States?

Initial Pflash Access (remaining words) 0

PMU PFlash Buffer Hit (critical word) 4

PMU PFlash Buffer Hit (remaining words) 0

Initial Dflash Access 5 + configured DFlash
Wait States?

TC1.6E/P Data read from System Peripheral Bus (SPB)

4 (fepu=fspe)
7 (fopu=2*fspg)

TC1.6E/P Data write to System Peripheral Bus (SPB)

0

1) FCON.WSPFLASH + FCON.WSECPF (see PMU chapter for the detailed description of these parameters).
2) FCON.WSDFLASH + FCON.WSECDF (see PMU chapter for the detailed description of these parameters).
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4 Memory Maps

This chapter gives an overview of the TC23x and TC22x memory maps, and describes
the address locations and access possibilities for the units, memories, and reserved
areas as “seen” from the two different on-chip buses’ point of view.

The TC23x has the following CPU related memories:

e Program Memory Unit (PMUO) with

2 Mbyte of Program Flash Memory (PFLASH)

— Data Flash Memory (DF_EEPROM)

User Configuration Blocks (DF_UCB)

32 Kbyte of Boot ROM (BROM)

+ CPUO:
— 8 Kbyte of Program Scratch-Pad SRAM (PSPR)Y
— 184 Kbyte of Data Scratch-Pad SRAM (DSPR)Y
— 8 Kbyte of Program Cache (PCache)

* LMU:
— 0 Kbyte SRAM (LMURAM)Y

The TC22x has the following CPU related memories:

e Program Memory Unit (PMUO) with
1 Mbyte of Program Flash Memory (PFLASH)
Data Flash Memory (DF_EEPROM)
— User Configuration Blocks (DF_UCB)
— 32 Kbyte of Boot ROM (BROM)
+ CPUO:
— 8 Kbyte of Program Scratch-Pad SRAM (PSPR)Y
— 88 Khbyte of Data Scratch-Pad SRAM (DSPR)Y
— 8 Kbyte of Program Cache (PCache)
* LMU:
— 0 Kbyte SRAM (LMURAM)Y

Furthermore, the each device has two on-chip buses:

» System Peripheral Bus (SPB)
» Shared Resource Interconnect (SRI)

1) Before used by the application, the memory has to be initialized (see chapter "Memory Test Unit’, MTU)
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4.1 How to Read the Address Maps

The bus-specific address maps describe how the different bus master devices react on
accesses to on-chip memories and modules, and which address ranges are valid or
invalid for the corresponding buses.

The detailed address mapping of e.g. control registers, sram blocks or flash
banks/sectors within a module is described in the related module chapter.

The SPB Bus address map shows the system addresses from the point of view of the
SPB master agents?.

The SRI address map shows the system addresses from the point of view of the SRI
master agents®.

The SFI is a bi-directional bridge between SRI and SPB and therefore not mentioned
here as SRI or SPB master in the Address Map. The SFl is fully transparent and does
not include an address translation mechanism.

Note: In addition to the here described system address map, each TriCore has a TriCore
IP internal access to its PSPR via C000_0000 and an internal access to its DSPR
via DO00_0000. This additional/private view to the local scratch pad srams is
described in the CPU chapter.

1) Available SRI/ SPB master agents are described in the On Chip Bus System chapter
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Table 4-1 defines the acronyms and other terms that are used in the address maps
(Table 4-2 and Table 4-3).

Table 4-1 Definition of Acronyms and Terms

Term Description

...BE Means “Bus error” generation.

SPBBE A bus access is terminated with a bus error on the SPB.

SRIBE A bus access is terminated with a bus error on the SRI.

access A bus access is allowed and is executed.
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4.2 Contents of the Segments

This section summarizes the contents of the segments.

The CPU attributes (cached / non-cached) of these segments can be configured for each
CPUs data and program side individually (see CPU chapter: Physical Memory Attribute
Registers, PMAX).

Segments 0-6
These memory segments are reserved.

Segment 7

This memory segment allows access to the CPUs Program and Data Scratch Pad SRAM
(PSPR, DSPR), Program Cache SRAM (PCache) and to the TAG SRAM related to the
Program Cache (PTAG SRAMY).

PCache and PTAG SRAMsY can be only accessed if the related Program Cache is
disabled?.

CPU default attribute for this segment: non-cached.

Segment 8
This memory segment allows access to PFlash and BROM.

The attribute of segments (cached / non-cached) can be configured for each CPUs data
and program side individually (see CPU chapter: Physical Memory Attribute Registers,
PMAX).

CPU default attributes for this segment: cached.

Segment 9

This memory segment allows access to LMU SRAM (if implemented) and to the EMEM
(Emulation Device only).

CPU default attributes for this segment: cached.

Segment 10
This memory segment allows access to PFlash, DFlash and BROM.
CPU default attributes for this segment: non-cached.

1) TAG SRAMs are not meant to be used as general SRAMs and can be accessed only with single data access
and only with 64 bit aligned address.

2) Mapping of Cache and TAG SRAMs is controlled via the MTU register MTU_MEMMAP.

User's Manual 4-4 V1.1, 2014-12
MemMaps TC23x, V1.0D5



. TC21x/TC22x/TC23x Famil
(Infineon y

Memory Maps

Segment 11

This memory segment allows access to LMU SRAM (if implemented) and to the EMEM
(Emulation Device only).

CPU default attributes for this segment: non-cached.

Segment 12
This memory segment is reserved.

Segment 13

This memory segment is reserved.

Segment 14
This memory segment is reserved.

Segment 15
This memory segment allows accesses to all SFRs, CSFRs.

Access from DMA Move Engine, Cerberus to the lower 128 MB of this segment are
processed by the DMA FPI master interface on the SPB Bus, to the upper 128 MB of this
segment by the DMA SRI master interface on the SRI Bus.

Data access from TC1.6 CPUs to the lower 128 MB of this segment are processed by
the CPU.DMI FPI master interface on the SPB Bus, to the upper 128 MB of this segment
by the CPU.DMI SRI master interface on the SRI Bus.

CPUx attributes for this segment: non-cached.
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4.3 Address Map of the On Chip Bus System
This chapter describes the system address map as it is seen from the SRI and SPB bus
masters (bus master agents are described in the chapter On Chip Bus System).

All bus master agents can address identical peripherals and memories at identical
address. The system address map is visible and valid for all CPUs which means that all
peripherals and resources are accessible from all TriCore CPUs and other on chip bus
master agents.

Parallel access by more than one bus master agents to one slave agent are executed
sequentially. Additionally the SRI and SPB bus do support atomic Read Modify Write
sequences from the CPUs. Hardware semaphores for temporary exclusive bus access
from one master to a slave are not implemented

4.3.1 Segments 0 to 14
Table 4-2 shows the address map of segments 0 to 14.

Table 4-2 On Chip Bus Address Map of Segment 0 to 14

Seg- |Address Size Description Access Type
ment | Range Read? Write?
0-6 0000 0000, - |8 byte Reserved (virtual SRIBE SRIBE
0000 0007, address space)
0000 0008, - |- SRIBE SRIBE
6FFF FFFF,
7 7000 0000, - |184 Kbyte |TC23x: CPUO Data access access
7002 DFFF Scratch-Pad SRAM
(CPUO.DSPR)
7002 E00O, - |- TC23x: Reserved SRIBE SRIBE
700F FFFFy,
7000 0000, - |88 Kbyte |TC22x: CPUO Data SRIBE SRIBE
7001 5FFF, Scratch-Pad SRAM
(CPUO.DSPR)
7001 6000, - |- TC22x: Reserved SRIBE SRIBE
700F FFFF,
7010 0000, - |8 Kbyte CPUO Program Scratch- | access access
7010 1FFF, Pad SRAM
(CPUO.PSPR)
7010 2000, - |8 Kbyte CPUO.Program Cache  |access®/ |access®/
7010 3FFF, SRAM (CPUO.PCache) |SRIBE SRIBE
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Table 4-2 On Chip Bus Address Map of Segment 0 to 14 (cont'd)

Seg- |Address Size Description Access Type

ment | Range Read? Write?
7010 4000, - |- Reserved SRIBE SRIBE
701B FFFF,
701C 0000, - |- CPUO Program Cache  |access®/ |access®/
701C OBFF, TAG SRAM? SRIBE SRIBE

(CPUO.PTAG)

701C 0CO00, - |- Reserved SRIBE SRIBE
TFFF FFFFy,

8 8000 0000, - |2 Mbyte TC23x: Program Flash access access?
801F FFFF, (PFlash)
8020 0000, - |- TC23x: Reserved SRIBE SRIBE
8FE6 FFFF,
8000 0000, - |1 Mbyte TC22x: Program Flash access access?
800F FFFFy, (PFlash)
8010 0000, - |- TC22x: Reserved SRIBE SRIBE
8FE6 FFFF
8FE7 0000, - |32 Kbyte |Online Data Acquisition |SRIBE access® /
8FE7 7FFF (OLDA) SRIBE
8FE7 8000, - |- Reserved SRIBE SRIBE
8FFF 7FFF
8FFF 8000, - |32 Kbyte |Boot ROM (BROM) access SRIBE
8FFF FFFFy,

9 9000 0000, - |32 Kbyte |TC23x-ADAS: LMU access access
9000 7FFFy SRAM (LMURAM)
9000 0000, - |- TC23x, TC22x: Reserved | SRIBE SRIBE
9000 7FFFy
9000 8000, - |- Reserved SRIBE SRIBE
9EFF FFFF
9F00 0000, - |512 KByte | TC23x-ADAS: Extended |access access
9F07 FFFFy, Memory (EMEM)
9F00 0000 - |- TC23x, TC22x: Reserved | SRIBE SRIBE
9F07 FFFF
9F08 0000, - |- Reserved SRIBE SRIBE
9FOF FFFF,

User’s Manual 4-7 V1.1, 2014-12

MemMaps TC23x, V1.0D5



(infineon

TC21x/TC22x/TC23x Family

Memory Maps

Table 4-2 On Chip Bus Address Map of Segment 0 to 14 (cont'd)

Seg- |Address Size Description Access Type

ment | Range Read? Write?
9F10 0000, - |16 Kbyte |TC23x-ADAS: Extended |access access
9F10 3FFF, Memory (EMEM)
9F10 0000, - |- TC23x, TC22x: Reserved | SRIBE SRIBE
9F10 3FFF,
9F10 4000y - |- Reserved SRIBE SRIBE
9FFF FFFF,

10 A000 0000, - |2 Mbyte TC23x: Program Flash access access?
AO1F FFFF, (PFlash)
A020 0000, - |- TC23x: Reserved SRIBE SRIBE
AEFF FFFF,
A000 0000, - |1Mbyte |TC22x: Program Flash |access access?
AQOF FFFF, (PFlash)
A010 0000 - |- TC22x: Reserved SRIBE SRIBE
AEFF FFFF,
AF00 0000, - |1 Mbyte |Data Flash 0 access access?®
AFOF FFFF, (DFO Address Range)
AF10 0000, - |16 Kbyte |Data Flash 0 access access?®
AF10 3FFF, (DFO Address Range)
AF10 4000, - |- Reserved SRIBE SRIBE
AFE6 FFFF,
AFE7 0000, - |32 Kbyte | Online Data Acquisition |SRIBE access® /
AFE7 7FFF, (OLDA) SRIBE
AFE7 8000, - |- Reserved SRIBE SRIBE
AFFF 7FFF,
AFFF 8000, - |32 Kbyte |Boot ROM (BROM) access SRIBE
AFFF FFFF,

11 BOO0 0000, - |32 Kbyte | TC23x-ADAS: LMU access access
B00O 7FFF SRAM (LMURAM)
BO0O 0000 - |- TC23x, TC22x: Reserved | SRIBE SRIBE
BO0O 7FFF,
BO0O 8000, - |- Reserved SRIBE SRIBE
BDFF FFFFy,
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Table 4-2 On Chip Bus Address Map of Segment 0 to 14 (cont'd)

Seg- |Address Size Description Access Type

ment | Range Read? Write?
BEOO 0000, - | 512 Kbyte | TC23x-ADAS: access access
BEO7 FFFF, FFT Accelerator
BEOO 0000 - |- TC23x, TC22x: Reserved | SRIBE SRIBE
BEO7 FFFF,
BEO8 0000, - |- Reserved SRIBE SRIBE
BEOF FFFF,,
BE10 0000, - |512 Kbyte |TC23x-ADAS: access access
BE17 FFFF, FFT Accelerator
BE10 0000y - |- TC23x, TC22x: Reserved | SRIBE SRIBE
BE17 FFFF,
BE18 0000 - |- Reserved SRIBE SRIBE
BEFF FFFF,
BFO0O 0000, - | 512 KByte | TC23x-ADAS: Extended |access access
BFO7 FFFF, Memory (EMEM)
BF00 0000, - |- TC23x, TC22x: Reserved | SRIBE SRIBE
BFO7 FFFF,
BF08 0000, - |- Reserved SRIBE SRIBE
BFOF FFFF,
BF10 0000, - |16 Kbyte |TC23x-ADAS: Extended |access access
BF10 3FFF, Memory (EMEM)
BF10 0000 - |- TC23x, TC22x: Reserved | SRIBE SRIBE
BF10 3FFF,
BF10 4000, - |- Reserved SRIBE SRIBE
BFFF FFFF,

12 C000 0000y, - |- Reserved” SRIBE SRIBE
CFFF FFFF,

13 | D000 0000, - |- Reserved” SRIBE SRIBE
DFFF FFFF,

14 EO000 0000, - |- Reserved SRIBE SRIBE
EFFF FFFF,

15 FO00 0000, - |256 Mbyte |see Table 4-3
FFFF FFFF,

1) A read transaction through the SRI to FPI bridge that is terminated with Bus Error will result in Bus Errors on
SRI and FPI (valid for transactions from FPI to SRI and SRI to FPI).
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2) Write access to Flash resources are handled by the PMU module (Flash command sequence, see PMU

chapter for details).

PCache SRAMSs and the corresponding TAG SRAM can be only accessed when mapped into the address

space (PCache / DCache disabled. See TAG chapter, register MTU_MEMMAP for details).

4) TAG SRAMs are not meant to be used as general SRAMS and can be accessed only with single data access
and only with 64 bit aligned address. Mapping of TAG SRAMs in the address map can be used as additional
option for memory testing.

5) Online Data Acquisition address space can be disabled/enabled via LMU control register bit
LMU_MEMCON.OLDAEN.

6) DFO is the address where all Data Flash blocks are mapped to. The details about the Data Flash block sizes,
segmentation and exact mapping are described in the chapter PMU.

7) See also chapter "CPU, "Local and Global Adressing” for CPU local views to segment "C” and segment ‘D".

3

=
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4.3.2 Segment 15

Table 4-3 shows the address map of segment 'F" as seen from the SRI and SPB bus

masters (bus master agents are described in the chapter On Chip Bus System).

Table 4-1 gives an overview about the address mapping of the module address ranges:

« which modules are mapped into the first 16 KB of segment "F" and can be accessed
by the TC1.6E/P with absolute addressing modes (left side)

* examples of covering modules with relative addressing mode (base address +- 32
KB, in the middle)

F000_0000y F001_00004 F002_50004
STMx DMA BCU
Cerberus MultiCAN MultiCAN1 *
ASCLINX ERAY
Modules in QSPIx Scu
IgergSIf SAR-ADC SMU
of
segment 'F’ CCusx R
GPT12x Ports
SENT Examples for FFT™
relative HSM **
addressing GT™
mode ranges :
(base pointer * N
+-32 KB) only in TC23x
** only in TC23x ED

Figure 4-1 Segment F Structure

Please note that Table 4-3 describes the mapping of modules to segment F. The details
of the module address ranges can be found in the module chapters register overview.

Table 4-3 On Chip Bus Address Map of Segment 15

Unit Address Size Access Type
Range Read Write

System Timer 0 (STMO) FO00 0000, - |256 access access
FO00 OOFF, |byte

Reserved FO00 0100, - |— SPBBE SPBBE
FO00 03FF

On-Chip Debug Support (Cerberus) | FOO0 0400, - |2x256 |access access
FO0O0 O5FF byte

ASCLINO (ASCLINO) FO00 0600, - |256 access access
FO00 06FF, |byte
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Table 4-3 On Chip Bus Address Map of Segment 15 (cont'd)

Unit Address Size Access Type
Range Read Write

ASCLIN1 (ASCLIN1) FO00 0700, - |256 access access
FO00 O7FF, |byte

Reserved FO00 0800, - |— SPBBE SPBBE
FO00 1BFF,

QUEUED SPI 0 (QSPI0) FO00 1C00,, - | 256 access access
FO00 1CFF,, |byte

QUEUED SPI 1 (QSPI1) FO00 1D00,, - | 256 access access
FO00 1DFF,, |byte

QUEUED SPI 2 (QSPI2) FO00 1E00y - |256 access access
FO00 1EFF, |byte

QUEUED SPI 3 (QSPI3) FO00 1F00, - |256 access access
FO00 1FFF, |byte

Reserved FO000 2000, - |- SPBBE SPBBE
FO00 29FF,

Capture/Compare Unit 6 0(CCU60) | FOO0 2A00, - |256 access access
FO00 2AFF, |byte

Capture/Compare Unit 6 1 (CCU61) | FOO0 2B00,, - | 256 access access
FO00 2BFF, |byte

Reserved FO00 2C00, - |- SPBBE SPBBE
FO00 2DFF

General Purpose Timer 12 0 FO00 2E00, - |256 access access

(GPT120) FO00 2EFF, |byte

Reserved FO00 2F00, - |— SPBBE SPBBE
FO00 2FFF,

SENT Module FO00 3000, - |11x256 |access access

(SENT) FO00 3AFF, |byte

Reserved FO00 3B00y, - |- SPBBE SPBBE
FO00 FFFF,

Direct Memory Access Controller | FO01 0000, - |16 access access

(DMA) FO01 3FFF,, |KByte

Reserved FOO01 4000, - |— SPBBE SPBBE
FOO1 7FFF,
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Table 4-3 On Chip Bus Address Map of Segment 15 (cont'd)

Unit Address Size Access Type
Range Read Write

MultiCAN Controller (CAN) F001 8000, - |16 access access
FOO01 BFFF, |Kbyte

TC22x: Reserved F001 C000, - |- SPBBE SPBBE
FOO1 FFFF,

TC23x: FlexRay™ Protocol F001 CO00, - |4 access access

Controller FO01 CFFF, |Kbyte

(E-Ray)

TC22x, TC23x: Reserved F001 D000, - |- SPBBE SPBBE
FOO1 FFFF,

TC23x-ADAS: Ethernet Controller | FO01 D000, - |256 access access

System Control Register (ETH) FOO1 DOFF, |byte

TC23x-ADAS: Reserved FO01 D100, - |— SPBBE SPBBE
FOO1 DFFF,

TC23x-ADAS: Ethernet Controller |F001 EO00, - |8 access access

(ETH) FOOl1 FFFF, |KByte

Analog-to-Digital Converter (VADC) | FO02 0000, - |16 access access
F002 3FFF,, |KByte

Reserved F002 4000, - |- access access
F002 7FFF,

TC23x: MultiCAN1 Controller F002 8000, - |16 access access

(MultiCAN1) F002 BFFF,; |Kbyte

TC22x: Reserved F002 8000, - |- SPBBE SPBBE
F002 BFFF

Reserved F002 C000 - |— SPBBE SPBBE
F002 FFFFy

System Peripheral Bus Control Unit | FOO3 0000, - |256 access access

(BCU) FO03 00FF, |byte

Reserved F003 0100, - |— SPBBE SPBBE
FO03 4FFF,

I/O Monitor (IOM) F003 5000,, - |2x256 |access access
FO03 51FF, |byte

Reserved F003 5200, - |— SPBBE SPBBE
F003 5FFF
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Table 4-3 On Chip Bus Address Map of Segment 15 (cont'd)

Unit Address Size Access Type
Range Read Write

System Control Unit (SCU) F003 6000, - |1 access access
FO03 63FF, |Kbyte

Reserved F003 6400, - |- SPBBE SPBBE
FO03 67FF

Safety Management Unit (SMU) F003 6800, - |2 access access
FO03 6FFF, |Kbyte

Interrupt Router (IR) FO03 7000, - |4 access access
FO03 7FFF, |Kbyte

Interrupt Router (IR) SRC Registers | FO03 8000, - |8 access access
FO03 9FFF, |Kbyte

Port 00 FO03 A00O, - |256 access access
FO03 AOFF, |byte

Reserved FO03 A100, - | 256 SPBBE SPBBE
FO03 A1FF, |byte

Port 02 FO03 A200, - |256 access access
FO03 A2FF, |byte

Reserved FO03 A300, - |— SPBBE SPBBE
FO03 AFFF,

Port 10 FO03 BOOO,, - |256 access access
FO03 BOFF, |byte

Port 11 FO03 B100, - |256 access access
FO03 B1FF, |byte

Reserved F003 B200,, - |— SPBBE SPBBE
F003 B2FF,

Port 13 FO03 B300, - |256 access access
FO03 B3FF, |byte

Port 14 FO03 B400, - |256 access access
FO03 B4FF, |byte

Port 15 FO03 B500, - |256 access access
FO03 B5FF, |byte

Reserved FO03 B600,, - |— SPBBE SPBBE
FO03 BFFF
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Table 4-3 On Chip Bus Address Map of Segment 15 (cont'd)

Unit Address Size Access Type
Range Read Write

Port 20 FO03 C000,, - |256 access access
FO03 COFF, |byte

Port 21 FO003 C100,, - |256 access access
FO03 C1FF, |byte

Port 22 FO03 C200, - |256 access access
FO03 C2FF,, |byte

Port 23 FO03 C300,, - |256 access access
FO03 C3FF, |byte

Reserved FO03 C400, - |- SPBBE SPBBE
FO03 D1FF,

Reserved F003 D200, - |— SPBBE SPBBE
FO03 D2FF,

Port 33 FO03 D300, - |256 access access
FO03 D3FF,, |byte

Port 34 FO03 D400, - |256 access access
FO03 D4FF,, |byte

Reserved F003 D500, - |- SPBBE SPBBE
FO03 DFFF

Port 40 FOO03 EO000,, - |256 access access
FO03 EOFF, |byte

Port 41 FOO03 E100, - |256 access access
FOO3 E1FF, |byte

Reserved FO03 E200,, - |— SPBBE SPBBE
FO03 FFFF

TC23x: High Security Module FO004 0000, - |128 access access

(HSM) FO05 FFFF, |Kbyte

TC22x: Reserved F004 0000, - |- SPBBE SPBBE
FO05 FFFF

Memory Test Unit (MTU) F006 0000, - |64 access access
FO06 FFFF, |Kbyte

Reserved FO07 0000, - |— SPBBE SPBBE
FOOF FFFF,
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Table 4-3 On Chip Bus Address Map of Segment 15 (cont'd)

Unit Address Size Access Type
Range Read Write

Global Timer Module (GTM) F010 0000, - |640 access access
FO019 FFFF, |Kbyte

Reserved FO1A 0000, - |— SPBBE SPBBE
F7FF FFFF,

Reserved F800 0000, - |- SRIBE SRIBE
F800 04FF,

Program Memory Unit 0 (PMUOQ) F800 0500, - |256 access access
F800 O5FF, |byte

Reserved F800 0600, - |— SRIBE SRIBE
F800 OFFF,

Flash Register (PMUO) F800 1000, - |5 Kbyte |access access
F800 23FF,

Reserved F800 2400, - |- SRIBE SRIBE
F86F FFFF,

SRI Crossbar (XBar_SRI) F870 0000, - |5x256 |access access
F870 04FF, |byte

Reserved F870 0500, - |— SRIBE SRIBE
F870 07FF,

Local Memory Unit (LMU) F870 0800, - |256 access access
F870 08FF, |byte

Reserved F870 0900, - |- SRIBE SRIBE
F870 OBFFy

TC23x-ADAS: FFT Accelerator F870 0C00,, - |256 access access

(FFT, Emulation Device only) F870 OCFF, |byte

TC23x, TC22x: Reserved F870 0C00, - |— SRIBE SRIBE
F870 OCFF

Reserved F870 0D0O, - |- SRIBE SRIBE
F87F FFFF,

CPUO SFR F880 0000, - |64 access access
F880 FFFFy, KByte

CPUO CSFR F881 0000, - |64 access access
F881 FFFF, |KByte
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Table 4-3 On Chip Bus Address Map of Segment 15 (cont'd)

Unit Address Size Access Type
Range Read Write

Reserved F882 0000, - |— SRIBE SRIBE
F8FF FFFF,

TC23x-ED: Reserved for Emulation | F900 0000, - |1 access access

Device Registers (ED Reg) F9OF FFFF, |MB

TC23x, TC23x-ADAS, TC22x: F900 0000, - |- SRIBE SRIBE

Reserved FOOF FFFF,

Reserved F910 0000, - |— SRIBE SRIBE
FFFF FFFF,
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4.4 Memory Module Access Restrictions

Table 4-4 describes which type of accesses are possible to the different memories in the

TC21x/TC22x/TC23x.

Table 4-4 Possible Memory Accesses?

Memory Bit Byte Half-word Word Double-word

rmw |1 w r w r w r w

PMI? | PSPR y y ly ly |y ly y y y
PTAG® - - - - - y y - -
PCACHE y Yy y y y Yy y Yy y

DMI? | DSPR y y |y |y |y |y y y y

LMU? |LMURAM |y y |y |y |y |y y y y

PMU |BROM - y - y - y - y -
PFLASH - y - y - y y y y
DFLASH - y - y - y y y y

1) ‘y" means: supported. - means: not supported
2) The module also supports SRI 2-Word and 4-Word Block read and write accesses.

3) TAG SRAMs are not meant to be used as general SRAMS and can be accessed only with 32-bit data access
and only with 64 bit aligned address. Mapping of TAG SRAMs in the address map can be used as additional
option for memory testing. The TAG SRAM size is below 24 bit, so the 8 MSB of a 32 bit write or read are dont

care.

User's Manual

MemMaps TC23x, V1.0D5

4-18

V1.1, 2014-12



. TC21x/TC22x/TC23x Famil
(Infineon y

Memory Maps

4.5 Side Effects from Modules to CPUO Data Scratch Pad SRAM
(DSPRO)

Pls. note that a part of the CPUO DSPR will be overwritten by the start-up (BootROM)
procedure after cold power-on as well as the information in this area should be used and
in case modified by the (user) SW procedure when preparing the device to enter Stand-
By mode. The details are described in the Firmware chapter, sub-chapter "RAMs
Handling".
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5 TC21x/TC22x/TC23x BootROM Content

The TC21x/TC22x/TC23x BootROM consists basically of three parts:

» Startup Software (short name SSW);
« Software modules implementing additional functions (Bootstrap Loaders);
* Test Firmware.

5.1 Startup Software

The Startup Software is the first software executed after a chip reset.

SSW is executed on CPUO - all other CPUs are kept in Halt-state during boot, to be
started by user software whereas:

e SSW start address in BootROM is the reset value in Program Counter register of the
CPUO. From this location an instruction is fetched and this is the first instruction
executed after any device start-up.

— immediately after this entry point the firmware checks for testmode, and in case
testmode is selected - jump to test firmware is executed

» the last SSW instruction performs a jump to the first user code instruction. This first
user instruction can be fetched from different locations depending on the start-up
configuration as selected by the user.

The Startup Software contains procedures to initialize the device depending on one or
more from the following:

» information previously stored into dedicated Flash locations

« the current state of special bits/fields in dedicated register/memory locations

« the type of event which has triggered the SSW-execution (the last reset event)
« values applied to external (configuration-) pins (optional)

The SSW also calls - in case - other firmware modules.

5.1.1 Events triggering SSW execution

SSW execution can be triggered by different events. SSW recognizes the triggering
(reset) event and takes (partially) different execution flows.

51.1.1 Power-on

This is the initial powering-up of the device after the supply has been switched off, or in
other words - the only way to generate this reset event is by applying power to a
previously un-powered device.

The conditions at which the SSW execution starts upon this event include:

« all the registers are in their initial (reset) state
e Flash is under reset - meaning not active, and not ready to perform any
(read/erase/program) operation
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* RAMS’ content is undefined
» clock system is in its initial state

Due to the overall “fully initial” state of the device upon power-on, the SSW flow is
respectively longer in this case and covers the biggest amount of activities compared to
other reset events.

5.1.1.2 System reset

Attention: From SSW point of view, the handling of system reset is generally the
same as of “warm power-on”.
Therefore further in this Chapter when system reset is referred - the
same SSW handling applies upon warm power-on, exceptions will bein
case specially notified.

This reset event can be requested by different sources:

e device internal hardware - from modules like watchdog timer and security/memory
control logic

« external hardware - when active signal is applied to defined device pin(s)

« software - when defined control bit(s) are respectively installed during user code
execution

For most of the sources, generating system reset is a feature configurable by software.

The exception is PORST pin, applying active low level to which generates system reset
only if the supply voltage is above defined level permanently in the surrounding time
window - e.g. the device is continuously powered before and during system reset
activation. Otherwise - upon a supply drop below some level - power-on is immediately
triggered. All this functionality is supported by the EVR module.

The conditions at which SSW execution starts upon system reset include:

« all the registers are in their initial (reset) state

e Flash is under reset - meaning not active, and not ready to perform any
(read/erase/program) operation

* RAMS’ content is the same as just before the system reset has been triggered

« clock system is in its initial state

As seen from the above list, the only difference in the initial system status after power-
on and system reset is in that the content of RAMs is not changed by the reset event.

5.1.1.3 Application reset

Similarly to system reset, an application reset can be requested by different sources:
internal/external hardware as well as software. For all the sources, generating system
reset is a feature configurable by software.

The conditions at which SSW execution starts upon application reset include:
* registers connected to this reset type are in their initial (reset) state

User's Manual 5-2 V1.1, 2014-12
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* Flashis in read mode
< all the rest - RAMs and surround logic, clock system, registers under system reset -
is not affected by this event.

Following the limited changes within the device status upon application reset, the SSW
flow is shortest in this case.

5.1.2 Clock system during start-up
The state of clock system during device start-up depends on the reset event type:

e upon power-on and system reset - clock system is in its initial state, namely:
— fsri= fepuo = frs=feack=100MHz nominal
— fspe=fstm=Teack/2=50MHz nominal
in Emulation Device (ED) fggg=fgack/2=50MHz nominal
— PLL and VCO are in power-down mode
< upon application reset - clock system does not change its state, therefore the device
runs at same frequency and clock source as before the reset event

With the same clock system state the first user code is started, with exception of the
Bootstrap Loader mode upon power-on - refer to Chapter 5.2.

5.1.3 RAM overwrite during start-up

Start-up procedure can overwrite up to 8kByte at the beginning of CPUO DSPR.
Therefore this area should not be used by application software to save data, which must
be preserved through device resets.

Additionally, SSW performs a special handling of CPUO DSPR upon exit from stand-by
mode if this RAM has been kept supplied during stand-by. To assure this handling will
be correct:

« upon cold power-on reset, SSW stores 16 Words (total of 64 Bytes) information into
so-called “reserved area” in CPUO_DSPR starting at address D000'2000,,
« if the application wants to keep CPUO DSPR supplied during stand-by mode and to
save information there:
— before going into stand-by mode, the user code must execute CPUO DSPR
preparation as described in Chapter 5.4
— the user code must not touch the data within reserved area (see above) at
D000’2000,,...D000'203F,, except when executing Preparation before to enter
Stand-by mode

5.1.4 Boot Options Summary
This chapter summarizes the TC23x startup configurations in user mode.
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Internal Start

In this basic startup mode, the first user instruction is fetched from address A000 0020,
in Internal Program Flash of the device.

Bootloader Modes

Different Bootstrap Loader routines are used in these modes to download code/data into
the Instruction Scratchpad Memory SPRAM (PSPR), as follows:

* ASC bootloader

* CAN bootloader

* Generic bootloader mode - the bootloading procedure itself here is in fact one of the
two above possibilities - ASC/CAN. The selection either to use ASC- or CAN-
communication protocol is done by the SSW upon the first byte received at the couple
of pins, which are then respectively configured to ASC or to MultiCAN module.

Alternate Boot Modes

In these modes, program code is started from user-defined address but only if all defined
check-conditions are satisfied. Otherwise Generic Bootstrap Loader mode can be
entered to download the code into device, this code is afterwards started by the SSW.

All the information needed for the SSW to handle ABM startup mode is collected into the
so-called Headers. The checks are performed according to Start-up mode selection
flow as defined in Chapter 5.1.5.

5.1.5 Start-up mode selection
TC21x/TC22x/TC23x start-up flow in regard to mode selection is shown at Figure 5-1.
There is one way only to select start-up configuration in TC21x/TC22x/TC23x:

e Configuration by Boot Mode Index (BMI) - according to values taken from
dedicated locations in Flash (new feature for AURIX products)

Additionally, as an option of the BMI-configuration flow the well known proceeding from
previous devices is supported:

« Hardware configuration - according to the values at configuration pins
The flow to evaluate start-up configuration in TC21x/TC22x/TC23x is as follows:

1. if error happens during Flash ramp-up or Flash Config sector is corrupted
(unrecoverable data error) - SSW terminates immediately

2. SSW evaluates sequentially up to four Boot Mode Headers BMHDO...BMHD3 - for
header locations refer to Table 5-2, evaluation procedure - see below and Figure 5-2
a) if evaluation procedure is exited with OK - valid BMI and (in case) code found,

start-up mode is taken accordingly

b) if evaluation procedure is exited with FAIL - continue with step 3.

3. check the firmware internal flag CFGPIN:
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a) if set - meaning valid BMI enabling pin-configuration was found, ABM was selected
from pins but code check failed (refer to Figure 5-2): re-install STSTAT.HWCFG
from ABM to BSL (Generic/ASC) accordingly and take the respective start-up
mode

b) if not set - no valid BMI and code are found, continue with step 4.

4. check if the condition (HSM boot disabled) AND (OTP protected mode disabled) is
true:

a) if yes - initialize security relevant RAMs, then check either debugger is connected
and halt-after-reset is requested (OSTATE.HARR=1)

- if yes - execute Internal start mode - CPUO will be halted before the first user
instruction
- if not - execute Generic Bootstrap Loader mode - default mode if no valid BMI

b) if not - check and in case enable debug access using the general evaluation
sequence, then enter endless loop - HSM or an external debugger (if access
granted) are able to handle further the device start-up

Note: The initialization of security relevant RAMs here is to prevent using BSL mode as
back door for reading out user information previously stored into some RAM(S).

Table 5-1 Boot Mode Header (BMHD) structure

Offset |Size |Field Name Description

Addr. |Byte

00, 4 | STADABM User Code Start Address

04, 2 |BMIY Boot Mode Index (BMI)

06, 2 |BMHDID Y Boot Mode Header ID (Confirmation code) = B359,,
08, 4 | ChkStart Memory Range to be checked - Start Address

0Cy 4 | ChkEnd Memory Range to be checked - End Address

10, 4 | CRCrange Check Result ? for the Memory Range

14, 4 | CRCrange Inverted Check Result for the Memory Range

18, 4 |CRChead Check Result ? for the ABM Header (offset 00,,..17,,)
1C, 4 | CRChead Inverted Check Result for the ABM Header

1) These fields are different from the ABM Headers in previous devices.
2) CRC calculation is based on IEEE 802.3, the CRC32 ethernet polynomial used is 04C11DB71,

Table 5-2 Boot Mode Headers locations

Header Start address End address

BMHDO A000 0000, A000 001F,

BMHD1 A002 0000, A002 001F,
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Table 5-2 Boot Mode Headers locations

Header Start address End address
BMHD2 A000 FFEO, A000 FFFF,
BMHD3 A001 FFEO, A001 FFFF

Table 5-1 shows the Boot Mode Header (BMHD) structure, the procedure to evaluate
one BMHD includes following steps (refer to Figure 5-2):

1. check either Boot Mode Header ID is correct
a) if BMHDID = B359y, - continue with 2.
b) if not - continue with 8.
2. calculate the CRC of the first 24 Bytes from the ABM Header (refer to Table 5-1) -
process the fields STADABM...CRCRange at offsets 00...17
a) compare the result with the CRChead value (offset 18,,)
- if OK - continue with 2.b)
- if not - continue with 8.
b) inverse the result value and compare with CRChead (offset 1C,,)
- if OK - continue with 3.
- if not - continue with 8.
3. check either BMI[15:10, 7:0] value is valid - refer to Chapter 5.1.5.2
a) if yes - continue with 4.
b) if not - continue with 8.

Note: Bits BMI[9:8] are excluded from this check because they control Lockstep Logic
and can have arbitrary values.

4. check the conditions BMI[3]=0 (pin-configuration enabled) AND HWCFG[3] pin
value=0 (pin-configuration selected) AND PROCONOTP[30:29]=00g (OTP protected
mode not enabled):
a)if all the conditions are true - Hardware configuration is taken (refer to
Chapter 5.1.5.1 and respective value installed in STSTAT.HWCFG, then continue
with 5.

b)if not - Configuration by Boot Mode Index (BMI) is taken (refer to
Chapter 5.1.5.2) and respective value installed in STSTAT.HWCFG, then
continue with 5.

5. check either STSTAT.HWCFG value selects Alternate Boot Mode (ABM)

a) if yes - continue with 6.

b) if not - exit this procedure, BMI is OK, mode is selected in STSTAT.HWCFG

6. calculate the CRC over the memory address range ChkStart...ChkEnd (start- and
end- addresses taken from offsets 08, and 0C, respectively)
a) compare the result with the CRCrange value (offset 10,

- if OK - continue with 6.b)
- if not - continue with 7.
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b) inverse the result value and compare with CRCrange (offset 14,,)
- if OK - exit this procedure, BMI and code are OK, ABM is selected in
STSTAT.HWCFG
- if not - continue with 7.
7. check how is ABM selected
a) from BMI value - continue with 8.
b) from HWCFG pins - install Generic Bootstrap Loader ABM in STSTAT.HWCFG,
exit this procedure with OK
8. check again so called Magic number in Flash Config sector
a) if OK - exit this procedure, header and BMI check failed
b) if wrong - terminate SSW immediately on error

Note: The last step above is to reduce the probability that a hacker attack disturbs
BMI/ABM checks targeting to cause unintentional (from the original user code)
entry into Bootstrap Loader mode.
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Header

5.1.5.1 Hardware configuration

The start-up mode selection by configuration pins HWCFG[5:4] in TC21x/TC22x/TC23x

is shown in Table 5-3. The values at these pins are latched by hardware upon any reset

(deactivation - rising edge) into register which is read and evaluated by SSW during

start-up processing.

Note: HWCFG[2:0] pins are used for EVR control, HWCFGI[6] - for pull-up/tristate pin
configuration,HWCFGJ[7] is not available for TC21x/TC22x/TC23x.

Table 5-3 Start-up mode selection by pins in TC21x/TC22x/TC23x

HWCFG pins | Start-up Mode
(5] [4]

Internal start from Flash

ABM, Generic Bootstrap Loader on fail
ABM, ASC Bootstrap Loader on fail
Generic Bootstrap Loader

O O|Fr |k
Ol |O|k

5.1.5.2 Configuration by Boot Mode Index (BMI)

The Boot Mode Index (BMI) is 2 Byte value holding information about start-up mode of
the device and Lockstep mode enable/disable.

The data structure of BMI is described below, followed by the definition of
FLASHO_PROCOND bits which control RAM initialization, oscillator circuit (OSC)
configuration and ESRO pin handling by SSW.

NOTE: The start-up mode selections defined as “Reserved” in BMI.HWCFG are treated
as invalid by SSW

BMI structure

BMI
Boot Mode Index Boot Mode Header offset 04,))
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T
LCL1|LCLO PIN
0 LSEN|LSEN 0 HWCFG DIS 0

I r I I r r r I r r I r
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Field

Bits

Typ

Description

[15:10],
7,[2:0]

=

Reserved

PINDIS

3

Mode selection by configuration pins:
0 Mode selection by HWCFG pins is enabled
1 Mode selection by HWCFG pins is disabled

HWCFG

[6:4]

=

101; Reserved

010z Reserved
001; Reserved
0005 Reserved

Start-up mode selection:
111; Internal start from Flash
1105 Alternate Boot Mode (ABM)

1005 Generic Bootstrap Loader
011; ASC Bootstrap Loader

LCLOLSEN

Lockstep Comparator Logic control for CPUO:
0 Lockstep is disabled for CPUO
1 Lockstep is enabled for CPUO

LCL1LSEN

Reserved in TC21x/TC22x/TC23x

FLASHO_PROCOND

DFlash Protection Configuration (F800 1030,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0 0 ESROCNT
rh rh rh I I I rlh I I I I
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T
RAMINSEL RAMIN
I rhI I I I rlh I r‘h rh rh
Field Bits Type | Description
NSAFECC, |0,1,31 rh Flash related control bits
L, RPRO
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Field Bits Type | Description
RAMIN [3:2] rh RAM initialization by SSW control:
x0g Initialize RAMs as selected by RAMINSEL
upon cold power-on
Oxg Initialize RAMs as selected by RAMINSEL
upon warm power-on
RAMINSEL |[7:4] rh RAMs selected for initialization by SSW:
XxX0g PSPR, DSPR and PCACHE in CPUO are
selected for initialization
XX0Xg Reserved in TC21x/TC22x/TC23x
X0XXg Reserved in TC21x/TC22x/TC23x
0XXXg LMU and DAM RAMs are selected for
initialization
ESROCNT |[27:16] rh ESRO prolongation counter
FFF, Application Reset Indicator/ESRO pin is
not handled by SSW
000, Application Reset Indicator - ESRO pin
when respectively configured - is
released by SSW as soon as possible
(zero prolongation) after device reset
else Application Reset Indicator - ESRO pin at
low level, when respectively configured -
is hold by SSW active for
(ESROCNT)*10psec after device reset
release
0 [30:28, 15:8] |rh Reserved
User's Manual 5-12 V1.1, 2014-12
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5.1.6 Startup Software Main Flow

Below the SSW functionality is outlined during different execution-steps (refer to
Figure 5-3) and upon various configuration settings.

‘ Firmware START

Check
for Test mode

ve II

‘ Initial SSW settings ‘

v

Evaluate the last RESET-source
Setrespectively the SSW flags

v

Evaluate the Startup Configuration

)

Perform Flash Rampup
in accorrdance to the mode selected

¥

‘ Basic Flash configuration & settings

¥

‘ Chip configuration & initialization

v

Select & Execute Startup Mode )
Invalid Startup
¢ Configuration
‘ ‘ Bootloaders ‘ ‘ (| ERROR! D

Prepare
to run SSW

Flash
handling

Prepare Internal Start Startup Mode

processing
Alternate
Boot Mode
y
Final Chip Configuration
including Debug System setup& HARR Exiting
the SSW

Jump to User Code
Firmware END Aurix-FW-basic_flow.vsd 28.04.10

Figure 5-3  TC23x Firmware: Firmware main flow

5.1.6.1 Basic Device Settings

The target of this functional module is to initialize several TC23x-registers with the
values, which will be first seen by the user - or generally available - after exiting the SSW.

5.1.6.2 RAMs Handling
Only HSM RAM is initialized after any power-on by Startup Software in TC23x.
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For other RAMs initialization upon cold and/or warm power-on can be requested by
FLASHO_PROCOND (refer to Chapter 5.1.5.2).

5.1.6.3 Select and Prepare Startup Modes
TC21x/TC22x/TC23x User Startup Configurations and modes are summarized below.

Internal Start

This is the basic TC23x type of operation in which the user code is started out of the
Internal Flash Memory.

The User Start Address is set to A000’0020,,.

Bootstrap Loader Modes

The selected Bootstrap Loader (these routines are described in Chapter 10.2) is
executed only if the SSW-flag “Reset Configuration Updated” is set. This is to avoid
multiple executions of the Bootstrap Loader and to start directly the code already
downloaded after some - intended to be “application only” - reset events, for example
after a Watchdog Timer reset which has been configured to trigger application reset.

The supported Bootloader selections are:

e ASC Bootloader - ASC communication protocol via ASC pins
« Generic Bootloader via CAN pins - the communication protocol is automatically
selected by the SSW between ASC and CAN

After downloading (in case) the code, the User Start Address STADD is set to the
beginning of Program Scratchpad RAM PSPR at CO00 0000,,.

Alternate Boot Mode

The handling of this (ABM) start-up mode is according to the flow at Figure 5-1 and
Figure 5-2.

If this mode is selected by a valid BMI Header (or by pins if pin configuration is enabled
in a valid Header) and the code check pass - the User Start Address STADD is set to the
respective value from the header (STADABMX).

If the code check fails, the handling depends how ABM was selected:
« if selected by BMI - this BMI is considered then as not valid and not used for
configuration, the next header (of any) is taken for evaluation

» if selected by pins and no more Headers are available - Generic or ASC Bootloader
mode is taken in accordance to the pin-selection (refer to Chapter 5.1.5.1)
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Secure Boot option handling

If HSM module is available for the user (according to device configuration) - Secure
Booting is supported in which the user code is processed by HSM.

SSW supplies information about the current device mode, reset type, the primary
selected and the effectively taken start-up mode, which information is available for HSM
module to perform accordingly boot and user code processing.

5.1.6.4 Final Chip Settings
The last device configuration steps performed by the SSW include:

Flash access handling
SSW flow here includes:

» fetches (code/data, from Program/Data/HSM Flash) control
— if user code will be started from internal flash - all fetches are enabled
— otherwise - according to the protection (active/not) state

« Program and Erase operations are enabled

No handling of Unique Chip ID and Calibration data

This information (Unique Chip ID and Calibration data) is now stored in User
Configuration Block which is readable for the user. As consequence it is no more
installed into DSPR but can be read directly by the application software.

Debug System handling

As first point of this processing, the SSW internal flag Unlock Debug Interface is set if
debug access to device will be enabled according to the following evaluation sequence:

1. SSW checks either an external tool has requested debug access by writing a defined
content (32-bit value CMD_KEY_EXCHANGE=76D6E24A, for
TC21x/TC22x/TC23x) into COMDATA register
a) if yes - continue with the next step
b) if not - go to step 4.

2. still in Cerberus Communication mode, SSW confirms request reception and
receives 8 further words through COMDATA register

3. the data received (256 bits) is sent by SSW to PMU to be checked as debug interface
password and the result is evaluated by SSW:

a) if OK - debug password is correct, go to step 6.
b) if fail - continue with the next step

4. install into COMDATA 32-bit value serving for an external tool to identify the device
connected - UNIQUE_CHIP_ID_32BIT

5. check if Flash protection is activated:
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a) if yes - debug interface will be left locked, no debug access to device, exit the
sequence
b) if not - set SSW internal flag, debug interface will be unlocked, exit the sequence

The following steps are introduced to support so called “Debug Self-destructive Entry”
feature. The target is, if this feature is activated and debugging is requested by correct
debug password (see steps 1...3 above) - to destroy vital functions of the device (so that
it is not usable in a real application anymore) before effectively granting debug access.
The steps performed are:

6. check either “Debug Self-destructive Entry” feature is activated for the device
(PROCONHSMOTP.DESTDBG=11g):
a) if yes - continue with the next step
b) if no - debug access granted, go to step 5.b)

7. using PMU command sequences, erase and re-program UCB_DBG with the
previous password but setting “Entered Debug Mode” marker (EDM=11g) in
PROCONDBG,; then go to step 5.b) - debug access granted

Next, Halt after Reset is prepared if requested. The SSW processing here is as follows:

« check either external (debug) access to the device will be generally granted
— if Not -> exit this procedure

e check either Halt After Reset is requested
— if Not -> exit this procedure

» configure a Break After Make breakpoint at the last SSW instruction

» enable On-Chip Debug Support system.

Note: The final debug-related operation - unlocking (in case) the debug interface - is
performed later.

ESRO pin handling
If both the conditions

* ESROCNT<>FFF, in FLASHO_PROCOND (refer to register description in
Chapter 5.1.5.2) AND

« ESRO-pin configuration upon SSW entry is open-drain reset output (SCU_IOCR.PCO
in [1110g, 1010g])

are satisfied, SSW will:

» release ESRO pin - by installing SCU_ESROCFG.ARC:=1 which clears Application
Reset Indicator in SCU_ESROCFG.ARI - with some delay after device internal reset
is released (i.e. CPUO started), the delay is defined as follows
— if FLASHO_PROCOND.ESROCNT=000,, - about 500usec upon cold power-on,

not longer than 20usec otherwise
— if FLASHO_PROCOND.ESROCNT=001,,...FFE, - (ESROCNT)*10usec

» wait until ESRO pin is effectively high - indicated by SCU_IN.P0O=1 - at the very SSW

end and before jumping to the first user instruction
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To generate configurable ESRO delay after device reset release, SSW uses System
Timer 0 (STMO) and especially takes into account the following default settings after
power-on/system reset:

e STMis reset and starts counting from zero
+ STMis clocked with 50MHz i.e. fgry=Fgack/2

Attention: Both the above conditions could not be true after application reset, if
default settings are changed by user code executed after power-
on/system reset. In such a case, ESRO handling by SSW will not work
correctly, meaning the real prolongation will not correspond to
ESROCNT value configured.

Lockstep configuration
Upon cold power-on only SSW performs Lockstep configuration as follows:

« if valid BMI has been found during start-up mode evaluation:

— Lockstep control for CPUO is installed in LCLCONO.LSEN from BMI[8]
< if no valid BMI has been found during start-up mode evaluation:

— Lockstep control for CPUO is disabled by installing LCLCONO.LSEN=0

5.1.6.5 Ending the SSW and Starting the User Code

The last steps executed by the SSW are:

» activate the Startup Protection
» unlock (in case) Debug Interface
e jump to the first User Instruction at address STADD.

Additionally, if all the following conditions are satisfied:

» the device is an ED

« debug access to device is allowed

« halt after reset is not requested

« the last reset has been a power-on (cold or warm)

SSW performs at its very end additional checks and in case all these succeed - the last
SSW instruction jumps not to the “standard” STADD but to an address inside EMEM
(Emulation Memory). This SSW part implements the sequence defined in
TC21x/TC22x/TC23x ED Target Specification, Chapter “Startup with prolog code in
EMEM".
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5.2 Bootstrap Loaders

These routines provide mechanisms to load an user program via selected interface by
moving code into PMI Scratchpad RAM (an Internal Program memory). The loaded code
is started after exiting the BootROM.

5.2.1 ASC Bootstrap loader

The ASC Bootloading routine implements the following steps:

* RxD/TxD pins configuration is done in accordance to the TC23x definitions, as well
as depending either the routine is invoked upon “ASC Bootloader”-startup mode
(ASC-only pins are used) or following an ASC-protocol detection upon “Generic
Bootloader’-mode (CAN/ASC-shared pins are used but configured to ASC module)

» baudrate calculation is done based on the zero Byte sent by the host

* ASCLIN channel n (refer to Table 5-4) is initialized (without enabling the receiver) to
the baudrate as determined, 8 data and 1 stop bit

» acknowledge byte D5, is sent to the host indicating the device is ready to accept a
data transfer

- after the acknowledge byte is transmitted, the receiver is enabled

» the bootloader enters a loop waiting to receive exactly 128 bytes which are stored as
32 words in CPUO Program Scratchpad RAM starting from address C000 0000,

Once 128 bytes are received, the SSW continues further - refer to Figure 5-3. After
exiting the SSW, user code will be started from address C000 0000, (CPUO_PSPR).

5.2.2 CAN Bootstrap Loader

The CAN bootstrap loader transfers program code/data via node 1 of the MultiCAN
module into CPUO Program Scratchpad RAM.

The CAN Bootstrap Loader transfers data from an external host to the
TC21x/TC22x/TC23x using eight-byte data frames. The number of data frames to be
received is programmable and determined by the 16-bit data message count value
DMSGC.

Attention: When selected upon power-on or system reset, CAN Bootstrap Loader
requires that an external clock source/oscillator is connected to XTAL
pins of the device.

The communication between TC21x/TC22x/TC23x and external host is based on the
following three CAN standard frames:

» Initialization frame - sent by the external host to the TC21x/TC22x/TC23x

* Acknowledge frame - sent by the TC21x/TC22x/TC23x to the external host
» Data frame(s) - sent by the external host to the TC21x/TC22x/TC23x
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The initialization frame is used in the TC21x/TC22x/TC23x for baud rate detection. After
a successful baud rate detection is reported to the external host by sending the
acknowledge frame, data is transmitted using data frames.

Initialization Phase

The first task is to determine the CAN baud rate at which the external host is
communicating. This task requires the external host to send initialization frames
continuously to the TC21x/TC22x/TC23x. The first two data bytes of the initialization
frame include a 2-byte baud rate detection pattern (5555,,), an 11-bit (2-byte) identifier
ACKID for the acknowledge frame, a 16-bit data message count value DMSGC, and an
11-hit (2-byte) identifier DMSGID to be used by the data frame(s).

The CAN baud rate is determined by analyzing the received baud rate detection pattern
(5555,,) and the baud rate registers of the MultiCAN module are set accordingly. The
TC21x/ITC22x/TC23x is now ready to receive CAN frames with the baud rate of the
external host.

Acknowledge Phase

In the acknowledge phase, the bootstrap loader waits until it receives the next correctly
recognized initialization frame from the external host, and acknowledges this frame by
generating a dominant bit in its ACK slot. Afterwards, the bootstrap loader transmits an
acknowledge frame back to the external host, indicating that it is now ready to receive
data frames. The acknowledge frame uses the message identifier ACKID that has been
received with the initialization frame.

Data Transmission Phase

In the data transmission phase, data frames are sent by the external host and received
by the TC21x/TC22x/TC23x. The data frames use the 11-bit data message identifier
DMSGID that has been sent with the initialization frame. Eight data bytes are transmitted
with each data frame. The first data byte is stored in Program Scratchpad RAM starting
from address CO000 0000,,. Consecutive data bytes are stored at incrementing
addresses.

Both communication partners evaluate the data message count DMSGC until the
requested number of CAN data frames has been transmitted.

After the reception of the last CAN data frame, the SSW continues further - refer to
Figure 5-1. After exiting the SSW, user code will be started from address C000 0000,
(CPUO_PSPR).
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5.2.3 Summary of Bootstrap Loader Modes

This table summarizes the external hardware provisions for bootstrap loader modes in
TC21x/TC22x/TC23x.

Table 5-4 Configuration Data for Bootstrap Loader Modes

Bootstrap Loader Mode Channel/ |RxD |TxD |Transferred | Supported
node Line |Line |Data baudrates

ASC Bootstrap Loader mode | ASCLINO |P15.3 [P15.2 | 128 Bytes 28Kk...2500k

Generic Bootstrap Loader ASCLINO | P14.1 |P14.0 | 128 Bytes 28k...2500k
mode - ASC protocol

Generic Bootstrap Loader | CAN1 P14.1 |P14.0 |8xn Bytes ¥ |up to 1000k ?
mode - CAN protocol

1) n=DMSGC, Data Message Count sent by the host with Initialization frame.
2) with 20MHz XTAL clock source

5.3 Shutdown request handler
All the active CPUs in TC21x/TC22x/TC23x jump unconditionally to the entry point of this
handler upon any warm reset request - refer to Reset Control Unit Section in SCU ITS.

It is guaranteed by hardware, this handler can not be interrupted by any other
(interrupt/trap) request, and upon its end all the CPUs are in stable passive state
reached by a controlled ramp-down sequence, preventing big current jumps.

At its entry point - common for all the CPUs - the firmware causes any running CPU to
jump further to its own handler. For this purpose CORE_ID register is read and because
this register value is individual for any CPU - upon CORE_ID=0, 1 or 2 the firmware
jumps to the routine for respective CPU.

The functionality of all handlers is similar, namely:

« prepare work data for execution of average-power loop

e execute average-power loop until SCU_RSTCON2.TOUTyy=1

* execute WAIT instruction

Upon completion of the above sequence, CPUx has reached passive state yy
microseconds after shutdown request activation, whereas:

e yy=60 for CPUO

5.4 Preparation before to enter Stand-by mode
During stand-by mode preparation, the user software must do the following:

e read sequentially 16 words from the “reserved area” in CPUO_DSPR starting at
address D000'2000,,
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» for any word check either it equals FFFF FFFF,, or zero
— if yes - skip it and go to the next reserved location
— ifno
- use this word as 32-bit address, read the data from that address and store this
data back into the same reserved location
- go to the next reserved location
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6 CPU Subsystem

This chapter describes the implementation-specific options of the TriCore CPUs found
in the AURIX series of devices. Details of both TriCorel.6P (TC1.6P) and TriCorel.6E
(TC1.6E) CPUs are included. The CPU and local memory configurations of the various
members of the AURIX family are detailed in the following table.

This chapter should be read in conjunction with the TriCore Architecture Manual. Topics
covered by the architecture manual include:-

» Architectural Overview

e Programing Model
 CPU Registers

e Tasks and Functions

* Interrupt Handling

* Traps

e Memory Protection System
e Temporal Protection System
* Floating Point Operations
« Debug

e Instruction Set
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AURIX Family CPU configurations
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The different CPU and local memory configurations for the AURIX family of devices are
detail in the following tables:-

Table 6-1 Processor and local memory configuration of the TC29x
Processor | Core | Program | Program Data Data Standby | Lock-
-ID Cache Scratch Cache | Scratch SRAM Step
Pad Pad
TC1.6P 32 KB 32 KB 8 KB 240 KB No No
TC1.6P 1 32 KB 32 KB 8 KB 240 KB No Yes
TC1.6P 16 KB 32 KB 8 KB 120 KB Yes No
Table 6-2 Processor and local memory configuration of the TC27x
Processor | Core | Program | Program Data Data Standby | Lock-
-Ib | Cache Scratch Cache | Scratch SRAM Step
Pad Pad
TC1.6P 2 16 KB 32 KB 8 KB 120 KB No No
TC1.6P 1 16 KB 32 KB 8 KB 120 KB No Yes
TC1.6E 0 8 KB 24 KB oY 112 KB Yes Yes
1) TC1.6E has a 128Byte read buffer in place of a data cache
Table 6-3 Processor and local memory configuration of the TC26x
Processor | Core | Program | Program Data Data Standby | Lock-
-ID | Cache Scratch Cache | Scratch SRAM Step
Pad Pad
TC1.6P 1 16 KB 32 KB 8 KB 120 KB No Yes
TC1.6E 8 KB 16 KB oY 72 KB Yes No
Table 6-4 Processor and local memory configuration of the TC24x
Processor | Core | Program | Program Data Data Standby | Lock-
-ID Cache Scratch Cache | Scratch SRAM Step
Pad Pad
TC1.6E 0 8 KB 16 KB oY 80 KB Yes No
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Table 6-5 Processor and local memory configuration of the TC23x
Processor | Core | Program | Program Data Data Standby | Lock-
-ID Cache Scratch Cache | Scratch SRAM Step
Pad Pad
TC1.6E 0 8 KB 8 KB oY 184 KB Yes Yes
Table 6-6 Processor and local memory configuration of the TC22x
Processor | Core | Program | Program Data Data Standby | Lock-
-ID Cache Scratch Cache | Scratch SRAM Step
Pad Pad
TC1.6E 0 8 KB 8 KB oY 88 KB Yes Yes
1) TC1.6E has a 128Byte read buffer in place of a data cache
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Central Processing Unit Features

Key CPU Features include:-

Architecture

32-bit load store architecture

4 Gbyte address range (2%?)

16-bit and 32-bit instructions for reduced code size

Data types:

— Boolean, integer with saturation, bit array, signed fraction, character, double-word
integers, signed integer, unsigned integer, IEEE-754 single-precision floating point

Data formats:

— Bit, byte (8-bits), half-word (16-bits), word (32-bits), double-word (64-bits)

Byte and bit addressing

Little-endian byte ordering for data, memory and CPU registers

Multiply and Accumulate (MAC) instructions: Dual 16 x 16, 16 x 32, 32 x 32

Saturation integer arithmetic

Packed data

Addressing modes:

— Absolute, circular, bit reverse, long + short, base + offset with pre- and post-update

Instruction types:

— Arithmetic, address arithmetic, comparison, address comparison, logical, MAC,
shift, coprocessor, bit logical, branch, bit field, load/store, packed data, system

General Purpose Register Set (GPRS):

— Sixteen 32-bit data registers

— Sixteen 32-bit address registers

— Three 32-bit status and program counter registers (PSW, PC, PCXI)

Debug support (OCDS):

— Level 1, supported in conjunction with the CPS block

— Level 3, supported in conjunction with the MCDS block (Emulation Device only).

Flexible memory protection system providing multiple protection sets with multiple

protection ranges per set.

Temporal protection system allowing time bounded real time operation.

TC1.6P Implementation

Most instructions executed in 1 cycle

Branch instructions in 1, 2 or 3 cycles (using dynamic branch prediction)

Wide memory interface for fast context switch

Automatic context save-on-entry and restore-on-exit for: subroutine, interrupt, trap
Four memory protection register sets

Dual instruction issuing (in parallel into Integer Pipeline and Load/Store Pipeline)
Third pipeline for loop instruction only (zero overhead loop)
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« Single precision Floating Point Unit (IEEE-754 Compatible)
< Dedicated Integer divide unit

* Implementation optimised for performance.

« 16 data protection ranges, 8 code protection ranges

TC1.6E Implementation

e Most instructions executed in 1 cycle

e Branch instructions in 1 or 2 cycles (using static branch prediction)

* Wide memory interface for fast context switch

* Automatic context save-on-entry and restore-on-exit for: subroutine, interrupt, trap
« Four memory protection register sets

« Single instruction issue per cycle

» Single precision Floating Point Unit (IEEE-754 Compatible)

» Dedicated Integer divide unit

* Implementation optimised for power

« 16 data protection ranges, 8 code protection ranges
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6.3 TC1.6P Implementation Overview
The following sections give an overview of the TC1.6P Implementation

6.3.1 CPU Diagram

The Central Processing Unit (CPU) comprises of an Instruction Fetch Unit, an Execution
Unit, a General Purpose Register File (GPR), a CPU Slave interface (CPS), and Floating
Point Unit (FPU).

To Program Memory Interface (PMI)
ﬁ64

Instruction Fetch Unit

=) o g » System Control
& 8 e
= 5 Execution Unit o » Interrupts
= [ 8
5 = Integer Load Store Loop g Core Register
2k o Pipeline Pipeline Pipeline 2
E — ﬁ p P P E Access
2| |8 ister Fi & le| » Debug/Emulati
£ 5 General Purpose Register File (GPR) % » Debug/Emulation
8 3 )
o Address Registers Data Registers % <> Test
HM EM
To Data Memory Interface (DMI) MCB06069

Figure 6-1 CPU Block Diagram

6.3.2 Instruction Fetch Unit

The Instruction Fetch Unit pre-fetches and aligns incoming instructions from the 64-bit
wide Program Memory Interface (PMI). Instructions are placed in predicted program
order in the Issue fifo. The Issue fifo buffers up to six instructions and directs the
instruction to the appropriate execution pipeline.

The Instruction Protection Unit checks the validity of accesses to the PMI and the
integrity of incoming instructions fetched from the PMI.

The branch unit examines the fetched instructions for branch conditions and predicts the
most likely execution path based on previous branch behavior. The Program Counter
Unit (PC) is responsible for updating the program counters.
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Program Memory Interface

64
Protection Prefeteh
PC Unit Align
Issue Unit

To Integer ToLoop To Load/Store
Pipeline Pipeline  Pipeline
TC0100

Figure 6-2  Instruction Fetch Unit

6.3.3 Execution Unit

The Execution Unit contains the Integer Pipeline, the Load/Store Pipeline and the Loop
Pipeline. All three pipelines operate in parallel, permitting up to three instructions to be
executed in one clock cycle. In the execution unit all instructions pass through a decode
stage followed by two execute stages. Pipeline hazards (stalls) are minimised by the use
of forwarding paths between pipeline stages allowing the results of one instruction to be
used by a following instruction as soon as the result becomes available.
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Integer Pipeline Load/Store Pipeline Loop Pipeline

Load/Store Loop
Decode IP Decode Decode Decode
MAC
Execute Bit Processor Address ALU
ALU EA Loop Exec.
Y Y Y
v v v

To Register File

IP Decode = Instruction Prefetch and Decode

MAC = Multiply-Accumulate Unit

ALU = Arithmetic/Logic Unit

Loop Exec. = Loop Execution Unit

EA = Effective Address MCA06071

Figure 6-3  Execution Unit

6.3.4 General Purpose Register File

The CPU has a General Purpose Register (GPR) file, divided into an Address Register
File (registers AO through A15) and a Data Register File (registers DO through D15).
The data flow for instructions issued to the Load/Store Pipeline is steered through the
Address Register File.

The data flow for instructions issued to/from the Integer Pipeline and for data load/store
instructions issued to the Load/Store Pipeline is steered through the Data Register File.
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To Pipelines
A A A
Data Register File Address Register File
Y Y
General Purpose
Register File
64 64

Data Alignment

128

To Data Memory Interface

MCA06072

Figure 6-4
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6.4 TC1.6E Implementation Overview
The following sections give an overview of the TC1.6E Implementation

6.4.1 CPU Diagram

The Central Processing Unit (CPU) comprises of an Instruction Fetch Unit, an Execution
Unit, a General Purpose Register File (GPR), a CPU Slave interface (CPS), and Floating
Point Unit (FPU).

To Program Memory Interface (PMI)

H32

. Instruction Fetch Unit & System Control

-} @ o

& 8 o

g 5 Execution Unit Q Interrupts

c = ©

2 N Integer Pipeline Load Store Pipeline| | & Core Register

£ [~ % £ 7 Access

ol |8 2

2 <] . ) .

£ 5 General Purpose Register File (GPR) ((,)—“ Debug/Emulation

3 3 >

T Address Registers Data Registers ?3 Test

H64 HM
To Data Memory Interface (DMI) TCS0100

Figure 6-5 CPU Block Diagram
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6.4.2 Instruction Fetch Unit

The Instruction Fetch Unit pre-fetches and aligns incoming instruction half-words from
the 32-bit wide Program Memory Interface (PMI). The Issue Unit directs a single aligned
instruction to the appropriate execution pipeline.

The Instruction Protection Unit checks the validity of accesses to the PMI and the
integrity of incoming instructions fetched from the PMI.

The Program Counter Unit (PC) is responsible for updating the program counters.

Program Memory Interface
32
Instruction
Protection Prefetch
PC Unit Align
Issue Unit
To Instruction
Decode
TCS0101
Figure 6-6  Instruction Fetch Unit
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6.4.3 Execution Unit

The Execution Unit contains the Integer Pipeline and the Load/Store Pipeline. In TC1.6E,
loop instructions are always executed by the Load/Store pipeline.

The TCL1.6E issues a single instruction per clock cycle, and as such no more than one
instruction will be executed in one clock cycle.

In the execution unit all instructions pass through a decode stage followed by two
execute stages. Pipeline hazards (stalls) are minimised by the use of forwarding paths
between pipeline stages allowing the results of one instruction to be used by a following
instruction as soon as the result becomes available.

From Issue Unit

Instruction Decode
Decode
IP Decode | | LS Decode
MAC Loop Exec.
Execute Bit Processor Address ALU
ALU EA

To Register File

IP Decode = Integer Pipeline Decode
LS Decode = Load/Store Pipeline Decode

MAC = Multiply-Accumulate Unit

ALU = Arithmetic/Logic Unit

Loop Exec. = Loop Execution Unit

EA = Effective Address MCA06071

Figure 6-7  Execution Unit
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6.4.4 General Purpose Register File

The CPU has a General Purpose Register (GPR) file, divided into an Address Register
File (registers AO through A15) and a Data Register File (registers DO through D15).
The data flow for instructions issued to the Load/Store Pipeline is steered through the
Address Register File.

The data flow for instructions issued to/from the Integer Pipeline and for data load/store
instructions issued to the Load/Store Pipeline is steered through the Data Register File.

To Pipelines

Data Register File Address Register File

General Purpose
Register File

64 64

Data Alignment

128

To Data Memory Interface
TCS0103

Figure 6-8  General Purpose Register File
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6.5 Summary of functional changes from TC1.3.1

The TC1.6P and TC1.6E CPUs utilise different pipeline organisations than that used in
the TC1.3. One effect of the new pipeline organisation is to increase the load-use penalty
to 1 from 0. This necessitates re-scheduling of code to achieve optimum performance.

Other significant adaptations to the existing TC1.3.1 CPU are as follows:

« Fully Pipelined Floating Point Unit (FPU)
— Most floating point instructions now have a repeat rate of 1
* Improved debug system - now decoupled from protection system.
— 8 comparators proving up to 4 ranges, selectable for PC or load-store address
« Expanded and enhanced memory protection unit (MPU)
— 16 data ranges and 8 code ranges.
« New Temporal protection system.
— Guards against task runtime overrun.
* New Safety protection system. Tasks identified as safe by new PSW bit (PSW.S)
* New instructions for improved Interrupt and Data Cache manipulation support.
— DISABLE, RESTORE, CACHELI
« New instructions for Fast Integer Divide
— DIV, DIV.U
« New Instructions for fast call and return with minimal saving of state.
— FCALL,FCALLA,FCALLI, FRET
* Long offset addressing mode introduced for byte, half word and address accesses.
— LD.BU, LD.B, LD.HU, LD.H, ST.B, ST.H, ST.A
* Extended range of 16 bit jumps
— JEQ, JNE
* New Synchronisation Instructions
— CMPSWAP.W, SWAPMSK.W
* New CRC instruction
— CRC32
* New wait for interrupt instruction
- WAIT
« Increased flexibility in the system address map.
e Full SECDED ECC protection for all scratch, cache and tag memory structures.
e Cache and Scratchpad memory systems now entirely separated.
— Cache memories may be mapped as additional scratchpad.
» Selectable interrupt vector table size (32bytes/entry, 8bytes/entry).
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6.6 CPU Implementation-Specific Features

This section describes the implementation-specific features of the TC1.6P and TC1.6E
CPUs. For a complete description of all registers, refer to the TriCore Architecture
Manual.

6.6.1 Context Save Areas / Context Operations

The CPU uses a uniform context-switching method for function calls, interrupts and
traps. In all cases the Upper Context of the task is automatically saved and restored by
hardware. Saving and restoring of the Lower Context may be optionally performed by
software.

In TC1.6P, Context Save Areas (CSA) and addresses targeted by explicit context
load/store instructions (e.g. LDLCX) may be placed in DSPR or external memory
(cached or uncached).

In TC1.6E, Context Save Areas (CSA) and addresses targeted by explicit context
load/store instructions may be placed in DSPR only.

CSA Placement in DSPR

The actual timing of context operations is dependent upon the placement of the Context
Save Areas. Maximum performance is achieved when the Context Save Area is placed
in DSPR. In this case all context save and restores operations take four cycles.

CSA Placement in Cached External Memory (TC1.6P Only)

In this case, the timing is also dependent on the state of the Data Cache. The best case
Data Cache operation occurs when context saves do not incur a cache line writeback,
and context restores hit in the data cache. In this case all context saves and restores take
eight cycles.

6.6.2 Program Counter (PC) Register

The Program Counter (PC) holds the address of the instruction that is currently fetched
and forwarded to the CPU pipelines. The CPU handles updates of the PC automatically.

Software can use the current value of the PC for various tasks, such as performing code
address calculations. Reading the PC through software executed by the CPU must only
be done with an MFCR instruction. Such a read will return the PC of the MFCR
instruction itself. Explicit writes to the PC through an MTCR instruction must not be done
due to possible unexpected behavior of the CPU. The PC may be written only when the
CPU is halted.

The CPU must not perform Load/Store instructions to the mapped address of the PC in
Segment 15. A MEM trap will be generated in such a case. Bit 0 of the PC register is
read-only and hard-wired to O.

User's Manual 6-15 V1.1, 2014-12
CPU V3.7



.T TC21x/TC22x/TC23x Famil
H X X X ily
<||'I ineon

CPU Subsystem

6.6.3 Store Buffers

To increase performance the TC1.6P/E CPUs implements store buffering to decouple

memory write operations from CPU instruction execution. All stores from the CPU are

placed in the store buffer prior to being written to local memory or transferred via the bus

system. Write data is taken from the store buffers and written to memory when the target

memory or bus interface becomes available. In normal operation the CPU will prioritise

memory load operations over store operations in order to improve performance unless:-

* The store buffer is full.

« The load is to peripheral space and a store to peripheral space exists in the store
buffer. (In order peripheral space access).

* The load or store is part of an atomic operation.

Typically the operation of the store buffer is invisible to the end user. If there is a

requirement that data is written to memory prior to execution of a subsequent instruction

then a DSYNC instruction may be used to flush the store buffers.

To further improve performance consecutive byte writes to the same half word location
are merged in the store buffer.

The TC1.6P CPU store buffer can hold the data for up to 6 stores. The TC1.6E CPU
store buffer can hold the data for up to 2 stores.

Store buffer operation may be disabled be setting the SMACON.IODT bit. This should
not be done in normal execution as it will severely limit performance.
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6.6.4 Interrupt System

An interrupt request can be generated by the on-chip peripheral units, or it can be
generated by external events. Requests can be targeted to any CPU.

The interrupt system evaluates service requests for priority and to identify whether the
CPU should receive the request. The highest-priority service request is then presented
to the CPU by way of an interrupt.

On taking an interrupt the CPU will vector to a unique PC generated from the interrupt
priority number and the Base Interrupt Vector (BIV). The spacing between the vector
PCs in the interrupt vector table may be selected to be either 32 Bytes or 8 Bytes using
BIV[O].

Both the TC1.6P and TC1.6E implement a fast interrupt system. This system avoids
unnecessary context save and restore operations and hence speeds up interrupt routine
entry. A fast interrupt is triggered when:-

* An Interrupt is pending

* A Return From Interrupt instruction is being executed (RFE)

* The priority of the pending interrupt is greater than the priority level that would be
returned to should the RFE be executed (ICR.PIPN > PCXI.PCPN).

« Interrupts will be enabled should the RFE be executed. (PCXI.PIE == 1)

e Fast Interrupts are not otherwise disabled due to the presence of MTCR instructions
or context operations in the pipeline.

Without the fast interrupt operation the RFE would cause a restore of the upper context
immediately followed by a save of the same upper context back to exactly the same
memory location (Minimum 8 cycles). The fast interrupt system replaces this redundant
restore/save sequence with a load of PCXI/PSW/A10/A11 (Minimum 1 Cycle) from the
saved context. System state at the end of the fast interrupt is the same as if the standard
RFE/Interrupt sequence had been performed.

6.6.5 Trap System
The following traps have implementation-specific properties.

UOPC - Unimplemented Opcode (TIN 2)

The UOPC trap is raised on optional MMU instructions, coprocessor two and
coprocessor three instructions.

OPD - Invalid Operand (TIN 3)

The CPU raised OPD traps for instructions that take even-odd register pairs as an
operand where if the operand specifier is odd.
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DSE - Data Access Synchronous Error (TIN 2)

The Data Access Synchronous Bus Error (DSE) trap is generated by the DMI module
when a load access from the CPU encounters certain error conditions, such as a Bus
error, or an out-of-range access to DSPR. When a DSE trap is generated, the exact
cause of the error can be determined by reading the Data Synchronous Trap Register,
DSTR. For details of possible error conditions and the corresponding flag bits in DSTR,
see “DMI Trap Generation” on Page 6-103.

DAE - Data Access Asynchronous Error (TIN 3)

The Data Access Asynchronous Error Trap (DAE) is generated by the DMI module when
a store or cache management access from the CPU encounters certain error conditions,
such as an Bus error. When a DAE trap is generated, the exact cause of the error can
be determined by reading the Data Asynchronous Trap Register, DATR. For details of
possible error conditions and the corresponding flag bits in DATR, see “DMI Trap
Generation” on Page 6-103.

PIE Program Memory Integrity Error (TIN 5)

The PIE trap is raised whenever an uncorrectable memory integrity error is detected in
an instruction fetch from a local memory or the SRI bus. The trap is synchronous to the
erroneous instruction. The trap is of Class-4 and has a TIN of 5.

Program memories are protected from memory integrity errors on a 64 bit basis
(TC1.6P) or 32 bit basis (TC1.6E). A PIE trap is raised when an attempt is made to
execute an instruction from any fetch group containing a memory integrity error.

The PIEAR and PIETR registers may be interrogated to determine the source of any
error more precisely.

DIE Data Memory Integrity Error (TIN 6)

The DIE trap is raised whenever an uncorrectable memory integrity error is detected in
a data access to a local memory or the SRI bus. The trap is of Class-4 and has a TIN of 6.

DIE traps are always asynchronous independent of the operation which encountered the
error.

A DIE trap is raised if any memory half word (local memory) or double word (SRI bus)
accessed by a load/store operation contains an uncorrectable error. The DIEAR and
DIETR registers may be interrogated to determine the source of any error more
precisely.
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MPX Memory Protection Execute (TIN 4)

The MPX trap is raised whenever a program attempts to execute an instruction from a
memory area for which it does not have execute permission and memory protection is
enabled. The trap is of Class-1 and has a TIN of 4.

The TC1.6E compares the PC of the instruction with the range(s) defined by the memory
protection system to determine whether or not execution is permitted.

The TC1.6P compares the 64bit aligned fetch group address with the range(s) defined
by the memory protection system to determine whether or not execution is permitted.

6.6.6 Memory Integrity Error Handling

The TriCore CPUs contain integrated support for the detection and handling of memory
integrity errors. The handling of memory integrity errors for the various memory types in
the CPU is as follows:

6.6.6.1 Program Side Memories

The program side memories of the CPU consist of two independent memory structures:-
The Program Scratchpad RAM (PSPR) and Program Cache (PCACHE). Both memory
structures are ECC protected from memory integrity errors on a 64bit basis (TC1.6P) or
on a 32 bit basis (TC1.6E). Any sub-width write access to the PSPR from the Bus
interface is converted to a Read-Modify-Write sequence by the PMI module.

Program Scratchpad RAM (PSPR)

The Scratchpad RAM of the CPU is protected from memory integrity errors on a 64bit
basis (TC1.6P) or 32 bit basis (TC1.6E). ECC protection of is enabled via the MBIST
ECCS register.

For instruction fetch requests from the TriCore CPU to PSPR, the ECC bits are read
along with the data bits and are passed to the CPU along with their corresponding
instructions. Whenever an attempt is made to issue an instruction containing an
uncorrectable memory integrity error a synchronous PIE trap is raised. The trap handler
is then responsible for correcting the memory entry and re-starting program execution.

For PSPR read operations from the Bus interface, either from the DMI module or another
Bus master agent, an access that results in the detection of an uncorrectable memory
integrity error in the requested data causes a bus error to be returned for the bus
transaction. Since the TriCore CPU may not be involved in the transaction, a separate
error is also flagged to the SCU module to optionally generate an NMI trap back to the
CPU.

Writes to program scratchpad memory are only ever performed from the bus interface.
For write operations less than the protection width of the PSPR the memory transaction
is transformed into a read-modify-write sequence inside the PMI module. Such a write
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operation may result in the detection of an uncorrectable memory integrity errors during
the read phase which are handled as standard read operations.

Program Cache (PCACHE)

The Scratchpad RAM of the CPU is protected from memory integrity errors on a 64bit
basis (TC1.6P) or 32 bits (TC1.6E).ECC protection of is enabled via the MBIST ECCS
register.

For instruction fetch requests from the TriCore CPU to PCACHE, the ECC hits are read
along with the data bits of all cache ways, and an uncorrectable error signal generated
for each cache way. In the case of a tag hit, the uncorrectable error signals for the
corresponding cache way are passed to the CPU along with their corresponding
instructions. Whenever an attempt is made to issue an instruction containing an
uncorrectable error a synchronous PIE trap is raised. The trap handler is then
responsible for checking the source of the memory integrity error.

Program Tag (PTag)
ECC protection of is enabled via the MBIST ECCS register.

For instruction fetch requests from the TriCore CPU to PCACHE, the program tag ECC
bits are read along with the data bits and an error flag is computed. A way hit is triggered
only if the tag address comparison succeeds, the valid bit is set and no ECC error in the
associated tag way is detected, any other result is considered a miss. In the normal case
where no error is detected in either cache way then the cache line is filled/refilled as
normal. In the case where an error is detected the cache controller replacement
algorithm forces the way indicating an error to be replaced. In the case where one cache
way flags a cache hit, and another cache way detects an uncorrectable ECC error, the
error condition is masked and has no effect on the memory integrity error handling
mechanisms.

6.6.6.2 Data Side Memories

The TC1.6P CPU implements both data scratch and data cache memories. The TC1.6E
implements a data scratch memory but replaces the data cache with a data read buffer
(DRB). All data memory structures are ECC protected from memory integrity errors on a
per-half word basis. Any byte write access to either DSPR or DCache (TC1.6P) is
converted to a halfword Read-Modify-Write sequence. In normal operation isolated byte
write transactions to the data memories result in no additional stall cycles.

Data Scratchpad Ram (DSPR)

The DSPR memory of both TC1.6P and TC1.6E are protected from memory integrity
errors on a per-halfword basis. ECC protection of is enabled via the MBIST ECCS
register.
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For data load requests from the TriCore CPU to DSPR, the ECC bits are read along with
the data bits and an uncorrectable error signal is generated for each half-word. If an error
is detected associated with any of the data half-words passed to the CPU an error is
flagged to the CPU. If such an error condition is detected an asynchronous DIE trap is
raised. The trap handler is then responsible for correcting the memory entry, or for taking
alternative action (such as system soft reset) if correction of the data is not possible.

For DSPR read operations from the Bus interface, either from the PMI module or another
Bus master agent, an access that results in the detection of an uncorrectable error in the
requested data half-words causes a bus error to be returned for the bus transaction.
Since the TriCore CPU may not be involved in the transaction, a separate error is also
flagged to the SCU module to optionally generate an NMI trap back to the CPU.

For write operations to DSPR of half-word size or greater, the ECC bits are pre-
calculated and written to the memory in parallel with the data bits. For byte write
operations the memory transaction is transformed into a half-word read-modify-write
sequence inside the DMI module. As such, byte write operations may result in the
detection of uncorrectable memory integrity errors, which are handled as per standard
read operations.

Data Cache (DCache) - TC1.6P Only
ECC protection of is enabled via the MBIST ECCS register.

For data load requests from the TriCore CPU to DCache, the ECC bits are read along
with the data bits of both cache ways, and an uncorrectable error flag computed for each
half-word of each cache way. In the case where an error is detected with any of the
requested data half-words in a cache way which has a corresponding tag hit, an error is
flagged to the CPU. If such an error condition is detected an asynchronous DIE trap is
raised. The trap handler is then responsible for correcting the memory entry, or for taking
alternative action (such as system soft reset) if correction of the data is not possible.

For write operations of half-word size or greater, the check bits are pre-calculated and
written to the memory in parallel with the data bits. For byte write operations the memory
transaction is transformed into a half-word read-modify-write sequence inside the DMI
module. As such, byte write operations may result in the detection of uncorrectable
memory integrity errors as for read operations.

For cache line writeback, uncorrectable error detection is performed as dirty data is
transferred to the store buffers. In all cases (normal cache line eviction, cachex.xx
instruction) where an error condition is detected in a valid cache line a DIE trap is raised.
The trap handler is then responsible for taking corrective action (such as system soft
reset) since correction of the data is not possible.

Data Tag (DTag) - TC1.6P Only

ECC protection of is enabled via the MBIST ECCS register.
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For data load or store requests from the TriCore CPU to DCache, the data tag ECC bits
are read along with the data bits and an uncorrectable error flag is computed. A way hit
is triggered only if the tag address comparison succeeds, the tag location is valid and no
uncorrectable error in the associated tag way is detected, any other result is considered
a miss. In the normal case where no error is detected in either tag way then the cache
line is filled/refilled as normal. In the case of a cache miss where an error is detected in
one of the tag ways and the cache line does not contain dirty data the cache controller
replacement algorithm forces the way indicating an error to be replaced when the refill
operation returns. In the case where one cache way flags a cache hit, and the another
way detects an uncorrectable error, the error condition is masked and has no effect on
the memory integrity error handling mechanisms. If a cache miss occurs, with an
uncorrectable error detected on the associated data tag way and dirty data detected,
then an asynchronous DIE trap is signalled to the CPU and any writeback / refill
sequence aborted. The trap handler is responsible for invalidating the cache line and
processing any associated dirty data if possible, or taking other corrective action. Similar
action is taken for forced cache writeback using the cache manipulation instructions.

6.6.6.3 Memory Initialisation

To avoid the generation of spurious ECC errors the DSPR, PSPR must be fully initialised
prior to use. This may be done either by software or by automatically by hardware (see
the PMU.PROCOND register for details). The entire physical memory as detailed in
Chapter 6.1 must be initialised irrespective of any memory size variants produced for
derivative products.

6.6.7 WAIT Instruction

The WAIT instruction will suspend execution until the occurrence of one of the following
events.

« Enabled Interrupt

* Non-Maskable Interrupt

e Asynchronous Trap

« Idle Request

* Suspend Request

» Asynchronous Debug Halt or Trap Request

6.6.8 Instruction Memory Range Limitations

To ensure the processor cores are provided with a constant stream of instructions the
Instruction Fetch Units will speculatively fetch instructions from up to 64 bytes ahead of
the current PC.

If the current PC is within 64 bytes of the top of an instruction memory the Instruction
Fetch Unit may attempt to speculatively fetch instruction from beyond the physical
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memory range. This may then lead to error conditions and alarms being triggered by the
bus and memory systems.
It is therefore recommended that the upper 64 bytes of any memory are not used for
instruction storage.

6.6.9

Atomicity of Data Accesses

The data alignment rules along with the number of bus transactions for each access type
are detailed in the following tables: -

Alignment Rules

Table 6-7

Alignment rules for non-peripheral space

Access type Access size | Alignment of Min/Max number
address in of SRI bus
memory transactions

Load, Store Byte Byte (1,) 1/1

Data Register | st word 2 bytes (2,,) 11

Word 2 bytes (2,)) 1/2 *
Double-Word |2 bytes (2,)) 1/2*

Load, Store Word 4 bytes (4,) 11

Address Double-Word | 4 bytes (4,,) 1/2*

Register

SWAP.W, Word 4 bytes (4,) 1/1

LDMST,

CMPSWAP.W,

SWAPMSK.W

ST.T Byte Byte (1,) 1/1

Context 16 x 32-bit 64 bytes (40,) |2/2*

Operations registers
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Table 6-8

TC21x/TC22x/TC23x Family

Alignment rules for peripheral space

CPU Subsystem

Access type Access size |Alignment Min/Max Min/Max
of address | Number of SPB | Number of SRI
in memory | bus bus
transactions transactions
Load, Store Data | Byte Byte (1,) 1/1 1/1
Register Half-Word |2 bytes (2,) |1/1 1/1
Word 4 bytes (4) |[1/1 1/1
Double-Word |8 bytes (8,;) |1/1 1/1
Load, Store Word 4 bytes (4) |1/1 1/1
Address Register | poyple-word |8 bytes (8,) |1/1 11
SWAP.W, Word 4 bytes (4,) |[1/1 1/1
LDMST,
CMPSWAP.W,
SWAPMSK.W
ST.T Byte Bytes (1) 1/1 1/1
Context 16 x 32-bit Not - -
Operations registers Permitted

In the case where a single access results in a single bus transaction atomicity of the data
is preserved when viewed from any bus master.

In the case where a single access leads to multiple bus transactions (marked as “*” in
the above tables) then atomicity needs to be considered. In these accesses it is possible
for another bus master to read or write the target memory location between the bus
transactions required to complete the access.

In the case of word and double word access to the SRI bus the number of bus
transactions will be 1 for naturally aligned data values and hence atomicity will be
preserved.

6.6.10

In normal usage A1l will always contain the target of the next RET or RFE instruction.
The processor uses this fact to speculatively load the return target ahead of the
execution of the RET/RFE instruction. Code that modifies the A11 (e.g. test code) should
be aware that any value stored in A11 may be used as the target of such speculation. If
the value in A1l is not a valid address the speculation may lead to error conditions and
alarms being triggered by the bus and memory systems.

All usage

It is therefore recommended that A11 should only ever contain a valid address value.
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6.7 Memory Addressing
This chapter details the CPU specific addressing.

6.7.1 CSFR and SFR base Locations

Each CPU has a dedicated set of control and status registers accessed at the addresses
detailed in the following table.These registers are divided into Special Function Registers
(SFRs) and Core Special Function Registers (CSFRs).

A CPU must access its own CSFR registers using MTCR and MFCR instructions. CSFR
registers of other CPUs may be accessed using load and store instructions via the
XBAR_SRI.

SFR registers of any CPU may only be accessed using load and store instructions via
XBAR_SRI. Currently the overlay control and the access protection registers of CPUx
are mapped into CPUx SFR address range.

The base locations for the TC1.6P and TC1.6E SFR and CSFR registers are as follows:-

Table 6-9 CSFR and SFR Base Locations

Core-ID Value CSFR Base Address SFR Base Address
0 F881_0000, F880_0000,
1 F883_0000, F882_0000,
2 F885_0000, F884_0000,

6.7.2 Local and Global Addressing

The TriCore architecture supports closely coupled program and data SRAM memories
known as Program Scratch Pad RAM (PSPR) and Data Scratch Pad RAM (DSPR). The
local PSPR memory is always located at CO000000,. The local DSPR is always located
at DO000000,,. In a multiprocessor system the local scratch pad memories appear in the
global address map in the following locations:-

Table 6-10 Global Address Locations

Core-ID Value PSPR_base DSPR_base
0 70100000, 70000000,
1 60100000, 60000000,
2 50100000, 50000000,

The CPUs always use the global addresses for bus transactions. Thus a data load from
C0000000,, (a CPUs local PSPR) will result in a bus transaction with an address in the
range 50100000, - 701FFFFF,, dependent on the Core-ID value of the processor.

User's Manual 6-25 V1.1, 2014-12
CPU V3.7



. TC21x/TC22x/TC23x Famil
(Infineon y

CPU Subsystem

Similarly a code fetch form D0000000, (a CPUs local DSPR) will result in a bus
transaction with an address in the range 50000000, - 700FFFFF,; dependent on the
Core-ID value of the processor.

6.7.3 Cache Memory Access

The cache and tag memories may be mapped into the CPUs address space. When
mapped the cache memories are contiguous with the DSPR/PSPR memories as
detailed in the following table.When mapped the cache memories behave identically to
the PSPR/DSPR memories and may be used as standard memory.

The mapping of cache and tag memories to the TriCore address space is controlled by
the MTU_MEMMAP register. See the MTU chapter for details.

Table 6-11 Cache Memory Locations when mapped

Memory Local Address Global Address

Program Cache C000_0000,,+ PSPR_Base +
PSPR_Memory_Size PSPR_Memory_Size

Data Cache (TC1.6P) |DO000_0000,+ DSPR_Base +
DSPR_Memory_Size DSPR_Memory_Size

When mapped the tag memories are available at the locations detailed in the following
table. The mapping of the Tag memories is provided test purposes only. They may not
be used as standard memory.

Table 6-12 Tag Memory Locations when mapped

Memory Local Address Global Address
Program Tag C00C_00004 PSPR_Base + 0x000C_0000
Data Tag (TC1.6P) D00C_0000, DSPR_Base + 0x000C_0000,

The CACHEL* instructions require a way and index value to be supplied in a valid
address. The location of these bits in the 32bit address is as follows.

Table 6-13 Way and Index Location

Function Address Bits

Way [0]

Index [11:5]
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6.8

This section describes the implementation-specific features of the CPU Subsystem
registers listed in Table 6-14. For complete descriptions of all registers refer to the

CPU Subsystem

CPU Subsystem Registers

TriCore Architecture Manual.

Table 6-14

CPU Subsystem Registers

Registers

Purpose

Description

CPU Core Special Function
Registers (CSFRs)

Program state information, context
and stack management, interrupt
and trap control, system control

see Page 6-28

CPU General Purpose
Registers (GPRs)

General Purpose Address and Data
Registers

see Page 6-40

CPU Memory Protection
Registers (CSFRs)

Memory protection control and
mode selection

see Page 6-40

FPU Registers (CSFRs)

Support for the standard floating
point instructions.

see Page 6-41

Memory Integrity Registers
(CSFRs)

Integrity and Protection Core
Special Function Registers.

see Page 6-42

Core Debug Registers
(CSFRs)

Debug control

see Page 6-53

Implementation Specific Reset
Values

Reset values for CPU registers not
defined in this chapter

see Page 6-56

Program Memory Interface
Registers (PMI CSFRs)

PMI program cache control, status
and trap information

see Page 6-93

Data Memory Interface
Registers (DMI CSFRs)

DMI data cache control, status and
trap information

see Page 6-105

Note: To increase performance all stores to CSFR or SFR register locations are posted
writes and complete silently. Stores to non-existent CSFR or SFR locations are not

errored.
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6.8.1 CPU Core Special Function Registers (CSFR)

This section describes implementation specific features of the Core Special Function
Registers.

6.8.1.1 Registers

The implementation-specific Program Status Word Register (PSW) is an extension of
the PSW description in the TriCore Architecture Manual. The status flags used for FPU
operations overlay the status flags used for Arithmetic Logic Unit (ALU) operations.

Program Status Word Register

Note: The non-shaded areas in the register description define the implementation-
specific bits/bit fields. The shaded areas are defined in the TriCore Architecture
Manual.

PSW
Program Status Word Register (CSFR_Base + FEO4,))  Reset Value: 0000 0B80,,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
c | v [sv]av[sav ' ' ' ' ' ' ' '

or or or or or | FX RM 0
FS | FI | FV | FZ | FU | . . . . . . .
rwh rwh rwh rwh rwh rwh w r

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

0 S PRS 10 IS | GW |CDE CbC
rwh  mwh wh — wh Twh wh T wh
Field Bits Type | Description
RM [25:24] |rw FPU Rounding Mode Selection
FX 26 rwh | FPU Inexact Flag
SAV 27 rh Sticky Advance Overflow Flag
FU rwh | FPU Underflow Flag
AV 28 rwh | Advance Overflow Flag
Fz FPU Divide by Zero Flag
)Y 29 rwh | Sticky Overflow Flag
FV FPU Overflow Flag
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Field Bits Type | Description

\% 30 rwh | Overflow Flag

Fl FPU Invalid Operation Flag
C 31 rwh | Carry Flag

FS FPU Some Exception Flag
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Previous Context Information Register

PCXI
Previous Context Information Register
(CSFR_Base + FE00,,) Reset Value: 0000 0000,

31 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

PCPN PIE | UL PCXS

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

PCXO
L L L L L 1 1 r\llv 1 1 1 1 1 1 1
Field Bits Type |Description
PCXO [15:0] |rw Previous Context Pointer Offset Field

The PCXO and PCXS fields form the pointer PCX,
which points to the CSA of the previous context.

PCXS [19:16] | rw Previous Context Pointer Segment Address
Contains the segment address portion of the PCX. This
field is used in conjunction with the PCXO field.

UL 20 rw Upper or Lower Context Tag

Identifies the type of context saved.

If the type does not match the type expected when a
context restore operation is performed, a trap is
generated.

Oz  Lower Context

1z  Upper Context

PIE 21 rw Previous Interrupt Enable
Indicates the state of the interrupt enable bit (ICR.IE)
for the interrupted task.

PCPN [31:22] | rw Previous CPU Priority Number
Contains the priority level number of the interrupted
task.
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Address Space Identifier Register (TASK_ASI)
The Task Address Space Identifier (ASI) register description.

TASK_ASI

Task Address Space Identifier Register

(CSFR_Base + 8004, Reset Value: 0000 001F

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
RES
1 1 1 1 1 ;v 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RES ASI
1 1 1 r 1 1 1 1 \rw\
Field Bits Type | Description
RES [31:5] r Reserved
ASI [4:0] rw Address Space Identifier
The ASI register contains the Address Space Identifier of
the current process.
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CPU Identification Register (TC1.6P)

CPU_ID
CPU Identification Register
(CSFR_Base + FE18,)) Reset Value: 00C0 C012,,

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

MOD_32B MOD_REV

I I I 1 I I 1 1 1 1 1 1 I I
r r

Field Bits Type | Description
MOD_REV [7:0]

Revision Number
12,, Reset value

MOD_32B [15:8] r 32-Bit Module Enable
CO, A value of COy in this field indicates a 32-bit
module with a 32-bit module ID register.

—

MOD [31:16] |r Module Identification Number
00COy For module identification
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CPU Identification Register (TC1.6E)

CPU_ID
CPU Identification Register
(CSFR_Base + FE18,)) Reset Value: 00B7 C002,

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

MOD_32B MOD_REV

I I I 1 I I 1 1 1 1 1 1 I I
r r

Field Bits Type | Description
MOD_REV [7:0]

Revision Number
02, Resetvalue

MOD_32B [15:8] r 32-Bit Module Enable
CO, A value of COy in this field indicates a 32-bit
module with a 32-bit module ID register.

—

MOD [31:16] |r Module Identification Number
00B7,, For module identification
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Core Identification Register

CORE_ID
Core Identification Register
(CSFR_Base + FE1C,) Reset Value: 0000 000X

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

RES CORE_ID
r
Field Bits Type | Description
RES [31:3] r Reserved
CORE_ID |[2:0] r Core Identification Number
The identification number of the core.

Customer ID Register

In circumstances where the Infineon defined Core identification numbering scheme is
insufficient or incompatible with a customer numbering scheme a customer ID value may
be supplied via the CUS_ID register.

CUS_ID
Customer ID register (CSFR_Base + FE50,) Reset Value: 0000 000X

31 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
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Field Bits Type | Description

RES [31:3] r Reserved

CID [2:0] r Customer ID
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Physical Memory Attributes Registers

The Physical Memory Attributes registers (PMAO,PMA1,PMA2) define the physical
memory attribute for each segment in the physical address space. The register is
ENDINIT protected and can be read with the MFCR instruction and written by the MTCR
instruction. Note that when changing the value of the registers both the instruction and
data caches should be invalidated, a DSYNC instruction should be executed
immediately prior to the MTCR with an ISYNC instruction executed immediately
following. This is required to maintain coherency of the processors view of memory.

The register PMAO defines the data access cacheability of the segment in the physical
address space. If bit n in the register is set then segment-n will be seen as cacheable for
data accesses.

The register PMA1 defines the code access cacheability of the segment in the physical
address space. If bit n in the register is set then segment-n will be seen as cacheable for
code accesses.

The register PMA2 defines the peripheral space identifier of the segment in the physical
address space. If bit n in the register is set then segment-n will be seen as a peripheral
segment.PMA2 is a read-only register.

Registers PMAO and PMAL1 are freely programmable with the following restrictions:-

* In PMAO Segment-C and Segment[7-CorelD] must have the same value.
* In PMA1 Segment-D and Segment[7-CorelD] must have the same value.

Irrespective of the setting of the PMA registers the following constraints are always
enforced.

* Segments-F and segment-E are constrained to be Peripheral space and hence non-
cacheable.

e Segment-A is constrained to be non-cacheable memory

« Segment-D and Segment[7-CorelD] are constrained to be non-cacheable for data
accesses.

« Segment-C and Segment[7- CorelD] are constrained to be non-cacheable for code
accesses.

Note: The PMA registers are ENDINIT protected.
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Reset Value: 0000 0300,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
RES
' r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 DAC 0 DAC
r rw r I FW
Field Bits Type | Description
RES [31:16] |r Reserved
DAC [15:13] |r Data Access Cacheability Segments F,E,,Dy
(non-cacheable)
DAC [12:11] |rw Data Access Cacheability Segments C;,B,
DAC 10 r Data Access Cacheability Segments A
(non-cacheable)
DAC [9:0] rw Data Access Cacheability Segments 9,,-0,,
PMA1

Code Access Cacheability Register
(CSFR_Base + 8104,

Reset Value: 0000 0300,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
RES
L L 1 1 1 L L
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 CAC| 0 |CAC| O CAC
r rw r w r ' W
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Field Bits Type | Description

RES [31:16] |r Reserved

CAC [15:14] |r Code Access Cacheability Segments Fy,E,
(non-cacheable)

CAC 13 rw Code Access Cacheability Segments Dy

CAC 12 r Code Access Cacheability Segments C
(non-cacheable)

CAC 11 rw Code Access Cacheability Segments By,

CAC 10 r Code Access Cacheability Segments Ay,
(non-cacheable)

CAC [9:0] rw Code Access Cacheability Segments 9,,-0,,

PMA2

Peripheral Space Identifier Register
(CSFR_Base + 8108, Reset Value: 0000 C000,

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

PSI
1 1 1 1 1 II‘ 1
Field Bits Type | Description
RES [31:16] |r Reserved
PSI [15:0] r Peripheral Attribute Segments F,-04
= C000,
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Compatibility Control Register

The Compatibility Control Register (COMPAT) is an implementation-specific CSFR
which allows certain elements of backwards compatibility with TriCore 1.3.x behavior to
be forced. The reset value of the COMPAT register ensures that backwards compatibility
with TriCore 1.3 is enabled by default. This register is safety_endinit protected.

COMPAT
Compatibility Control Register
(CSFR_Base +9400,,) Reset Value: FFFF FFFF,

31 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

RES SP | RM RES
L L 1 1 1 r 1 1 1 1 1 rW rW L r L
Field Bits Type | Description
RES [2:0] r Reserved

Read as 1; should be written with 1.

RM 3 rw Rounding Mode Compatibility
0y PSW.RM not restored by RET.
1 PSW.RM restored by RET (TC1.3 behavior).

SP 4 rw SYSCON Safety Protection Mode Compatibility

0y SYSCONI31:1] safety endinit protected.

1z  SYSCON][31:1] not safety endinit protected
(TC1.3 behavior).

RES [31:5] r Reserved
Read as 1; should be written with 1.
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6.8.2 CPU General Purpose Registers

There are no implementation specific features of the General Purpose Registers. They
are described in detail in the TriCore Architecture Manual.

6.8.3 CPU Memory Protection Registers

There are four Memory Protection Register Sets per CPU. The sets specify memory
protection ranges and permissions for code and data. The PSW.PRS bit field determines
which of these sets is currently in use by the CPU. The CPUs each implement 16 data
and 8 code range comparators. These may be flexibly shared amongst the of protection
sets to provide a maximum of 16 data ranges and 8 code ranges per set.

The protection registers protect the whole address space (In previous TriCore
implementations the memory protection system did not cover peripheral space.) The
granularity of the protection ranges is 8 bytes.

Code protection ranges define which memory areas the CPU may fetch instructions
from. Instruction fetches from an area outside a valid code protection range will lead to
a trap condition.

Data protection ranges define which memory areas the CPU may access for read and/or
write operations. Each range may be separately enabled for read and/or write access.
Data read accesses from an area outside a valid data protection range with read
permissions will lead to a trap condition. Data write accesses to an area outside a valid
data protection range with write permissions will lead to a trap condition

There are no implementation specific features of the Memory Protection Registers. They
are described in detail in the TriCore Architecture Manual.

6.8.4 Temporal Protection Registers

To Guard against task runtime overrun the CPU implements a temporal protection
system. This system consists of three independent decrementing counters
(TPS_TIMERN) arranged to generate a Temporal Asynchronous Error trap (TAE - Class-
4, Tin-7) on decrement to zero. A control register (TPS_CON) contains status and
control bits for temporal protection system. The temporal protection system is enabled
by the SYSCON.TPROTEN register bit. The Temporal Protection Registers are Core
Special Function Registers. They are described in detail in the TriCore Architecture
Manual.

There are no implementation specific features of the Memory Protection Registers. They
are described in detail in the TriCore Architecture Manual.

User's Manual 6-40 V1.1, 2014-12
CPU V3.7



s TC21x/TC22x/TC23x Family
(Infineon

CPU Subsystem

6.8.5 FPU Registers

There are no implementation specific features of the FPU Registers. They are described
in detail in the TriCore Architecture Manual.
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6.8.6 Memory Integrity Registers

To monitor and debug the integrity of the memory subsystems the following registers are
provided.

Table 6-15 Memory Integrity Registers

Short Description Offset Access Mode | Reset Type,
Name Address [Read |write |Value
PIEAR Program Integrity Error 9210, u,syv, | Sy, Application
Address Register 32 32,P | 0000 0000,
PIETR Program Integrity Error Trap |9214,, uU,sv, | SV, Application
Register 32 32,P | 0000 0000,
DIEAR Data Integrity Error Address | 9020, u,sv, | sV, Application
Register 32 32,P | 0000 0000,
DIETR Data Integrity Error Trap 9024, U,sv, | SV, Application
Register 32 32,P | 0000 0000,
SMACON | SIST Mode Access Control | 900C,, U,sv, |SV, Application
Register 32 SE, 0000 0000y
32,P
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6.8.6.1 Register Descriptions

Program Integrity Error Information Registers

Two architecturally visible registers (PIETR, PIEAR) allow software to localise the source
of the last detected program memory integrity error.

These registers are updated when a program integrity error condition is detected and the
PIETR.IED bit is zero. On update the PIETR.IED bit is set to one and remains set until
cleared by software. Whilst PIETR.IED is set further hardware updates of PIETR and
PIEAR are inhibited. The various error scenarios are defined below.

Program Integrity errors during instruction fetch from program memory

When an error is detected during a program fetch from a program memory the IE_S,
IE_C bits are updated to denote in which memory structure the error was detected. If the
IE_C bit is set the E_INFO field will be updated with the cache way. The PIEAR register
is updated with the address of the access. If the error detected is an uncorrectable bit
error the IE_UNC bit is set. The IED bit is set and all other PIETR register bits are set to
zero. Since instruction fetches are speculative, the PIETR and PIEAR registers may be
updated without a corresponding PIE trap

Program Integrity errors during a memory read initiated by an external access

When an error is detected during an external bus read from program memory the IE_S,
IE_C bits are updated to denote in which memory structure the error was detected. The
IE_BS is set and E_INFO updated. The PIEAR register is updated with the address of
the access. If the error detected is an uncorrectable error the IE_UNC bit is set. The IED
bit is set and all other PIETR register bits are set to zero. Note that a memory read can
be generated by a sub word write operation. The IE_C bit can only ever be set is the
cache is mapped into memory in SIST mode. In this case the E_INFO field indicates the
tag of the requesting master.

Program Integrity errors due to safety protection

When a safety protection violation is detected during a program memory access or
during access to the CPU registers the IE_SP, IE_BS bits are set and the E_INFO field
updated. The PIEAR register is updated with the address of the access. The IED bit is
set and all other PIETR register bits are set to zero.

Program Integrity errors due ECC errors at the bus interface

When an ECC error is detected at the program bus interface (either master or slave) the
IE_BI bit is set. If the error is during an external access the IE_BS bit is set and the
E_INFO fields updated. The PIEAR register is updated with the address of the access.
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If the error detected is an uncorrectable error the IE_UNC bit is set. The IED bit is set
and all other PIETR register bits are set to zero.
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Program Integrity Error Trap Register (PIETR)

PIETR

Program Integrity Error Trap Register

(CSFR_Base + 9214,

Reset Value: 0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
RES
1 1 1 ;‘ 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IE_B|IE_S|IE_U IE_B
RES S P | NC E_INFO | IE_S|IE_C|RES| IED
r rh rh rh I th I J rh rh rh r rwh
Field Bits Type | Description
IED 0 rwh | Integrity Error Detected
Read Operation:
Og  No program integrity error condition occurred.
1z  Program integrity error condition detected.
PIETR and PIEAR contents valid, further
updates disabled.
Write Operation:
Og Clear IED bit, re-enable updates.
1 No effect.
RES 1 r Reserved
IE_C 2 rh Integrity Error - Cache Memory
IE_S 3 rh Integrity Error - Scratchpad Memory
IE_BI 4 rh Integrity Error - Bus Interface
E_INFO [10:5] rh Error Information
If IE_BS= 1: Bus Master Tag ID of requesting master
If IE_C = 1: Cache way.
IE_UNC 11 rh Integrity Error - Uncorrectable Error Detected
IE_SP 12 rh Safety Protection Error Detected
IE_BS 13 rh Bus Slave Access Indicator
RES [31:14] |r Reserved
Read as 0; should be written with 0.
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Program Integrity Error Address Register

This register contains the physical address accessed by the operation that encountered
a uncorrectable program memory integrity error. This register is only updated if
PIETR.IED is zero.

PIEAR
Program Integrity Error Address Register
(CSFR_Base + 9210, Reset Value: 0000 0000,

31 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

TA

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

TA
1 1 1 1 1 ri'] 1
Field Bits Type | Description
TA [31:0] rh Transaction Address

Physical address being accessed by operation that
encountered program integrity error.
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Data Integrity Error Information Registers

Two architecturally visible registers (DIETR, DIEAR) allow software to localise the
source of the last detected uncorrectable data memory integrity error.

These registers are updated when an uncorrectable data integrity error condition is
detected and the DIETR.IED bit is zero. On update the DIETR.IED bit is set to one and
remains set until cleared by software. Whilst DIETR.IED is set further hardware updates
of DIETR and DIEAR are inhibited. The various error scenarios are defined below.

Note that the TC1.6E has no data cache but will report Data Read Buffer errors as cache
errors from wayO.

Data Integrity errors during load from data memory

When an error is detected during a load from a data memory the IE_S, IE_C and IE_T
bits are updated to denote in which memory structure the error was detected. If the IE_C
bit is set the E_INFO field will be updated with the cache way. The DIEAR register is
updated with the address of the access. If the error detected is an uncorrectable error
the IE_UNC bit is set. The IED bit is set and all other DIETR register bits are set to zero.
Note that a memory read may also be generated by a sub word write operation or a
cache line eviction.

Data Integrity errors during a memory read initiated by an external access

When an error is detected during an external bus read from data memory the IE_S, IE_C
bits are updated to denote in which memory structure the error was detected. The IE_BS
is set and E_INFO updated. The DIEAR register is updated with the address of the
access. If the error detected is an uncorrectable error the IE_UNC bit is set. The IED bit
is set and all other DIETR register bits are set to zero. Note that a memory read may also
be generated by a sub word write operation or a cache line eviction. The IE_C bit can
only ever be set is the cache is mapped into memory in SIST mode. In this case the
E_INFO field indicates the tag of the requesting master.

Data Integrity errors due to safety protection

When a safety protection violation is detected during a data memory access the IE_SP,
IE_BS bits are set and the E_INFO field updated. The DIEAR register is updated with
the address of the access. The IED bit is set and all other DIETR register bits are set to
zero.

Data Integrity errors due ECC errors at the bus interface

When an ECC error is detected at the data bus interface (either master or slave) the
IE_BI bit is set. If the error is during an external access the IE_BS bit is set and the
E_INFO fields updated. The DIEAR register is updated with the address of the access.
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If the error detected is an uncorrectable error the IE_UNC bit is set. The IED bit is set
and all other DIETR register bits are set to zero.

Data Integrity Error Trap Register (DIETR)

DIETR

Data Integrity Error Trap Register
(CSFR_Base + 9024, Reset Value: 0000 0000,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
RES
1 1 1 1 II‘ 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IE_B|IE_S|IE_U IE_B
RES s | p|nc E_INFO [ ||E_S|IE_C|IE_T| IED
r rh rh rh I th I rh rh rh rh rwh
Field Bits Type | Description
IED 0 rwh | Integrity Error Detected
Read Operation:
0z  No data integrity error condition occurred.
1z  Data integrity error condition detected. DIETR
and DIEAR contents valid, further DIETR and
DIEAR updates disabled.
Write Operation:
Oz  Clear IED bit, re-enable DIETR and DIEAR
update.
1z No effect.
IE_T 1 rh Integrity Error - Tag Memory
IE_C 2 rh Integrity Error - Cache Memory
IE_S 3 rh Integrity Error - Scratchpad Memory
IE_BI 4 rh Integrity Error - Bus Interface
E_INFO [10:5] rh Error Information
If IE_BS =1: Bus Master Tag ID of requesting master
If IE_C = 1: Cache way.
IE_UNC 11 rh Dual Bit Error Detected
IE_SP 12 rh Safety Protection Error Detected
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Field Bits Type | Description
IE_BS 13 rh Bus Slave Access Indicator
RES [31:14] |r Reserved

Read as 0; should be written with 0.
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Data Integrity Error Address Register

This register contains the physical address accessed by the operation that encountered
a uncorrectable data memory integrity error. This register is only updated if DIETR.IED
is zero.

DIEAR
Data Integrity Error Address Register
(CSFR_Base + 9020, Reset Value: 0000 0000,

31 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

TA

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

TA
1 1 1 1 1 ri'] 1
Field Bits Type | Description
TA [31:0] rh Transaction Address

Physical address being accessed by operation that
encountered data integrity error.
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SIST (Software In-System) Test Support

The CPU protects against memory integrity errors by ECC protection of the local CPU
memories. This has the side-effect of requiring memory blocks wider than the normal
data access path to the memory. The additional ECC storage bits are not easily
accessible via the existing data paths, causing problems where software based testing
of the memories is required. The CPU memaories also include embedded memory arrays,
such as the tag memories, which are not ordinarily accessible by the usual CPU
datapaths. In order to address this problem, the CPUs include a modes allowing all local
memory arrays to be accessed, both as a backup for MBIST based memory test and to
allow the test and debug of the fault tolerant memory systems.

Each memory may be access either in normal operation, data array only or ECC check
array only. This is controlled by the ECCS registers of the associated MBIST controller.
The IODT bit controls read/write operation ordering. In normal operation (IODT=0) non-
dependent read operations may overtake write operations. When SMA.IODT is set all
memory operations are performed in program order.

The SMACON register is protected by the safety_endinit signal.

The mapping of cache and tag memories to the TriCore address space is controlled by
the MTU_MEMMARP register. See the MTU chapter for details.
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SIST Mode Access Control Register

SMACON
SIST Mode Access Control Register
(CSFR_Base + 900C,,) Reset Value: 0000 0000,

31 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

RES 10DT RES

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

Field Bits Type | Description

RES [31:25] Reserved
Read as 0; should be written with 0.

—

IODT 24 rw In-Order Data Transactions

0z Normal operation, Non-dependent loads
bypass stores.

1z  In-order operation, Loads always flush
preceding stores, processor store buffer
disabled.

Reserved
Read as 0; should be written with 0.

RES [23:0]

—

User's Manual 6-52 V1.1, 2014-12
CPU V3.7



.T TC21x/TC22x/TC23x Famil
H X X X ily
<||'I ineon

CPU Subsystem

6.8.7 CPU Core Debug and Performance Counter Registers

The CPU Core Debug and performance counter registers are available for debug
purposes. For a complete description of all registers, refer to the TriCore Architecture
Manual.

6.8.7.1 Counter Source Details
Details of the Performance counter sources is given below.

IP_DISPATCH_STALL

The counter is incremented on every cycle in which the Integer dispatch unit is stalled
for whatever reason.

LS_DISPATCH_STALL

The counter is incremented on every cycle in which the Load-Store dispatch unit is
stalled for whatever reason.

LP_DISPATCH_STALL

The counter is incremented on every cycle in which the Loop dispatch unit is stalled for
whatever reason.

PCACHE_HIT

The counter is incremented whenever the target of a cached fetch request from the fetch
unit is found in the program cache.

PCACHE_MISS

The counter is incremented whenever the target of a cached fetch request from the fetch
unit is not found in the program cache and hence a bus fetch is initiated.

MULTI_ISSUE
The counter is incremented in any cycle where more than one instruction is issued.

DCACHE_HIT

The counter is incremented whenever the target of a cached request from the Load-
Store unit is found in the data cache.

DRB_HIT

The counter is incremented whenever the target of a cached request from the Load-
Store unit is found in the data read buffer.
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DCACHE_MISS_CLEAN

The counter is incremented whenever the target of a cached request from the Load-
Store unit is not found in the data cache and hence a bus fetch is initiated with no dirty
cache line eviction.

DRB_MISS

The counter is incremented whenever the target of a cached request from the Load-
Store unit is not found in the data read buffer and hence a bus fetch is initiated.

DCACHE_MISS_DIRTY

The counter is incremented whenever the target of a cached request from the Load-
Store unit is not found in the data cache and hence a bus fetch is initiated with the
writeback of a dirty cache line.

TOTAL_BRANCH

The counter is incremented in any cycle in which a branch instruction is in a branch
resolution stage of the pipeline (IP_EX1, LS_DEC, LP_DEC).

PMEM_STALL

The counter is incremented whenever the fetch unit is requesting an instruction and the
Instruction memory is stalled for whatever reason.

DMEM_STALL

The counter is incremented whenever the Load-Store unit is requesting a data operation
and the data memory is stalled for whatever reason.

Performance Counter Registers

Table 6-16 OCDS Control Registers

Register Description Offset
Address
CCTRL Counter Control Register. FCO00,
CCNT CPU Clock Count Register. FCO04,
ICNT Instruction Count Register. FCO08,
MICNT Multi Count Register 1. FCOC,
M2CNT Multi Count Register 2. FC10,
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Table 6-16 OCDS Control Registers (cont'd)

Register Description Offset
Address

M3CNT Multi Count Register 3. FC14,

Table 6-17  MultiCount Configuration (TC1.6P)

CFG |M1CNT M2CNT M3CNT

000 |IP_DISPATCH_STALL |LS_DISPATCH_STALL |LP_DISPATCH_STALL

001 |PCACHE_HIT PCACHE_MISS MULTI_ISSUE

010 |[DCACHE_HIT DCACHE_MISS_CLEAN |DCACHE_MISS_DIRTY

011 |TOTAL_BRANCH PMEM_STALL DMEM_STALL

Table 6-18 MultiCount Configuration (TC1.6E)

CFG |M1CNT M2CNT M3CNT

000 |IP_DISPATCH_STALL |LS_DISPATCH_STALL |-

001 |PCACHE_HIT PCACHE_MISS -

010 |DRB_HIT DRB_MISS -

011 |TOTAL_BRANCH PMEM_STALL DMEM_STALL
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6.8.8 Summary of CSFR Reset Values and Access Modes
This section summarizes the reset values and access modes of the CPU CSFR
registers.
Table 6-19  Core Special | Function Registers
Short Description Offset Access Mode |Reset Type,
Name Address Raaq |write |Value
TASK_ASI | TASK Address Space 8004, U,SV, | SV,32, | Application
Identifier 32 P 0000 0000,
PCXI Previous Context Information | FEOO, |U,SV, |SV,32, | Application
Register 32 P 0000 0000,
PSW Program Status Word FEO4,, U,SV, | SV,32, | Application
Register 32 P 0000 0B80,,
PC Program Counter Register FEO8, U,SV, | SV,32, | Application
32 P XXXX XXXX
SYSCON System Configuration FE14, U,SV, |SV,32, | Application
Register 32 P,SE | 0000 0000,
CPU_ID CPU Identification Register FE18, U,SV, |SV, 32 | Application
(TC1.6P) 32 P, NC |00CO C012,
CPU_ID CPU Identification Register FE18,, U,SV, | SV,32, | Application
(TC1.6E) 32 P,NC |00B7 C002,
CORE_ID Core Identification Register FE1C, U,SV, | SV 32, | Application
32 P, NC | 00000 000X
BIV Interrupt Vector Table Pointer | FE20, U,SV, | SV,32 |Application
Register 32 P,CEx | 0000 0000,
BTV Trap Vector Table Pointer FE24, U,SV, | SV,32, | Application
Register 32 P,CEx | AOOO 0100,
ISP Interrupt Stack Pointer FE28,, U,SV, | SV,32 |Application
Register 32 P,CEx | 0000 0100,
ICR ICU Interrupt Control Register | FE2C,, U,SV, | SV,32, | Application
32 P 0000 0000,
FCX Free Context List Head FE38, U,SV, |SV,32, | Application
Pointer Register 32 P 0000 0000,
LCX Free Context List Limit FE3C, |U,SV, |SV,32, |Application
Pointer Register 32 P 0000 0000,
PMAO Physical Memory Attributes | 8100, U,SV, | SV,32 |Application
Register 0 32 P, CEx | 0000 0300,
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Table 6-19  Core Special (cont'd)l Function Registers
Short Description Offset Access Mode | Reset Type,
Name Address Raaq [write |Value
PMA1 Physical Memory Attributes 8104, U,SV, | SV,32, | Application
Register 1 32 P, CEx | 0000 0300,
PMA2 Physical Memory Attributes | 8108, U,SV, |SV,32, | Application
Register 2 32 P, NC | 0000 C000,
SMACON | SIST Mode Access Control 900C, U,SV, | SV,32, | Application
register 32 P, SE | 0000 0000,
COMPAT | Compatibility Control Register | 9400, U,SV, | SV,32 |Application
32 P, SE | FFFF FFFF,
Table 6-20 GPR Registers
Short Description Offset Access Mode | Reset Type,
Name Address Read | write | Value
DO Data Register 0 FFOO0,, U,SV, | SV,32 | Application
32 P XXXX XXX Xy
D1 Data Register 1 FFO4,, U,SV, | SV,32 | Application
32 P XXXX XXXX
D2 Data Register 2 FFO8,, U,SV, | SV,32 | Application
32 P XXXX XXXXyy
D3 Data Register 3 FFOC, |U,SV, |SV,32 |Application
32 P XXXX XXXX,
D4 Data Register 4 FF10, U,SV, | SV,32 | Application
32 P XXXX XXX Xy
D5 Data Register 5 FF14,, U,SV, | SV,32 | Application
32 P XXXX XXXX
D6 Data Register 6 FF18, U,SV, | SV,32 | Application
32 P XXXX XXXXyy
D7 Data Register 7 FF1C, |U,SV, |SV,32 |Application
32 P XXXX XXXX,
D8 Data Register 8 FF20,, U,SV, | SV,32 | Application
32 P XXXX XXXX
D9 Data Register 9 FF24,, U,SV, | SV,32 | Application
32 P XXXX XXXX,
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Table 6-20  GPR Registers (cont'd)

Short Description Offset Access Mode | Reset Type,
Name Address Read | write | Value
D10 Data Register 10 FF28,, U,SV, | SV,32 | Application
32 P XXXX XXX Xy
D11 Data Register 11 FF2C, |U,SV, |SV,32 | Application
32 P XXXX XXXX
D12 Data Register 12 FF30, U,SV, | SV,32 | Application
32 P XXXX XXXXyy
D13 Data Register 13 FF34,, U,SV, | SV,32 | Application
32 P XXXX XXXX
D14 Data Register 14 FF38, U,SV, | SV,32 | Application
32 P XXXX XXX Xy
D15 Data Register 15 FF3Cy, U,SV, | SV,32 | Application
32 P XXXX XXXX
A0 Address Register 0 (Global | FF80, U,SV, | SV,32 | Application
Address Register) 32 P XXXX XXXXy
Al Address Register 1 (Global FF84,, U,SV, | SV,32 | Application
Address Register) 32 P XXXX XXX Xy
A2 Address Register 2 FF88,, U,SV, | SV,32 | Application
32 P XXXX XXX Xy
A3 Address Register 3 FF8C, |U,SV, |SV,32 | Application
32 P XXXX XXXX
A4 Address Register 4 FF90, U,SV, | SV,32 | Application
32 P XXXX XXXXyy
A5 Address Register 5 FF94,, U,SV, | SV,32 | Application
32 P XXXX XXXX,
A6 Address Register 6 FF98,, U,SV, | SV,32 | Application
32 P XXXX XXX Xy
A7 Address Register 7 FF9C, U,SV, | SV,32 | Application
32 P XXXX XXXX
A8 Address Register 8 (Global |FFAQ, |U,SV, |SV,32 | Application
Address Register) 32 P XXXX XXX Xy
A9 Address Register 9 (Global FFA4,, U,SV, | SV,32 | Application
Address Register) 32 P XXXX XXX Xy
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Table 6-20  GPR Registers (cont'd)
Short Description Offset Access Mode | Reset Type,
Name Address Read | write | Value
A10 Address Register 10 (Stack | FFA8, U,SV, | SV,32 | Application
Pointer) 32 P XXXX XXX Xy
All Address Register 11 (Return |FFAC, |U,SV, |SV,32 | Application
Address) 32 P XXXX XXXX
Al2 Address Register 12 FFBO, U,SV, | SV,32 | Application
32 P XXXX XXXXyy
Al13 Address Register 13 FFB4,, U,SV, | SV,32 | Application
32 P XXXX XXXX
Al4 Address Register 14 FFB8, U,SV, | SV,32 | Application
32 P XXXX XXX Xy
A15 Address Register 15 FFBC, |U,SV, |SV,32 | Application
32 P XXXX XXXX
Table 6-21  Memory Protection Registers
Short Description Offset Access Mode | Reset Type,
Name Address Read |write | Value
DPRO_L Data Protection Range 0, C000, U,SV, | SV,32 | Application
Lower Bound Register 32 P 0000 0000,
DPRO_U Data Protection Range O, C004, U,SV, | SV,32 | Application
Upper Bound Register 32 P 0000 0000,
DPR1 L Data Protection Range 1, C008, U,SV, | SV,32 | Application
Lower Bound Register 32 P 0000 0000,
DPR1_U Data Protection Range 1, C00C, |U,8V, |SV,32 | Application
Upper Bound Register 32 P 0000 0000,
DPR2_L Data Protection Range 2, Co010, U,SV, | SV,32 | Application
Lower Bound Register 32 P 0000 0000,
DPR2_U Data Protection Range 2, Co014, U,SV, | SV,32 | Application
Upper Bound Register 32 P 0000 0000,
DPR3 L Data Protection Range 3, C018,, U,SV, | SV,32 | Application
Lower Bound Register 32 P 0000 0000,
DPR3_U Data Protection Range 3, Co01C, |U,8V, |SV,32 | Application
Upper Bound Register 32 P 0000 0000,
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Table 6-21  Memory Protection Registers (cont'd)

Short Description Offset Access Mode | Reset Type,
Name Address Read | write | Value
DPR4 L Data Protection Range 4, C020,, U,SV, | SV,32 | Application
Lower Bound Register 32 P 0000 0000,
DPR4_U Data Protection Range 4, C024,, U,SV, | SV,32 | Application
Upper Bound Register 32 P 0000 0000,
DPR5_L Data Protection Range 5, Cc028, U,SV, | SV,32 | Application
Lower Bound Register 32 P 0000 0000,
DPR5_U Data Protection Range 5, C02C, |U,SV, |SV,32 | Application
Upper Bound Register 32 P 0000 0000,
DPR6_L Data Protection Range 6, C030, U,SV, | SV,32 | Application
Lower Bound Register 32 P 0000 0000,
DPR6_U Data Protection Range 6, C034, U,SV, | SV,32 | Application
Upper Bound Register 32 P 0000 0000,
DPR7_L Data Protection Range 7, C038, U,SV, | SV,32 | Application
Lower Bound Register 32 P 0000 0000,
DPR7_U Data Protection Range 7, C03C, |U,SV, |SV,32 | Application
Upper Bound Register 32 P 0000 0000,
DPR8 L Data Protection Range 8, C040,, U,SV, | SV,32 | Application
Lower Bound Register 32 P 0000 0000,
DPR8_U Data Protection Range 8, C044,, U,SV, | SV,32 | Application
Upper Bound Register 32 P 0000 0000,
DPR9_L Data Protection Range 9, co48,, U,SV, | SV,32 | Application
Lower Bound Register 32 P 0000 0000,
DPR9_U Data Protection Range 9, Cco4C, |U,SV, |SV,32 | Application
Upper Bound Register 32 P 0000 0000,
DPR10 L Data Protection Range 10, C050,, U,SV, | SV,32 | Application
Lower Bound Register 32 P 0000 0000,
DPR10_U | Data Protection Range 10, C054,, U,SV, | SV,32 | Application
Upper Bound Register 32 P 0000 0000,
DPR11_L |Data Protection Range 11, C058, U,SV, | SV,32 | Application
Lower Bound Register 32 P 0000 0000,
DPR11_U |Data Protection Range 11, C05C, |U,SV, |SV,32 | Application
Upper Bound Register 32 P 0000 0000,
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Table 6-21  Memory Protection Registers (cont'd)

Short Description Offset Access Mode | Reset Type,
Name Address Read | write | Value
DPR12 L Data Protection Range 12, C060,, U,SV, | SV,32 | Application
Lower Bound Register 32 P 0000 0000,
DPR12_U | Data Protection Range 12, C064, U,SV, | SV,32 | Application
Upper Bound Register 32 P 0000 0000,
DPR13 L |Data Protection Range 13, C068, U,SV, | SV,32 | Application
Lower Bound Register 32 P 0000 0000,
DPR13_U |Data Protection Range 13, C06C, |U,SV, |SV,32 | Application
Upper Bound Register 32 P 0000 0000,
DPR14 L Data Protection Range 14, C070, U,SV, | SV,32 | Application
Lower Bound Register 32 P 0000 0000,
DPR14_U |Data Protection Range 14, C074, U,SV, | SV,32 | Application
Upper Bound Register 32 P 0000 0000,
DPR15 L |Data Protection Range 15, Cco78, U,SV, | SV,32 | Application
Lower Bound Register 32 P 0000 0000,
DPR15 U |Data Protection Range 15, Co7C, |U,SV, |SV,32 | Application
Upper Bound Register 32 P 0000 0000,
CPRO_L Code Protection Range 0, D000, U,SV, | SV,32 | Application
Lower Bound Register 32 P 0000 0000,
CPRO_U Code Protection Range 0, D004, U,SV, | SV,32 | Application
Upper Bound Register 32 P 0000 0000,
CPR1_L Code Protection Range 1, D008, U,SV, | SV,32 | Application
Lower Bound Register 32 P 0000 0000,
CPR1_U Code Protection Range 1, D00C, |U,SV, |SV,32 |Application
Upper Bound Register 32 P 0000 0000,
CPR2_L Code Protection Range 2, D010, U,SV, | SV,32 | Application
Lower Bound Register 32 P 0000 0000,
CPR2_U Code Protection Range 2, D014 U,SV, | SV,32 | Application
Upper Bound Register 32 P 0000 0000,
CPR3_L Code Protection Range 3, D018, U,SV, | SV,32 | Application
Lower Bound Register 32 P 0000 0000,
CPR3_U Code Protection Range 3, D01C,; |U,SV, |SV,32 |Application
Upper Bound Register 32 P 0000 0000,
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Table 6-21  Memory Protection Registers (cont'd)

Short Description Offset Access Mode | Reset Type,
Name Address Read | write | Value
CPR4_L Code Protection Range 4, D020, U,SV, | SV,32 | Application
Lower Bound Register 32 P 0000 0000,
CPR4_U Code Protection Range 4, D024, U,SV, | SV,32 | Application
Upper Bound Register 32 P 0000 0000,
CPR5_L Code Protection Range 5, D028, U,SV, | SV,32 | Application
Lower Bound Register 32 P 0000 0000,
CPR5_U Code Protection Range 5, D02C,, |U,SV, |SV,32 |Application
Upper Bound Register 32 P 0000 0000,
CPR6_L Code Protection Range 6, D030y U,SV, | SV,32 | Application
Lower Bound Register 32 P 0000 0000,
CPR6_U Code Protection Range 6, D034, U,SV, | SV,32 | Application
Upper Bound Register 32 P 0000 0000,
CPR7_L Code Protection Range 7, D038, U,SV, | SV,32 | Application
Lower Bound Register 32 P 0000 0000,
CPR7_U Code Protection Range 7, D03C, |U,SV, |SV,32 |Application
Upper Bound Register 32 P 0000 0000,
CPXE_O Code Protection Set-0 E000,, U,SV, | SV,32 | Application
Execute Enable 32 P 0000 0000,
CPXE_1 Code Protection Set-1 E004,, U,SV, | SV,32 | Application
Execute Enable 32 P 0000 0000,
CPXE_2 Code Protection Set-2 E008,, U,SV, | SV,32 | Application
Execute Enable 32 P 0000 0000,
CPXE_3 Code Protection Set-3 EOOC, |U,SV, |SV,32 |Application
Execute Enable 32 P 0000 0000,
DPRE_O Data Protection Set-0 Read | E010,, U,SV, | SV,32 | Application
Enable 32 P 0000 0000,
DPRE_1 Data Protection Set-1 Read |EO014,, U,SV, | SV,32 | Application
Enable 32 P 0000 0000,
DPRE_2 Data Protection Set-2 Read |EO018, U,SV, | SV,32 | Application
Enable 32 P 0000 0000,
DPRE_3 Data Protection Set-3 Read |EO1C, |U,SV, |SV,32 | Application
Enable 32 P 0000 0000,
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Short Description Offset Access Mode | Reset Type,
Name Address Read | write | Value
DPWE_O Data Protection Set-0 Write E020,, U,SV, | SV,32 | Application
Enable 32 P 0000 0000,
DPWE_1 Data Protection Set-1 Write | E024,, U,SV, | SV,32 | Application
Enable 32 P 0000 0000,
DPWE_2 Data Protection Set-2 Write | E028, U,SV, | SV,32 | Application
Enable 32 P 0000 0000,
DPWE_3 Data Protection Set-3 Write  |E02C,, |U,SV, |SV,32 | Application
Enable 32 P 0000 0000,
Table 6-22 Temporal Protection System Registers
Short Name Description Offset Access Mode | Reset Type,
Address | Read |write | Value
TPS _CON Control Register E400,, U,SV, | SV,32 | Application
32 P 0000 0000,
TPS_TIMERO | Timer O Register E404, U,SV, | SV,32 | Application
32 P 0000 0000,
TPS_TIMER1 | Timer 1 Register E408,, U,SV, | SV,32 | Application
32 P 0000 0000,
TPS_TIMER2 | Timer 2 Register E40C, |U,SV, |SV,32 |Application
32 P 0000 0000,
Table 6-23  Floating Point Special Function Registers
Short Description Offset Access Mode | Reset Type,
Name Address [Read |write | Value
FPU_TRAP | Trap Control Register A000, U,SV, | SV,32 | Application
_CON 32 P 0000 0000,
FPU_TRAP | Trapping Instruction Program | A004 U,SV, | SV,32 | Application
_PC Counter Register 32 P 0000 0000,
FPU_TRAP | Trapping Instruction Opcode |A008, U,SV, | SV,32 | Application
_OPC Register 32 P 0000 0000,
FPU_TRAP | Trapping Instruction Operand | A010,, U,SV, | SV,32 | Application
_SRC1 Register 32 P 0000 0000,
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Table 6-23  Floating Point Special Function Registers (cont'd)
Short Description Offset Access Mode | Reset Type,
Name Address |Read |write | Value
FPU_TRAP | Trapping Instruction Operand | A014,, U,SV, | SV,32 | Application
_SRC2 Register 32 P 0000 0000,
FPU_TRAP | Trapping Instruction Operand | A018,, U,SV, | SV,32 | Application
_SRC3 Register 32 P 0000 0000,
Table 6-24  Core Debug and Performance Counter Registers
Short Description Offset Access Mode |Reset Type,
Name Address [Read |write |Value
CCTRL Counter Control Register FCO00, U,SV, |SV,32 | Debug
32 P 0000 0000,
CCNT CPU Clock Count Register FC04, U,SV, |SV,32 | Debug
32 P 0000 0000,
ICNT Instruction Count Register FCO08, U,SV, |SV,32 | Debug
32 P 0000 0000,
M1CNT Multi-Count Register 1 FCOCy, U,SV, |SV,32 | Debug
32 P 0000 0000,
M2CNT Multi-Count Register 2 FC10, |U,SV,|SV,32 |Debug
32 P 0000 0000,
M3CNT Multi-Count Register 3 FC14, U,SV, |SV,32 | Debug
32 P 0000 0000,
DBGSR Debug Status Register FDOO,, U,SV, |SV,32 | Debug
32 P 0000 0000,
EXEVT External Event Register FD08,, |U,SV, |SV,32 |Debug
32 P 0000 0000,
CREVT Core Register Access Event |FDOC, |U,SV, |SV,32 |Debug
Register 32 P 0000 0000,
SWEVT Software Debug Event FD10, U,SV, |SV,32 | Debug
Register 32 P 0000 0000,
TRIG_ACC | Debug Trigger Accumulation |FD30,, U,SV, |SV,32 | Debug
Register 32 P 0000 0000,
DMS Debug Monitor Start Address | FD40, U,SV, |SV,32 | Application
Register 32 P CPU
Dependent
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Table 6-24  Core Debug and Performance Counter Registers (cont'd)

Short Description Offset | Access Mode |Reset Type,
Name Address [Read |write |Value
DCX Debug Context Save Area FD44,, U,SV, | SV,32 | Application
Pointer Register 32 P CPU
Dependent
DBGTCR Debug Trap Control Register | FD48,, U,SV, | SV,32 | Application,
32 P Debug
0000 0001,
TROEVT Trigger Event 0 Configuration | FO00,, U,SsV, |SV,32 | Debug
Register 32 P 0000 0000,
TROADR Trigger Event 0 Address F004, U,SsV, |SV,32 |Debug
Register 32 P 0000 0000,
TR1EVT Trigger Event 1 Configuration | FOO8,, U,SV, |SV,32 | Debug
Register 32 P 0000 0000,
TR1ADR Trigger Event 1 Address FOOC,, U,SV, |SV,32 | Debug
Register 32 P 0000 0000,
TR2EVT Trigger Event 2 Configuration | FO10,, U,SV, |SV,32 | Debug
Register 32 P 0000 0000,
TR2ADR Trigger Event 2 Address FO014, U,SsV, |SV,32 |Debug
Register 32 P 0000 0000,
TR3EVT Trigger Event 3 Configuration | FO18, U,SV, |SV,32 | Debug
Register 32 P 0000 0000,
TR3ADR Trigger Event 3 Address FO1C, U,SV, |SV,32 | Debug
Register 32 P 0000 0000,
TR4EVT Trigger Event 4 Configuration | FO20,, U,SV, |SV,32 | Debug
Register 32 P 0000 0000,
TR4ADR Trigger Event 4 Address F024,, U,SsV, |SV,32 |Debug
Register 32 P 0000 0000,
TR5EVT Trigger Event 5 Configuration | FO28, U,SV, |SV,32 | Debug
Register 32 P 0000 0000,
TR5ADR Trigger Event 5 Address F02C,, U,SV, |SV,32 | Debug
Register 32 P 0000 0000,
TR6EVT Trigger Event 6 Configuration | FO30,, U,SV, |SV,32 | Debug
Register 32 P 0000 0000,
TR6ADR Trigger Event 6 Address F034, U,SV, |SV,32 |Debug
Register 32 P 0000 0000,
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Table 6-24  Core Debug and Performance Counter Registers (cont'd)
Short Description Offset Access Mode |Reset Type,
Name Address [Read |write |Value
TR7EVT Trigger Event 7 Configuration | FO38,, U,SV, |SV,32 | Debug
Register 32 P 0000 0000,
TR7ADR Trigger Event 7 Address FO3C, U,SsV, |SV,32 | Debug
Register 32 P 0000 0000,
Table 6-25 DMI Registers
Short Name |Description Offset Access Mode | Reset Type,
Address [Read |write |Value
DCONO DMI Control Register 0 9040, U, SV, | SV,32 | Application
32 P,CEx | 0000 0002,
DCON2 DMI Control Register 2 9000, U, SV, | SV,32 | Application
32 P,CEx |CPU
Dependent
DSTR DMI Synchronous Trap Flag | 9010, U,SV, | SV,32 | Application
Register 32V (P 0000 0000,
DATR DMI Asynchronous Trap 9018, U,SV, | SV,32 | Application
Flag Register 329 P 0000 0000,
DEADD DMI Data Error Address 901C, U, SV, | SV,32 | Application
Register 32 P 0000 0000,
DIEAR Data Integrity Error Address | 9020, U, SV, | SV,32 | Application
Register 32 P 0000 0000,
DIETR Data Integrity Error Trap 9024, U,SV, | SV,32 | Application
Register 32 P 0000 0000,
SEGEN SRI Error Generation 1030, U,SV, | SV,32 | Application
32 P,CEx | 0000 0000,
1) Writing these registers clears the contents independent of the data value.
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Table 6-26 ~ PMI Registers
Short Name |Description Offset Access Mode | Reset Type,
Address [Read |write |Value
PCONO PMI Control Register 0 920C, U,SV, | SV,32 | Application
32 P,CEx | 0000 0002,
PCON1 PMI Control Register 1 9204, U,SV, | SV,32 | Application
32 P 0000 0000,
PCON2 PMI Control Register 2 9208, U,SV, | SV,32 | Application
32 P,NC |CPU
Dependent
PSTR PMI Synchronous Trap 9200, U,SV, | SV,32 | Application
Register 32 P 0000 0000,
PIEAR Program Integrity Error 9210, U,SV, | SV,32 | Application
Address Register 32 P 0000 0000,
PIETR Program Integrity Error Trap | 9214, U,SV, | SV,32 | Application
Register 32 P 0000 0000,
6.8.9 Summary of SFR Reset Values and Access modes

This section summarizes the reset values and access modes of the CPU SFR registers.

Table 6-27  Safety Protection Registers
Short Name |Description Offset Access Mode | Reset Type,
Address [Read |write |Value
RGNLAO Safety Protection Lower E000, U,sVv, |U,SV, | Application
Range Register 0 32 32,P, |[0000 0000
SE
RGNUAO Safety Protection Upper E004,, U,SV, |U,SV, |Application
Range Register 0 32 32,P, |[0000 0000
SE
RGNACCEN | Safety Protection Access E008, U,SV, |U,SV, |Application
A0 Enable Register A Range 0 32 32, P | 0000 0000,
SE
RGNACCEN | Safety Protection Access EOOC, |U,SV, |U,SV, |Application
BO Enable Register B Range 0 32 32, P | 0000 0000,
NC
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Table 6-27  Safety Protection Registers (cont'd)
Short Name |Description Offset Access Mode | Reset Type,
Address [Read |write | Value
RGNLA1 Safety Protection Lower E010,, U,SV, |U,SV, |Application
Range Register 1 32 32,P, | 0000 0000,
SE
RGNUA1 Safety Protection Upper EO014,, U,SV, |U,SV, |Application
Range Register 1 32 32,P, |0000 0000
SE
RGNACCEN | Safety Protection Access E018,, U,sVv, |U,SV, | Application
Al Enable Register A Range 1 32 32,P, | 0000 0000,
SE
RGNACCEN | Safety Protection Access EO1C, |U,SV, |U,SV, |Application
B1 Enable Register B Range 1 32 32,P, | 0000 0000,
NC
RGNLAO2 Safety Protection Lower E020, U,sVv, |U,SV, | Application
Range Register 2 32 32,P, |[0000 0000
SE
RGNUA2 Safety Protection Upper E024,, U,SsV, |U,SV, |Application
Range Register 2 32 32,P, | 0000 0000,
SE
RGNACCEN | Safety Protection Access E028, U,sv, |U,SV, |Application
A2 Enable Register A Range 2 32 32,P, | 0000 0000,
SE
RGNACCEN | Safety Protection Access EO2C, |U,SV, |U,SV, |Application
B2 Enable Register B Range 2 32 32,P, | 0000 0000,
NC
RGNLAO3 Safety Protection Lower E030, U,SsV, |U,SV, |Application
Range Register 3 32 32,P, | 0000 0000,
SE
RGNUA3 Safety Protection Upper E034, U,sV, |U,SV, |Application
Range Register 3 32 32,P, | 0000 0000,
SE
RGNACCEN | Safety Protection Access E038,, U,SV, |U,SV, |Application
A3 Enable Register A Range 3 32 32,P, | 0000 0000,
SE
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Table 6-27  Safety Protection Registers (cont'd)
Short Name |Description Offset Access Mode | Reset Type,
Address [Read |write |Value
RGNACCEN | Safety Protection Access EO3C, |U,SV, |U,SV, |Application
B3 Enable Register B Range 3 32 32,P, | 0000 0000,
NC
RGNLAO4 Safety Protection Lower E040,, U,SV, |U,SV, |Application
Range Register 4 32 32,SE | 0000 0000
RGNUA4 Safety Protection Upper E044,, U,SV, |U,SV, |Application
Range Register 4 32 32,SE | 0000 0000,
RGNACCEN | Safety Protection Access E048, U,sv, |U,SV, |Application
A4 Enable Register A Range 4 32 32,SE | 0000 0000,
RGNACCEN | Safety Protection Access EO4C, |U,SV, |U,SV, |Application
B4 Enable Register B Range 4 32 32,NC | 0000 0000,
RGNLAO5 Safety Protection Lower E050,, U,SV, |U,SV, |Application
Range Register 5 32 32,SE | 0000 0000
RGNUA5 Safety Protection Upper EO054,, U,SV, |U,SV, |Application
Range Register 5 32 32,SE | 0000 0000
RGNACCEN | Safety Protection Access |E058, |U,SV, |U,SV, | Application
A5 Enable Register A Range 5 32 32,SE | 0000 0000,
RGNACCEN | Safety Protection Access EO5C, |U,SV, |U,SV, |Application
B5 Enable Register B Range 5 32 32,NC | 0000 0000,
RGNLAO6 Safety Protection Lower E060,, U,SV, |U,SV, |Application
Range Register 6 32 32,SE | 0000 0000,
RGNUAG6 Safety Protection Upper E064,, U,SV, |U,SV, |Application
Range Register 6 32 32,SE | 0000 0000,
RGNACCEN | Safety Protection Access E068,, U,sV, |U,SV, |Application
A6 Enable Register A Range 6 32 32,SE | 0000 0000,
RGNACCEN | Safety Protection Access EO6C, |U,SV, |U,SV, |Application
B6 Enable Register B Range 6 32 32,NC | 0000 0000,
RGNLAO7 Safety Protection Lower EO70, U,SV, |U,SV, |Application
Range Register 7 32 32,SE | 0000 0000
RGNUA7 Safety Protection Upper EO74, U,sv, |U,SV, |Application
Range Register 7 32 32,SE | 0000 0000,
RGNACCEN | Safety Protection Access EO78, U,SsV, |U,SV, |Application
A7 Enable Register A Range 7 32 32,SE | 0000 0000,
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Table 6-27  Safety Protection Registers (cont'd)
Short Name |Description Offset Access Mode | Reset Type,
Address [Read |write | Value

RGNACCEN | Safety Protection Access EO7C, U,SV, |U,SV, |Application

B7 Enable Register B Range 7 32 32,NC | 0000 0000,

ACCENA Access Enable Register A | E100, U,sVv, |U,SV, | Application
32 32,SE | 0000 0000,

ACCENB Access Enable Register B | E104, U,sV, |U,SV, |Application
32 32,SE | 0000 0000,

Note: A disallowed access to any CPU register (e.g. attempted write to read only
register, attempted user mode access to SV, attempted access to E without
Endinit, etc.) will NOT result in a Bus Error.
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6.9 CPU Instruction Timing

This section gives information on CPU instruction timing by execution unit. The Integer
Pipeline and Load/Store Pipeline are always present, and the Floating Point Unit (FPU)
is optional. The Load/Store unit implements the optional TLB instructions.

Definition of Terms:
* Repeat Rate

Assuming the same instruction is being issued sequentially, repeat is the minimum
number of clock cycles between two consecutive issues. There may be additional delays
described elsewhere due to internal pipeline effects when issuing a different subsequent
instruction.

¢ Result Latency

The number of clock cycles from the cycle when the instruction is issued to the cycle
when the result value is available to be used as an operand to a subsequent instruction
or written into a GPR. Result latency is not meaningful for instructions that do not write
a value into a GPR.

e Address Latency

The number of clocks cycles from the cycle when the instruction is issued to the cycle
when the addressing mode updated value is available as an operand to a subsequent
instruction or written into an Address Register.

e Flow Latency

The number of clock cycles from the cycle when the instruction is issued to the cycle
when the next instruction (located at the target location or the next sequential instruction
if the control change is conditional) is issued.
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These are the Integer-Pipeline instruction timings for each instruction.

6.9.1.1

Each instruction is single issued.

Simple Arithmetic Instruction Timings

Table 6-28  Simple Arithmetic Instruction Timing
Instruction Result Repeat Instruction Result Repeat
Latency Rate Latency Rate
TC16P-TC16E | TC16P-TC16E TC16P-TC16E | TC16P-TC16E
Integer Pipeline Arithmetic Instructions
ABS 1 1 1 1 MAX.H 1 1 1 1
ABS.B 1 1 1 1 MAX.HU 1 1 1 1
ABS.H 1 1 1 1 MAX.U 1 1 1 1
ABSDIF 1 1 1 1 MIN 1 1 1 1
ABSDIF.B 1 1 1 1 MIN.B 1 1 1 1
ABSDIF.H 1 1 1 1 MIN.BU 1 1 1 1
ABSDIFS 2 1 1 1 MIN.H 1 1 1 1
ABSDIFS.H |2 1 1 1 MIN.HU 1 1 1 1
ABSS 2 1 1 1 MIN.U 1 1 1 1
ABSS.H 2 1 1 1 RSUB 1 1 1 1
ADD 1 1 1 1 RSUBS 2 1 1 1
ADD.B 1 1 1 1 RSUBS.U 2 1 1 1
ADD.H 1 1 1 1 SAT.B 1 1 1 1
ADDC 1 1 1 1 SAT.BU 1 1 1 1
ADDI 1 1 1 1 SAT.H 1 1 1 1
ADDIH 1 1 1 1 SAT.HU 1 1 1 1
ADDS 2 1 1 1 SEL 1 1 1 1
ADDS.H 2 1 1 1 SELN 1 1 1 1
ADDS.HU 2 1 1 1 SUB 1 1 1 1
ADDS.U 2 1 1 1 SUB.B 1 1 1 1
ADDX 1 1 1 1 SUB.H 1 1 1 1
CADD 1 1 1 1 SUBC 1 1 1 1
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Table 6-28  Simple Arithmetic Instruction Timing (cont'd)

Instruction Result Repeat Instruction Result Repeat
Latency Rate Latency Rate
TC16P-TC16E | TC16P-TC16E TC16P-TC16E | TC16P-TC16E

CADDN 1 1 1 1 SUBS 2 1 1 1

CsuB 1 1 1 1 SUBS.H 2 1 1 1

CSUBN 1 1 1 1 SUBS.HU 2 1 1 1

MAX 1 1 1 1 SUBS.U 2 1 1 1

MAX.B 1 1 1 1 SUBX 1 1 1 1

MAX.BU 1 1 1 1

Compare Instructions

EQ 1 1 1 1 LT.B 1 1 1 1

EQ.B 1 1 1 1 LT.BU 1 1 1 1

EQ.H 1 1 1 1 LT.H 1 1 1 1

EQ.W 1 1 1 1 LT.HU 1 1 1 1

EQANY.B 1 1 1 1 LT.U 1 1 1 1

EQANY.H 1 1 1 1 LT.W 1 1 1 1

GE 1 1 1 1 LT.WU 1 1 1 1

GE.U 1 1 1 1 NE 1 1 1 1

LT 1 1 1 1

Count Instructions

CLO 1 1 1 1 CLS.H

CLO.H 1 1 1 1 CLz

CLS 1 1 1 1 CLZ.H

Extract Instructions

DEXTR 2 1 1 1 INS.T

EXTR 2 1 1 1 INSN.T

EXTR.U 2 1 1 1 INSERT

IMASK 2 1 1 1

Logical Instructions

AND 1 1 1 1 OR.EQ

AND.AND.T |1 1 1 1 OR.GE

AND.ANDN.T |1 1 1 1 OR.GE.U
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Table 6-28  Simple Arithmetic Instruction Timing (cont'd)
Instruction Result Repeat Instruction Result Repeat
Latency Rate Latency Rate
TC16P-TC16E | TC16P-TC16E TC16P-TC16E | TC16P-TC16E
AND.EQ 1 1 1 1 OR.LT 1 1 1 1
AND.GE 1 1 1 1 OR.LT.U 1 1 1 1
AND.GE.U 1 1 1 1 OR.NE 1 1 1 1
AND.LT 1 1 1 1 OR.NOR.T 1 1 1 1
AND.LT.U 1 1 1 1 OR.OR.T 1 1 1 1
AND.NE 1 1 1 1 OR.T 1 1 1 1
AND.NOR.T |1 1 1 1 ORN 1 1 1 1
AND.OR.T 1 1 1 1 ORN.T 1 1 1 1
AND.T 1 1 1 1 XNOR 1 1 1 1
ANDN 1 1 1 1 XNOR.T 1 1 1 1
ANDN.T 1 1 1 1 XOR 1 1 1 1
NAND 1 1 1 1 XOR.EQ 1 1 1 1
NAND.T 1 1 1 1 XOR.GE 1 1 1 1
NOR 1 1 1 1 XOR.GE.U 1 1 1 1
NOR.T 1 1 1 1 XOR.LT 1 1 1 1
OR 1 1 1 1 XOR.LT.U 1 1 1 1
OR.AND.T 1 1 1 1 XOR.NE 1 1 1 1
OR.ANDN.T |1 1 1 1 XOR.T 1 1 1 1
Move Instructions
CMOV 1 1 1 1 MOV.U 1 1 1 1
CMOVN 1 MOVH
MOV (32 Bit) |1 1 1 1 MOV (64bit) |2 1 1 1
Shift Instructions
SH 1 1 1 1 SH.NE 1 1 1 1
SH.AND.T 1 1 1 1 SH.NOR.T 1 1 1 1
SH.ANDN.T |1 1 1 1 SH.OR.T 1 1 1 1
SH.EQ 1 1 1 1 SH.ORN.T 1 1 1 1
SH.GE 1 1 1 1 SH.XNOR.T |1 1 1 1
SH.GE.U 1 1 1 1 SH.XOR.T 1 1 1 1
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Table 6-28  Simple Arithmetic Instruction Timing (cont'd)

Instruction Result Repeat Instruction Result Repeat
Latency Rate Latency Rate
TC16P-TC16E | TC16P-TC16E TC16P-TC16E | TC16P-TC16E

SH.H 1 1 1 1 SHA 1 1 1 1

SH.LT 1 1 1 1 SHA.H 1 1 1 1

SH.LT.U 1 1 1 1 SHAS 2 1 1 1

SH.NAND.T |1 1 1 1

Coprocessor 0 Instructions

BMERGE 2 2 1 1 IXMIN 2 2 1 1

BSPLIT 2 2 1 1 UNPACK 2 2 1 1

PARITY 2 2 1 1 IXMAX 2 2 1 1

PACK 2 2 1 1 IXMAX.U 2 2 1 1

IXMIN.U 2 2 1 1 CRC32 2 2 1 1

Integer Divide Instructions

DVADJ 2 2 1 1 DVSTEP 6 4 4 3

DVINIT 2 2 1 1 DVSTEP.U 6 4 4 3

DVINIT.U 2 2 1 1 DIV 4-11 |3-10 |3-9 |39

DVINIT.B 2 2 1 1 DIV.U 4-11 |3-10 |3-9 |39

DVINIT.H 2 2 1 1

DVINIT.BU 2 2 1 1

DVINIT.HU 2 2 1 1

The latency and repeat rate values listed for the DIV and DIV.U instructions are the
minimum and maximum values.The algorithm used allows for early termination of the
instruction once the full result is available.
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6.9.1.2  Multiply Instruction Timings
Each instruction is single issued.

Table 6-29  Multiply Instruction Timing

Instruction Result Repeat Instruction |Result Repeat
Latency Rate Latency Rate
TC16P-TC16E TC16P-TC16E TC16P -TC16E | TC16P-TC16E
MUL 2 2 1 1 MUL.Q 3 2 1 1
MUL.U 2 2 1 1 MULM.H 3 2 1 1
MULS 3 2 1 1 MULR.H 3 2 1 1
MULS.U 3 2 1 1 MULR.Q 3 2 1 1
MUL.H 3 2 1 1
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Multiply Accumulate (MAC) Instruction Timing

Table 6-30  Multiply Accumulate Instruction Timing
Instruction Result Repeat Instruction Result Repeat
Latency Rate Latency |Rate
TC16P-TC16E | TC16P-TC16E TC16-TC16E | TC16P-TC16E

MADD 3 2 1 1 MSUB 3 2 1 1
MADD.U 3 2 1 1 MSUB.U 3 2 1 1
MADDS 3 2 1 1 MSUBS 3 2 1 1
MADDS.U 3 2 1 1 MSUBS.U 3 2 1 1
MADD.H 3 2 1 1 MSUB.H 3 2 1 1
MADD.Q 3 2 1 1 MSUB.Q 3 2 1 1
MADDM.H 3 2 1 1 MSUBM.H 3 2 1 1
MADDMS.H 3 2 1 1 MSUBMS.H 3 2 1 1
MADDR.H 3 2 1 1 MSUBR.H 3 2 1 1
MADDR.Q 3 2 1 1 MSUBR.Q 3 2 1 1
MADDRS.H 3 2 1 1 MSUBRS.H 3 2 1 1
MADDRS.Q 3 2 1 1 MSUBRS.Q 3 2 1 1
MADDS.H 3 2 1 1 MSUBS.H 3 2 1 1
MADDS.Q 3 2 1 1 MSUBS.Q 3 2 1 1
MADDSU.H 3 2 1 1 MSUBAD.H 3 2 1 1
MADDSUM.H |3 2 1 1 MSUBADM.H |3 2 1 1
MADDSUMS.H |3 2 1 1 MSUBADMS.H |3 2 1 1
MADDSUR.H |3 2 1 1 MSUBADR.H |3 2 1 1
MADDSURS.H |3 2 1 1 MSUBADRS.H |3 2 1 1
MADDSUS.H |3 2 1 1 MSUBADS.H |3 2 1 1

For All MADD, MSUB and MUL type instructions the result latency is reduced to 1 for

accumulator forwarding between similar instructions.
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For MADD.Q, MADDS.Q, MSUB.Q, MSUBS.Q Instructions:

MADD.Q, MADDS.Q, Result Result Repeat Repeat

MSUB.Q, MSUBS.Q Latency Latency Rate Rate
TC1.6P TC1.6E TC1.6P TC1.6E

16 x 16 3 2 1 1

16 x 32 3 2 1 1

32 x32 3 2 1 1

6.9.1.4 Control Flow Instruction Timing TC1.6P

Control flow instruction timing for TC1.6P is complicated by the use of branch target
buffers and fetch FIFOs.

« Incorrectly predicted LS instructions incur a three cycle branch recovery penalty.

« Incorrectly predicted IP instructions incur a four cycle branch recovery penalty.

« Correctly predicted not taken branches incur no penalty

« Correctly predicted taken branch incur a penalty of up to two cycles depending on the
state of the fetch FIFOs and the branch target buffer.

» Loop instructions incur the same penalty as an LS conditional jump instruction.

Assumptions

« All target locations yield a full instruction in one access
(i.e. not 16-hits of a 32-bit instruction).
« All code fetches take a single cycle.
« Timing is best case; no cache misses for context operations, no pending stores.

Table 6-31  Control flow timing(TC1.6P)

Prediction-Result |Flow Latency |Repeatrate |Flow Latency |Repeat Rate
(LS, LP) (LS,LP) (1P (IP)

Correct Not-Taken |1 1 1 1

Correct Taken 1-2 1-2 1-2 1-2

Incorrect Not-Taken |3 4 3 4

Incorrect Taken 3 4 3 4
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6.9.1.5 Control Flow Instruction Timing TC1.6E

The TC1.6E implements a simple static branch prediction scheme. 16 bit instruction
format (either direction) and 32 bit format backwards conditional branches are predicted
taken. 32 bit format forwards conditional branches are predicted not taken.

» Correctly predicted not taken branches incur no penalty.

» Correctly predicted taken branches incur a single cycle penalty.

« Incorrectly predicted branches incur a two cycle branch recovery penalty.

« Loop instructions incur the same penalty as LS conditional jump instructions.

Assumptions

» All target locations yield a full instruction in one access
(i.e. not 16-bits of a 32-bit instruction).
« All code fetches take a single cycle.
« Timing is best case; no cache misses for context operations, no pending stores.

Table 6-32  Control flow timing(TC1.6E)

Prediction-Result Flow Latency Repeat rate
Correctly predicted, not taken 1 1

Correctly predicted, taken 2 2

Incorrectly predicted 3 3

User’s Manual 6-79 V1.1, 2014-12

CPU V3.7



(infineon

6.9.2

TC21x/TC22x/TC23x Family

Load-Store Pipeline Instructions

CPU Subsystem

This section summarizes the Load-Store Pipeline instructions.

6.9.2.1

Address Arithmetic Timing

Each instruction is single issued.

Table 6-33  Address Arithmetic Instruction Timing

Instruction Result Repeat Instruction |Result Repeat
Latency Rate Latency Rate
TC16P- TC16E | TC16P- TC16E TC16P -TC16E | TC16P-TC16E

Load Store Arithmetic Instructions

ADD.A 1 1 1 1 GE.A 1 1 1 1

ADDIH.A 1 1 1 1 LT.A 1 1 1 1

ADDSC.A 2 1 1 1 NE.A 1 1 1 1

ADDSC.AT 2 1 1 1 NEZ.A 1 1 1 1

EQ.A 1 1 1 1 SUB.A 1 1 1 1

EQZ.A 1 1 1 1 NOP 1 1 1 1

Trap and Interrupt Instructions

DEBUG - - 1 1 TRAPSVY - - 1 1

DISABLE - - 1 1 TRAPVY - - 1 1

ENABLE - - 1 1 RSTV - - 1 1

RESTORE - - 1 1 WAIT? - - 1 1

Move Instructions

MFCR 2 1 1 MOV.A 1 1

MTCR 1 1 MOV.AA

MOVH.A 1 MOV.D

Sync Instructions

DSYNC - |- [1 [1 [isyne? - - 1 n

1) Execution cycles when no TRAP is taken. The execution timing in the case of raising these TRAPs is the same
as other TRAPs such as SYSCALL.

2) The latency of the WAIT instruction is hidden by the context save of the interrupt. Effective latency is zero.

3) Repeat rate assumes that code refetch takes a single cycle.
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This section summarizes the timing of CSA Control Flow instructions.

« All targets yield a full instruction in one access (not 16-bits of a 32-bit instruction).
< All code fetches take a single cycle. Timing is best case; no cache misses for context
operations, no pending stores.

CPU Subsystem

Table 6-34  CSA Control Flow Instruction Timing
Instruction | Result Repeat Instruction |Result Repeat
Latency Rate Latency Rate
TC16P-TC16E | TC16P-TC16E TC16P-TC16E | TC16P-TC16E
CALL 4-8 |4 4-8 |4 SYSCALL |4-8 4 4-8 |4
CALLA 4-8 |4 4-8 |4 SVLCX 4-8 4 4-8 |4
CALLI 4-8 |4 4-8 |4 RSLCX 4-8 4 4-8 |4
RET 4-8 |4 4-8 |4 RFE 4-8 4 4-8 |4
BISR 4-8 |4 4-8 |4 RFM 4-8 4 4-8 |4
FCALL 1 1 1 1 FCALLA 1 1 1 1
FCALLI 1 1 1 1 FRET 1 1 1 1

Access to DSPR require 4 cycles, accesses to cached external memory require 8 cycles
(TC1.6P only).

6.9.2.3 Load Instruction Timing

Load instructions can produce two results if they use the pre-increment, post-increment,
circular or bit-reverse addressing modes. Hence, in those cases there are two latencies
that must be specified, the result latency for the value loaded from memory and the
address latency for using the updated address register result.

e Each instruction is single issued.

« The memory references is naturally aligned.

« The memory accessed takes a single cycle to return a data item.
« Timing is best case; no cache misses, no pending stores.

Table 6-35 Load Instruction Timing TC1.6P

Instruction | Address |Result |Repeat |Instruction | Address | Result |Repeat
Latency |Latency |Rate Latency |Latency | Rate

Load Instructions

LD.A 1 LD.Q 1

LD.B 1 LD.W 1
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Table 6-35 Load Instruction Timing TC1.6P (cont'd)

Instruction | Address |Result |Repeat |Instruction | Address | Result |Repeat
Latency |Latency |Rate Latency |Latency | Rate

LD.BU 1 2 1 LDLCX 5-9 5-9 5

LD.D 1 2 1 LDUCX 5-9 5-9 5

LD.DA 1 3 1 SWAP.W |2 3 2

LD.H 1 2 1 LEAD - 1 1

LD.HU 1 2 1 CMPSWAP |2 3 1

SWAPMSK |2 3 1

1) The addressing mode returning an updated address is not relevant for this instruction.

Table 6-36  Load Instruction Timing TC1.6E

Instruction | Address |Result |Repeat |Instruction | Address | Result |Repeat
Latency |Latency |Rate Latency |Latency | Rate

Load Instructions

LD.A 1 3 1 LD.Q 1 2 1

LD.B 1 2 1 LD.W 1 2 1

LD.BU 1 2 1 LDLCX 5 5 5

LD.D 1 2 1 LDUCX 5 5 5

LD.DA 1 3 1 SWAP.W |2 3 2

LD.H 1 2 1 LEAD - 1 1

LD.HU 1 2 1 CMPSWAP |2 3 1

SWAPMSK |2 3 1

1) The addressing mode returning an updated address is not relevant for this instruction.
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Cache and Store instructions similar to Load instructions will have a result for the pre-
increment, post-increment, circular or bit-reverse addressing modes, but do not produce
a ‘memory’ result.

« Each instruction is single issued.
« The memory references is naturally aligned.
« The memory accessed takes a single cycle to accept a data item.
« Timing is best case; no cache misses, no pending stores.

Table 6-37 Cache and Store Instruction Timing

Instruction | Result Repeat Instruction Result Repeat
Latency Rate Latency Rate
TC16P- TC16E | TC16P- TC16E TC16P -TC16E | TC16P-TC16E

Cache Instructions

CACHEA.I |1 CACHEA.WIY |1

CACHEA. |1 CACHEILW 1

wh

CACHEI.WI |1 1 1 1 CACHELI 1 1 1 1

Store Instructions

ST.A 1 1 1 1 ST.T 1 1 2 2

ST.B 1 1 1 1 ST.W 1 1 1 1

ST.D 1 1 1 1 STLCX 1 1 9 5

ST.DA 1 1 1 1 STUCX 1 1 9 5

ST.H 1 1 1 1 LDMST 1 1 2 2

ST.Q 1 1 1 1

1) Repeat rate assumes that no memory writeback operation occurs. Otherwise the repeat rate will depend
upon the time for the castout buffers to clear.
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These instructions are only valid if the optional Floating Point Unit is implemented.

Each instruction is single issued.

Table 6-38  Floating Point Instruction Timing
Instruction |Result Repeat Instruction | Result Repeat
Latency Rate Latency Rate
TC16P- TC16E | TC16P- TC16E TC16P -TC16E | TC16P-TC16E
Floating Point Instructions
ADDF 2 2 1 1 ITOF 2 1 1 1
CMP.F 1 1 1 1 MADD.F 3 2 1 1
DIV.F 8 7 6 6 MSUB.F 3 2 1 1
FTOI 2 1 1 1 MUL.F 2 2 1 1
FTOIZ 2 1 1 1 Q31TOF 2 1 1 1
FTOQ31 2 1 1 1 QSEED.F |1 1 1 1
FTOQ31z 2 1 1 1 SUB.F 2 2 1 1
FTOU 2 1 1 1 UPDFL - - 1 1
FTOUZ 2 1 1 1 UTOF 2 1 1 1
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6.10 Program Memory Interface (PMI)
The program Memory Interface (PMI) provides the instruction stream to the CPU.

6.10.1  TC1.6P PMI Description

Figure 6-9 shows the block diagram of the Program Memory Interface (PMI) of the
TC1.6P.

PLB
From SRI
Master Interface
—>
ICache To CPU Fetch
Pipeline
—-
To/From SRI PSPR
Slave Interface
-
To/From CPU SFR
Registers
CPS

Figure 6-9  PMI Block Diagram
The Program Memory Interface (PMI) has the following features:
e Program Cache (PCACHE)

— Two-way set associative cache

— LRU (Least-Recently Used) replacement algorithm

— Cache line size: 256 bits (4 double-words)

— Validity granularity: One valid bit per cache line

— Single cycle access for hit.
User’s Manual 6-85 V1.1, 2014-12

CPU V3.7



.T TC21x/TC22x/TC23x Famil
H X X X ily
<||'l ineon

CPU Subsystem

— PCACHE can be globally invalidated to provide support for software cache
coherency (to be handled by the programmer)
— PCACHE can be bypassed to provide a direct fetch from the CPU to on-chip and
off-chip resources
— PCACHE refill mechanism:
Critical word first, line wrap around, streaming to CPU
e Program Scratchpad memory (PSPR)
¢ CPU interface
— Supporting 64bit aligned fetches. (TC1.6P)
e CPU Slave interface (CPS)
« Shared Resource Interconnect Bus (SRI) Master Interface
« Shared Resource Interconnect Bus (SRI) Slave Interface to scratchpad RAM and
CPS.
« Al PMI SRAMs (PSPR, PCACHE, and cache tag SRAM) are ECC protected
— ECC is calculated on 64bit data for the PSPR and PCACHE

6.10.1.1 TC1.6P Scratchpad RAM

The TC1.6P of Program scratchpad RAM provides a fast, deterministic program fetch
access from the CPU for use by performance critical code sequences.

* CPU program fetch accesses to scratchpad RAM are never cached in the program
cache and are always directly targeted to the scratchpad RAM.

The TC1.6P CPU fetch interface will generate aligned accesses (64-bit), which will result
in 64-bits of instruction being returned to the CPU.

Note that the CPU Fetch Unit can only read from the scratchpad RAM and can never
write to it.

The scratchpad RAM may also be accessed from the SRI Slave interface by another bus
master, such as the Data Memory Interface (DMI). The scratchpad RAM may be both
read and written from the SRI. The SRI Slave interface supports all SRI transaction
types.

The scratchpad RAM is ECC protected across 64bit data.

6.10.1.2 TC1.6P Program Cache

The program Cache is a two-way set-associative cache with a Least-Recently-Used
(LRU) replacement algorithm. Each PCACHE line contains 256 bits of instruction and
associated ECC bits.

CPU program fetch accesses which target a cacheable memory segment (and where the
PCACHE is not bypassed) target the PCACHE. If the requested address and its
associated instruction are found in the cache (Cache Hit), the instruction is passed to the
CPU Fetch Unit without incurring any wait states. If the address is not found in the cache
(Cache Miss), the PMI cache controller issues a cache refill sequence and wait states
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are incurred whilst the cache line is refilled. The fetch request always returns an aligned
packet to the CPU.

The program cache is ECC protected on 64bit data.
The program TAG Ram is ECC protected on 22bit data.

Errors detected at the ECC decoders are signaled to the EMM via the MBIST logic of the
associated SRAM

Program Cache Refill Sequence

Program Cache refills are performed using a critical double-word first strategy with cache
line wrapping such that the refill size is always 4 double-words. PCACHE refills are
always performed in 64-bit quantities. A refill sequence will always affect only one cache
line. There is no prefetching of the next cache line.

PCACHE refills are therefore implemented using an SRI Burst Transfer 4 (BTR4)
transfers. The program cache supports instruction streaming, meaning that it can deliver
available instruction half-words to the CPU Fetch Unit whilst the refill operation is
ongoing.

Program Cache Bypass

The Program Cache may be bypassed, under control of PCONO.PCBYP, to provide a
direct instruction fetch path for the CPU Fetch Unit. The default value of PCONO.PCBYP
is such that the PCACHE is bypassed after reset.

Whilst PCACHE bypass is enabled, a fetch request by the CPU to a cacheable address
will result in a forced cache miss, such that the cache controller issues a standard refill
sequence and supplies instruction half-words to the CPU using instruction streaming,
without updating the cache contents. Any valid cache lines within the PCACHE will
remain valid and unchanged whilst the PCACHE is bypassed. As such, instruction fetch
requests to cacheable addresses with PCACHE bypass enabled behave identically to
instruction fetch requests to non-cacheable addresses.

The PCONO register is endinit protected.

Program Cache Invalidation

The PMI does not have automatic cache coherency support. Changes to the contents of
memory areas external to the PMI that may have already been cached in the PCACHE
are not detected. Software must provide the cache coherency in such a case. The PMI
supports this via the cache invalidation function. The PCACHE contents may be globally
invalidated by writing a ‘1’ to PCON1.PCINV. The PCACHE invalidation is performed
over 64 cycles by a hardware state machine which cycles through the PCACHE entries
marking each as invalid. During an invalidate sequence the CPU may continue to fetch
instructions from non-cacheable memory. Any attempt to fetch instructions from a
cacheable memory location during an invalidation sequence will result in the CPU
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stalling until the sequence completes. The status of the PCACHE invalidation sequence
may be determined by reading the PCON1.PCINV bit.

6.10.1.3 TC1.6P Program Line Buffer

The PMI module contains a 256-bit Program Line Buffer (PLB). Program fetch requests
to non-cacheable addresses (or to cacheable addresses with the cache in bypass) utilize
the PLB as a single line cache. A single valid bit is associated with the PLB, denoting
that the PLB contents are valid. As such all fetch requests resulting in an update of the
PLB, whether to a cacheable address or not, are implemented as SRI Burst Transfer 4
(BTR4) transactions, with the critical double-word of the PLB line being fetched first size.
The PLB may be invalidated by writing PCON1.PBINV.

6.10.1.4 TC1.6P CPU Slave Interface (CPS)

The CPU Slave Interface provides access from the SRI bus to the CPU CSFR and SFR
registers.
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6.10.2  TC1.6E PMI Description
Figure 6-10 shows the block diagram of the Program Memory Interface (PMI) of the

TC1.6E.

CPU Subsystem

From SRI
Master Interface

PLB

PCache

To CPU Fetch
Pipeline

—

To/From SRI
Slave Interface

PSPR

CPS

To/From CPU SFR
Registers

R T EEEEEE—

To/From DMI DSPR Slave

Interface

TCS0104

Figure 6-10 PMI Block Diagram

The Program Memory Interface (PMI) has the following features:

e Program Cache (PCACHE)
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LRU (Least-Recently Used) replacement algorithm
— Cache line size: 256 bits (4 double-words)

Validity granularity: One valid bit per cache line
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— PCACHE can be globally invalidated to provide support for software cache
coherency (to be handled by the programmer)
— PCACHE can be bypassed to provide a direct fetch from the CPU to on-chip and
off-chip resources
— PCACHE refill mechanism:
Critical word first, line wrap around, streaming to CPU
e Program Scratchpad memory (PSPR)
e CPU interface
— Supporting 32-bit aligned fetches. (TC1.6E)
e CPU Slave interface (CPS)
« Shared Resource Interconnect Bus (SRI) Master Interface
« Shared Resource Interconnect Bus (SRI) Slave Interface to Program Scratchpad
RAM and CPU Slave interface.
— SRI Slave Interface is shared with DMI for Data Scratchpad RAM access.
« Al PMI SRAMs (PSPR, PCACHE, and cache tag SRAM) are ECC protected.
— ECC is calculated on 32bit data for the PSPR and PCACHE

6.10.2.1 TC1.6E Program Scratchpad RAM

The Program Scratchpad RAM provides a fast, deterministic program fetch access from
the CPU for use by performance critical code sequences.

e CPU program fetch accesses to scratchpad RAM are never cached in the program
cache and are always directly targeted to the scratchpad RAM.

The TC1.6E CPU fetch interface will generate aligned accesses (32-bit), which will result
in 32-bits of instruction being returned to the CPU.

Note that the CPU Fetch Unit can only read from the scratchpad RAM and can never
write to it.

The scratchpad RAM may also be accessed from the SRI Slave interface by another bus
master, such as the Data Memory Interface (DMI). The scratchpad RAM may be both
read and written from the SRI. The SRI Slave interface supports all SRI transaction
types.

The scratchpad RAM is ECC protected across 32bit data.

Errors detected at the ECC decoders are signaled to the EMM via the MBIST logic of the
associated SRAM

6.10.2.2 TC1.6E Program Cache

The Program Cache is a two-way set-associative cache with a Least-Recently-Used
(LRU) replacement algorithm. Each PCACHE line contains 256 bits of instruction along
with associated ECC bits.

CPU program fetch accesses which target a cacheable memory segment (and where the
PCACHE is not bypassed) target the PCACHE. If the requested address and its
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associated instruction are found in the cache (Cache Hit), the instruction is passed to the
CPU Fetch Unit without incurring any wait states. If the address is not found in the cache
(Cache Miss), the PMI cache controller issues a cache refill sequence and wait states
are incurred whilst the cache line is refilled. The fetch request always returns an aligned
packet to the CPU.

The Program cache is ECC protected on 32bit data.
The Program TAG Ram is ECC protected on 22bit data.

Errors detected at the ECC decoders are signaled to the EMM via the MBIST logic of the
associated SRAM

Program Cache Refill Sequence

Program Cache refills are performed using a critical double-word first strategy with cache
line wrapping such that the refill size is always 4 double-words. PCACHE refills are
always performed in 64-bit quantities. A refill sequence will always affect only one cache
line. There is no prefetching of the next cache line.

PCACHE refills are therefore implemented using an SRI Burst Transfer 4 (BTR4)
transfers. The program cache supports instruction streaming, meaning that it can deliver
available instruction half-words to the CPU Fetch Unit whilst the refill operation is
ongoing.

Program Cache Bypass

The Program Cache may be bypassed, under control of PCONO.PCBYP, to provide a
direct instruction fetch path for the CPU Fetch Unit. The default value of PCONO0.PCBYP
is such that the PCACHE is bypassed after reset.

Whilst PCACHE bypass is enabled, a fetch request by the CPU to a cacheable address
will result in a forced cache miss, such that the cache controller issues a standard refill
sequence and supplies instruction half-words to the CPU using instruction streaming,
without updating the cache contents. Any valid cache lines within the PCACHE will
remain valid and unchanged whilst the PCACHE is bypassed. As such, instruction fetch
requests to cacheable addresses with PCACHE bypass enabled behave identically to
instruction fetch requests to non-cacheable addresses.

The PCONO register is endinit protected.

Program Cache Invalidation

The PMI does not have automatic cache coherency support. Changes to the contents of
memory areas external to the PMI that may have already been cached in the PCACHE
are not detected. Software must provide the cache coherency in such a case. The PMI
supports this via the cache invalidation function. The PCACHE contents may be globally
invalidated by writing a ‘1’ to PCON1.PCINV. The PCACHE invalidation is performed
over 64 cycles by a hardware state machine which cycles through the PCACHE entries
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marking each as invalid. During an invalidate sequence the CPU may continue to fetch
instructions from non-cacheable memory. Any attempt to fetch instructions from a
cacheable memory location during an invalidation sequence will result in the CPU
stalling until the sequence completes. The status of the PCACHE invalidation sequence
may be determined by reading the PCON1.PCINV bit.

6.10.2.3 TC1.6E Program Line Buffer

The PMI module contains a 256-bit Program Line Buffer (PLB). Program fetch requests
to non-cacheable addresses (or to cacheable addresses with the cache in bypass) utilize
the PLB as a single line cache. A single valid bit is associated with the PLB, denoting
that the PLB contents are valid. As such all fetch requests resulting in an update of the
PLB, whether to a cacheable address or not, are implemented as SRI Burst Transfer 4
(BTR4) transactions, with the critical double-word of the PLB line being fetched first size.
The PLB may be invalidated by writing PCON1.PBINV.

6.10.2.4 TC1.6E CPU Slave Interface (CPS)

The CPU Slave Interface provides access from the SRI bus to the CPU CSFR and SFR
registers.
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6.10.3  PMI Registers

Three control registers are control the operation of the Program Memory Interface.
These registers and their bits are described in this section.

6.10.3.1 PMI Register Descriptions

PMI Control Register 0

PCONO
Program Memory Control Register 0
(CSFR_Base +920C,) Reset Value: 0000 0002,

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

PC
RES BYP RES
1 'I’ 1 1 1 1 1 1 rW r
Field Bits Type | Description
RES 0 r Reserved

Read as 0; should be written with 0.

PCBYP 1 w Program Cache Bypass
0y  Cache enabled
1z  Cache bypassed (disabled)

RES [31:2] |r Reserved
Read as 0; should be written with 0.

Note: This register is endinit protected.
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PMI Control Register 1

PCON1
Program Memory Control Register 1

31

30

29

28

27

(CSFR_Base + 9204,

26

25 24 23 22 21 20 19 18

17

Reset Value: 0000 0000

16

15

14

13

12

11

10

1

0

PB
INV

PC
INV

r rw rwh

Field

Bits

Type

Description

PCINV

rwh

Program Cache Invalidate

Write Operation:

0  No effect. Normal program cache operation.

1z Initiate invalidation of entire program cache.

Read Operation:

0g  Normal operation. Program cache available.

1y  Program cache invalidation in progress.
Program cache unavailable.

PBINV

rw

Program Buffer Invalidate

Write Operation:

Og  No effect. Normal program line buffer
operation.

1z Invalidate the program line buffer.

This field returns 0 when read.

RES

[31:2]

Reserved
Read as 0; should be written with 0.
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PMI Control Register 2

PCON2 contains size information for the Program memory system.

PCON2

Program Memory Control Register 2
(CSFR_Base + 9208,,) Reset Value: CPU Dependent

CPU Subsystem

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PSCRATCH_SZE
1 1 } 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PCACHE_SZE
r
Field Bits Type | Description
PCACHE |[15:0] r Program Cache (PCACHE) Size
_SZE In KBytes
PSCRAT |[31:16] |r Program Scratch Size
CH_SZE In KBytes
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Program Memory Interface Synchronous Trap Register (PSTR)
PSTR contains synchronous trap information for the program memory system. The
register is updated with trap information for PSE traps to aid the localisation of faults.

The register is only set whenever a trap is detected and the register has no bits already
set. It is cleared by a CSFR write (independent of data value).

PSTR
Program Synchronous Trap Register
(CSFR_Base + 9200, 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

RES |FME | RES | FPE RES FBE |RES | FRE
r rmwh r rwh I I T I I I rwh  r  rwh

Field Bits Type | Description

FRE 0 rwh |Fetch Range Error

Code fetch from local PSPR area outside of physically
implemented memory

RES 1 r Reserved
FBE 2 rwh | Fetch Bus Error
Code fetch from bus address giving an error
RES [11:3] r Reserved
FPE 12 rwh | Fetch Peripheral Error
Code fetch from peripheral space
RES 13 r Reserved
FME 14 rwh | Fetch MSIST Error
Code fetch from memory mapped PTAG.
RES [31:15] |r Reserved

Fetch Range Error

A Fetch Range Error occurs whenever an access to the Program Scratch is outside the
range of the SRAM.

User's Manual 6-96 V1.1, 2014-12
CPU V3.7



. TC21x/TC22x/TC23x Famil
(Infineon y

CPU Subsystem

Fetch Global Address Error

A Fetch Global Address Error occurs whenever an there is access to an address that
cannot be translated to a valid global address.This will occur for accesses in the range
D1000000 to D7FFFFFF

Fetch Bus Error

A Fetch bus error will be set whenever the SRI flags an error due a fetch from external
memory. This will be set for both direct fetches from the bus and for cache refills.

Fetch Peripheral Error

A Fetch peripheral error will be flagged whenever a fetch is attempted to peripheral
space.

Fetch MSIST Error
During SIST mode, a fetch from the PTAG will cause a PSE trap to occur.
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6.11 Data Memory Interface (DMI)

The Data Memory Interface (DMI) provides data values to the CPU and stores data
values supplied by the CPU.

6.11.1  TC1.6P DMI Description
This figure shows the block diagram of the Data Memory Interface (DMI) of the TC1.6P.

To/From SRI/FPI Slave Interface

Y

-
%

From SRI
Master Interface
DCache

\

To/From CPU Memory
Pipeline

To/From SRI
Slave Interface

- P
DSPR

Figure 6-11 DMI Block Diagram

The Data Memory Interface (DMI) has the following features:

« Data Scratchpad Ram (DSPR)
— Supporting unaligned access (16-bit aligned) with no penalty.
» Data Memory (DCACHE):
— Two-way set associative cache, Least recently used (LRU) replacement algorithm
— Cache line size: 256 bits
— Validity granularity: One valid bit per cache line
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— Write-back Cache: Writeback granularity: 256 bits
— Refill mechanism: full cache line refill
— Single cycle access for hit.
¢ CPU interface
e Shared Resource Interconnect Bus (SRI) Master interface
« Shared Resource Interconnect (SRI) Slave interface to DSPR
« Flexible Peripheral Interconnect Bus (FPI) Master interface for fast access to
peripherals
e Al DMI SRAMs (DSPR, DCACHE, and cache tag SRAM) are ECC protected

6.11.1.1 TC1.6P Data Scratchpad RAM (DSPR)

The DSPR provides fast, deterministic data access to the CPU for use by performance
critical code sequences.

The DSPR is organised as multiple memory “towers”. This organisation allow the CPU
to access 64bits of data from any 16bit aligned address

The DSPR may also be accessed from the SRI Slave interface by another bus master,
with both read and write transactions supported. The DSPR may be accessed by the SRI
Slave interface using any SRI transaction type, including burst transfers. In accordance
with the SRI protocol, accesses to the SRI Slave interface must be naturally aligned.

All TC1.6P Data scratchpad RAMs are ECC protected.

Errors detected at the ECC decoders are signaled to the EMM via the MBIST logic of the
associated SRAM

6.11.1.2 TC1.6P Data Cache (DCACHE)

The DCache is a Two-way set-associative cache with a Least-Recently-Used (LRU)
replacement algorithm. Each line contains 256 bits of data along with ECC bits. A single
valid bit and a single dirty bit are associated with each line.

CPU data accesses to a cacheable memory segment target the DCache. If the
requested address and its associated data are found in the cache (Cache Hit), the data
is passed to/from the CPU Load-Store Unit without incurring any wait states. If the
address is not found in the cache (Cache Miss), the DMI cache controller issues a cache
refill sequence and wait states are incurred whilst the cache line is refilled. The CPU
load-store interface will generate unaligned accesses (16-bit aligned), which will result
in up to 64-bits of data being transferred to or from the CPU (for non-context operations).
If the data access is made within a DCache line, no matter the alignment, and a cache
hit is detected then the requested data is returned to the CPU in a single cycle. If the data
access is made to the end of a DCache line, such that the requested data would span
two DCache lines, a single wait cycle is incurred (if both cache lines are present in the
cache, otherwise a refill sequence is required for the missing cache line(s)).
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The TC1.6P data cache is of the writeback type. When the CPU writes to a cacheable
location the data is merged with the corresponding cache line and not written to main
memory immediately. Associated with each cache line is a single ‘dirty’ bit, to denote that
the data in the cache line has been modified. Whenever a CPU load-store access results
in a cache miss, and each of the potential cache ways that could hold the requested
cache line are valid, one of the cache lines is chosen for eviction based upon the LRU
replacement algorithm. The line selected for eviction is then checked to determine if it
has been modified using its dirty bit. If the line has not been modified the line is discarded
and the refill sequence started immediately. If the line has been modified then the dirty
data is first written back to main memory before the refill is initiated. Due to the single
dirty bit per cache line, 256 bits of data will always be written back, resulting in a SRI
Burst-4 Transfer (BTR4) transactions.

Data Cache refills always result in the full cache line being refilled, with the critical
double-word of the DCache line being fetched first. A refill sequence will always affect
only one cache line. There is no prefetching of the next cache line. Due to the uniform
size of DCache refill sequences, such refills are always implemented using SRI Burst
Transfer 4 (BTR4) transactions.

All TC1.6P Cache SRAMs are ECC protected.
All TC1.6P TAG SRAMs are ECC protected

Errors detected at the ECC decoders are signaled to the EMM via the MBIST logic of the
associated SRAM

Data Cache Bypass

The Data Cache may be bypassed, under control of DCONO.DCBYP, to provide a direct
data access path to memory. The default value of DCONO.DCBYP is such that the data
cache is bypassed after reset.

Whilst the data cache bypass is enabled, a data access request by the CPU to a
cacheable address will result in a forced cache miss. Any valid cache lines within the
data cache will remain valid and unchanged whilst the data cache is bypassed. As such
data accesses to cacheable addresses with the data cache bypass enabled behave
identically to data accesses to non-cacheable addresses.

The DCONO register is endinit protected.
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6.11.2 TC1.6E DMI Description
This figure shows the block diagram of the Data Memory Interface (DMI) of the TC1.6E.

To/From SRI
Slave Interface
(shared with PSPR / CPS)

DSPR .
To/From CPU
Memory
Pipeline
—>
— DRB
To/From SRI
Master Interface
- >
To/From FPI FPI/SRI Mux |——
Master Interface
- - TCS0105
Figure 6-12 DMI Block Diagram
The Data Memory Interface (DMI) has the following features:
« Data Scratchpad Ram (DSPR)
— Supporting unaligned access (16-bit aligned) with no penalty.
« Data Read Buffer (DRB)
— Four-entry fully associative Data Read Buffer
— Least recently used (LRU) replacement algorithm
— Buffer line size: 256 bits
— Validity granularity: One valid bit per buffer line
— Refill mechanism: full buffer line refill, critical double-word first
e CPU interface
« Shared Resource Interconnect Bus (SRI) Master interface
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« Flexible Peripheral Interconnect Bus (FPI) Master interface for fast access to
peripherals
— CPU accesses to lower half of segment F,, are directed to FPI master interface,
other accesses directed to SRI master interface
« Shared Resource Interconnect (SRI) Slave interface to DSPR
— SRl slave interface shared with PMI for access to PSPR / CPS
e Al TC1.6E DMI SRAM (DSPR) ECC protected

6.11.2.1 TCL1.6E Data Scratchpad RAM (DSPR)

The DSPR provides fast, deterministic data access to the CPU for use by performance
critical code sequences.

The DSPR is organised as multiple memory “towers”. This organisation allow the CPU
to access 64bits of data from any 16bit aligned address

The DSPR may also be accessed from the SRI Slave interface by another bus master,
with both read and write transactions supported. The DSPR may be accessed by the SRI
Slave interface using any SRI transaction type, including burst transfers. In accordance
with the SRI protocol, accesses to the SRI Slave interface must be naturally aligned.

Errors detected at the ECC decoders are signaled to the EMM via the MBIST logic of the
associated SRAM

6.11.2.2 TC1.6E Data Read Buffer (DRB)

The TC1.6E implements a 128-byte Data Read Buffer (DRB). The DRB contains four
fully associative buffer lines, with a Least-Recently-Used (LRU) replacement algorithm.
Each buffer line contains 256-bits of data. A single valid bit is associated with each buffer
line. The DRB will buffer CPU read data from cacheable memory segments.

CPU load data accesses, where the addressed memory segment is defined as
cacheable, target the DRB. If the requested address and its associated data are found
in the DRB (Buffer Hit), the data is passed to/from the CPU Load-Store Unit without
incurring any wait states. If the address is not found in the DRB (Buffer Miss), the DMI
controller issues a buffer refill sequence and wait states are incurred whilst the buffer line
is refiled. The CPU load-store interface will generate unaligned accesses (16-bit
aligned), which will result in up to 64-bits of data being transferred to or from the CPU
(for non-context operations). If the data access is made within a DRB buffer line, no
matter the alignment, and a buffer hit is detected then the requested data is returned to
the CPU in a single cycle. If the data access is made to the end of a DRB line, such that
the requested data would span two DRB lines, a single wait cycle is incurred (if both
buffer lines are present in the DRB, otherwise a refill sequence is required for the missing
buffer line(s)).

DRB refills always result in the full buffer line being refilled, with the critical double-word
of the DRB line being fetched first. A refill sequence will always affect only one buffer
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line. There is no prefetching of the next buffer line. Due to the uniform size of DRB refill
sequences, such refills are always implemented using SRI Burst Transfer 4 (BTR4)
transactions.

The TC1.6E DRB will buffer read data only. Any CPU store access which results in a hit
in a DRB line will invalidate that DRB line and the store will continue as normal,
bypassing the DRB. In addition, the execution of any CACHEA.xx or CACHEI.xx
instruction by a TC1.6E CPU will invalidate all its DRB lines.

DRB Bypass

The DRB may be bypassed, under control of DCONO.DCBYP, to provide a direct data
access path to memory. The default value of DCONO.DCBYP is such that the DRB is
bypassed after reset.

Whilst the DRB bypass is enabled, a data read request by the CPU to a cacheable
address will result in a forced buffer miss. Any valid lines within the DRB will remain valid
and unchanged whilst the DRB is bypassed. As such data reads to cacheable addresses
with the DRB bypass enabled behave identically to data accesses to non-cacheable
addresses.

The DCONO register is endinit protected.

6.11.3 DMI Trap Generation

CPU data accesses to the DMI may encounter one of a number of potential error
conditions, which result in one of the following trap conditions being reported by the DMI.

ALN Trap
An ALN trap is raised for the following conditions:

« An access whose effective address does not conform to the alignment rules
* An access where the length, size or index of a circular buffer is incorrect

Whenever an ALN trap occurs, the DSTR (Data Synchronous Trap Register) and the
DEADD (Data Error Address Register) CSFRs are updated.

MEM Trap
A MEM trap is raised for the following conditions:

* An access whose effective address has a different segment to that of the base
address (Segment Difference Error)

« An access whose effective address causes the data to span two segments (Segment
Crossing Error)

A memory address is used to access a CSFR area (CSFR Access Error)

* A context load or store instruction is executed where the effective address is not
within the local DSPR range (Context Location Error)(TC1.6E only)
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Whenever a MEM trap occurs, the DSTR (Data Synchronous Trap Register) and the
DEADD (Data Error Address Register) CSFRs are updated.

DSE Trap
A DSE trap is raised for the following conditions:

e An access outside the range of the DSPR (Scratch Range Error)

* An access to the lower half of segment C which cannot be translated into a global
address, i.e. from C1000000 to C7FFFFFF (Global Address Error)

« An error on the bus for an external accesses due to a load (Load Bus Error)

« An error from the bus during a cache refill (Cache Refill Error)

e An error during a load whilst in SIST mode (Load MSIST Error)

« An error generated by the overlay system during a load.

Whenever a DSE trap occurs, the DSTR (Data Synchronous Trap Register) and the
DEADD (Data Error Address Register) CSFRs are updated.

DAE Trap
A DAE trap is raised for the following conditions:

* An error on the bus for an external accesses due to a store (Store Bus Error)

« An error on the bus due to a cache writeback (Cache writeback Error)(TC1.6P only)
« An error from the bus due to a cache flush (Cache Flush Error)(TC1.6P only)

e An error due to a store whilst in SIST mode (Store MSIST Error)

« An error generated by the overlay system during a store.

Whenever a non-inhibited DAE trap occurs, the DATR (Data Asynchronous Trap
Register) and the DEADD (Data Error Address Register) CSFRs are updated. DAE traps
are inhibited if the DATR register is non-zero.

Data Memory Protection Traps

Data memory protection traps (MPW, MPR, MPP, MPN) are raised by the memory
protection system when a protection violation occurs. Whenever a data memory
protection trap occurs the DSTR (Data synchronous trap register) and the DEADD (Data
Error Address Register) are updated.
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6.11.4  DMI Registers

Two control registers and three trap flag registers control the operation of the DMI. These
registers and their bits are described in this section.

6.11.4.1 DMI Register Descriptions
Note: There is no DCONL1 register in this implementation.

Data Memory Control Register 0 (DCONO)
The DCONO register allows the Data cache to be bypassed.

DCONO
Data Memory Control Register
(CSFR_Base + 9040, Reset Value: 0000 0002,

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

DCB
RES YP RES
1 'I’ 1 1 1 1 1 1 rW r

Field Bits Type | Description
RES 0 - Reserved
DCBYP 1 rw Data Cache/Data Read Buffer Bypass

0y DCache/DRB enabled

1z DCache / DRB Bypassed (disabled)
RES [31:2] - Reserved
Note: This register is endinit protected
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Data Control Register 2 (DCON2)
DCONZ2 contains size information for the Data memory system.

DCON2
Data Control Register 2 (CSFR_Base + 9000,,) Reset Value: CPU Dependent

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

DSCRATCH_SZE

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

DCACHE_SZE
r

Field Bits Type | Description
DCACHE |[15:0] r Data Cache Size
_SZE In KBytes
DSCRAT |[31:16] |r Data Scratch Size
CH_SZE In KBytes
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DMI Synchronous Trap Flag Register

The DSTR contains synchronous trap information for the data memory system. The
register is updated with trap source information to aid the localisation of faults.

The register is updated whenever a valid trap is detected and the register has no bits
already set. It is cleared by a write (independent of data value).

DSTR
Data Synchronous Trap Register
(CSFR_Base + 9010, Reset Value: 0000 0000,

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

RES ALN RES CLE |MPE|CAC | SCE | SDE

r rwh r rwh rwh rwh rwh rwh

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

LOE DEM RES CRE RES LBE |GAE |SRE
rwh  rwh I I T I I rwh r rwh rwh rwh
Field Bits Type | Description

SRE 0 rwh | Scratch Range Error

Data access to data scratch memory region outside of
physically implemented memory

GAE 1 rwh | Global Address Error
Load or store to local code scratch address outside of the
lower 1MByte

LBE 2 rwh |Load Bus Error
Data load from bus causing error
RES [5:3] r Reserved
CRE 6 rwh | Cache Refill Error
Bus error during cache refill
RES [13:7] r Reserved
DTME 14 rwh |DTAG MSIST Error

Ac