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TC27x User’s Manual

Revision History: V2.2 2014-12

Significant changes since previous version: TC27x-D User’s Manual V2.1

Chapter

Subjects (major changes since last revision)

Introduction

Removed redundant introduction sections.
Enhanced OCDS introduction.

Scu/ccu

Updated divider formula in registers CCUCONS,7,8.
Updated table “CCU allowed Clock Ratios”.

SCU/PMC

Updated reset value of EVRRSTCON.

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.

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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TC27x User’'s Manual

Revision History: V2.2 2014-12

PMU/Flash |+ 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.

e 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.

e Stated explicitly that a failed HSM boot prevents device boot.

PORTS e Corrected description of LVDS pads in CMOS mode: removed
sentence “no open-drain mode available”.

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.

ASCLIN « Block “Auto Baud Rate Operation” added.

e Description of register field “BRD.MEASURED” improved.

QSPI * Removed maximum baud rates from feature list as these depend on
pad speeds and PCB implementation.
MSC » Description of “Clock Control when using the ABRA Block” improved.

« Equation of Ncycles for extended frames changed: added factor 32 to
PPDE.

MultiCAN+ |+ Fixed pad naming for all devices.

CRC issue of CAN FD standard documented and recommended
additional software CRC.

User's Manual
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TC27x User’'s Manual

Revision History: V2.2 2014-12

GTM e Corrected error in BGA-416 TOUT numbering for P10.13 and P10.11.
* Connection shown in figures and register for SET5 and SET6 to MSC2
was corrected.
« Updated description of bit field OCS.SUS.
¢ Updated description of (A)TOM SOMP Mode.
e Clarified reset behavior of debug registers.
e Corrected error for P2.11; it is connected to TIM4_4 not to TIM4_7
VADC * Added hint how to use Pxx_PDISC for diagnostics in section “Signal
Path Test Modes”.
e Adjusted the position of accumulated results in section “Data
Alignment”.
DSADC ¢ Changed in section “Recommended Settings” the documented full-

scale values from +1900, to #3800, and their dependence on operating
modes.

Removed external modulator connections.

Removed modulator combine mode.

Separated rectifier and integrator, add data shift in figure DSADC
structure overview.

Significant changes since previous version: TC27x-C User’s Manual V2.0

Chapter Subjects (major changes since last revision)

— First TC27x D-Step dedicated User's Manual, based on TC27x-C UM V2.0

Introduction |« The section “Safety Concept Overview” of the Introduction chapter was

[Safety removed as the “Safety Manual” supersedes this section.

Concept

Overview

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

DSADC « Documented changes between TC27x C-Step and D-Step:

Added registers ICCFGx and IGCFG for “Dithering” and “Overload
Rejection”.
Changed input line clamping of MODCFG.INCFGP/N encoding 01g.

Significant changes since previous version: TC27x User Manual V1.5

Chapter

‘ Subjects (major changes since last revision)

User's Manual
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TC27x User’'s Manual

Revision History: V2.2 2014-12

Introduction | Added section “Family Overview” showing OCDS difference in the
/OCDS AURIX family.
* Added section “Debug Access Server (DAS)".
* Added section “Tool Interface Recommendations”.
BootROM |+ Added warning that bootstrap loaders wait for communication without
time-out.
¢ Added section “PSFDM code with inverse exit condition”.
* Some details of ESRO handling explained.
CPU * Added “Instruction Memory Range” and “Atomicity Information”.
LCL e Corrected in “Lockstep Failure Signalling Test” from “LCLCON.FST" to
“LCLTEST.LCLTX".
RCU e Enhanced description of STSTAT.HWCFG with influence of
HWCFG[3].
e Correction to amount of DSPR overwritten by Firmware.
PMC ¢ EVRRSTCON reset value updated.
« Supply routing picture updated to reflect VAREFx mapping to DSADC
and SAR ADC.
e Updated Standby RAM handling.
PMU * 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-hit
transfers more explicit.

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

User's Manual
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TC27x User’'s Manual

Revision History: V2.2 2014-12

HSSL/
HSCT

Added note below figure “Overview of Interface Signals” recommending

P20.0 as signaling path.

« Description of register field INIT.LHLR enhanced.

e Reset sequence described in note for register field
CONFIGPHY.PHYRST.

e Added new section “PLL configuration and Baud Rates”.

SENT

Changed minimum tick timer to 0.2 ps.

CCU6

Tables “Digital Connections”: changed signal name “VADC_GOBFL3”
to “WVADCGOBFL3” for consistency with VADC chapter (no functional
change).

GPT12

Tables “GPT1/GPT2 Timer Parameters”: values recalculated for typical
module frequencies of 100 MHz and 66.5 MHz.

e Tables “GPT1/2 External Input Signal Limits”: “Basic Clock” replaced by
“Module Clock”, values recalculated for typical module frequencies of
100 MHz and 66.5 MHz.

DSADC

Added section “Correction for Single-Ended Operation”.
« Corrected assignment to reference voltages.

Significant changes since previous version: TC27x User Manual V1.4

Chapter Subjects (major changes since last revision)

General Removed documentation of TC27x A-Step and B-Step. This manual
covers only TC27x C-Step.

VADC Converter architecture changed to SAR. “SHS” registers removed.

MultiCAN+ | Added support for CAN FD resulting in several changes to the registers.

QSPI XXL data mode added (see register XXLCON).

SLSl inactive interrupt added.
Big endian support added (see register field ECONz.BE)

Significant changes since previous version: User Manual V1.3

Chapter Subjects (major changes since last revision)
Buses No significant change

Memory No significant change

Maps

User's Manual
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TC27x User’'s Manual

Revision History: V2.2 2014-12

BootROM PF ECC config changed in FCON.NSAFECC
Standby RAM description
CCUCONO.ADCCLKSEL updated
ECC disabled for target memorybefore MBIST test
CPU Clarification of handling of SPR deltas in derivative products
LCL No significant change
CCU Updated clocking diagram
Changes to effective frequency fields in CCUCONG6/7/8
CCUCONO reset value changed
Updated recommended settings for FSI2
RCU Clarification of ESR behavior. Reset indication not to be used in push/pull
mode. No simultaneous reset indication output and reset trigger input.
PMC EVRTRIM, EVRRSTCON and EVRDVSTAT register field changes
SCuU WDTLCK description update.
CHID definitions clarified.
Updated of list of registers protected by Safety Endinit.
MTU ECCS.TRE reset value
Clarification of locked MBIST on FSI and HSM after boot
SMU No change

User's Manual
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Revision History: V2.2 2014-12

PMU

Recommendation to store unique ID in database.

Removed statement that at least 16K have to be erased in DF_HSM and
replaced this with explanation of new parameter NERD1.

tDF in wait state calculation example changed from 200 ns to 100 ns.
Added note to recommend how to handle deltas in derivative products.
Added explicit warning not to configure HSMBOOTEN to 1 in devices
without HSM.

Added warning not to rely on the ECC to detect aborted Flash operations.
Changed description for over-programming an UCB confirmation code
from the “unlocked” state into the “confirmed” state.

Added section “Startup Tests of ECC Logic” that describes diagnostic tests
for the PFlash ECC logic.

Added recommendation to use always P3V mode for DFlash programming
due to better robustness against VEXT fluctuations.

Changed advice how to react on OPER flag: not only program and erase
must not be executed but also no other Flash operation.

The requirement for the “Robust EEPROM Emulation” are now formulated
more strictly.

LMU

No significant change

ovC

No change

PORTS

Added P11 PCSR bhit SELO and SEL1 for fast mode for Ethernet Mil
function, added CH_PORTS_032, CH_PORTS_123. Clarification that
SSW configures P40_PDISC for analog input function

DMA

Global halt feature removed

Pattern match interrupt behaviour on bus error

Channel request pending not to be cleared if pattern match during CLL
mode

FROZEN bit may be set by hardware or software

FCE

No change

IR

No change

STM

Corrected inconsistent description of ARSTDIS.STMxDIS

OCDS

No change

ASCLIN

No significant change

QSPI

Description of several registers enhanced.

HSSL

No significant change

User's Manual
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Revision History: V2.2 2014-12

DigRF No change

MSC No significant change

MULTICAN | Added Eray clock option to MCR.CLKSEL
SENT Watchdog Timer register updated

1/0 Control Selection updated
Note added in INTOV that not all IPC0-9 are available

ERAY No change

GTM Bosch renamed the following registers:

* GTM_SPEi_REV_CNT to GTM_SPEi_CNT

* GTM_SPEi_REV_CMP to GTM_SPEi_CMP

Bosch added “DPLL" to all register names related to DPLL functionality,
e.g. “GTM_PSAI” was changed to “GTM_DPLL_PSAI"

Additionally registers were added: “GTM_TRIGOUTn” and

“GTM_DATAIN”
CCU6 No change
GPT12 No change
VADC Clock names aligned

Insert bitfields SYNSHxy in registers SHSCFGXx
Change not for BWD from "VAREF/2" to "discharged”

DSADC Common Mode Voltage chapter added

12C Clarification of behaviour in derivative products without 12C
IOM No significant change

PSI5 No change

PSI5-S Updated details about DMA programming

ETHMAC No 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.
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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 |X|

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
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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TC27x Introduction

1 TC27x Introduction

This User’'s Manual describes the Infineon TC27x, a 32-bit microcontroller DSP, based
on the Infineon TriCore Architecture.

1.1 About this Document

This document is designed to be read primarily by design engineers and software
engineers who need a detailed description of the interactions of the TC27x functional
units, registers, instructions, and exceptions.

This TC27x User’'s Manual describes the features of the TC27x with respect to the
TriCore Architecture. Where the TC27x directly implements TriCore architectural
functions, this manual simply refers to those functions as features of the TC27x. In all
cases where this manual describes a TC27x feature without referring to the TriCore
Architecture, this means that the TC27x is a direct implementation of the TriCore
Architecture.

Where the TC27x implements a subset of TriCore architectural features, this manual
describes the TC27x implementation, and then describes how it differs from the TriCore
Architecture. Such differences between the TC27x and the TriCore Architecture are
documented in the section covering each such subject.

1.1.1 Related Documentations

A complete description of the TriCore architecture is found in the document entitled
“TriCore Architecture Manual”. The architecture of the TC27x 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 User's Manuals together with the “TriCore Architecture Manual” are required to
understand the complete TC27x micro controller functionality.

1.1.2 Text Conventions

This document uses the following text conventions for named components of the TC27x:

* Functional units of the TC27x 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.”.

e 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
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“ " from the actual register name (for example, “QSPI0_GLOBALCON", where
“QSPI0" 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.

e 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

— us = 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
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

1.13 Reserved, Undefined, and Unimplemented Terminology

In tables where register bit fields are defined, the following conventions are used to
indicate undefined and unimplemented function. Furthermore, types of bits and bit fields
are defined using the abbreviations as shown in Table 1.
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Table 1 Bit Function Terminology

Function of Bits Description

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

* Reading these bit fields returns 0.

» These bit fields should be written with 0 if the bit field is
defined as r or rh.

* These bit fields have to be written with O if the bit field is
defined as rw.

These bit fields are reserved. The detailed description of these

bit fields can be found in the register descriptions.

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

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

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

w The bit or bit field can only be written (write-only). A read to this

register will always give a default value back.

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

s Bits with this attribute are “sticky” in one direction. If their reset
value is once overwritten by software, they can be switched
again into their reset state only by a reset operation. Software
cannot switch this type of bit into its reset state by writing the
register. This attribute can be combined to “rws” or “rwhs”.

f Bits with this attribute are readable only when they are accessed
by an instruction fetch. Normal data read operations will return
other values.

1.1.4 Register Access Modes

Read and write access to registers and memory locations are sometimes restricted. In
memory and register access tables, the terms as defined in Table 2 are used.

In general, if an access type is not permitted under these rules (e.g. attempted write to
R, attempted user mode access to SV, attempted access to E without Endinit, etc.) then
a Bus Error will result, unless the access is also marked as nBE (or otherwise stated in
the specific module chapter).
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Table 2 Access Terms

Symbol Description

U Access Mode: Access permitted in User Mode 0 or 1.
Reset Value: Value or bit is not changed by a reset operation.

)Y Access permitted only in Supervisor Mode.

R Read-only register.

32 Only 32-bit word accesses are permitted to this register/address range.

32/16 Only 32-bit or 16-bit acesses are permitted to this register/address
range.

CEx CPUx Endinit protected register/address.

SE Safety Endinit protected register/address.

E Any CPU Endinit-protected register/address.

P (or PO/ P1)

Access Enable Register protected register/address. (ACCENO0/1)

PW

Password-protected register/address.

NC No change, indicated register is not changed.

BE Indicates that an access to this address range generates a Bus Error.

nBE Indicates that no Bus Error is generated when accessing this address
range, even though it is either an access to an undefined address or the
access does not follow the given rules.

nE Indicates that no Error is generated when accessing this address or
address range, even though the access is to an undefined address or
address range. True for CPU accesses (MTCR/MFCR) to undefined
addresses in the CSFR range.

1.15 Abbreviations and Acronyms

The following acronyms and terms are used in this document:

ADC

ALU
ASCLIN
BCU
BROM
CAN
CAPCOM

User's Manual

Analog-to-Digital Converter

Arithmetic and Logic Unit
Asynchronous/Synchronous Serial Controller with LIN
Bus Control Unit

Boot ROM & Test ROM

Controller Area Network

Capture Compare Unit
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CIF
CPU
CRC
CSA
CSFR
CCU6
CCuU
DAP
DAS
DCACHE
DFLASH
DMA
DMBI
DMI
DRLB
DSPR
DS-ADC
EBU
ECC
EMI
E-Ray
EtherMAC
EVR
FCE
FPB
FM-PLL
FPI

FPU
GPIO
GPR
GPT12
GTM

User's Manual
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Camera and ADC Interface
Central Processing Unit

Cyclic Redundancy Code
Context Save Area

Core Special Function Register
Capture Compare Unit 6

Clock Control Unit

Device Access Port

Device Access Server

Data Cache

Data Flash Memory

Direct Memory Access

Data Memory Bus Interface

Data Memory Interface

Data Read Line Buffer

Data Scratch Pad RAM
Delta-Sigma Analog to Digital Converter
External Bus Interface

Error Correction Code
Electro-Magnetic Interference
Flexray Controller

Ethernet Media Access Controller
Embedded Voltage Regulator
Flexible CRC Engine

Flash Prefetch Buffer

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

1-5
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HSM
HSSL
12C

/0

IOM
JTAG
LMU
MCHK
MBIST
MMU
MSB
MSC
MTU
MultiCAN+
NC

NMI
NVM
oCDS
OVRAM
PLL
PCACHE
PFLASH
PMBI
PMI
PMU
PSI5
PSI5-S
PSPR
QSPI
RAM
RISC
SBCU
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Hardware Security Module

High Speed Serial Link
Inter-Integrated Circuit Controller
Input / Output

1/0 Monitor Unit

Joint Test Action Group = IEEE1149.1
Local Bus Memory Unit

Memory Checker module

Memory Build In Self Test

Memory Management Unit

Most Significant Bit

Micro Second Channel

Memory Test Unit

Enhanced Multiple CAN controller
Not Connected

Non-Maskable Interrupt

Non Volatile Memory

On-Chip Debug Support

Overlay Memory

Phase Locked Loop

Program Cache

Program Flash Memory

Program Memory Bus Interface
Program Memory Interface
Program Memory Unit

Peripheral Sensor Interface
Peripheral Sensor Interface with Serial Interface to Phy
Program Scratch Pad RAM
Queued SPI Controller

Random Access Memory

Reduced Instruction Set Computing
System Peripheral Bus Control Unit

1-6
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SCU
SENT
SFR
SMU
SPB
SPD
SPI

SRI
SRAM
SRN
ST™M
SWD
TC1.6P
TC1.6E
VADC
WDT

XBar,
XBar_SRI

User's Manual
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System Control Unit

Single Edge Nibble Transmission

Special Function Register

Safety Management Unit

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

Synchronous Serial Controller

Shared Resource Interconnect

Static Data Memory

Service Request Node

System Timer

Supply Watchdog

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

Cross Bar Interconnect, based on the Shared Resource Interconnect
protocol
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1.2 System Architecture of the TC27x

The TC27x 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 TC27x include:

» Efficient memory organization: instruction and data scratch memories, caches
« Serial communication interfaces — flexible synchronous and asynchronous modes
* Multiple channel DMA Controller — DMA operations and interrupt servicing

* Flexible interrupt system — configurable interrupt priorities and targets

e Hardware Security Module

* Flexible CRC Engine

* General-purpose timers

* High-performance on-chip buses

* On-chip debugging and emulation facilities

* Flexible interconnections to external components

* Flexible power-management

The TC27x is a high-performance microcontroller with three TriCore CPUs, program and
data memories, buses, bus arbitration, interrupt system, DMA controller and a powerful
set of on-chip peripherals. The TC27x 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 TC27x offers several versatile on-chip peripheral units such as serial controllers,
timer units, and analog-to-digital converters. Within the TC27x, all these peripheral units
are connected to the TriCore CPUs / system via the System Peripheral Bus (SPB) and
the Local Memory Bus (SRI). A number of I/O lines on the TC27x ports are reserved for
these peripheral units to communicate with the external world.
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Figure 1 shows the block diagram of the TC27x. Please note that not all features that
are shown in the block diagram are available in all TC27x package variants.

System Peripheral Bus (SPB)
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Lockstep 8 KB DCACHE 8 KB DCACHE| EMEM
MIS M/S MS M/S S
TSRI Cross Bar ImerconnectT (XBar_SRI) TT TT TT
| XBAR
e B 1l
FPU ws S s s Abbreviations :
PCACHE: Program Cache
PMI TCL6E DMI DFlash | priasho | PFlash1 DCACHE:  Data Cache
. 384 KB DSPR: Data Scratch-Pad RAM
EZZEKngng CPUO 113 T;B?(SBPR DF_HSM 2mB 2MmB PSPR: Program Scratch-Pad RAM
Lockstep DCache DF_UCB BROM: Boot ROM
BROM PFlash: Program Flash
DFlash: Data Flash (EEEPROM)
M PMUO = : SRI Slave Interface
SRI Master Interface
SRI Cross Bar Interconnect (XBar_SRI)
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Bridge DMA 0oCDS
(SFI) 64 channels L1 Debug
'T‘ S Interfacel TAG
System Peripheral Bus (SPB)
MultiCAN+
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System Peripheral Bus (SPB)
Figure 1 TC27x Block Diagram
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1.3 Hardware Security Module (HSM)

The HSM is a separate processor subsystem dedicated for security tasks. It is connected
as master and slave to the SPB bus.

For further information please contact your Infineon representative.
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1.4 On-Chip Debug Support (OCDS)

AURIX devices contain powerful resources for debugging and performance optimization.
They provide high visibility and controllability of software, hardware and system,
especially also under hard real-time constraints. The resources are either embedded in
specific modules (e.g. breakpoint logic of CPUSs) or part of the central Cerberus module.

Figure 1-1 shows the AURIX family concept of the OCDS with all potentially usable pins.
The same OCDS function is always on the same port pin including full DAP/JTAG
functionality but the number of TGI/TGO trigger pins depends on the device type.

Trace functionality is available for TC29x with miniMCDS, for all other AURIX devices
only with the associated Emulation Device (ED) with MCDS.

- 0
P20.0
RSTCLX' scu
DMA (————)
e

TGO[7:0]

events > _';2Dll-6
bLezj\tk < TGI7:0) @ P21.7
TDI TDO/DAP2
CPU(s) ¢ PORTS
break, N TDO @ P32.6
suspend > ’
< JTAG |TRSTN
TCK TMS {j P32.7
trigger CERBERUS —— <
peri- | [BL0] —O P33.14
pherals
via IR | irq1:0] DAP2 {j P33.15
(——) pap [DAP1
; DAP1
trigger | | DAPO ™S
break,
MCDS |suspend 4OTRST
break frex DAPO
TCK

OCDS_Intro.vsd

Figure 1-1 OCDS Block Diagram (Family Concept)

When acting as bus master Cerberus shares the master interfaces of the DMA (using a
different master tag) to access memories and SFRs attached to the SPB or SRI via the
shortest possible path.
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1.4.1 Feature List
Please also refer to debug specific features in other modules, e.g.

Eight hardware breakpoints for TriCore, based on instruction or data address.
Unlimited number of software breakpoints (DEBUG instruction).

Trigger generated by the access to a specific bus address by any bus master
Peripheral trigger and trace with OCDS Trigger Bus (OTGB)

— Peripherals provide vectors (Trigger Sets) of their most interesting signals

— Signals can be routed to trigger pins

— Flexible tracing of signal vectors from one or two peripherals in parallel (ED)
Dedicated interrupt resources to handle debug events, both local inside the CPUs
(breakpoint trap, software interrupt) and global (triggered by Cerberus), e.g. for
implementing monitor programs

Central functions implemented by Cerberus

Run/stop and single-step execution independently for each CPU.

Run/stop and time-step execution of the complete device using the Trigger Switch.
Automatic suspension of the SCU watchdogs when the device is halted by the tool.
All kinds of reset can be requested using only the tool interface.

Halt-after-Reset for repeatable debug sessions.

Tool access to all SFRs and internal memories independent of the CPUs.

Bus priority of Cerberus can be chosen dynamically to minimize real-time impact.
Up to 8 package pins can be used optional as with Trigger In/Out (TGI/TGO).
Central OCDS Trigger Switch (OTGS) with 7 independent Trigger Lines to collect
debug events from various sources (all CPUs, all interrupt requesters, bus
controllers, several complex peripherals, MCDS, trigger input pins) and distribute
them selectively to all CPUs and trigger output pins (extension of the former Break
Switch concept).

Central Suspend Switch using up to three Lines of the Trigger Switch infrastructure.
This allows to selectively suspend all or only part of the CPUs and peripherals instead
of halting them as reaction to any debug event.

Access to all OCDS resources also for the CPUs themselves for debug tools
integrated into the application code.

Triggered Transfer of data for simple variable tracing.

A dedicated trigger bank (TRIG) with 96/512 independent status bits is provided to
post requests at a central location from application code to the tool.

The tool is notified automatically when the trigger bank is updated by any processor.
No polling via a system bus is required.
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Tool Interfaces

Several options exist for the communication channel between tools and TC27x:

DAP and JTAG are clocked by the tool.

Two pin DAP (Device Access Port) protocol for long connections or noisy
environments.

Three unidirectional pin DAP mode for off-chip transceiver integration (e.g. LVDS).
Three pin DAP Wide Mode for high bandwidth needs.

DAP bit clock can have any frequency up to 160 MHz.

15 MByte/s for block read or write, 30 MByte/s in Wide Mode

Optimized random memory accesses (read word within 0.5 ps at 160 MHz).

CAN (plus software linked into the application code) for embedded purposes with
lower bandwidth requirements.

Four pin JTAG (IEEE 1149.1) for standard manufacturing tests.

Hot attach (i.e. physical disconnect/reconnect of the host connection without reset)
for all interfaces.

Infineon standard DAS (Device Access Server) implementation for seamless,
transparent and parallel tool access over any supported interface.

Lock mechanism to prevent unauthorized tool access to application code.

DAP over CAN Messages (DXCM) u, TC23x/22x only)

FAR Support

To efficiently locate and identify faults after integration of an AURIX device into a system
special functions are available:

Boundary Scan (IEEE 1149.1) via JTAG or DAP.
SSCM (Single Scan Chain Mode) for structural scan testing of the chip itself.
DXCPL (DAP over CAN Physical Layer) via CAN pins (AP32264)
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1.4.2 Family Overview

The OCDS architecture and features are very consistent over the whole AURIX family.
This makes it easy for tool partners and users to switch between different devices.
Table 1-1 lists all OCDS and the main Emulation Device differences of the devices, and
Table 1-2 the JTAG IDs. The associated ED step has the same JTAG ID.

Table 1-1 OCDS Differences of AURIX Devices

Feature TC29x | TC27x | TC26x | TC24x | TC23x | TC22x/1x
TRIG triggers 512 512 512 512 96 96
DAP Over CAN Msg. (DXCM) |- - - - yes yes
miniMCDS yes - - - - -
Emulation Device (ED) 9XED |7xED |6xED |(6XED) |3xED |(3xED)
ED packages B292 |[B292 |Q176 Q144 |Q144 |Q 144
B=BGA, Q=QFP B416 Q176 Q144

B 516
ED’s TDI pin replaced by - Q176 Q176 |Q144 |- -
VDDPSB Q 144

Table 1-2 JTAG IDs of AURIX Devices

A-Step B-Step C-Step D-Step
TC29x 101E9083,, |201E9083,
TC27x 201DA083,; |301DA083,, |401DA083, |501DA083,
TC26x 101E8083,, |201E8083,
TC24x 101EA083,,
TC23x 10200083,
TC22x 10201083,
TC21x 10202083,

1.4.3 Tool Interface Recommendations

AURIX devices are well supported by many tool partners for different types of tools.
Standard tool interface for debug, measurement and calibration is DAP due to its
reduced pin-count, higher performance (3-6x) and higher robustness (CRC) than JTAG.
Please note that the full “JTAG” boundary scan functionality is also available with DAP,
it is supported however only by specific tool providers. Please refer to application note
AP24003 for more information about the standard DAP connector and board design for
high speed DAP. Table 1-3 lists all pins and considerations for connecting tools.
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Table 1-3 Tool Relevant Device Pins of AURIX Family

Pins Remark
TRST DAP: Has to be high at PORST pin release.
Can be statically connected to VDDP3 (e.g. in the development phase
only) with these effects:
e Causes a static current due to pull-down element on chip
« VDDSB and VDDPSB supplies need to be ensured
« DXCPL is disabled
JTAG: Needs to be controlled by the tool via the tool connector.
DAPO/TCK DAP: Please consider AP24003 for high speed DAP
DAP1/TMS
DAP2/TDO DAP: Needed for three pin modes like high bandwidth Wide Mode.
TGI3/TGO3 The standard DAP connector (AP24003) allows to use this pin on
demand either for Wide Mode e.g. for measurement or as trigger pin
for system debugging.
TDI/(VDDPSB) | For certain EDs in QFP packages (Table 1-1) this pin is the VDDPSB
TGI2/TGO2 supply pin and needs to be supplied with 3.3 V (e.g. VDDP3). Please
note for the “TDI is VDDPSB” case:
e JTAG is not available for such EDs
« VDDP3 connection can be hardwired. This is compatible for PD
and ED, however TGI2/TGO2 is then also unavailable for the PD.
VDDSB 1.3 V supply of the ED memory. This supply can be separate of VDD
if standby functionality is needed. Please consider the additional
VDDSB current for your supply.
VDDPSB 3.3 V supply for the DAP pins of EDs. Can be connected to VDDP3
or supplied by the tool.
TGIXITGOx Optional trigger pins, overlaid to port pins. Availability depends on
device and package type.
AGBT_xyz AGBT high-speed serial pins in the center ball matrix of EDs in BGA

packages. Please connect to VSS if no AGBT is needed.

Note: Please ensure that VDDSB and VDDPSB are always supplied in regular operation
(VDD supplied, TRST/PORST inactive) to avoid internal cross currents which can
damage the ED device. For instance connect VDDSB to VDD and VDDPSB to

VDDP3.

For more information please contact your Infineon support.
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1.4.4 Debug Access Server (DAS)

The DAS API provides an abstraction of the physical device interface for tool access.
The key paradigm of DAS is to read or write data in one or several address spaces of
the target device.

DAS Features

« Standard interface for all types of tools

» Efficient and robust methods for data transfer

« Standardized system security support (authorization)

e Several independent tools can share the same physical interface

« Product chip address space is represented with DAS address map 0, EEC with 1
* Infineon’s miniWiggler supports DAP, JTAG, SWD and SPD

DAS is not device specific. It can be used for all Infineon 8-, 16- and 32-bit
microcontrollers with DAP, JTAG, SWD, or SPD interface. For more information please
refer to www.infineon.com/DAS.
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15 Emulation Device (ED)

The TC27xED is the Emulation Device (ED) of the TC27x Production Device (PD) and
its feature-reduced derivatives. The Emulation Device comprises the unchanged
Product Chip Part (SoC) and the Emulation Extension Chip (EEC) part (Figure 1-2).
Both are on the same silicon. The ED is available in similar package variants as TC27x
for having a single PCB with minimal overhead for supporting PD and ED.

151 Block Diagram

Figure 1-2 shows the ED block diagram. The Product Chip Part is reduced to the directly
connected modules only in the drawing. On the EEC part, the AGBT module is not shown
in this block diagram.

4 N\
TC27xED
( N\
Product Chip Part (SoC)
»| Cerberus
DMA |~ N SRI
(shared |
bus I/F) T SPB
A 4 < <
B | DAP/
ITAG SBCU CPUx SRI CPUx LMU
F 3
L |
e A
|EBCU| |BOB| | OB| |BOB| |POB|
ZAN Message Sequencer
- MCDS
DMC
Y

Emulation Memory EMEM (1MB SRAM)

U-U e

ws 13

10C32

EEC Back Bone Bus BBB

Figure 1-2  Block Diagram TC27xED
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Table 1-4 TC27xED Components (Figure 1-2)

Component | Definition

AGBT Aurora GigaBit Trace module on EEC

BBB Back Bone Bus (same FPI protocol as SPB)

BOB Bus Observation Block. Trace and trigger logic within MCDS

Cerberus Central debug and tool access control unit. Includes the OTGS.

DMC Debug Memory Controller

EBCU Emulation/BBB Bus Control Unit

ECU Electronic Control Unit

ED Emulation Device for calibration, measurement and debug

EEC Emulation Extension Chip (product chip part + EEC = ED)

EMEM Emulation Memory (calibration and trace memory). Provides also
together with LMU the bus bridge functionality between SRI and BBB.

FPI Flexible Peripheral Interconnect, the protocol of SPB and BBB buses

LMU Local Memory Unit, SRI slave for all non-core RAM

MCDS Multi Core Debug Solution

MCX Multi Core Cross connect

OTGM OCDS Trigger Multiplexer. Collects interrupt and peripheral trace and
trigger signals.

OTGS OCDS Trigger Switch. Routes triggers to pins, for halt/suspend, etc.

POB Processor Observation Block

SBCU SPB Bus Control Unit

SoC System on Chip (used also for “product chip part”)

SPB System Peripheral Bus

SRI Shared Resource Interconnect cross bar

The Emulation Memory on the EEC is used for two conceptually different purposes:
Calibration and Tracing. The size allocation for both parts can be configured in the
Emulation Memory (EMEM) module.

For calibration, RAM partitions are mapped into the address ranges of the CPUs,
optionally replacing parts of the TC27x’s local Flash. The feature is described in detail in
the Overlay section of the TC27x manual.

Tracing on the other hand is a non intrusive tool to aid the debugging process. Matching
elements from the MCDS module are provided on the EEC to translate the signals -
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routed there from the TC27x’s CPUs and other sources - into meaningful messages. The
messages are buffered and can then be uploaded to the tool via a host interface, e.g.
DAP/JTAG.

1.5.2 Feature List
This section lists the features of TC27xED.

TC27xED Applications

Software development

— Debugging

— Performance analysis and optimization
Calibration

Measurement

Rapid prototyping

TC27xED General Features

ED and production device have identical behavior

ED has a package with a footprint compatible to production device

Minimum number of ED specific pins

Full access to the EEC part via the regular DAP/JTAG package pins

No external emulator hardware required other than DAP/JTAG interface

Full access to the EEC for tool software (monitor), running on TriCore, for e.g. CAN
based calibration, measurement or debug

Protection against reverse engineering by competitors and against manipulation,
both for production and emulation device (field trials)

High-speed Aurora GigaBit Trace (AGBT) interface

Emulation Memory Features

Emulation Memory (EMEM) size is 1024 KB

Full Emulation Memory can be used for calibration, code, constants or data storage
Up to 1024 KB can be used for trace buffering

Support of independently operating calibration and debug tools

FIFO functionality for continuous trace (EMEM address triggers in MCDS)
Emulation Memory is also mapped into the address range of TriCore

Emulation Memory can be overlaid to Flash

Code and data fetch from Emulation Memory

Data retention of RAM during power down by isolated standby power supply

ECC with SECDED (Single Error Correction, Double Error Detection)
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Measurement Features

» Highly efficient SW triggering via DAP interface (TRIG)
* Fine Grained Trace Qualification (FGTQ) for trace based measurement via DAP
« Aurora GigaBit Trace (AGBT) interface for high-end trace based measurement

Debug Features

« TriCore program trace (absolute, relative, functions only)

» Continuous Compact Function Trace (CFT) via DAP

« TriCore data trace (no register file trace)

» Parallel trace of two CPUs, two SRI slaves and the SPB bus

* Full visibility of internal peripheral bus (SPB)

* Full visibility of up to two arbitrary SRI slaves

» Time aligned trace of all sources

« Trace of internal states and signals of complex peripherals

« Trace of interrupt and DMA requests and processing

* Breakpoints and watch points based on common event generation logic

e Magnitude comparators working on instruction pointers and memory addresses:
A<=IP<=B

* Masked magnitude comparators working on the data busses: DATA = “xxxx55xx”"

e Sequential event logic: Counters driven by events and equipped with limit
comparators are used as event sources again for breakpoint or trace qualification

* Optimized compression of buffered trace data

« Highly sophisticated complex qualification- and trigger mechanism

« Pre- and post event trace buffering (“digital oscilloscope”)

» Performance counters

« Concurrent trace logging and trace data acquisition up to the bandwidth of the used
host interface

« Central time stamp unit to correlate traces from different CPUs and other sources

e Halt the system or parts of it when trace memory is full

* Regular and modular structure of the control blocks and registers

» Trace debug unit power reduction modes with clock gating

» Trace data in EMEM can be decoded after unsolicited PORST

« Output of continuous trace over Aurora GigaBit Trace interface

¢ HSM bus traffic completely filtered away

153 Comparison to TC1798ED

The TC27xED is intentionally built as close to the predecessors of the Audo Max family
as feasible.

New Features

* Fine grained trace qualification (FGTQ) for trace based measurement
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e Continuous Compact Function Trace (CFT) via DAP

* Cerberus TRIG module with 512 prioritized SW triggers on product chip part

» Peripheral trace with MCDS using OTGM (OCDS Trigger Mux) on product chip part
» Trace data in EMEM can be decoded after unsolicited PORST

« Trace recording can be automatically configured after unsolicited PORST

e Startup with additional Prolog Code in EMEM

« High-speed Aurora GigaBit Trace (AGBT) interface

Changes

« DAP performance (product chip part) improved by 3-6x (15-30 Mbyte/s)

« Enhanced trigger routing with OTGS (OCDS Trigger Switch) on product chip part
« Direct CPU access to EEC part (EMEM feature, MLI bridge removed)

« EMEM size increased from 768 Kbyte to 1024 Kbyte

e Number of MCDS counters increased from 16 to 32

* Changed address map due to EMEM size and additional registers

« Changed current consumption

154 Trace Based Measurement

Traditional trace based measurement or Data Acquisition (DAQ) requires for the device
a high speed trace interface. This interface is used to output the write data and address
information of all CPUs. Already for single CPU devices, this approach is a challenge,
since the CPU will create ca. 64 bit data per clock cycle in case of writes. Taking into
account that the CPU writes on average just every 10 to 20 cycles, this results in roughly
1 Gbit/s per CPU (Figure 1-3). In the Tool HW, this trace data is then used to create
mirrored RAM(s) of the device internal RAM(s). These mirrored RAM(s) are then the
basis for collecting the DAQ data at given points of time. The resulting DAQ net data rate
is then in the range of Mbyte/s.

User's Manual 1-21 V2.2, 2014-12
ED Introduction, V1.2



(iﬁn eon TC27x D-Step

4 N\ 4 N\
CPUO =V 1 N*100 5
Gbit/s Mbit's Mbyte/s
Trace A Trace Trace
; » ) > to XCP >
Unit Filter
Data
CPUn =
Device Tool HW
A J A J/

Figure 1-3  Trace Based Measurement - Traditional Approach

The basic idea for avoiding the high-bandwidth trace port is to trace only relevant CPU
writes. TC27xED has for that purpose the Fine Grained Trace Qualification (FGTQ),
which allows to select an arbitrary number of relevant data in RAM with 1, 2, 4, 8, 16 or
32 byte address granularity. In combination with the high DAP performance, the net XCP
DAQ data rate will be up to 30 Mbyte/s. For even higher demands FGTQ can be
combined with Aurora GigaBit Trace (AGBT).
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Figure 1-4  Trace Based Measurement - New Approach
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155 ED Design and Layout

The TC27x design is extended on top-level with the EEC part on the same silicon
(Figure 1-2). A clear requirement and guideline from this implementation is the reuse
without changes of the SoC Product Chip Part, which guarantees complete compatibility
between emulation device and production device. The ED chip layout is as similar as
possible to the product chip.

ED as Bare Die for Hybrid ECUs

TC27xED will be also available as bare die for mounting on ceramic hybrids. The hybrid
layout needs to accommodate the enlarged die area and the shifted pads with a combi-
layout.
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1.5.6 Emulation System Components

1.5.6.1 Emulation Memory (EMEM)

The Emulation Memory contains RAM blocks (tiles) which can be alternatively used as
Calibration or Trace Memory. The size of a tile is 64 Kbyte.

Features

e 1024 Kbyte SRAM in total

« Standby power supply

« Calibration overlay block size configurable from 32 byte to 128 Kbyte

« Trace Memory size can be configured from 0 to 1024 Kbyte in 64 Kbyte steps
» ECC with SECDED (Single Error Correction, Double Error Detection)

Calibration Memory

The Calibration Memory uses two interfaces. One is to the Product Chip Part (LMU
Interface), the other to the BackBone Bus (BBB) of the EEC.

LMU Interface

The Calibration Memory can be accessed from the Product Chip Part directly over the
LMU Interface. The Calibration Memory is always accessible directly within a specific
address range. Additionally read accesses to the Program Flash can be redirected to the
Calibration Memory. In this overlay mode, read accesses to up to 32 different address
ranges, defined by base and size, are forwarded to the Calibration Memory instead of
the Flash. For further information please refer to “Data Access Overlay (OVC)".

The overlay mechanism is limited to data accesses, code fetch is not supported. The
overlay mechanism replaces the data of load/store accesses only. Note that immediate
constants, embedded in the program code are not overlaid. If program code is to be
executed from the Calibration Memory, it needs to be linked/located to the address range
where the Calibration Memory is mapped directly.

EEC Backbone Bus Interface

* Random read and write of Calibration Memory in parallel to LMU accesses
* The accesses from the LMU interface have priority

Trace Memory

Trace Memory is operated at a much higher access rate than Calibration Memory. It is
a frequent case, that trace data is recorded over a longer period with a sustained rate of
more than 50% of the trace interface’s maximum bandwidth. Since power dissipation
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scales with the access rate and memory size, this behavior affects the maximum Trace
Memory size and the ambient temperature and power supply for this mode.

Features

e Trace bandwidth max. 40 GBit/s (MCDS clock x memory bus width of 256 bits)

* Flexible trace operation modes:
— Tracing from event
— Tracing up to event
— Tracing around event (buffer holds traces up to and after event)

« If more than one memory tile are allocated to tracing, the tiles currently not written
can be uploaded to the emulation tool for continuous tracing. In this mode the trace
buffer depth is only limited by the transfer speed of the used interface.

156.2 MCDS

The prime target for the EEC is to cater for the real-time tracing of the TC27x’s CPUs.
Nonetheless all event generating logic can be used for breakpoint generation via the
central break switch as well. It should be noted that there is a certain latency using this
route.

Processor Observation Block (POB) for TriCore

* 6 range comparators on the IP (fan type)

« 8 range comparators on the write or read address

« 4 masked range comparators on the data value written

« One fine grained address trigger

» Dedicated trigger inputs for TriCore’s 8 OCDS L1 comparators

e Thread awareness: 2 comparators to restrict tracing to certain threads only

» Trace of data read and write address

e Trace of the data value written

« Full non-cached data access visibility with trace at SRI and SPB bus

e Watch point traces based on all before mentioned comparators

« Debug status message based on the execution mode of the CPU

« Complete program trace (absolute, relative, subroutine only)

« Dedicated programmable trace enable generator for each trace unit, using all local
comparators as potential sources

Bus Observation Block (BOB) for System Peripheral Bus (SPB)

e 4 range comparators on the SPB address

* 4 masked range comparators on the SPB data bus

* 4 masked range comparators on the SPB operation code/mastership
* Watch point traces based on all before mentioned comparators

« Ownership trace (bus master) derived from bus arbiter
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» Data trace with or without address information for Read and/or Write accesses
« Dedicated programmable trace enable generator for each trace unit, using all local
comparators as potential sources

Bus Observation Block (BOB) for SRI Cross Connect
Two of the slaves can be observed concurrently.

e 2*4 range comparators on the SRI transaction address

e 2*4 masked range comparators on the SRI transaction data

« 2*4 masked range comparators on the SRI transaction originator (mastership)

e 2*1fine grained address triggers

* Watch point traces based on all before mentioned comparators

» Ownership trace derived from transaction originator

« Data trace with or without address information for Read and/or Write access

« Dedicated programmable trace enable generator for each trace unit, using all local
comparators as potential sources

Multi Core Cross-Connect (MCX)

* Gets 4 programmable pretrigger signals from each observation block

« One dedicated global trace enable for each trace unit

e 32 universal 16 bit counters, using programmable combinations of pretriggers as
count and clear signals

« Performance counters can be configured for ca. 80 sources

< Limit comparators based on these counters, generating further pretriggers

* Global trace enables are sums of products (four multi-input ANDs ORed together)

* Global break generation based on all available pretriggers - including the counters’

« Bidirectional interface to the break switch on the Product Chip Part

« Global time stamp messages, based on emulation or reference clock.

1.5.6.3 DAP/JTAG based Tool Interface (I0C32)

« Uses the DAP/JTAG pins of the Product Chip Part (10 Client concept)

» Generic serial DAP/JTAG based link to access the complete address space

« Very robust, allows to debug also unfriendly systems (power down, reset etc.)
« External tool controls all transactions

« Bit clock up to 160 MHz for DAP and optional two DAP data pins in Wide Mode
« Block read and write support

* Hot attach to a running system

< Internal user software can lock the interface for security reasons
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1.5.6.4 Aurora GigaBit Trace (AGBT)

The AGBT module outputs the MCDS trace data over a 2.5 Gbit/s differential link, which
is compliant with the Aurora I/F of Xilinx FPGAs. Figure 1-5 shows the block diagram of
the ED with the AGBT module. The AGBT module uses a tile of the EMEM as FIFO

buffer, all other EMEM tiles can be used e.g. for Calibration.

AN

(ProductChip Part(SoC)
. .| DAP/
JTAG
L b | Trace Signals | | LMU IIF |
>
Y II II
10C32 EMEM
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Master Master
P T g GO g
BBB Bus
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Figure 1-5 ED with AGBT Module
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2 On-Chip System Buses and Bus Bridges

The TC27x has two independent on-chip buses:

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

System Peripheral Bus (SPB)
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Figure 2-1  On Chip Buses in TC27x Processor Subsystem
The SRI connects the TC1.6 CPUs, 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 CPUs 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.

2.1 What is new

Major differences of the TC27x XBar Bus System architecture compared to previous
TC1.6.x based products:
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e SRI: XBar_SRI was adapted to the new SRI V2.0D1

« SRI: Introduced write data ECCY protection signals

« SRI: Add sri_tr_id[7:0] to address phase ECCY

* SRI: Changed XBAR_ERR.TRID bit field to 8 bit (TAG ID increased to 6 bit)

e SRI: xbar_sri signals errors additionally to the SMU (signal can not be disabled)

e SRI: XBar Interrupt Service Control register (XSRC) was shifted into the new
Interrupt Router module

e SRI: number of MCI priorities was reduced from 16 to 8. Round Robin groups on
priority 2 and 5

* SRI: all MCI with default priority 2 or 5

e SFI: bi-directional bridge was changed to an uni-directional bridge

* SRI/SBCU: Added write protection control registers ACCEN1/0 to XBar and SBCU

e SBCU: Support of 6-bit Master TAG ID

e SBCU: Removed BSU (OCDS L2 Trace Interface)

* SBCU: Adapted default master scheme

* SBCU: Introduced control registers and a mechanism to configure the SPB Master
priorities

e Added new on chip bus master modules to TAG ID lists and implementation
descriptions.

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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2.2 SRI Crossbar (XBar_SRI)

2.2.1 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 2-2  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
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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 2-7).

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 2-1 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.
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2.2.1.1 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)

2.2.2 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).

2.2.3 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 2-2 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 2-2 Operation Code Encoding

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

1) The SRIimplementation in the TC27x does not support bursts with linear addressing modes.

2.2.4 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):

2.2.5 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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2.2.6 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 2-3  XBAR_SRI connections between SRI Master and SRI Slaves
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Figure 2-4  XBAR_SRI connections between SRI Slave and SRI Master modules

2.2.6.1 Functional Blocks

The XBar_SRI represents the highest level of the hierarchical SRI-Bus system. Since, it
is closest to the TC1.6.xcore, 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 2-4 and Table 2-6).
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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 2-7).

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. Any other
op-code that is SRI protocol legal is not supported by the default slave module. Such
transactions are acknowledged with an error by the default slave to the SIF_SRI. 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.
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e The XBar_SRI default slave module is the SRI interface to all XBar_SRI internal
diagnostic- and control registers.

* 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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2.2.7 Functional Overview

2.2.7.1 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
1= — —
MCI 0 ——»f b Adress _ 2 Grant Signals to
H : Decodey/ - ' z P MCl's
MCI 1——>=‘§' Address\1 LT3y 3161 |-> 3 g
1z ] Decode 3l § = Priority <
[ ] ol . w
° 10! . Round 8 Driven >
8 ! p— Robin & () Arbitration -
° ] g: - a8 Mux 16:1 %
5! B " -
= L ]
° HEX] ] . g _ Address Phase
21 z >
MCI x ——pd = Address MUX16:1 ] Signals to SCI
[ Decode < %
v b g
V-- Map of MCIRequeststo Request Phase D
Priorities/ RR Groups Signals from MCI's L]

Figure 2-5 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.

User's Manual 2-12 V2.2, 2014-12
TC27x OCB System, V1.5



(iﬁl‘l eon TC27x D-Step

On-Chip System Buses and Bus Bridges

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 robin groups (priority 2 and 5)

After reset all enabled master connector interface are mapped to the priorities 2 or 5 (see
also Table 2-4). 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 2.2.8.3. 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 2-3 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 MClIx 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
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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 2-4 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 2.2.8.1,

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 2-4 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.

User's Manual 2-15 V2.2, 2014-12
TC27x OCB System, V1.5



(iﬁl‘l eon TC27x D-Step

On-Chip System Buses and Bus Bridges

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.

2.2.7.2 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 2.2.9.

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.

2.2.7.3 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
P transactions with
XBAR_ACCEN1/0

Figure 2-6  XBar_SRI: Control Register Access Protection scheme

2.2.7.4 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 2.2.7.5). 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 2.2.7.5).

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");

2.2.7.5 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_ERRX (x = 0-2).MCI_SBS and XBAR_ERRD.MCI_SBS). In the
TC27x 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 2-5 shows the encoding of the MCI_SBS bit field for the encoding of the TC27x.

Table 2-5 Encoding of ERRx.MCI_SBS in the TC27x

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.

2.2.7.6 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.

2.2.7.7 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

2.2.8 Implementation of the Cross Bar (XBar_SRI) in the TC27x

This chapter describes the SRI Interconnect implementation in the TC27x. 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 TC27x SRI master devices to the XBar_SRI Master
Connection Interfaces MCI 0 - MCI 15 (Table 2-6)

« the relationship (mapping) of TC27x SRI slave devices to the XBar_SRI Slave
Connection Interfaces SCI 0 - SCI 15 (Table 2-7)
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e the point to point connections between TC27x SRI master and slave devices
(Table 2-7)

2.2.8.1 Mapping of SRI Master Modules to XBar_SRI Master Interfaces

Table 2-6 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 TC27x 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 MClI'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_PRIOHxX, XBAR_PRIOLX,
XBAR_PRIODX).

Table 2-6 Mapping of TC27x 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 2 HSSL

MCI 5 5 2 SFI (ETH access to SRI)

MCI 6 6 2 DAM

MCI 7 7 - -

MCI 8 8 5 CPU1.DMI

MCI 9 9 5 CPUL.PMI

MCI 10 10 5 CPU2.DMI

MCI 11 11 5 CPU2.PMI

MCI 12 12 5 CPUO.DMI
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Table 2-6 Mapping of TC27x SRI master devices to MCI

XBar_SRI Master | MCI Priority |Connected SRI master device
Connection Number | after

Interface Reset

MCI 13 13 5 CPUO.PMI

MCI 14- MCI 15 14-15 - -

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.

2.2.8.2 Mapping of SRI Slave modules to XBar_SRI Slave Interfaces

Table 2-7 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 TC27x SRI slave device relates to which XBar_SRI Slave Interface or
arbiter module.

Example 1:

The XBar_SRIl 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_ERRx (x =0-2),
XBAR_ERRADDRD).

Table 2-7 Mapping of TC27x SRI slave devices to SCI

XBar_SRI Slave Connected SRI master device

Connection Interface

(sci

SCIO0 CPUO (PSPR, DSPR, SFR, CSFR, PCache RAM, PTAG)
SCl 1 CPU1 (PSPR, DSPR, SFR, CSFR, PCache RAM, PTAG)
SCl 2 CPU2 (PSPR, DSPR, SFR, CSFR, PCache RAM, PTAG)
SCI 3 -

SCl 4 LMU (LMU SRAM, EMEM)

User's Manual 2-27 V2.2, 2014-12

TC27x OCB System, V1.5



(iﬁl‘l eon TC27x D-Step

On-Chip System Buses and Bus Bridges

Table 2-7 Mapping of TC27x SRI slave devices to SCI

XBar_SRI Slave Connected SRI master device
Connection Interface

(scn

SCI 5 -

SCI 6 PMUO: DFlash, BootROM, CTRL Reg
SCI17 PMUO: PFlashO

SCI 8 PMUO: PFlashl

SCI9-SCl 14 -

SCI 15 XBar_SRI Default Slave

2.2.8.3 TC27x SRI Master / Slave Interconnection Matrix

Table 2-7 shows the SRI master to SRI Slave interconnects that are implemented in the
TC27x. The not implemented SRI Master / Slave connections (marked with “X") are
redundant as they would not be used by the device and does therefore not restrict the
functionality.

ol gl §O)N Hol QN NON IoN IoN IoN Ke)

% mn|3 § TlTu|Tu|T|Tu|T

0 cljCcilcl|Cc|c|c

- BlRININIQ|
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ZIZIZ 2L (% ZIZIZ =2
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ol [N RN P NS Fel

olr|nv]w
CPUO SSCO
CPU1 SSC1
CPU2 SSC2
LMU SSC4
PMUO: Dflash /BROM| SSC6
PMUO: PflashO SSC7
PMUO: PFlashl SSC8

TC27x_xbar _connect

Figure 2-7 TC27x: SRI Master / Slave Interconnection Matrix (X" -> SSC/MSC
connection not implemented)
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2.2.8.4 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 2-3 and
Figure 2-4).

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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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 2-8  TC27x Control Registers

List of used Reset Class abbreviations:

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

Types)

Note: Addresses listed in column “Offset Address” of Table 2-8 are word (32-bit)
addresses.

Note: XBar_SRI registers can be accessed only with SDTW (32 bit) transactions. 8, 16
bit and RMW transactions are not supported.

Table 2-8 Registers Address Space - XBar_SRI Register Address Space
Module Base Address End Address Note

XBAR F870 0000, F870 04FF,
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Table 2-9 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 2-37
DBSAT Debug Trigger Event 40C, |U,SV |SV,P |1 Page 2-38
Status Register?
INTSAT Arbiter Interrupt Status | 410y, U,Sv |[SV,P |3 Page 2-39
Register?
IDINTSAT ID Interrupt Status 414, U,Sv |[SV,P |3 Page 2-42
Register?
IDINTEN ID Interrupt Enable 418, U,Ssv |[SV,P |3 Page 2-44
Register 2
- Reserved 41C, - |BE BE - -
4F4,,
ACCEN1 Access Enable 4F8, U, SV SV, 3 Page 2-73
Register 1 SE
ACCENO Access Enable 4FC, |U, SV |9V, 3 Page 2-72
Register 0 SE
EXTCOND | External Slave Control | 000, U, sv |SV,P |3 Page 2-46
(SFI control registers)
ARBCOND | Arbiter Control Register | 004 U,Ssv |[SV,P |3 Page 2-48
Default Slave
PRIOHD Arbiter Priority Register | 008, u,Sv |[SV,P |3 Page 2-50
High Default Slave
PRIOLD Arbiter Priority Register |00C, |U,SV |SV,P |3 Page 2-52
Low Default Slave
ERRADDRD | Arbiter Address 010, U, sv |SV,P |3 Page 2-54
Error/Debug Capture
Register Default Slave
ERRD Arbiter Error/Debug 014 U,Sv |SV,P |3 Page 2-55
Capture Register Default
Slave
DBCOND Arbiter x Debug Control | 018, U,Ssv |SV,P |1 Page 2-57
Register
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Table 2-9 Registers Overview - Aurix_Bus Module Control Registers
Short Name | Description Offset |Access Mode | Reset | Descriptio
1
Addr.Y [oaaq [write | Class | n See
DBADD Arbiter x Debug Address | 01C,, Uu,Ssv |SV,P |1 Page 2-60
Register
DBMADD Arbiter x Debug Mask 020, Uu,Ssv |[SV,P |1 Page 2-65
Address Register
- Reserved 024,- |BE BE - -
040,
ARBCONO | Arbiter O Control 044, U,sv |SV,P |3 Page 2-48
Register
PRIOHO Arbiter O Priority 048, U,SVv |SV,P |3 Page 2-50
Register High
PRIOLO Arbiter O Priority 04C, |U,SV |SV,P |3 Page 2-52
Register Low
ERRADDRO |Arbiter 0 Address 050, U, SV |[SV,P |3 Page 2-54
Error/Debug Capture
Register
ERRO Arbiter O Error/Debug 054, U,SVv |SV,P |3 Page 2-55
Capture Register
DBCONO Arbiter 0 Debug Control | 058, U,sv |[SV,P |1 Page 2-57
Register
DBADDO Arbiter 0 Debug Address | 05C,, U,Ssv |SV,P |1 Page 2-60
Register
DBMADDO Arbiter 0 Debug Mask 060y Uu,Ssv |[SV,P |1 Page 2-66
Address Register
- Reserved 064, - |BE BE - -
080y,
ARBCON1 | Arbiter 1 Control 084, U, sv |SV,P |3 Page 2-48
Register
PRIOH1 Arbiter 1 Priority 088, U,SVv |SV,P |3 Page 2-50
Register High
PRIOL1 Arbiter 1 Priority 08C, |U,SV |SV,P |3 Page 2-52
Register Low
ERRADDR1 |Arbiter 1 Address 090, U, sv |SV,P |3 Page 2-54
Error/Debug Capture
Register
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Table 2-9 Registers Overview - Aurix_Bus Module Control Registers
Short Name | Description Offset |Access Mode | Reset | Descriptio
1
Addr.Y [oaaq [write | Class | n See
ERR1 Arbiter 1 Error/Debug 094, U,SVv |SV,P |3 Page 2-55
Capture Register
DBCON1 Arbiter 1 Debug Control | 098, Uu,Sv |[SV,P |1 Page 2-57
Register
DBADD1 Arbiter 1 Debug Address |09C,;, |U,SV |SV,P |1 Page 2-61
Register
DBMADD1 | Arbiter 1 Debug Mask 0AO0, |U,SV |SV,P |1 Page 2-67
Address Register
- Reserved 0A4,, - |BE BE - -
0COo,
ARBCON2 | Arbiter 2 Control 0C4, |U,SV |SV,P |3 Page 2-48
Register
PRIOH2 Arbiter 2 Priority 0C8, |U,SV |SV,P |3 Page 2-50
Register High
PRIOL2 Arbiter 2 Priority 0CcC, |U,SV |SV,P |3 Page 2-52
Register Low
ERRADDR2 | Arbiter 2 Address 0DOy U,SVv |SV,P |3 Page 2-54
Error/Debug Capture
Register
ERR2 Arbiter 2 Error/Debug 0D4, U,Sv |SV,P |3 Page 2-55
Capture Register
DBCON2 Arbiter 2 Debug Control |0D8,; |U,SV |SV,P |1 Page 2-57
Register
DBADD2 Arbiter 2 Debug Address |ODC,; |U, SV |SV,P |1 Page 2-62
Register
DBMADD2 | Arbiter 2 Debug Mask OEO, |U,SV |SV,P |1 Page 2-68
Address Register
- Reserved OE4, - |BE BE - -
140,
ARBCON4 | Arbiter 4 Control 144, U,SVv |SV,P |3 Page 2-48
Register
PRIOH4 Arbiter 4 Priority 148, U,Sv |[SV,P |3 Page 2-50
Register High
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Table 2-9 Registers Overview - Aurix_Bus Module Control Registers
Short Name | Description Offset |Access Mode | Reset | Descriptio
1
Addr.? [oaaq [write | Class | n See
PRIOL4 Arbiter 4 Priority 14C, |U,SV [SV,P |3 Page 2-52
Register Low
ERRADDR4 | Arbiter 4 Address 150, U, sv |SV,P |3 Page 2-54
Error/Debug Capture
Register
ERR4 Arbiter 4 Error/Debug 154, U,Sv |[SV,P |3 Page 2-55
Capture Register
DBCON4 Arbiter 4 Debug Control | 158, U,Sv |SV,P |1 Page 2-57
Register
DBADDA4 Arbiter 4 Debug Address |15C,, |U, SV |SV,P |1 Page 2-63
Register
DBMADD4 Arbiter 4 Debug Mask 160, U,Ssv |SV,P |1 Page 2-69
Address Register
- Reserved 164, - |BE BE - -
1CO0,
ARBCONG6 | Arbiter 6 Control 1C4, |U,SV |SV,P |3 Page 2-48
Register
PRIOH6 Arbiter 6 Priority 1C8, |U,SV [SV,P |3 Page 2-50
Register High
PRIOL6 Arbiter 6 Priority 1CC, |U,SV [SV,P |3 Page 2-52
Register Low
ERRADDRG6 | Arbiter 6 Address 1Do, |U,SV |SV,P |3 Page 2-54
Error/Debug Capture
Register
ERRG6 Arbiter 6 Error/Debug 1D4, |U,SV |SV,P |3 Page 2-55
Capture Register
DBCONG6 Arbiter 6 Debug Control |1D8, |U,SV |SV,P |1 Page 2-57
Register
DBADDG6 Arbiter 6 Debug Address |1DC,; |U,SV |SV,P |1 Page 2-63
Register
DBMADDG6 Arbiter 6 Debug Mask 1E0, Uu,Ssv |[SV,P |1 Page 2-69
Address Register
- Reserved 1E4, - |BE BE - -
200y,
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Table 2-9 Registers Overview - Aurix_Bus Module Control Registers
Short Name | Description Offset |Access Mode | Reset | Descriptio
1
Addr.Y [oaaq [write | Class | n See

ARBCON7 Arbiter 7 Control 204, U,SVv |SV,P |3 Page 2-48
Register

PRIOH7 Arbiter 7 Priority 208, U,Sv |SV,P |3 Page 2-50
Register High

PRIOL7 Arbiter 7 Priority 20C,; |U,SV |SV,P |3 Page 2-52
Register Low

ERRADDRY7 | Arbiter 7 Address 210y, U,sv |SV,P |3 Page 2-54
Error/Debug Capture
Register

ERR7 Arbiter 7 Error/Debug 214, U,Sv |[SV,P |3 Page 2-55
Capture Register

DBCON7 Arbiter 7 Debug Control | 218, U,Ssv |SV,P |1 Page 2-57
Register

DBADD7 Arbiter 7 Debug Address | 21C,, Uu,Ssv |[SV,P |1 Page 2-64
Register

DBMADD7? | Arbiter 7 Debug Mask 220, U,Sv |SV,P |1 Page 2-70
Address Register

- Reserved 224, - |BE BE - -

240,

ARBCONS8 Arbiter 8 Control 244, U,Sv |SV,P |3 Page 2-48
Register

PRIOH8 Arbiter 8 Priority 248, U,Sv |SV,P |3 Page 2-50
Register High

PRIOLS Arbiter 8 Priority 24C, |U,SV |SV,P |3 Page 2-52
Register Low

ERRADDRS | Arbiter 8 Address 250, U, sv |SV,P |3 Page 2-54
Error/Debug Capture
Register

ERRS8 Arbiter 8 Error/Debug 254, U,SVv |SV,P |3 Page 2-55
Capture Register

DBCONS8 Arbiter 8 Debug Control | 258, Uu,Sv |[SV,P |1 Page 2-57
Register

DBADDS8 Arbiter 8 Debug Address |25C,; |U, SV |SV,P |1 Page 2-65
Register
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Table 2-9 Registers Overview - Aurix_Bus Module Control Registers

Short Name | Description Offset |Access Mode | Reset | Descriptio
1
Addr.? [oaaq [write | Class | n See
DBMADDS8 Arbiter 8 Debug Mask 260, Uu,Ssv |SV,P |1 Page 2-71
Address Register
- Reserved 264, - |BE BE - -
3FFy,

1) The absolute register address is calculated as follows:
Module Base Address (Table 2-9) + Offset Address (shown in this column)

2) This register is located inside the default slave
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2.2.9.1 TC27x 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).

Module Type

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

MOD_TYPE [15:8]

=

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 SCI8|SCI7|SCI6| 0 |SCl4| 0 |SCI2|SCI1|SCI0
rwh I r\IN I I rwh rwh rwh rw rwh rmw rwh rwh rwh
Field Bits Type | Description

SCin n rwh | SCI Debug Trigger Event Status

(n=0-2) Oy  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.

SCl4 4 rwh | SCI Debug Trigger Event Status

0y  No Debug Trigger Event was detected for
SCI4 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 =6-8) 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
[14:9], Read as 0; must be written with 0.
53

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

PRS 0 PRS |PRS |PRS PRS 0 PRS | PRS | PRS

CID Cl8 | CI7 | Cl6 Cla Cl2 | CI1 | CIO

rwh 1" ' rwh  rwh rwh rwh r rwh rwh rwh

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

SCSs 0 SCS|SCS|SCs SCS 0 SCS|SCS|SCs

CID Cl8 | CI7 | Cl6 Cla Cl2 | CI1 | CIO

rwh Ir I rwh rwh rwh rwh r rwh  rwh rwh

Field Bits Type |Description

SCSCin n rwh Starvation Error from SCin Status

(n =0-2) Og  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.
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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 =6-8) 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.
PRSCIn n+16 rwh Protocol Error from SCin Status
(n=0-2) O0g  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.
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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 =6-8)

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

0z  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 [30:25],
21, 19,
[14:9],

53

=

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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XBAR_IDINTSAT
Transaction ID Interrupt Status Register(414,)

Reset Value: 0000 0000,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0 IDM | IDM | IDM | IDM | IDM | IDM 0 IDM | IDM | IDM 0 IDM
CI13|Cl12|CI11|Cl10| CI9 | CI8 Cl6 | CI5 | Cl4 CIo
‘r rwh rwh rwh rwh rwh rwh r rwh rwh rwh r rwh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IDSC 0 IDSC|IDSC|IDSC 0 IDCS 0 IDCS|IDCS|IDCS
ID 18 17 16 Cl4 Cl2 | CI1 | CIO
rwh I II’ I I rwh rwh rwh r rwh r rwh  rwh rwh
Field Bits Type | Description
IDCSCIn n rwh | Transaction ID Error from SCin Status
(n=0-2) 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.

IDCSCl4 4 rwh | Transaction ID Error from SCI4 Status

0z  No transaction ID error is pending from SCI4
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 =6-8)

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.

IDMClIn
(n = 4-6)

n+16

rwh

Transaction ID Error from MCin 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.
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Field Bits Type |Description

IDMCIn n+16 rwh | Transaction ID Error from MCIn Status

(n =8-13) 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
23, Read as 0; should be written with 0.
[19:17],
[14:9],
53

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: 3F71 81D7,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0 ENM|ENM|ENM ENM|ENM |[ENM 0 ENM ENM|ENM 0 ENM
CI13|CI12|CI11|CI10| CI9 | CI8 Cl6 | CI5 | Cl4 CI0
I" w w w w rw 'w r 'w 'w '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 0 ENS |ENS | ENS
CID CI8 | CI7 | Cl6 Cl4 Cl2 | Cl1 | Clo
w Ir I 'w 'w 'w r 'w r 'w 'w w
Field Bits Type |Description
ENSCIn n rw Enable ID Error from SCin
(n =0-2) 0g  No transaction ID error from SCin are
sampled
1z Atransaction ID error from SCin are sampled
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Field Bits Type |Description
ENSCI4 4 rw Enable ID Error from SCl4
0z  No transaction ID error from SCI4 are
sampled
1z  Atransaction ID error from SCI4 are sampled
ENSCin n w Enable ID Error from SCin
(n =6-8) 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
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 = 4-6) 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 =8-13) Oz  No transaction ID error from MCIn are
sampled
1z  Atransaction ID error from MCIn are sampled
0 [31:30], |r Reserved
23, Read as 0; should be written with 0.
[19:17],
[14:9],
53

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

SIF-FPI retry after the programed value delayed
transactions from the FPI-Bus.

The value should be greater than 32, otherwise all
transactions will be retired

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_ARBCONX (x = 0-2)

Arbiter Control Register x (044,,+x*40,,) Reset Value: FFFO 0003,
XBAR_ARBCON4
Arbiter Control Register 4 (144,) Reset Value: FFFO 0003,
XBAR_ARBCONXx (x = 6-8)
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 2.2.7.5).
In the cycle after the write action the
hardware automatically clears the bit.

SPC [31:20]

Starvation Protection Counter Reload Value
The reload value defines the period for the
starvation protection.

0 [19:5]

—

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_PRIOHXx (x = 0-2)
Arbiter Priority Register x
XBAR_PRIOH4

Arbiter Priority Register 4
XBAR_PRIOHXx (x = 6-8)
Arbiter Priority Register x
XBAR_PRIOHD

Arbiter Priority Register D

31 30 29 28 27

26

On-Chip System Buses and Bus Bridges

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

25 24 23 22 21 20 19 18 17 16

0

MASTER13 0 MASTER12

r

15 14 13 12 11

'w r 'w

9 8 7 6 5 4 3 2 1 0

0 MASTER11 0

MASTER10 0 MASTER9 0 MASTERS

r rw r

rw r rw r w

Field Bits

Type

Description

MASTERS [2:0]

'w

Master 8 Priority

(Priority of CPU1.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.

MASTER9 [6:4]

w

Master 9 Priority

(Priority of CPU1.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.
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Field

Bits

Type

Description

MASTER10

[10:8]

Master 10 Priority

(Priority of CPU2.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.

MASTER11

[14:12]

w

Master 11 Priority

(Priority of CPU2.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.

MASTER12

[18:16]

rw

Master 12 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.

MASTER13

[22:20]

rw

Master 13 Priority

(Priority of CPUO.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.

[31:23],
19, 15,
11,7,3

Reserved
Read as 0; should be written with 0.

Note: Only the bits assigned to configured MCIs are implemented. Bits for non
configured SCls are treated as reserved bits.

Note: The ‘D" at XBAR_PRIOLD stands for Default Slave.
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Note: Reset values for bits/bit fields coupled to masters or slaves that are not configured

XBAR_PRIOLD

or enabled are zero.

Arbiter Priority Register D
XBAR_PRIOLX (x = 0-2)

Arbiter Priority Register x
XBAR_PRIOL4
Arbiter Priority Register 4

XBAR_PRIOLX (X = 6-8)

Arbiter Priority Register x

(ooc,) Reset Value: 0222 0002,
(04C+x*40,) Reset Value: 0222 0002,
(24Cy) Reset Value: 0222 0002,
(04C+x*40,) Reset Value: 0222 0002,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0 MASTER6 0 MASTERS5 0 MASTER4
r I I rw I r ‘ r'w ‘ r ‘ rw ‘
%5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 MASTERO
1 1 r 1 1 1 Il rW Il
Field Bits Type | Description
MASTERO [2:0] w 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.
MASTERA4 [18:16] |rw Master 4 Priority

(Priority of HSSL 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.
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Field Bits Type |Description
MASTER5 [22:20] |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.
MASTERG6 [26:24] |rw Master 6 Priority
(Priority of DAM 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.
0 [31:27], |r Reserved
[15:3], Read as 0; should be written with 0.
23,19
Note: Only the bits assigned to configured MCIs are implemented. Bits for non

Note:
Note:

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

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

User's Manual 2-53 V2.2, 2014-12
TC27x OCB System, V1.5



(iﬁﬂ eon TC27x D-Step

On-Chip System Buses and Bus Bridges

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_ERRADDRL1
Error/Debug Address Capture Register 1(090,,) Reset Value: 5000 0000
XBAR_ERRADDR2
Error/Debug Address Capture Register 2(0D0,,) Reset Value: FO00 0000,
XBAR_ERRADDRA4
Error/Debug Address Capture Register 4(150,,) Reset Value: 8000 0000,
XBAR_ERRADDRS6
Error/Debug Address Capture Register 6(1D0,,) Reset Value: 8800 0000,
XBAR_ERRADDR7
Error/Debug Address Capture Register 7(210,,) Reset Value: 8020 0000,
XBAR_ERRADDRS
Error/Debug Address Capture Register 8(250,,) Reset Value: 8040 0000,

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

ADDR
L L 1 1 1 1 1 ri'] 1 1 1 1 1 L L
5 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

Note:

User’s

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.

The ‘D" at XBAR_ERRADDRD stands for Default Slave.
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XBAR_ERRX (x = 0-2)

Error/Debug Capture Register x

XBAR_ERRA4

Error/Debug Capture Register 4

XBAR_ERRX (x = 6-8)

Error/Debug Capture Register x

XBAR_ERRD

Error/Debug Capture Register D

On-Chip System Buses and Bus Bridges

(054,,+x*40,,) Reset Value: 0000 0000,
(154,) Reset Value: 0000 0000,
(054,,+x*40,) Reset Value: 0000 0000,
(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 rlh 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 th I I I I th 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 2.6).

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.

Inthe TC27x D-Step 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 2-5).

Reserved
Read as 0; should be written with 0

Note: The ‘D’

User's Manual

at XBAR_ERRD stands for Default Slave.

TC27x OCB System, V1.5

2-56 V2.2, 2014-12



(iﬁﬂ eon TC27x D-Step

On-Chip System Buses and Bus Bridges

XBAR_DBCONX (x = 0-2)

Debug Control Register x (058,,+x*40,,) Reset Value: 0000 0000,
XBAR_DBCON4
Debug Control Register 4 (158,) Reset Value: 0000 0000,
XBAR_DBCONKX (x = 6-8)
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 [S)EE 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 2.2.7.5).
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 2-15.

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

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 [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

2
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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_DBADD1

Debug Address Register 1 (09Cy) Reset Value: 6000 0000,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ADD T T T T ADD T T T T T
RES| ONE |ADDRESS 0 RES 0 ADDRESS
S 1 1 1 1 S 1 1 1
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
L L 1 1 r\IIV 1 1 1 1 1 1 l\(
Field Bits Type | Description
ADDRESS, 31, w Debug Address Boundary
ADDRESS, [28:27],
ADDRESS, 23,
ADDRESS [20:2]
ONE [30:29] |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]
User's Manual 2-61 V2.2, 2014-12

TC27x OCB System, V1.5



(iﬁn eon TC27x D-Step

On-Chip System Buses and Bus Bridges

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

XBAR_DBADD2

Debug Address Register 2 (obCy) Reset Value: 5000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T
ADD ADD ADD ADD
RES OTE RES OBIE RES 0 RES 0 ADDRESSO
S4 S3 S2 . . S1 ‘ ‘ ‘
w r rw r rw 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

ADDRESS4, 31, w Debug Address Boundary
ADDRESSS3, 29,
ADDRESS2, 27,
ADDRESS], 23,
ADDRESSO0 [20:2]

ONE1, 30, r Reserved
ONEO 28 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).
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XBAR_DBADD4

Debug Address Register 4 (a5Cy) 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_DBADDG6

Debug Address Register 6 (abpcy) Reset Value: 8800 0000,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ONE| ADDRESS1 |ONE ADDRESS0
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

ADDRESSO 0

2
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Field Bits Type |Description

ADDRESS1, [30:28], |rw Debug Address Boundary
ADDRESSO [26:2]

ONE1, 31, r Reserved

ONEO 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_DBADD7

Debug Address Register 7 (21Cy) Reset Value: 8000 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
ONE| 0 |RES 0 ADDRESSO0
Sl 1 1 1 1 1 Il Il
r r rw r r'w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADDRESS0 0
1 1 1 r\I,\I 1 1 '\’
Field Bits Type |Description
ADDRESS1, 29, w Debug Address Boundary
ADDRESSO0 [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).
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XBAR_DBADDS8

Debug Address Register 8 (25Cy) Reset Value: 8020 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
ADD
ONEl 5 |Rres 0 ONE ADDRESSO0
1 0
S1
1 1 1 1 1 1 Il Il
r r rw r r rw

ADDRESSO 0
1 1 1 1 r\I,\I 1 1 '\’
Field Bits Type | Description
ADDRESS1, 29, w Debug Address Boundary
ADDRESSO [20:2]
ONEL1, 31, r Reserved
ONEO 21 Read as 1; should be written with 0.
0 30, r Reserved
[28:22], 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

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

ADDRESS

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

ADDRESS 0

I I I I I I 1 1 1 1 1 1 1
w

=L
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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_DBMADDD stands for Default Slave.

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 ADD o ADD ‘ T
RES ONE RES ONE RES ONE 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 2 1 0
ADDRESS 0
L L 1 1 r\IIV 1 1 1 l\(
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_DBMADD1

Debug Mask Address Register 1 (0A0,) Reset Value: 6760 0000,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ADD T T T T ADD T T T T T
RES| ONE |ADDRESS ONE RES| ONE ADDRESS
S Il 1 1 1 S Il Il Il
rw r rw r 'w r r'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, 31, rw Debug Address Boundary
ADDRESS, [28:27],
ADDRESS, 23,
ADDRESS [20:2]
ONE, [30:29], |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_DBMADD?2

Debug Mask Address Register 2 (OEO,) Reset Value: 5760 0000,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T
ADD ADD ADD ADD
RES og'E RES OEE RES ONE1 RES| ONEO ADDRESS0
S4 S3 S2 . . S1 ‘ ‘ ‘
rw r rw r rw r 'w r r'w

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

ADDRESSO0 0
1 1 1 1 I‘\I,\I 1 1 r\‘
Field Bits Type | Description
ADDRESS4, 31, rw Debug Address Boundary
ADDRESS3, 29,
ADDRESS2, 27,
ADDRESS], 23,
ADDRESS0 [20:2]
ONE3, 30, r Reserved
ONE2, 28, Read as 1; should be written with 0.
ONEL1, [26:24],
ONEO [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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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 1 1 1 1 1 1 rW 1
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 [30:2] 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 O.

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
OTE ADDRESS1 OQE ADDRESS0
r ‘ w I r I I I I ‘ 'w ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
ADDRESSO0 0
W r
User’s Manual 2-69 V2.2, 2014-12

TC27x OCB System, V1.5




(infineon

TC27x D-Step

On-Chip System Buses and Bus Bridges

Field Bits Type | Description
ADDRESS1, [30:28], [rw Debug Address Boundary
ADDRESSO [26:2]
ONE1, 31, r Reserved
ONEO 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
ONE1 RES ONEO ADDRESSO
1 Sl 1 1 1 1 1 1 1
r rw r r'w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADDRESSO 0
1 1 1 r\I,\I 1 1 r\‘
Field Bits Type |Description
ADDRESS1, 29, w Debug Address Boundary
ADDRESSO [20:2]
ONEL1, [31:30], |r Reserved
ONEO [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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XBAR_DBMADDS8

Debug Mask Address Register 8 (260,) 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
ONE1 |RES ONEO ADDRESS0
Il Sl 1 1 1 1 1 1 Il Il
r rw r rw

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

ADDRESSO0 0
1 1 1 1 r\I,\I 1 1 r\‘
Field Bits Type | Description
ADDRESS1, 29, w Debug Address Boundary
ADDRESSO [20:2]
ONEL1, [31:30], |r Reserved
ONEO [28:21] 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).

Access Enable Register 0 (ACCENO)

The Access Enable Register 0 controls write access for transactions with the on chip bus
master TAG ID 000000z to 011111 (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,.
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XBAR_ACCENO
Access Enable Register 0 (4FC,) 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). 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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2.3 Shared Resource Interconnect to FPI Bus Interface (SFI Bridge)
This section describes the basic functionality of the SFI Bridge.

2.3.1 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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2.4 System Peripheral Bus
The TC27x 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.

2.4.1 Overview

The FPI Bus interconnects the on-chip peripheral functional units with the TC27x
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 TC27x 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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2.4.2 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
TC27x 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 2-11 for available FPI Bus transfer types.

2.4.3 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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2.4.4 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.

2.4.5 FPI Bus Basic Operations

This section describes some basic transactions on the FPI Bus.
The example in Figure 2-9 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 2-9  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 2-10, 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 2-10 FPI Bus Block Transactions
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2.5 FPI Bus Control Unit (SBCU)

The TC27x incorporates one FPI Bus control Unit (BCU) for the FPI based System
Peripheral Bus (SPB), called System Bus Control Unit (SBCU).

251 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.

2.5.1.1 Arbitration on the System Peripheral Bus

The TC27x 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.

2.5.1.2 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.

2.5.1.3 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.
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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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2.5.1.4 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,.

25.2 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 2-10.

Table 2-10 FPI Bus Acknowledge Codes
Code (ACK) |Description

00g NSC: No Special Condition.
01y SPT: Split Transaction (not used in the TC27x).
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 2-11).
Note that split transactions (OPC = 1000g to 1110;) are not used in the TC27x.
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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

00115, 01115, 1000, - 1110,

Reserved

253 System Registers

Figure 2-11 shows these system registers which include registers for:

The SBCU module includes the following TC27x standard system registers

* Register access protection

The following TC27x 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 \ J
Access
TAG ID check of
L——»| write transactions

BCU

Kernel Registers

Figure 2-11 TC27x OCB System System Registers

User's Manual
TC27x OCB System, V1.5

2-84

V2.2, 2014-12



(iﬁl‘l eon TC27x D-Step

On-Chip System Buses and Bus Bridges

2.5.3.1 Register Access Protection (ACCEN1/0)

The TC27x 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 2.5.3.1). This protection is controlled via the Interrupt Router control registers
ACCEN10 and ACCENOO.

TAG ID based protection means that the support of write transactions to the TC27x 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 2-11).

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 TC27x OCB System
control and system registers with the exception of the INT_ACCEN1/0 registers them
self. INT_ACCENZ1/0 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.

2.5.3.2 Kernel Reset Registers (KRST1/0, KRSTCLR)

The TC27x OCB System module does not include the kernel reset registers (KRST1,
KRSTO, KRSTCLR).

Note: The TC27x OCB System module does not support a module kernel reset.

2.5.3.3 Clock Control Register (CLC)

The TC27x OCB System module does not include the module clock control (CLC).

Note: The TC27x OCB System module does not support the Clock Control register
functionality which means that the TC27x OCB System module clock can not be
disabled by the CLC register.

2.5.3.4 OCDS Control and Status Register (OCS)

The TC27x OCB System module does not include OCDS Control and Status (OCS)
register.

Note: The TC27x OCB System module does not support the OCS register functionality.
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2.5.4 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

2.5.4.1 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 2-12 Address Trigger Generation
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2.5.4.2 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

ON | ON | ON | ON
BOS3|B0OS2|BOS1|BOS0

RD WR SVM OPC

4
IF Il N —
RD True ! NEN
o)
) If Il 4
g wr 44:@ ij
'c?; 0—»0 7 I Signal
2 it il 4 —» Status
2 sym p| True ) Trigger
i 0 0
| ﬂ 4
If Equal
opc—4 o ' '
0 0 _—
MCA06115
Figure 2-13 Signal Status Trigger Generation
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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 2-14).

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 2-14 Grant Trigger Generation
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2.5.4.4 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 2-15). 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 2-15 BCU Breakpoint Trigger Combination Logic

2.5.4.5 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: gene